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CHAPTER 1

Introduction

Introduction

What is HPV?
History
Since Harald zur Hausen discovered the link between human papillomavirus (HPV)
and cervical cancer in the early 1970s 1, knowledge on HPV and HPV-related diseases
has grown rapidly. It is now known that HPV infection can not only lead to cervical
cancer, but also to anogenital warts, and to vaginal, vulvar, anal, penile, and head-andneck cancers 2.
Low vs. high risk HPV
Of all known papillomavirus types, over 100 types are infectious for humans, the
human papillomavirus types. These HPV types can be distinguished in mucosal and
cutaneous HPV types, based on the type of epithelium they can infect 3. Mucosal HPV
types are divided into low risk (lr) and high risk (hr) HPV types. HrHPV types are the
carcinogenic HPV types 4. Specifically, HPV16 and HPV18 cause the highest proportion
of HPV-related cancers at all anatomical locations 5-11. Low risk HPV types can cause
warts, for example HPV6 and HPV11 cause genital warts 2 or mild dysplasia, but rarely
severe dysplasia 12,13.
Epidemiology and risk factors of infection
HPV is known to be the most common sexually transmitted infection (STI) 14, with
over 80% of sexually active people getting infected with HPV at least once in their life
time 15. There are many similarities between HPV infection at different anatomical
locations but also some differences. Since this thesis concerns mainly anal HPV
infection and disease, and to a small extent cervical HPV infection, similarities and
differences between these two anatomical locations will be described in this
introduction.
Epidemiology of cervical HPV infection
Prevalence of cervical HPV infection generally varies by age, with a peak in
prevalence around the age of 25 years, with a decreasing prevalence with increasing
age 16.
Worldwide, with age standardized by world population, cervical HPV infection
prevalence is 10% in women without cervical intraepithelial neoplasia (CIN) aged ≥15
years 17. The highest prevalence is found in Africa, with 22% of the women being
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infected, whereas in Central America and Mexico 20% is infected, in northern America
11%, and in Europe and Asia 8% 17. High risk HPV prevalence in Europe differs widely
by country and ranges between 3% to over 15% 18. In the Netherlands, based on
samples of the Dutch cervical cancer screening, the prevalence of high risk HPV among
women aged ≥30 years was 8% 19.
Risk factors of cervical HPV infection
Since HPV can be considered to be an STI, many key risk factors for cervical HPV
infection concern sexual behavior. Being under 16 years of age at first sexual
intercourse and an increasing number of sexual contacts during life have been
identified as risk factors for cervical HPV infection 20,21. Additionally, smoking 22,23, longterm use of oral contraceptives 24, and HIV infection increases this risk 21,25.
Epidemiology of anal HPV infection
Less is known about anal HPV infection compared to cervical HPV infection.
Additionally, when discussing anal HPV infection several distinctions should be made.
For women we should separate women with and without HIV infection as well as
women with and without HPV-related pathology at other anatomical locations
(including vulva, vagina and cervix). Among HIV-negative women with HPV-related
pathology, anal hrHPV prevalence ranged from 23-36%, while among women without
HPV-related pathology hrHPV prevalence ranged from 4-22% 26. In HIV-positive
women of whom HPV-related pathology is not (yet) known anal hrHPV prevalence
ranged from 52-82% 26-28.
As far as we know, there are no studies that have assessed anal HPV prevalence
among women in the Netherlands. Among Belgian women visiting a colposcopy clinic,
of whom 23% did not have a history of abnormal cervical Pap smear, an anal HPV
prevalence of 56% was found 29.
For men a distinction should be made between HIV-negative and HIV-positive men.
Men who have sex with men (MSM) are at increased risk for anal HPV infection
because of passive anal sexual contact. Among HIV-negative MSM the world-wide
prevalence of anal hrHPV is estimated to be around 37%, while among HIV-positive
MSM the prevalence is estimated around 74% 30. In a cohort of MSM recruited in
2010-2011 in Amsterdam, the prevalence of hrHPV among HIV-negative MSM was
slightly higher, with 45%, and among HIV-positive MSM 65% 31.
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Risk factors of anal HPV infection
Comparable to cervical HPV infection, anal HPV infection is associated with sexual
behavior. In women, the lifetime number of sexual partners and detection of HPV
infection at the genitals were found to increase the risk of anal HPV infection 32.
Furthermore, younger women (≤25 years) tend to have a higher risk of incident anal
HPV infection, compared to older women (≥45 years) 33.
Also in MSM, sexual behavior is associated with anal HPV infection, specifically
(condomless) receptive anal sex and a higher number of sexual partners. Both number
of recent and lifetime partners were found to be associated 34. Additionally, HIVpositivity is a risk factor for anal HPV in MSM 31,34. In HIV-positive MSM, time since HIVdiagnosis, a higher nadir CD4+ count, a younger age, and higher number of recent
sexual partners have been identified as risk factors of anal HPV infection 31,34.
From infection to clearance/HPV-disease
HPV requires micro-abrasions or wounds in order to reach the basal layer of the
epithelium. Once the basal layer is infected, a productive infection can be established
in which viral particles will be shed at the epithelial surface 35.
Most HPV infections are cleared by the immune system within 2 years after infection.
However, if an HPV infection persists, dysplasia can develop which can progress to
malignancy. The pathway from infection to cancer is long: for example, it takes
approximately 10-20 years to develop cervical cancer after cervical HPV infection 36,37.

Figure 1. Natural history of HPV and HPV-related diseases in humans. Steps in carcinogenesis of HPV38
related cervical and anal cancer. Figure from Schiffman .

Persistent HPV infection does not directly lead to cancer. First precursor lesions
develop, which can be detected through histological assessment of taken biopsies.
Cervical precursor lesions are called cervical intraepithelial neoplasia (CIN); anal
precursor lesions are called anal intraepithelial neoplasia (AIN). These precursor
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lesions have three stages: mild cellular abnormalities (CIN1/AIN1), and severe cellular
abnormalities (CIN2/AIN2/CIN3/AIN3) (Figure 1) 39. Both high-grade CIN (CIN2/CIN3)
and high-grade AIN (AIN2/AIN3) are also known as high-grade squamous
intraepithelial lesions (HSIL).
Persistence and clearance
Persistence and clearance rates in cervical HPV infection differ by HPV type.
Cervical HPV16 tends to persist most often with approximately 34% persistence
approximately 12 months after incident infection 40. After 36 months of HPV16
infection, the progression rate to CIN1 is 18%, to CIN2 8% and to CIN3 2% 41. Of all
women with CIN3, approximately 30% will develop invasive cervical cancer if left
untreated 42.
For anal HPV infection persistence and clearance rates also differ by HPV type, sex
and HIV-status 39,43. Anal HPV16 persistence over 21 months among HIV-positive men
who have sex with men (MSM) was approximately 56%, and 53% among HIV-negative
MSM 43. Persistence of anal HPV over 36 months among women is approximately 44%
44
. Progression rates of anal HPV infection to AIN1/AIN2/AIN3/anal cancer are
currently studied by the SPANC 45 and ANCHOR study 46. Annual progression rates from
anal HSIL to anal cancer are estimated to be 1 in 377 patients in HIV-positive MSM,
and 1 in 4196 patients in HIV-negative MSM 30.
Serology
After most viral infections antibodies are developed. However, not everyone
seroconverts after HPV infection and there is a large difference in seroconversion rates
between men and women. Approximately 20% of all HPV DNA positive men
seroconvert within 13 to 24 months after genital infection 47, while approximately 60%
of all HPV DNA positive women seroconvert after cervical infection in the same
timespan 48. This difference in seroconversion rates might be caused by anatomical
site of infection 49. Type-specific HPV antibodies acquired after natural infection do not
seem to be protective against reinfection with this HPV type among both men and
women 50,51.
Epidemiology of HPV-related cervical and anal cancer
Globally, approximately 630,000 cases of HPV-related cancer per year are
diagnosed in men and women (Table 1), which is 9% of all cancers in women and 1% in
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men 10. It should be noted that the number of cancer cases attributable to HPV differs
by region. This HPV attributable fraction is highest in Sub-Sahara Africa, where 26% of
all cancers diagnosed in women are being caused by HPV, which is mainly driven by
cervical cancer. In Europe, 3% of all diagnosed cancers are HPV-driven: 1% in men and
4% in women 10.
Cervical cancer
Worldwide, 530,000 cervical cancer cases are diagnosed yearly, of which most are
diagnosed in low-income regions, like Sub-Sahara Africa and India 10,52. In Europe,
58,000 cervical cancer cases are diagnosed yearly 10, in the Netherlands 847 cases
were diagnosed in 2016 53.
Table 1. Number of cancer cases attributable to HPV by cancer site and sex; Worldwide, 2012.
10
Table shortened based on table from de Martel et al. (2017)
HPV-related cancer
Number of incident
Number of cases
Number attributable to HPV
site
cases
attributable to HPV
by gender
Males
Females
Cervix
530 000
530 000
0
530 000
Anus
40 000
35 000
17 000
18 000
Vulva
34 000
8 500
0
8 500
Vagina
15 000
12 000
0
12 000
Penis
26 000
13 000
13 000
0
Oropharynx
96 000
29 000
24 000
5 500
Oral cavity
200 000
4 400
2 900
1 500
Larynx
160 000
3 800
3 300
460
Total
1 101 000
630 000
60 000
570 000

In total, 265,672 deaths occurred from cervical cancer worldwide in 2012, making
cervical cancer worldwide the 4th leading cause of cancer deaths in women. In Europe,
cervical cancer mortality was 24,404 cases, of which 3,479 occurred in Western
Europe 54. In the Netherlands 207 women died from cervical cancer in 2015 53.
Both worldwide, and in Europe, HPV infection with HPV type 16 is the leading cause
of cervical cancer incidence and mortality, followed by HPV 18 7,55. HPV16/18
prevalence in invasive cervical cancers is 70%, but is slightly higher in Western
countries, including Europe, with 74-77% 7. In Europe the most common HPV types in
cervical cancer are HPV16 (63%), HPV18 (15%), and HPV45 (5%) 55.
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Anal cancer
Anal cancer is less common than cervical cancer, with approximately 35,000 HPVrelated anal cancers per year globally. Also for anal cancer, regional differences are
seen, with also a higher number of diagnoses in low-income countries. In Europe,
6,900 anal cancers are diagnosed yearly, of which 2,700 in men and 4,200 in women 10.
In the Netherlands 242 cases of anal cancer were diagnosed in 2015, of which
approximately 194 may be attributed to HPV. Of these 242 cases, 117 were men and
116 were women; of 9 cases gender was unknown 53.
When reviewing incidence rates of anal cancer in women, three groups should be
distinguished: HIV-negative women, HIV-positive women, and women with a history of
genital HPV-related pathology. The incidence rate of anal cancer among HIV-negative
women is estimated to range from 1-2 per 100,000 person-years. Among HIV-positive
women this incidence rate is estimated to range between 4-30 per 100,000 personyears, and among women with a history of genital HPV-related pathology between 164 per 100,000 person-years 26.
A meta-analysis including the highest male risk group for anal cancer, MSM, showed
that proportionally HIV-positive MSM bear the highest burden of HPV-related anal
cancer. The incidence is approximately 78 per 100,000 person-years in HIV-positive
MSM and 5 per 100,000 person-years in HIV-negative MSM 30.
No worldwide anal cancer mortality rates have been estimated up to now.
However, country-specific anal mortality rates are available. Both in the United States
and the United Kingdom anal cancer mortality rates are <1 per 100,000 person-years,
which are approximately 1,100 deaths in the United States (in 2016) and 358 in the
United Kingdom (in 2014) 56,57.
In the Netherlands 34 people died from anal cancer in 2015, of which
approximately 30 may be attributed to HPV. Of these 34 deaths, 19 were men, and 15
were women 53.
HPV16 (81%) is also the most frequent HPV type found in anal cancers worldwide
and in Europe, followed by HPV18 (4%) 5. In the Netherlands, HPV type distribution
was studied among anal cancer cases from 1986 to 2010 in Amsterdam, showing that
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HPV16 was the causative HPV type in 61% of the cases among HIV-positive MSM, and
100% of the cases among HIV-negative men and women 58.
Prevention and control of HPV-related diseases
HPV infection, and therefore HPV-related diseases, can be prevented both by
primary prevention (preventing infection) and secondary prevention (preventing
disease/cancer).
Primary prevention: using condoms
Since HPV is a sexually transmitted infection, condom use as a primary prevention
method immediately comes to mind. Some studies found indeed that condom use can
prevent HPV infection, but other studies found only limited or no protective effect of
condom use on HPV infection 59-61.
Primary prevention: HPV vaccination
Currently three vaccines are registered to prevent persistent HPV infection.
Cervarix® consists of virus-like particles of HPV-16 and -18; Gardasil® consists of viruslike particles of HPV6, 11, 16, 18. In December 2014, the FDA approved a new 9-valent
vaccine protecting against nine HPV types: HPV6, 11, 16, 18, 31, 33, 45, 52, 58.
Gardasil 9® has the potential to protect against 90% of the cervical-, vulva-, vaginaland anal cancers caused by HPV infection 62. HPV vaccination has been shown to be
safe and effective for the prevention of HPV infection and many of its precancerous
and cancerous sequelae among women younger than 25 years 63-70, as well as among
men under the age of 26 years 71,72. Although HPV vaccines have the highest efficacy
among HPV-naïve people, efficacy is also proven for non-HPV-naïve men and women,
for women up to the age of 45 years 73-76.
HPV vaccination coverage differs across the globe, with a total of 64 countries
offering HPV vaccination, in which approximately 118 million women have been
targeted, and 47 million women have received a full course of the vaccine in 2014.
However, this only covers 1% of low-/lower-middle-income countries 77. HPV
vaccination requires multiple vaccinations over time, 2 or 3 doses dependent on the
type of vaccine and the age of the girl/woman 67,78-81. Therefore, a full course of
vaccine is not always achieved. A single dose was adminstered to approximately 59
million women, which is 1.7% of the world population 77.
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In the Netherlands HPV vaccination was added to the National Vaccination Program
in 2009 offering girls HPV vaccination in the year they turn 13 years of age 82. In the
National Vaccination Program Cervarix® is used. Vaccination coverage among these
Dutch girls is relatively low, and declined from 61% to 53% between 2014 and 2016
82,83
.
A study among Dutch mothers of girls who were offered HPV vaccination found
that the attitude towards HPV vaccination, beliefs about HPV vaccination, subjective
norm and habit strength significantly determined HPV vaccination intention 84. HPV
vaccination intention was found to be a strong determinant for HPV vaccination
uptake among Dutch mothers. Specific determinants of HPV vaccination uptake
differed by ethnic group in the Netherlands, for example among Surinamese,
Netherlands Antilean and Aruban parents, HPV vaccination uptake was determined by
HPV vaccination intention and habit strength 85.
Secondary prevention: screening and treatment
The last decades millions of lives have been saved globally by cervical cancer
screening, using the Pap (Papanicolaou) smear 86,87. For this Pap smear, cells are
collected from the transformation zone of the cervix, which are cytologically tested to
detect CIN/cervical cancer 88. If abnormal cytology is found, a woman is referred to a
gynecologist for further assessment and treatment of precancerous lesions 90.
In the Netherlands a nationwide screening program was set up in 1989 89. The
current cervical cancer screening program (2017) includes women aged 30 to 60 years
who are screened every 5 years at their general practitioner.
Screening for anal HPV-related disease is more complicated than screening for
cervical HPV-related disease, since anal cytology shows limited sensitivity and
specificity (30% sensitivity and 93% specificity) 91-93. Currently, the gold standard for
screening for anal dysplasia/cancer is a high-resolution anoscopy (HRA). HRA is to
some extent comparable to colposcopy: during HRA the transformation zone in the
anal canal is visualized after acetic acid application. However, it should be noted that
HRA is a cumbersome procedure due to the extensive folding of the anal canal,
including the transformation zone 94. Therefore, extensive training is required for
accurate performance 95. If during HRA suspicious lesions are identified at the
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transformation zone or perianally, biopsies are taken and pathologically graded,
according to the previously explained AIN-system, of no dysplasia/AIN1/AIN2/AIN3/
anal cancer. If a diagnosis of AIN2/3 is made, the abnormal tissue is treated with
electrocautery or cryotherapy 96.
Aim of this thesis
The aim of this thesis is to provide insights in the epidemiology of anal HPV
infection in MSM and female sex workers, and to some extent in the epidemiology of
cervical HPV among female sex workers. Additionally, this thesis provides insight into
socio-psychological determinants of HPV vaccination intention among these riskgroups as well as among heterosexual men.
Part 1: Anal HPV infection and HIV infection among men who have sex with men
In Chapter 2 through 5, various aspects of the epidemiology of anal HPV infection
and anal HSIL in MSM are analysed. First, in Chapter 2, we assess differences in anal
HPV viral load between HIV-negative and HIV-positive MSM and its association with
anal HPV persistence. In Chapter 3, we focus on incidence and clearance of anal high
risk HPV infection among HIV-negative MSM. From Chapter 4, we focus on anal HSIL in
HIV-positive MSM. HRA is a cumbersome and difficult procedure. In Chapter 4, we
explore differences in detection rate of anal HSIL by physician and screening hospital,
in order to assess the possibility of using this detection rate as a quality assurance
metric for HRA in HIV-positive MSM. In Chapter 5, we assess demographic and HIVrelated risk factors of anal HSIL in the largest multi-center study on HRA in HIV-positive
MSM so far, to explore if a targeted screening protocol would be possible. In Chapter
6, potential HPV-related virological and serological predictors of anal HSIL in HIVpositive MSM are analysed.
Part 2: HPV vaccination for boys/men
In Chapter 7, we present an analysis of HPV vaccination intention among male
clients of a large STI outpatient clinic in Amsterdam, the Netherlands. In Chapter 8, we
present current knowledge on HPV vaccination for boys and/or men and outline
important considerations for the Dutch HPV vaccination program.
Part 3: HPV infection and vaccination among female sex workers
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Part 3 focuses on the epidemiology of anal and cervical HPV infection and
seropositivity (Chapter 9), as well as on HPV vaccination intention (Chapter 10) among
female sex workers.
In Chapter 11, the results found in this thesis are discussed and future
recommendations for the prevention of cervical and anal cancer among the included
risk groups are made.
Table 2 presents an overview of the different study populations and their
characteristics.
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Table 2. Characteristics of the studies and their study populations in which research questions of this
thesis were examined.
Study
name
H2M study

Geographic
location
Amsterdam,
the
Netherlands

Study
population
HIV-negative
and HIVpositive MSM
aged ≥18 years

H2M3
study

Amsterdam,
the
Netherlands

HIV-negative
MSM aged
≥18 years

AIN cohort
study

Amsterdam,
the
Netherlands

HIV-positive
MSM aged ≥18
years

H2M2
study

Amsterdam,
the
Netherlands

HIV-positive
MSM aged ≥18
years

HP4V men
study

Amsterdam,
the
Netherlands

Men, aged ≥18
years

HP4V FSW
study

Amsterdam,
the
Netherlands

Female sex
workers, aged
≥18 years

Source
MSM recruited at the STI
clinic in Amsterdam, the
Amsterdam Cohort
Studies or the Jan van
Goyen Medical Center
All HIV-negative MSM
included in the H2M
study and HIV-negative
MSM from the
Amsterdam Cohort
Studies
All HIV-positive MSM
screened for anal HSIL by
the Academic Medical
Center, OLVG or the DC
clinic, in Amsterdam
All HIV-positive MSM
included in the H2M
study and screened for
anal HSIL by the
Amsterdam Medical
Center, OLVG or the DC
clinic, in Amsterdam
Men recruited from the
STI outpatient clinic of
the Public Health Service
(GGD) of Amsterdam
Female sex workers
recruited from the
Prostitution and Health
Center 292 (P&G292) in
Amsterdam

Study
period
2010 - 2013

Chapter

2010-2015

3

2010 - 2015

4&5

2010-2015

6

2015

7

2016

9 & 10

2&5

All studies are cross-sectional, except for Chapter 6, which uses longitudinal data of the H2M study.
abbreviations: H2M= HPV & HIV in MSM; AIN= anal intra-epithelial neoplasia; HP4V= human papillomavirus
preparedness for vaccination; HIV= human immunodeficiency virus; MSM= men who have sex with men; STI= sexually
transmitted infection; HSIL= high-grade squamous intraepithelial neoplasia; GGD= Gemeentelijke Gezondheidsdienst/
Public Health Service; FSW= female sex workers.
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Abstract
Objective
Does anal HPV viral load explain the difference in anal HPV persistence between HIVnegative and -positive men who have sex with men (MSM)?
Methods
MSM ≥18 years were recruited in Amsterdam, the Netherlands, in 2010-2011. Anal
self-swabs were collected every 6 months and genotyped (SPF10-PCR-DEIA-LIPA25system). HPV16 and HPV18 load was determined with a type specific quantitative
(q)PCR, and compared between HIV-negative and -positive men using ranksum test.
Persistence was defined as ≥3 positive samples for the same HPV-type.
Determinants of persistent HPV16/18 infection and its association with HPV16/18 load
were assessed with logistic regression.
Results
Of 777 recruited MSM, 54 and 22 HIV negative men were HPV16 and HPV18 positive
at baseline, and 64 and 39 HIV-positive MSM. The geometric mean titer (GMT) of
HPV16 was 19.6 (95%CI 10.1-38.0) and of HPV18 8.6 (95%CI 2.7-27.5) DNA copies/
human cell. HPV16 and HPV18 load did not differ significantly between HIV-negative
and -positive MSM (P=0.7; P=0.8, respectively). In multivariable analyses HPV16
load was an independent determinant of HPV16 persistence (OR 1.8, 95%CI 1.3-2.4).
Conclusion
No difference in anal HPV viral load was found between HIV-positive and HIVnegative MSM. HPV 16/18 viral load is an independent determinant of type-specific
persistence.
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Introduction
Human papillomavirus (HPV) is the most common infection that can be transmitted
through sexual contact, with more than 80% of sexually active people getting infected
at least once in their lifetime 1. Persistent HPV infections can cause genital warts,
cervical-, vaginal-, vulvar-, anal-, penile-, and head-and-neck cancer 2-5. The most
carcinogenic HPV types are HPV-type 16 and HPV-type 18 6. Men who have sex with
men (MSM) are at increased risk of HPV-induced cancer, notably anal cancer. Based on
a meta-analysis, the incidence of anal cancer was 5.1 per 100,000 per year among HIVnegative MSM, rising to 77·8 per 100,000 per year among HIV-positive MSM in the era
of combination antiretroviral therapy (cART) 7. HIV-negative and -positive MSM differ
in the prevalence of anal HPV infection 8-11, incidence of anal HPV infection 12-14,
persistence of anal HPV infection 12, clearance of anal high-risk HPV infection 12 and
HPV16 and -18 seropositivity 11,15. All these parameters show more infection and less
clearance in HIV-positive MSM compared to HIV-negative MSM.
In order to develop HPV-related disease a productive and persistent HPV infection
is required 13,16 and HPV viral load is a marker of a productive HPV infection 17-19. We
studied differences in anal HPV16 and HPV18 viral load between HIV-negative and
HIV-positive MSM and the association between baseline anal HPV viral load and
persistence of HPV infection.
Methods
Study participants
The HIV & HPV in MSM (H2M) study design and sample collection has been
previously described 8. In brief, HIV-negative and -positive MSM aged 18 years or older
were recruited for a prospective cohort study in 2010–2011 at three sites in
Amsterdam, the Netherlands: the Amsterdam Cohort Study (ACS) among MSM (Public
Health Service of Amsterdam) 20, a Sexually Transmitted Infection (STI) clinic (Public
Health Service of Amsterdam) 21, and an outpatient Infectious Disease clinic (Jan van
Goyen Medical Center). Participants were followed up approximately every 6 months,
for a maximum follow-up period of 24 months per person.
Data collection
At the enrolment visit, participants completed a self-administered questionnaire
regarding socio-demographic characteristics, health-related issues, and lifetime and
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recent sexual behaviour. Participants collected an anal self-swab (regular flocked swab
with 1 ml Universal Transport Medium [UTM]; Copan, Brescia, Italy). The self-sampling
method has been previously described 8. HIV-related data were obtained from the
Dutch HIV Monitoring Foundation’s national HIV patients database 22.
HPV DNA detection, genotyping, HPV viral load determination and quantification
HPV DNA detection and HPV genotyping of the anal samples has been previously
described 8. Briefly, the anal samples were stored at -20°C. Total DNA extraction was
performed on 200µl of each sample using the MagNA Pure LC Total Nucleic Acid
Isolation Kit (Roche Diagnostics, Almere, the Netherlands) and eluted in 100 µL. HPV
DNA amplification and detection was performed using the highly sensitive SPF10-PCR
DEIA/LiPA25 system (version 1), allowing for the detection of 25 specific HPV
genotypes (HPV6, 11, 16, 18, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56,
58, 59, 66, 68, 70, 74) 23. Samples positive for HPV16 and/or HPV18 were eligible for
HPV viral load determination. Anal HPV16 and HPV18 viral load was determined using
a previously described HPV16 and HPV18 type specific L1-targeting quantitative (q)PCR
protocol optimized to approach SPF10-LiPA25 sensitivity levels 24. HPV16/18 viral loads
were standardized for the amount of human cells present in each sample according to
the method of van der Weele et al24. qPCRs were performed in 20 µl final volume
using LightCycler TaqMan Master on the Roche LightCycler 480 platform (Roche
Diagnostics).
Statistical analyses
The study population consisted of all H2M cohort participants who had an HPV16
or HPV18 anal infection (or both) at their baseline cohort visit. Baseline characteristics
of the study population were explored using descriptive statistics. We compared the
distribution of the characteristics between HIV-negative and -positive participants
using the X2 test for categorical data and the Wilcoxon rank sum test for continuous
data. Differences in HPV16/18 viral load between HIV-negative and -positive MSM
were explored using the Wilcoxon rank sum test. Because of the very skewed
distribution of the viral load data, the geometric mean titre (GMT) of HPV16/18 load
expressed as the number of DNA copies per human cell was used.
We also analyzed the association between HPV16/18 viral load at baseline and
subsequent type-specific persistence of anal infection in HIV-negative and -positive
MSM. Persistence was defined as: at least three, including baseline, anal samples
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positive for the same HPV type. We allowed one negative sample between two
positive sample per participant as long as he had at least three positive anal samples.
Thus following patterns were all regarded as persistence: +++; ++-+; +-++. We repeated
the analyses with a more strict definition of persistence (at least four, including
baseline, anal samples positive for the same HPV type; since follow-up consisted of up
to five study visits, a maximum of one negative sample between four positive samples
was allowed), and with a more lenient definition (at least two consecutive anal
samples positive for the same HPV type, including baseline). Since not all participants
of the H2M with a baseline HPV16/18 infection completed all study visits, in the
analyses on persistence only men of whom at least three (baseline plus two) anal
samples were available were included; the analysis using the more strict definition was
done in men contributing at least four (baseline plus three) anal samples and the
analysis with the more lenient definition was done in men contributing at least two
(baseline plus one) anal samples.
Wilcoxon rank sum test was used to analyse differences in HPV16/18 viral load
between men with and without a persistent infection, also stratified for HIV-status.
Univariable and, if the sample size allowed this, multivariable logistic regression were
done with HPV persistence as outcome. Besides type-specific HPV viral load, variables
included in univariable logistic regression analysis were: age, smoking behaviour,
lifetime number of male sex partners, having had anal sexual contact in the preceding
6 months, number of anal sex partners in the preceding 6 months, and condom use
during anal sexual contact. For analyses on HIV-positive participants also cART use,
having an undetectable HIV viral load at inclusion, CD4-T-cell count at inclusion, and
CD4 nadir were included. In the multivariable logistic regression all variables
associated with persistence (at P<0.2, Wald test) were included in a model in which
HPV type-specific viral load and HIV-status were forced. A backward selection
procedure was done to assess whether type-specific HPV anal viral load was an
independent predictor of type-specific persistent anal infection when correcting for
HIV-status. Associations were considered statistically significant at P<0.05.
Additionally, we assessed if there was interaction between the HPV type-specific
viral load and HIV-status to assess whether HPV type-specific viral load had a different
effect on persistence in HIV-negative compared to HIV-positive MSM. Finally, we
assessed if type-specific HPV anal viral load at baseline was an independent predictor
of type-specific persistent anal infection stratified by HIV-status.
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36
≤34
35-44
≥45

37
65
60

41

Never
Ever/in the past
Current

12%

Condom-use during anal sex in the preceding 6 months
Never 16

(e )

33%
28%
39%

53
45
63

≤1
2-5
≥6

30%
[1-10]

45
4

(d)

≥ 501

Median no. of anal sex partners last 6 months [IQR]
(d)
No. of anal sex partners last 6 months

25%
45%

38
68

[100-800]

38%
23%
38%

79%
21%

23%
40%
37%

[35-50]

≤100
101 - 500

300

56
34
56

The Netherlands 127
Any other country 34

Sexual behavior variables
(c )
Median no. of lifetime male sex partners [IQR]
(c )
No. of lifetime male sexpartners

a, (b)

(a)

Tobacco smoking

Country of birth

Demographic characteristics
Median age [IQR]
Age group (years)

8

30
26
18

16
3

20
32

200

32
15
22

61
12

20
41
13

39

14%

41%
35%
24%

24%
[1-5]

29%
47%

[90-500]

46%
22%
32%

84%
16%

27%
55%
18%

[35-43]

8

23
19
45

29
6

18
36

500

24
19
34

66
22

17
24
47

47

10%

26%
22%
52%

35%
[1-15]

22%
43%

[150-1000]

31%
25%
44%

75%
25%

19%
27%
53%

[37-53]

0.777

<0.001
0.002

0.010
0.268

0.153

0.185

<0.001
<0.001

Table 1. Baseline characteristics of the study population (N=162), overall and stratified by HIV-status (H2M study, Amsterdam 2010-2011).
Total (=162)
HIV-negative (N=74)
HIV-positive(N=88)
No.
%
No.
%
No.
%
P-value
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(g)

Median CD4+ cell count at enrolment (cells/µl) [IQR]
(h)
Median nadir CD4+ cell count (cells/µl) [IQR]
(i)
Median HIV viral load at enrolment (copies/ml) [IQR]

HIV-related factors
(f)
Use of cART at enrolment
No
Yes

No 27
Yes 29
Unknown (<3 samples available) 5

No 50
Yes 55
13

Only HPV16 101
Only HPV18 44
Both HPV16/18 17

48%
52%

48%
52%

62%
27%
10%

64%
24%

14
8
0

27
23
4

52
20
2

37
13

64%
36%

54%
46%

70%
27%
3%

64%
22%

12
59
480
240
20

13
21
5

23
32
9

49
24
15

51
20

17%
83%
[358-620]
[180-345]
[0-50]

38%
62%

42%
58%

56%
27%
17%

65%
25%

0.063

0.212

0.010

Data of participants who were currently not smokers but provided no information on past smoking behavior, were regarded as missing. b At least three positive
anal samples (with the same HPV type) with at most one negative sample between the three positive anal samples. (a): 1 missing, (b): 16 missing, (c): 11 missings,
(d): 1 missing, (e): 25 missings, (f): 17 missings, (g): 22 missings, (h): 16 missings, (i): 21 missings.
IQR - interquartile range; HIV - human immunodeficiency virus; HPV - human papillomavirus.

a

b

Unknown (<3 samples available)
b
HPV 18 persistent anal infection

HPV 16 persistent anal infection

HPV related variables
HPV 16/18 anal infection status

Sometimes 88
Always 33
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Results
Baseline characteristics
Of the 777 H2M participants, 162 were infected at baseline with HPV16 and/or
HPV18: 101 (62%) of MSM were only infected with HPV16; 44 (27%) only with HPV18;
whereas 17 (10%) were infected with both HPV16 and HPV18. In total, 88 (54%) of the
162 MSM in this analysis were HIV-positive. HIV-positive MSM were significantly more
often infected with both HPV16 and HPV18 (P=0.01) (Table 1).
The median age of HIV-negative MSM was 39 years [IQR: 35-43], whereas the
median age of HIV-positive MSM was 47 years [IQR: 37-53] (P<0.001). The majority of
MSM were born in the Netherlands (79%). HIV-positive MSM had a significantly higher
number of sex partners during their lifetime (median 500 [IQR 150-1000] vs 200 [IQR
90-500] in HIV-negative MSM, P=0.01) and in the preceding 6 months (median 6 [IQR
1-15] vs 2 [IQR 1-10], P<0.001, respectively). Condom use during anal sex in the
preceding six months did not differ between HIV-negative MSM and -positive MSM,
P=0.78). Most of the HIV-positive MSM were receiving combination antiretroviral
therapy (cART) (N=59; 83%), with a median CD4+ cell count at baseline of 480 cells/µL
[IQR 358-620], a median HIV viral load at baseline of 20 copies/mL [IQR 0-50] and a
median nadir CD4+ cell count of 240 cells/µL [IQR 180-345] (Table 1).
Differences in baseline HPV16/18 viral load by HIV-status
In the baseline samples, the GMT was 19.6 HPV DNA copies per human cell (95%CI
10.1-38.0) for HPV16 and 8.6 copies per human cell (95% CI 2.7-27.5) for HPV18.
No significant difference was found in the GMT HPV16 viral load between HIV-negative
MSM (GMT 26.2 DNA copies per human cell, 95% CI 10.2-67.1) and HIV-positive MSM
(GMT 15.4 DNA copies per human cell, 95%CI 6.0-39.6) (P=0.67). Also the GMT of the
HPV18 viral load was not significantly different between HIV- negative and -positive
MSM (GMT 5.9 DNA copies per human cell, 95%CI 0.5-66.6; and GMT 10.7 DNA copies
per human cell, 95%CI 3.0-38.5, respectively, P=0.77) (Figure 1).
HPV16/18 baseline viral load and persistence
Of the 118 men with an anal HPV16 infection at baseline, 105 had at least 2 followup cohort visits and were included in the analysis of persistence. Of these 55 (52%) had
a persistent infection. HPV16 persistence was not significantly more common among
HIV-positive men (n=32, 58%) than among HIV-negative men (n=23, 46%; P=0.21). Of
the 61 men with an anal HPV18 infection at baseline, 56 had at least 3 cohort visits and
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were included in the analysis of persistence. Of these 56, 29 (52%) had a persistent
infection. For HPV18, persistence was borderline significantly more common among
HIV-positive men (n=21, 62%) than among HIV-negative men (n=8, 36%; P=0.06) (Table
1).
As shown in Table 2, a significantly higher HPV16 viral load was found in MSM with
persistent HPV16 infection compared to MSM without persistent HPV16 infection
(P<0.001). This association between higher viral load and persistence remained
statistically significant in an analysis stratified by HIV status (HIV-negative: P=0.020;
HIV-positive: P=0.003). Also for HPV18, a significantly higher HPV18 viral load was
found in MSM with persistent HPV18 infection compared to MSM without persistent
HPV18 infection (P=0.032). Stratified by HIV status, this difference was borderline
significant (P=0.07) among HIV-negative MSM, but not significant among HIV-positive
MSM (P=0.37) (Table 2).
An increasing GMT HPV16 viral load significantly increased the odds of persistence
of HPV16 infection in univariable logistic regression analysis (OR 1.63 per log10 increase
Table 2. HPV 16 and HPV18 anal viral load (number of DNA copies per human cell) in MSM, overall and
by HPV persistence status and by HIV-status (H2M study, Amsterdam 2010-2011).
No persistent HPV
Persistent HPV
a
Total
infection
infection
N
GMT
(95%CI)
N GMT
(95%CI)
N GMT
(95%CI)
P*
HPV16
**
HIV-negative
54 26.2
(10.2-67.1) 27 8.5 (1.9-38.0) 23 70.1 (20.6-238.6)
0.020
**
HIV-positive
64 15.4
(6.0-39.6) 23 2.0 (0.3-14.4) 32 44.0 (17.4-111.2)
0.003
All participants 118
19.9
(10.1-38.0) 50 4.4 (1.3-14.3) 55 53.5 (26.0-110.0) <0.001
HPV18
HIV-negative
HIV-positive
All participants

22
39
61

***

5.9
**
10.7*
8.6

(0.5-66.6)
(3.0-38.5)
(2.7-27.5)

14 1.5
13 3.7
27 2.3

(0.1-37.2)
(0.2-58.5)
(0.3-16.9)

8
21
29

67.2
21.6
29.5

(1.5-3054.5)
(4.2-112.4)
(6.8-128.0)

0.065
0.366
0.032

a

At least three positive anal samples (with the same HPV type), with at most one negative anal sample between the
three positive anal samples
*
P-value is the result of a Wilcoxon rank-sum test of the differences in type specific GMT viral load between MSM with
and without a persistent HPV infection.
** P-value of the difference in HPV16 GMT viral load between HIV-positive and HIV negative MSM: P=0.67
*** P-value of the difference in HPV18 GMT viral load between HIV-positive and HIV negative MSM: P=0.77
abbreviations: HIV - human immunodeficiency virus; HPV - human papillomavirus; MSM - men who
have sex with men; GMT - geometric mean titre; CI - confidence interval; H2M - HIV & HPV study.
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Figure 1. HPV16 and HPV18 viral load (log copies per human cell), by HIV status. The solid line
indicates the median HPV viral load, and the dotted lines indicate the 25th and 75th percentiles. Anal
HPV16 and HPV18 viral load was determined using a previously described HPV16 and HPV18 typespecific L1-targeting quantitative (q)PCR protocol, optimized to approach SPF10-LiPA25 sensitivity
24
levels . HPV16/18 viral loads were standardized for the amount of human cells present in each
24
sample according to the method of van der Weele et al. .
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in HPV viral load, 95%CI 1.22-2.19). Additionally, age (P=0.1) and number of anal sexual
partners in the preceding 6 months (P=0.1), were associated with HPV16 persistence at
P<0.2 (Wald test). Also for HPV18 a significant association was observed between viral
load and HPV18 persistence (an increase of log10 HPV18 viral load increased the odds
of persistence by 1.35 [95%CI 1.01-1.80]). Additionally, the lifetime number of sex
partners (P=0.1), and HIV-status (P=0.1), were associated with HPV18 persistence at
P<0.2 (Wald test).
In multivariable regression, including HIV-status and the number of anal sex
partners in the preceding six months, the association between persistent HPV16
infection and HPV16 viral load remained (OR 1.76 per log10 increase, 95%CI 1.28-2.41)
(Table 3). HIV-status was not significantly associated with HPV16 persistence in this
multivariable model (OR 2.17, 95%CI 0.88-5.31) (data not shown). Concerning the
association between HPV18 viral load and persistence, in multivariable analysis HPV18
viral load was borderline significantly associated with HPV18 persistence when
correcting for HIV-status and the lifetime number of sex partners (OR 1.41, 95%CI 0.99
– 2.00) (Table 3). HIV-status itself was significantly associated with HPV18 persistence
in the multivariable model including HPV18 viral load (OR 6.82, 95%CI 1.51-30.85)
(data not shown). To assess if the effect of type-specific HPV viral load on persistence
varied between HIV-negative and -positive MSM we tested for interaction. There was
no indication that the effect of HPV viral load on persistence differed by HIV status (P
for interaction in HPV16 model: P=0.9; P for interaction in HPV18 model: P=0.8) (data
not shown).
We repeated the analyses for a more strict (at least four anal samples positive for
the same HPV type) and a more lenient (at least two consecutive anal samples positive
for the same HPV type) definition of persistent infection; these yielded largely similar
results (data not shown).
Discussion
In this study, no significant differences in anal HPV viral load of HPV16 or HPV18 were
found between HIV-negative and -positive MSM. High baseline anal HPV viral load
predicted anal persistence, in HPV16 as well as HPV18 infections.
HPV16 persistence is found to be more common among HIV-infected MSM than
among HIV-uninfected MSM 12, although we did not find a significant difference for
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b

Table 3. Association between HPV 16 and HPV18 viral load and type specific persistence for the
total study population and stratified by HIV-status (H2M study, Amsterdam 2010-2011).
Univariable logistic regression
Multivariable logistic regression
analysis
analysis
N
OR
(95% CI)
N
OR
(95% CI)
a
HPV16 viral load
HIV-negative
50
1.56
(1.02-2.40)
50
1.56
(1.02-2.40)
d
HIV-positive
55
1.76
(1.17-2.66)
54
1.85
(1.17-2.90)
e
All participants
105
1.63
(1.22-2.19)
104
1.76
(1.28-2.41)
a

HPV18 viral load
HIV-negative
HIV-positive
All participants

22
34
56

1.41
1.29
1.35

(0.91-2.20)
(0.86-1.96)
(1.01-1.80)

c
c

51

1.41

(0.99-2.00)

f

a

log10 transformation used for analysis - OR reflects the increase in odds for persistence for an increase of 1
log10 in viral load
b
At least three positive anal samples (with the same HPV type), with at most one negative anal sample between
the three positive anal samples
c
no multivariable regression analysis was done, based on a lack of significant association between HPV viral load
and persistence in univariable analysis, and small sample sizes for multivariable regression analysis
d corrected for HIV status (forced in analysis), age and number of anal sex partners in the preceding 6 months
e corrected for HIV status (forced in analysis) and the number of anal sex partners in the preceding 6 months
f corrected for the lifetime number of sex partners
abbreviations: HIV, human immunodeficiency virus; HPV, human papillomavirus; OR, odds ratio; CI, confidence
interval; NA, not applicable.

HPV16 in this small subset, and we had hypothesized that this difference might be
explained by higher viral loads in the HIV infected. Contrary to our expectation, the
viral load did not differ between the HIV-positive and the -negative MSM; this was the
case for both HPV16 and for HPV18. The only comparable study was done by Utaipat
et al 25. They examined anal viral loads among MSM (median age 25 years; IQR 21-32)
with a history of anal receptive sexual intercourse in the prior 6 months. They did not
find a significant difference for HPV16 viral load between HIV-positive and -negative
MSM (P=0.44), but they did find that the viral load of HPV18 was higher among HIVpositive versus HIV-negative MSM (P=0.006)25. Similar studies comparing the viral load
of cervical HPV infections between HIV-positive and -negative women, did find that
cervical HPV viral loads were higher in the HIV-positive women 26,27. It is important to
note that in our study most of the HIV-positive participants were on cART, had
undetectable HIV viral load, and had high CD4 counts. So the comparison in our study
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was one between HIV- negative and treated HIV-positive men; the quoted studies on
HIV and cervical HPV viral load were done among largely untreated HIV-positive
women, with lower CD4 counts.
We observed that HPV viral load was an independent determinant of HPV
persistence (significantly in HPV16, and at P=0.06 in HPV18). Grabowski et al observed
the same in penile high-risk HPV infections in HIV-positive and -negative MSM 28. Van
der Weele et al. observed the same regarding the cervical viral load in HPV16 or HPV18
infected young women (aged 16-29 years) 24. The observed association between
HPV16 and HPV18 viral load with persistence is in agreement with other studies on
cervical HPV in women 17,18,24,29. We are not aware of other studies examining the
association between anal HPV viral load and anal persistence. We can not exclude that
low-load anal HPV infections are in fact not infections, but depositions, and that viral
load cannot discriminate between depositions and actual HPV infections. It is also
possible that low-load HPV infections are infections that are in the process of being
eliminated by the immune system, and are not very productive anymore. High loads
suggest productive infections, unimpeded by immune control, and so it would be
logical that such high load infections are more often destined to be, or become,
persistent infections.
Based on our earlier work on persistence 12 and the higher burden of HPV-related
diseases in HIV-positive men 7, we know that type-specific HPV persistence is more
common in HIV-positive MSM. However, higher viral load on its own cannot explain
why HPV infections tend to persist more in (mostly treated) HIV-positive compared to
HIV-negative MSM 12, and other mechanisms for higher persistence should be
considered. Possibly anal HPV infections, if established, are equally productive in
treated HIV-positive and -negative MSM as long as they exist, but that in HIV-negative
MSM immune responses are mounted more quickly and/or more effectively, not
leading to lower viral loads, but to shorter infection periods and less persistence.
Another explanation may be that the T-cell receptor repertoire diversity after cART
therapy in HIV-positive MSM is still diminished compared to HIV-negative MSM,
thereby contributing to delayed clearing of HPV 30. HPV infection with multiple (high or
low risk) HPV types did not affect the duration of cervical HPV infection in HIV-negative
women 31, nor the risk of CIN3+ in HIV-negative or HIV-positive women 32. Therefore,
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we do not expect that multiple HPV infections will impact the association between HPV
viral load and persistence in this study.
In cervical pathogenesis, HPV persistence is a condition for development of CIN2+
and cervical cancer 33-35; for anal carcinogenesis the same concept is thought to be the
case 36,37. The finding that anal viral load predicts anal HPV persistence (our study), and
the finding that higher viral load is associated with more advanced anal cytological
changes 25, do suggest that high anal viral load may be a marker for anal disease
development. Larger prospective studies, including viral load measurements and
histological endpoints, may be needed to demonstrate this.
Utaipat et al developed an in-house method to measure HPV VL for types 16, 18
and 52 25. The median HPV16 viral load was 0.03 copies/human cell and of the HPV18
viral load was 0.28 per human cell. These values are a factor 650 and a factor 30,
respectively, lower than the concentrations that we estimated. We used an in-house
developed method developed to detect HPV16/18 DNA with high sensitivity and
specificity using standard curves based on WHO standards 24. The large difference in
viral loads presented here and those presented by Utaipat et al could be explained by
low cell and high HPV counts in our study, possibly caused by our method of sampling.
The difference may also be explained by the much higher sensitivity of the method
used in our study. However, considering the limited sample size and the difference in
methods, it is difficult to pinpoint the exact cause of the discrepancies in the
quantitative results. Despite discrepancies in the measurements, our finding of
increased HPV load being associated with persistence coincided with increased viral
load being associated with anal cytological abnormalities described by Utaipat et al. No
difference was observed for HPV 16 viral load between (treated) HIV-positive and HIVnegative men here either 25.
The strengths of our study include the prospective cohort design, the standardised
sampling and questionnaire, as well as the comparable numbers of HIV-negative and positive participants.
Our study had some limitations as well. The viral load was done using a very
sensitive in-house assay, and the data may therefore not directly be comparable to
less sensitive viral loads assessed by other methods. The sample size was limited,
especially for HPV18 positive MSM. The inclusion in this analysis was based on an
HPV16 or 18 positive sample at the baseline visit of a prospective cohort study. Those
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who were HPV positive at baseline (prevalent HPV infection) will have been a mixture
between men with recent, incident infections, and men with longer existing, persistent
infections. Probably more of the HIV-infected men already had persistent infections.
Ideally, a study would assess HPV viral load as a predictor of persistence among men
with incident anal infections.
Clinical implications
Higher viral loads may predict type-specific anal HPV persistence, regardless of HIV
status. As HPV persistence is thought to be a prerequisite of HGAIN, type-specific HPV
viral load might in future play a role as a marker for HPV-associated anal lesions. This
might be useful in selecting HIV-positive MSM, the group with the highest burden of
HPV related diseases, for anal neoplasia screening.
Conclusions
In this study higher anal HPV16 and 18 viral load did not differ in HIV-positive MSM
compared to HIV-negative MSM, and thus cannot explain higher HPV persistence rates
among HIV-positive MSM. Higher viral loads predicted type-specific anal HPV
persistence, regardless of HIV status, and may be a marker for HPV-associated anal
lesions.
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Abstract
Objective
We aimed to assess the incidence and clearance of anal high risk human
papillomavirus (hrHPV) infection and determinants thereof among HIV-negative menwho-have-sex-with-men (MSM) over a five-year period.
Methods
From 2010 to2015, HIV-negative MSM were followed every 6 months. Anal self-swabs
were collected every 6 months and HPV genotyped using the SPF10-PCR DEIA/LiPA25
system v1. Incidence rate (IR) and clearance rate (CR) of incident anal hrHPV infection
were assessed by hrHPV-type (types 16, 18, 31, 33, 45, 52, 58). Determinants of
transitions between uninfected and infected states were assessed by hrHPV-type using
a time-homogenous multi-state Markov model.
Results
713 HIV-negative MSM, with median age of 37 years (IQR: 31-43), were included (with
a median number of study visits of 6, IQR: 2-7). IR of anal infection was a median of 5.2
per 100 person-years (range: 2.2-7.9) across types, with HPV16 being the highest. CR of
incident anal hrHPV infection was a median of 53.7 per 100 person-years (range: 33.465.3) across types, with HPV16 being the lowest. Having had over 100 lifetime sex
partners was significantly associated with incident anal hrHPV infection in
multivariable analyses.
Discussion
The high incidence and low clearance rates of anal HPV16 infection, compared to other
hrHPV-types, is consistent with HPV16 being implicated in the large majority of anal
cancer cases.
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Introduction
Persistent infection with human papillomavirus (HPV), specifically high risk HPV
(hrHPV) types, can cause anogenital and head-and-neck cancer 1. Both incidence of
anal cancer 2 and anal cancer mortality rates have been rising over the past decades 3-5.
Men who have sex with men (MSM) are at increased risk for anal HPV infection and
HPV-related diseases 6.
The natural history of cervical HPV infection has been well characterized 7. Although
there are many similarities between cervical and anal HPV infections 8-10, insight into
the natural history, incidence and clearance of cervical HPV infections cannot be
blindly applied to anal HPV infections.
Several studies have reported the incidence and clearance of anal hrHPV among
HIV-negative MSM, yet these estimates were based on limited time periods of up to 2
years and might not reflect the potentially prolonged persistence in certain individuals
11,12
. In addition, many of these studies were unable to calculate the clearance of
incident hrHPV. In our observational cohort of HIV-negative MSM, we estimated the
long-term incidence of anal hrHPV infections and the clearance of incident anal hrHPV
infections during an extensive follow-up reaching over five years. Additionally, the
determinants of transitioning to and from uninfected and infected states were studied.
Materials and Methods
Study design
This study is an extension of the H2M study, whose design has been previously
described in detail 13. Briefly, HIV-negative and HIV-positive MSM were recruited to the
HIV and HPV in MSM (H2M) cohort study from July 2010 to July 2011 at three sites in
Amsterdam, the Netherlands: the Amsterdam Cohort Studies (ACS) among MSM
(Public Health Service Amsterdam), the Amsterdam sexually transmitted infections
(STI) clinic, and an infectious diseases outpatient clinic (Jan van Goyen Medical Center).
MSM aged ≥18 years, who were able to read and speak English or Dutch, were
recruited. Study visits took place every 6 months during the first 24 months of followup in the H2M study.
More than one year after the last H2M participant completed the 24-month study
visit (September 2014), 6-monthly study visits among individuals in the ACS were
resumed [median gap in follow-up time is 2.1 years, interquartile range (IQR) is 2.02.4]. ACS participants not included in the initial H2M study were allowed to participate
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Table 1. Demographic, health and sexual behavior characteristics at baseline of 713
HIV-negative MSM (Amsterdam 2010-2015).
*

n (%)
6 (2-7)

Median number of study visits (IQR)
Period of inclusion
2010-2011
2014-2015
≤ 34 years
35-44 years
≥45 years

461 (65%)
252 (35%)
37 (31-43)
275 (39%)
299 (42%)
139 (20%)

Netherlands
Elsewhere
Missing

575 (81%)
110 (15%)
28 (4%)

Intermediate or low
High
Missing

163 (23%)
549 (77%)
1 (0.1%)

Alone
With steady partner
With parents/caretakers/other
Missing

360 (51%)
248 (35%)
99 (14%)
6 (0.8%)

Employed/Self-employed/partly employed
Unemployed/Disabled/Retired
In University/College/School
Missing
High level of income (> €1,700 net per month)
No
Yes
Missing
Sexual preference**
Exclusively homosexual [7]
Predominantly homosexual [6]
Mostly homosexual [5]
Other [1-4]
Missing
Smoking
Never smoked
Smoked in the past

619 (87%)
54 (8%)
38 (5%)
2 (0.3%)

Median age (IQR) in years
Age in categories

Country of birth

Educational level

Living situation

Employment

54

198 (28%)
416 (58%)
99 (14%)
548 (77%)
115 (16%)
31 (4%)
10 (1%)
8 (1%)
209 (29%)
112 (16%)
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Current smoker
Missing

209 (29%)
193 (26%)

Relationship status

#

No steady relationship
Steady relationship
Missing

Median age of sexual debut (IQR) in years
#
Median age of first anal sex with male (IQR) in years
#
Median number of lifetime male sexual partners (IQR)
#
Median number of male anal sex partners past 6 months (IQR)
Anal sexual position past 6 months

257 (36%)
451 (63%)
5 (0.7%)
18 (16-20)
21 (18-24)
100 (40-300)
2 (1-5)

No anal sex
Active
Passive
Both active and passive
Missing
Condom use during anal sex with male sex partners in the past 6 months
No anal sex
Anal sex, always with condoms
Anal sex, sometimes with condoms
Anal sex, never with condoms
Missing
Passive rimming past 6 months
No
Yes
Missing
Being fisted in the past 6 months
No
Yes
Missing
Anal STI diagnosis ***
No
Yes
Missing

3

105 (15%)
138 (19%)
83 (12%)
382 (53%)
9 (1%)
105 (15%)
132 (19%)
348 (49%)
115 (16%)
13 (2%)
212 (30%)
487 (68%)
6 (2%)
659 (92%)
29 (4%)
25 (4%)
657 (92%)
31 (4%)
24 (4%)

# Missing values: median age sexual debut n=70; median age of first anal sex
with male n=25; median lifetime male sexual partners n=31; median number
of male anal sex partners past 6 months n=8.
* unless stated otherwise.
** as indicated on 7-point Likert scale from exclusively heterosexual [1] to exclusively homosexual [7]
***Anal STI diagnosis based on laboratory testing for Chlamydia trachomatis and
Neisseria gonorrhoeae
Abbreviations: HIV – human immunodeficiency virus; IQR – interquartile range
STI – sexually transmitted infection; MSM – men who have sex with men.
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during this second period. Altogether, data were obtained from July 2010 until
November 2015.
At each visit, baseline and follow-up, participants completed detailed selfadministered questionnaires and collected an anal self-swab (Copan, Brescia, Italy).
Participants were instructed to insert the swab 3 cm into the anal canal and turn it
around for 5–10 seconds. Participants were screened for STI at each visit (anogenital
chlamydia and gonorrhea, syphilis and HIV), according to the protocol of the STI clinic
of the Public Health Service of Amsterdam 14.
The Medical Ethics Committee of the Academic Medical Center Amsterdam
approved this study [MEC 07/182] and all participants provided written informed
consent prior to enrolment.
HPV DNA detection and genotyping
The anal samples were stored at –20°C and analyzed as previously described 13.
DNA extraction was performed using the isopropanol precipitation method. DNA
amplification, testing for HPV DNA, and HPV genotyping of all samples was performed
using the SPF10-PCR DEIA/LiPA25 system-v1 (DDL Diagnostics Laboratory, Rijswijk, the
Netherlands) 15 which allows simultaneous detection of HPV-types 6, 11, 16, 18, 31, 33,
34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68/73, 70, 74.
Statistical analyses
Baseline characteristics were compared between participants enrolled in the 20102011 and 2014-2015 inclusion waves with the Pearson’s χ² test or Fisher’s exact test
for categorical data and the Student’s t-test or, in case of non-normal distributions, the
Wilcoxon rank-sum test for continuous variables.
Incidence was defined as a positive detection of an hrHPV-type after an HPVnegative test result of the same hrHPV-type (0-1). Clearance was defined as a negative
test result of an hrHPV-type after a positive detection of the same hrHPV-type (1-0). In
a sensitivity analysis, we used a stricter definition of incidence, requiring at least two
consecutively positive samples (0-1-1), and of clearance, requiring clearance after at
least two consecutively positive samples (1-1-0). This stricter definition was assessed
since positivity at a single visit could potentially be due to HPV DNA deposition from
recent sex acts 16.

56

Incidence and clearance of anal hrHPV infection

We calculated incidence rates (IR) and clearance rates (CR), including their 95%
confidence intervals (CI), per hrHPV-type based on the number of events divided by
the person-years of observation (PYO) at risk for the event. We assumed that infection
by an hrHPV occurred at the midpoint of the time interval between the last negative
and first positive hrHPV DNA test for that type. Similarly, we assumed that clearance
occurred at the midpoint between last positive and first negative test. CR were only
calculated among individuals with incident infections observed during follow-up,
meaning that follow-up time during prevalent infections detected at baseline was
excluded. More than one incident infection or clearance of incident infections within
one participant was allowed. For example, if a participant had the following HPV
infection pattern during study visits: 0-1-0-1-0, he experienced two incident infections
and two clearances. We explored cumulative incidence and clearance of the first event
by hrHPV-type using Kaplan-Meier curves.
Since negative and positive test results tend to fluctuate over time for some
individuals, we additionally modelled the transitions between positive to negative and
negative to positive test results using a time-homogeneous, continuous-time, multistate Markov model 17. The model calculates the instantaneous rate per year of a
transition occurring, defined as the transition intensity (TI). The TI depends on the
probability of occupying a positive or negative state at each study visit and hence
includes all PYO. TI of incident and cleared infection were estimated jointly by
maximizing the likelihood of the observed data. Mean sojourn times occupying a
positive or negative state could also be directly estimated from the TI. In this model,
prevalent infections were included when estimating the TI from infected to uninfected
states.
Univariable and multivariable hazard ratios (HR) were calculated for time-fixed and
time-varying covariables. Determinants of transition from univariable analysis (at
P<0.05, either to or from infection or in both directions) were included in multivariable
analysis, after which a backward selection method was used to obtain a parsimonious
model. Age was forced in all multivariable models.
Included hrHPV-types in all analyses were HPV16, 18, 31, 33, 45, 52, 58. All analyses
were performed for each HPV-type separately.
Tests were done for the main definitions of incidence and clearance (0-1/1-0) and
also for the more strict definitions (0-1-1/1-1-0).
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58

134

87

133

82

97

132

43

HPV16

HPV18

HPV31

HPV33

HPV45

HPV52

HPV58

1950

1799

1866

1881

1813

1878

1704

PYO

2.2 (1.6-3.0)

7.3 (6.2-8.7)

5.2 (4.3-6.3)

4.4 (3.5-5.4)

7.3 (6.2-8.7)

4.6 (3.8-5.7)

7.9 (6.6-9.3)

IR (95%CI)

14

53

24

31

41

31

63

n

1923

1893

1913

1906

1901

1911

1865

PYO

0.7 (0.4-1.2)

2.8 (2.1-3.7)

1.3 (0.8-1.9)

1.6 (1.1-2.3)

2.2 (1.6-2.9)

1.6 (1.1-2.3)

3.4 (2.6-4.3)

IR (95%CI)

*

Stricter definition (0-1-1)

26

69

69

47

84

49

72

n

34

105

68

67

83

64

141

PYO

*

77.3 (52.7-113.6)

65.8 (51.9-83.3)

100.9 (79.7-127.8)

70.0 (52.6-93.1)

101.6 (82.0-125.8)

77.2 (58.3-102.1)

51.2 (40.6-64.4)

CR (95% CI)

Main definition (1-0)

8

18

11

11

15

13

22

n

#

14

33

21

24

23

25

66

PYO

*

56.6 (28.3-113.3)

55.3 (34.8-87.8)

53.7 (29.7-96.9)

45.3 (25.1-81.7)

65.3 (39.3-108.3)

51.9 (30.2-89.4)

33.4 (22.0-50.6)

CR (95% CI)

Stricter definition (1-1-0)

Clearance of incident anal hrHPV infections

Abbreviations: HPV= human papillomavirus; IR= incidence rate; CR= Clearance rate; MSM= men who have sex with men; PYO= person years of observation.
Main definition of incidence : One positive detection of an hrHPV-type after a negative test of the same hrHPV-type (0-1). More than one incident infection of
the same hrHPV-type within one participant were allowed, for example: if a participant had the following pattern: 0-1-0-1-0, he contributed two incident
infections.
Stricter definition of incidence: Two positive detections of an hrHPV-type after a negative test of the same hrHPV-type (0-1-1). More than one incident
infection of the same hrHPV-type within one participant were allowed, for example: if a participant had the following pattern: 0-1-1-0-1-1, he contributed two
incident infections.
Main definition of clearance: One negative test of an hrHPV-type after one positive detection of the same hrHPV-type (1-0). More than one cleared infection
of the same hrHPV-type within one participant was allowed, for example: if a participant had the following pattern: 0-1-0-1-0, he contributed two cleared
infections.
Stricter definition of clearance: One negative test of an hrHPV-type after two positive detections of the same hrHPV-type (1-1-0). More than one cleared
infection of the same hrHPV-type within one participant was allowed, for example: if a participant had the following pattern: 0-1-1-0-1-1-0, he contributed
two cleared infections.
# In the clearance rate, participants with a type-specific prevalent infection at baseline were excluded until the prevalent infection was cleared and they had
acquired an incident infection of that HPV-type
* Incidence and clearance rates are expressed as events per 100 PYO.

n

HPV-type

*

Main definition (0-1)

Incidence

Table 2. Incidence and clearance of anal HPV infections, by hrHPV-type, according to two definitions among HIV-negative MSM, 2010-2015,
Amsterdam, The Netherlands (H2M3-study).
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Stata 13.1 (StataCorp, College Station, TX, USA) and R statistical computing
environment version 3.0.2 (Vienna, Austria) were used for statistical analyses.
Results
Participant characteristics
A total of 713 HIV-negative MSM were included, of whom 252 (35%) began
participation in the second inclusion wave (2014-2015). The median number of study
visits was 6 (IQR=2-7). The median age was 37 years (IQR=31-43), and 575 (81%) were
born in the Netherlands. At baseline, 599 (84%) reported having had anal sexual
contact in the preceding 6 months and 132 (19%) reported always using a condom
during anal sexual contact in the preceding 6 months (Table 1).
Participants included in the first inclusion wave were significantly older than those
included in the second wave (median 38 vs. 36 years, P=0.009), were less likely to have
an anal STI diagnosis at baseline (3% vs. 7%, P<0.001), reported fewer anal sexual
partners in the past 6 months (median 2 [IQR=1-4] vs. 3 [IQR=1-7], P=0.003), and more
often reported always using a condom during anal sex in the preceding 6 months (7%
vs. 2%, P<0.001) (Supplementary table 1).
Incidence
The IR of anal hrHPV infections varied substantially by HPV-type and was highest for
HPV16 (IR=7.9 per 100 PYO, 95%CI=6.6-9.3) (Table 2). Using the stricter definition of
incidence, IR for all hrHPV-types were lower; yet again, IR was highest for HPV16
(IR=3.4 per 100 PYO, 95%CI=2.6-4.3) (Table 2). The cumulative incidence for anal
HPV16 infection at 5 years was 0.25 (95%CI=0.21-0.30) for the main definition (0-1)
and 0.15 (95%CI=0.11-0.19) for the stricter definition (0-1-1). There was no plateauing
of the Kaplan-Meier curves after any specific time-point (Figure 1). The cumulative
incidence of HPV18 infection was lower (0.16 at 5 years, 95%CI 0.13-0.19).
Supplementary figure 1 shows Kaplan-Meier curves based on the stricter definition;
cumulative incidences were lower.
In the multi-state Markov model, the estimated TI from uninfected to infected
using the main definition (0-1) was highest for HPV31 (TI=14.7 per 100 PYO,
95%CI=12.0-18.1), followed by HPV52 (TI=12.4 per 100 PYO, 95%CI=10.2-15.1) and
HPV16 (TI=12.2 per 100 PYO, 95%CI=10.1-14.7) (Figure 2; Supplementary figure 2).
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Figure 1. Kaplan-Meier curves of the cumulative incidence of anal HPV16 and HPV18 infection and of cumulative clearance of incident
anal HPV16 and HPV18 infection for the main definitions (0-1/1-0).
Abbreviations: HPV – human papillomavirus; CI – confidence interval; Incidence: One positive detection of an hrHPV type after a negative
result of the same hrHPV type (0-1); Clearance of incident infections: One negative result of an hrHPV type after one positive detection of
the same hrHPV type (1-0); The curves on cumulative clearance are based on incident anal hrHPV infections; so a type-specific prevalent
infections at baseline are excluded from the analyses.
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Figure 2. Dynamics of transition between two states of infection by HPV type for two different definitions of infection among HIVnegative MSM in Amsterdam, the Netherlands (H2M3 study). Shown are transition intensities of transition from uninfected to infected
and vice versa, as well as the ratio of these transition intensities. Estimates based on multi-state Markov models.
Main definition uninfected --> infected: One positive detection of an hrHPV-type after a negative test of the same hrHPV-type (0-1). More
than one incident infection of one HPV-type within one participant was allowed, for example: if a participant had the following pattern: 0-10-1-0, he was included with two incident infections.
Main definition infected --> uninfected: One negative test of an hrHPV-type after one positive detection of the same hrHPV-type (1-0).
More than one clearance of one HPV-type within one participant was allowed, for example: if a participant had the following pattern: 0-1-01-0, he was included with two cleared infections.
Stricter definition uninfected --> infected: Two positive detections of an hrHPV-type after a negative test of the same hrHPV-type (0-1-1).
More than one incident infection of one HPV-type within one participant was allowed, for example: if a participant had the following
pattern: 0-1-1-0-1-1, he was included with two incident infections.
Stricter definition infected --> uninfected: One negative test of an hrHPV-type after two positive detections of the same hrHPV-type (1-1-0).
More than one clearance of one HPV-type within one participant was allowed, for example: if a participant had the following pattern: 0-1-10-1-1, he was included with two clearances.
Abbreviations: HPV – human papillomavirus; MSM – men who have sex with men.
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Using the stricter definition (0-1-1), the TI from uninfected to infected were lower for
all types.
Clearance
The CR of anal hrHPV infections also varied by HPV-type and was lowest for HPV16
(CR=51.2 per 100 PYO, 95%CI=40.6-64.4) (Table 2). Using the stricter definition of
clearance, CR for all hrHPV-types were lower while the CR for HPV16 remained the
lowest (CR=33.4 per 100 PYO, 95%CI=22.0-50.6) (Table 2). The cumulative proportion
with persistent infection at 3 years after incident anal HPV16 infection was 0.25
(95%CI=0.14-0.37) for the main definition (1-0). Using the stricter definition (1-1-0) led
to higher proportions with persistent infection (Supplementary figure 1). The median
time to clearance was nearly one year for HPV16 (10 months) and 4 months for HPV18
For both definitions, HPV16 had the highest proportion with persistent infection
compared to the other hrHPV-types (data not shown).
In the multi-state Markov model, the TI from infected to uninfected was lowest for
HPV16 regardless of whether the main definiton (1-0) or stricter definition (1-1-0) was
used (TI=80.1 per 100 PYO, 95%CI=66.9-96.0 vs. TI=51.8 per 100 PYO, 95%CI=38.968.9, respectively) (Figure 2, Supplementary table 2).
Ratio of transition intensities
The population persistence potential may be expressed by the ratio of the
transition intensities (clearance/incidence) of hrHPV-types. Figure 2 shows that this
ratio is lowest for HPV16 (6.6, 95%CI=5.4-8.0) and highest for HPV58 (31.9,
95%CI=22.5-45.2). When using the stricter definition of incidence and clearance the
ratio was still lowest for HPV16 (10.4, 95%CI=7.5-14.3) and highest for HPV58 (64.5,
95%CI=33.4-124.4).
Time to infection and to clearance
The higher risk of becoming infected and the lower risk of clearing HPV16
compared to other hrHPV-types is reflected by the transition times estimated by the
multi-state Markov models (Figure 3). For the main definition (0-1/1-0), the mean time
to transition from uninfected to infected states was shortest for HPV31 (7.1 years,
95%CI=5.7-8.9) followed by HPV16 (8.9 years, 95%CI=7.2-11.0), whereas the mean
time from infected to uninfected states was longest for HPV16 (1.4 years, 95%CI=1.1-
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1.8) and shortest for HPV45 (0.6 years, 95%CI=0.4-0.7) (Figure 3). Using the stricter
definitions (0-1-1/1-1-0), HPV16 had the shortest time to infection and the longest
time to clearance (Figure 3).
Determinants of transition
In univariable analyses using the main definitions (0-1/1-0), only sexual behavior
variables were found to significantly increase the hazards of transition from uninfected
to infected states for both HPV16 and HPV18 (Table 3). For transition from infected to
uninfected states, sexual behavior variables significantly increased the hazard of
transition for HPV16 and being non-Dutch for HPV18 in univariable analysis (Table 3).
In multivariable analyses for the main definitions (0-1/1-0) with age forced in the
model, only having over 100 lifetime sex partners significantly increased the hazard of
transition from uninfected to infected states for HPV16 and HPV18. For transition from
infected to uninfected states, having over 100 lifetime sex partners and never using a
condom during anal sex in the preceding 6 months (compared to no anal sex),
significantly increased the hazard of this transition for HPV16, while no significant
determinants of this transition were observed for HPV18 (Table 3).
In multivariable analyses for the stricter definition of infection (0-1-1/-1-1-0), with
age forced in the model, having had more lifetime sex partners borderline significantly
increased the hazard of transition from uninfected to infected for HPV16, but not vice
versa. For HPV18, none of the included determinants was significantly associated with
transition irrespective of the direction (Supplementary table 3).
Analyses for other hrHPV-types gave comparable results (data not shown).
Discussion
In this study of HIV-negative MSM, we found that incidence of anal HPV16 infection
was highest and its clearance lowest compared to six other hrHPV-types, regardless of
whether the definition was based on single-positive or consecutively-positive samples.
Lifetime number of sex partners was the only significant determinant that was strongly
linked to transition from uninfected to infected states and vice versa for HPV16.
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ref
2.13 (1.31-3.47)

ref
1.62 (0.96-2.74)
ref
2.02 (1.01-4.05)

ref
0.85 (0.43-1.66)
0.74 (0.40-1.38)

ref
0.66 (0.39-1.12)
ref
1.11 (0.53-2.33)

ref
1.32 (0.69-2.54)
1.16 (0.62-2.17)

ref
1.23 (0.66-2.30)

0.66 (0.23-1.88)

1.07 (0.48-2.40)

ref
2.49 (1.51-4.13)

0.93 (0.56-1.56)

0.86 (0.51-1.46)

ref
1.39 (0.76-2.52)

ref

ref
1.27 (0.73-2.23)
1.27 (0.66-2.42)

ref

ref
0.76 (0.48-1.21)
1.02 (0.56-1.85)

HR (95%CI)

ref
1.12 (0.66-1.91)

ref
0.79 (0.48-1.33)
1.17 (0.62-2.24)

HR (95%CI)

Infected → uninfected
Univariable
Multivariable

ref
1.20 (0.63-2.26)

ref
0.92 (0.53-1.60)
1.45 (0.75-2.77)

ref
0.67 (0.41-1.08)
0.78 (0.42-1.45)

HR (95%CI)

HPV18

ref
1.33 (0.73-2.40)

HR (95%CI)

Uninfected → Infected
Univariable
Multivariable

HR (95%CI)

Infected → uninfected
Univariable
Multivariable

HR (95%CI)
HR (95%CI)
HR (95%CI)
Demographical variables
Age at baseline
<35 years
ref
ref
ref
35-44 years 0.91 (0.60-1.37) 0.73 (0.46-1.16) 0.93 (0.62-1.40)
≥45 years 1.16 (0.66-2.02) 0.69 (0.37-1.30) 1.38 (0.80-2.37)
Higher education (higher professional education or university)
No
ref
ref
Yes 0.73 (0.47-1.11)
0.70 (0.44-1.01)
Living situation
Living alone
ref
ref
Living with steady
0.77 (0.51-1.15)
0.73 (0.50-1.07)
partner
Other 1.02 (0.51-2.03)
0.75 (0.39-1.45)
High level income (> € 1,700 net per month)
No
ref
ref
Yes 0.96 (0.64-1.43)
1.14 (0.76-1.73)
Country of birth
Netherlands
ref
ref
Other 0.93 (0.54-1.60)
1.16 (0.71-1.91)
Behavioural variables
Smoking at baseline
Never smoked
ref
ref
Previously smoked 0.79 (0.47-1.34)
1.01 (0.60-1.72)
Currently smoking 0.91 (0.57-1.43)
0.98 (0.63-1.54)
Lifetime number of sex partners
≤100
ref
ref
ref
101-500 3.60 (2.33-5.57) 3.72 (2.35-5.90) 1.75 (1.13-2.73)

Uninfected → Infected
Univariable
Multivariable

HPV16

Table 3. Determinants of transition to and from anal HPV16/18 infection (main definition: 0-1/1-0*) among HIV-negative MSM in Amsterdam, the Netherlands.
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ref

1.23 (0.48-3.17)
ref
0.73 (0.43-1.23)

ref
n.a.

2.11 (0.89-5.00)
1.10 (0.38-3.21)
ref
1.45 (0.83-2.53)

ref
n.a.

1.53
2.83

0.82 (0.47-1.43)

Abbreviations: HPV – human papillomavirus; HR – hazard ratio; CI – confidence interval; n.a. – not assessable; MSM – men who have sex with men.
Main definition: One positive detection of an hrHPV-type after a negative test of the same hrHPV-type 0-1; One negative test of a HPV-type after one positive detection 1-0;
multiple changes between states are allowed.
* One model was built including transition from uninfected to infected and from infected to uninfected. If a determinant was significantly associated with only one direction of
transition, for example significantly associated with transition from uninfected to infected but not with transition from infected to uninfected, the hazard ratios for both
directions of transitions are reported in the table.

0.84 (0.36-1.95)

1.02 (0.40-2.59)

1.07 (0.40-2.90)

1.09

ref

ref

ref

0.97 (0.55-1.73)
0.66 (0.36-1.21)

ref

2.45 (1.37-4.40)
1.52 (0.79-2.93)

ref

ref

0.78 (0.45-1.35)

ref

1.22 (0.67-2.20)

1.26 (0.73-2.18)

2.77 (1.65-4.66)

0.92 (0.64-1.34)

1.74 (0.93-3.26)
ref

3.13(1.67-5.86)

ref

2.32 (1.36-3.95)

2-5 1.35 (0.86-2.10)
1.13 (0.73-1.74)
>5 1.83 (1.13-2.97)
1.65 (1.04-2.62)
Condom use during anal sex in the preceding 6 months
No anal sex
ref
ref
ref
Anal sex, always
1.85 (0.94-3.64) 1.35 (0.66-2.76) 1.19 (0.62-2.30)
with condom
Anal sex, sometimes
1.94 (1.03-3.67) 1.55 (0.79-3.04) 1.46 (0.84-2.52)
with condom
Anal sex, never with
1.18 (0.53-2.64) 1.31 (0.57-3.04) 1.88 (0.96-3.70)
condom
Passive rimming in the preceding 6 months
No
ref
ref
Yes 2.01 (1.29-3.15)
1.13 (0.75-1.69)
Health related variables
Having an anal gonorrhea and/or chlamydia at moment of HPV detection
No
ref
ref
Yes 1.07 (0.39-2.92)
1.17 (0.39-3.54)

≤1

>500 2.75 (1.59-4.77) 2.97 (1.62-5.44)
Position during anal sex in the preceding 6 months
No anal sex or only
ref
active sex
Only passive anal
sex or both active 1.01 (0.68-1.50)
and passive anal sex
Number of anal sex partners in the preceding 6 months
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Figure 3. Median time in years (on a natural log-scale) to transitions (from uninfected to infected and
vice versa) corrected for the determinants associated with transition (from the multivariable multi-state
Markov model), by HPV type, for two sets of definitions (main definitions: 0-1/1-0; stricter definitions:
0-1-1/1-1-0) among HIV-negative MSM in Amsterdam, the Netherlands (H2M3-study).
Squares are the median time to transition for the main definition; Circles are the median time to transition
for the stricter definition. Black is the time to transition from uninfected to infected; grey is the time to
transition from infected to uninfected.
The median time to transition is corrected for determinants significantly associated with transition in the
multivariablemulti-state Markov models. For HPV45 and HPV58 no determinants were found to be
associated with transitions, and theestimates are given based on model including age only.
Abbreviations: HPV – human papillomavirus.

Previous studies on anal hrHPV incidence and clearance have used different study
populations, various sampling techniques and laboratory methods, and varying
definitions of incidence and clearance. As there are also differences in the statistical
approaches (e.g. midpoint or endpoint assumptions), the potential to compare studies
is limited.
Nevertheless, anal hrHPV incidence rates were found to be highest for HPV16,
HPV51, and HPV52 in other studies in MSM 18,19. Cumulative incidence over a period of
two years has also previously been found to be highest for HPV16 11. Extending followup from a previous report in our study group 12 to over 5 years, we confirm the high
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incidence of HPV16 in HIV-negative MSM. Notably, the higher incidence of HPV16
compared to other types was also seen among HIV-positive MSM 12,20-22.
To our knowledge, this is the first study to estimate time until incident anal hrHPV
infection by hrHPV-type among HIV-negative MSM. Time until hrHPV infection is an
important marker for infection pressure, and related HPV-disease risk in this
population. In line with the incidence rates and transition intensities observed herein,
we confirm that anal HPV16 infection is acquired more rapidly than other hrHPV-types.
We found lower clearance rates of incident HPV16 compared to other hrHPV-types.
This is in line with previous studies 21,22 examining clearance of either incident or
prevalent hrHPV infections among HIV-positive MSM 12. There have been other
assessments of persisting prevalent or incident hrHPV infections among HIV-negative
MSM, yet they have only included follow-up periods of up to two years 11,19. In these
reports, persistence of HPV16 infection was once again highest compared to other
hrHPV-types, translating to lower clearance of HPV16 infection.
We assessed time to transition from infected to uninfected status in individuals
with either prevalent or incident anal HPV16 infections and found a mean duration of
1.4 years (95%CI=1.1-1.8). Nyitray and colleagues 11 found a median duration of
prevalent anal HPV16 infection of 22.2 months (95%CI=20.3-27.1) and a median
duration of incident anal HPV16 infection of 6.9 months (95%CI=6.8-10.5) 11, which are
compatible with our findings. In our study, HPV16 had the lowest clearance rate and
the longest time to clearance of all evaluated hrHPV-types; this is in contrast to the
findings from Nyitray and colleagues where HPV18 and HPV33 were found to have the
longest duration for both prevalent and incident anal infections ahead of HPV16 11. A
meta-analysis on hrHPV infection duration of cervical lesions demonstrated that
HPV16 persisted longer than any other measured hrHPV-type, with a median duration
of 12.4 months 23 in line with the high pathogenicity of HPV16 infections in both
women and men.
Having over 100 lifetime sex partners was a significant risk factor for becoming
infected with HPV16 in multivariable analyses for both definitions. Considering that
this transition was not associated with the number of anal sexual partners within the
last 6 months, the recency of sexual exposure does not seem to be linked to HPV
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acquisition. One hypothesis could be reactivation of latent infections. The concept of
latency during HPV infection, and potential for reactivation due to changes in hostimmunity, has been established in animal models 24-26 and has been shown in cervical
HPV infections 27-30. In these studies, changes in immunity due to immunosuppresion
by HIV infection or after organ transplantation led to reactivation of latent infections.
Recently, our group showed that incident anal HPV detections in both HIV-positive and
HIV-negative MSM are likely explained by reactivation of latent infections,
independent of HIV-induced immunosuppression or organ transplantation 31. The fact
that increased hazards of transitioning from infected to uninfected states was
observed in MSM reporting over 100 lifetime sex partners supports this hypothesis.
The rather high clearance rates could be due to host immune responses recognizing a
reactivated latent infection. A recent paper using mathematical modelling to explain
genital HPV infection patterns found a strongly higher incidence among previously
infected individuals. These results could suggest an important role for either autoinoculation or reactivation of latent infections 32.
Strengths and limitations
This is the first study to assess anal hrHPV incidence and clearance, including its
determinants, during a follow-up period of longer than 2 years (over 5 years) among
HIV-negative MSM. The extensive follow-up allowed us to obtain more precise
estimates of clearance rates of incident anal hrHPV infections. Furthermore, we were
able to not only show how estimates in incidence and clearance rates and infection
duration are impacted by the use of different definitions, but also that differences in
incidence and clearance rates of anal HPV16 infection relative to other types, were
robust across different definitions. Last, by using a multi-state Markov model, we were
able to more appropriately capture the dynamic process of HPV infection.
A limitation of this study was the 2 year gap between the last follow-up visit of the
initial study, and the resumed follow-up visits. Furthermore, although we used
different definitions of incidence and clearance, we cannot distinguish true incidence
and clearance from reactivation/(re-)suppression to viral latency 31,33. We were also
unable to distinguish true infections from virus deposition 16, although the analysis
using the more restricted definition would likely mitigate this bias. Last, our cohort
consists of highly sexually-active MSM, limiting the generalizability to MSM with less
sexual activity.

68

Incidence and clearance of anal hrHPV infection

Conclusions
Based on long-term follow-up data, anal high-risk HPV infection is common among
HIV-negative MSM. The major risk factor for anal hrHPV infection among HIV-negative
was the lifetime number of sex partners. HPV16 has the highest incidence and the
lowest clearance rate in this group. This finding would fit with observations
underscoring the predominance of HPV16 in anal carcinogenesis, thereby emphasizing
the importance of HPV16 in preventing anal dysplasia.
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Supplementary table 1. Comparison of baseline characteristics between participants of first and
second inclusion waves, Amsterdam 2010-2015.
2010-2011
2014-2015
n=461
n=252
P-value
Median number of study visits
7 (7-7)
2 (2-2)
<0.001
Median age
38 (33-42)
36 (27-46)
0.009
Age in categories
≤ 34 years
155 (34%)
120 (48%)
<0.001
35-44 years
237 (51%)
62 (25%)
≥45 years
69 (15%)
70 (28%)
0.7
Country of birth
Netherlands
381 (83%)
194 (77%)
Elsewhere
75 (16%)
35 (14%)
Missing
5 (1.0%)
23 (9%)
0.07
Educational level
High
345 (75%)
204 (81%)
Intermediate or low
115 (25%)
48 (19%)
Missing
1 (0.2%)
0 (0%)
<0.001
Living situation
Alone
247 (54%)
113 (45%)
With steady partner
181 (39%)
67 (27%)
With parents/caretakers/other
28 (6%)
71 (28%)
Missing
5 (1%)
1 (0.4%)
0.02
Worksituation
Employed/Self-employed/partly employed
409 (89%)
210 (83%)
Unemployed/Disabled/Retired
33 (7%)
21 (8%)
In University/College/School
17 (4%)
21 (8%)
Missing
2 (0.4%)
0 (0%)
0.04
High level of income
No
130 (28%)
68 (27%)
Yes
307 (67%)
109 (43%)
Missing
24 (5%)
75 (30%)
0.03
Sexual preference*
Exclusively homosexual
338 (73%)
210 (83%)
Predominantly homosexual
86 (19%)
29 (12%)
Mostly homosexual
24 (5%)
7 (3%)
Other
6 (1%)
5 (2%)
Missing
7 (2%)
1 (0.4%)
0.9
Relationship status at baseline
No steady relationship
167 (36%)
90 (36%)
Steady relationship
294 (64%)
157 (62%)
Missing
0 (0%)
5 (2%)
<0.001
Smoking at baseline
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Never smoked
202 (44%)
Smoked in the past
107 (23%)
Current smoker
145 (31%)
Missing
7 (2%)
#
Median age of sexual debut with a male (IQR)
18 (16-20)
#
Median age of first anal sex with male (IQR)
21 (18-24)
#
Median lifetime no. of male sexual partners (IQR)
105 (50-400)
Median no. of male anal sex partners past 6 months
#
(IQR)
2 (1-4)
Anal sexual position past 6 months
No anal sex
73 (16%)
Active
90 (20%)
Passive
60 (13%)
Both active and passive
234 (51%)
Missing
4 (1%)
Condom use during anal sex with male sex partners in the past 6 months
No anal sex
73 (16%)
Anal sex, always with condoms
126 (27%)
Anal sex, sometimes with condoms
160 (35%)
Anal sex, never with condoms
94 (20%)
Missing
8 (2%)
Passive rimming past 6 months
No
148 (32%)
Yes
305 (66%)
Missing
8 (2%)
Being fisted in the past 6 months
No
426 (92%)
Yes
23 (5%)
Missing
12 (3%)
Anal STI diagnosis at baseline **
No
446 (97%)
Yes
14 (3%)
Missing
1 (0.2%)

7 (3%)
5 (2 %)
64 (25%)
176 (70%)
18 (16-20)
20 (18-23)
61 (22-200)

0.5
0.01
<0.001
0.003

3 (1-7)
0.2
32 (13%)
48 (19%)
23 (9%)
144 (57%)
5 (2%)
<0.001
32 (13%)
6 (2%)
188 (75%)
21 (8%)
5 (2%)
0.07
64 (25%)
185 (72%)
6 (2%)
0.1
233 (92%)
6 (3%)
13 (5%)
<0.001
211 (84%)
17 (7%)
24 (10%)

# Missing values: median age sexual debut n=70; median age of first anal sex with male n=25; median lifetime male
sexual partners n=31; median number of male anal sex partners past 6 months n=8.
* as indicated on 7-point Likert scale from exclusively heterosexual [1] to exclusively homosexual [7]
**Anal STI diagnosis based on laboratory testing for Chlamydia trachomatis and
Neisseria gonorrhoeae.
Abbreviations: HIV – human immunodeficiency virus; IQR – interquartile range
STI – sexually transmitted infection; H2M - HIV and HPV in MSM.
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Abbreviations: HPV – human papillomavirus; CI – confidence interval; Incidence: Two positive detections of an hrHPV type after a negative result of the same hrHPV
type (0-1-1); Clearance of incident infections: One negative result of an hrHPV type after two positive detections of the same hrHPV type (1-1-0); The curve on
cumulative clearance are based on incident anal hrHPV infections; so participants with a type-specific prevalent infection at baseline are excluded.

Supplementary figure 1. Kaplan-Meier-curve of the cumulative incidence and clearance of incident anal HPV16 and HPV18 infection for the
stricter definition (0-1-1/1-1-0).
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HPV52

HPV58

4.1

12.4

11.0

7.9

14.7

8.4

12.2

(2.9-5.8)

(10.2-15.1)

(8.6-13.9)

(6.2-10.2)

(12.0-18.1)

(6.6-10.7)

(10.1-14.7)

(95% CI)

14

53

24

31

41

31

63

*

nu,i

1.1

4.3

1.9

2.3

3.7

2.5

4.8

Transition
intensity
per 100
PYO

(0.1-1.9)

(3.2-5.9)

(1.2-3.0)

(1.6-3.5)

(2.5-5.4)

(1.7-3.8)

(3.6-6.3)

(95% CI)

Stricter definition (0-1-1)

40

103

97

80

123

80

138

**

ni,u

130.0

101.6

167.3

118.3

146.6

124.0

80.1

Transition
intensity
per 100
PYO

(90.0-187.7)

(82.0-125.8)

(132.1-211.9)

(92.3-151.8)

(119.0-180.7)

(97.5-157.7)

(66.9-96.0)

(95% CI)

Main definition (1-0)

11

28

21

20

23

21

47

**

ni,u

#

68.8

73.7

80.4

62.9

64.8

73.4

51.8

Transition
intensity
per 100
PYO

(38.3-123.5)

(51.3-105.9)

(52.3-123.7)

(40.9-96.6)

(43.5-96.4)

(48.1-112.1)

(38.9-68.9)

(95% CI)

Stricter definition (1-1-0)

Transition: Infected → Uninfected

Abbreviations: HPV= human papillomavirus; IR= incidence rate; MSM= men who have sex with men; PYO= person years of observation.
Main definition uninfected --> infected: One positive detection of an hrHPV-type after a negative test of the same hrHPV-type (0-1). More than one incident
infection of one HPV-type within one participant was allowed, for example: if a participant had the following pattern: 0-1-0-1-0, he was included with two incident
infections.
Main definition infected --> uninfected: One negative test of an hrHPV-type after one positive detection of the same hrHPV-type (1-0). More than one clearance of
one HPV-type within one participant was allowed, for example: if a participant had the following pattern: 0-1-0-1-0, he was included with two cleared infections.
Stricter definition uninfected --> infected: Two positive detections of an hrHPV-type after a negative test of the same hrHPV-type (0-1-1). More than one incident
infection of one HPV-type within one participant was allowed, for example: if a participant had the following pattern: 0-1-1-0-1-1, he was included with two incident
infections.
Stricter definition infected --> uninfected: One negative test of an hrHPV-type after two positive detections of the same hrHPV-type (1-1-0). More than one clearance
of one HPV-type within one participant was allowed, for example: if a participant had the following pattern: 0-1-1-0-1-1, he was included with two clearances.
* nu,i = the number of transitions from uninfected to infected according to that definition; ** ni,u = the number of transitions from infected to uninfected according to
that definition; # Prevalent infections at baseline are included in the transition intensity from infected to uninfected.
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97

133

HPV31

HPV45
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HPV18

HPV33
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HPV16

*
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HPV-type

Transition
intensity
per 100
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Main definition (0-1)

Transition: Uninfected → Infected

Supplementary table 2. Transition intensities between states in anal HPV infections, by HPV-type, according to two definitions among HIVnegative MSM, 2010-2015, Amsterdam, The Netherlands.
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Supplementary table 3. Determinants of transition to and from anal HPV16/18 infection (definition 0-1-1/1-1-0) among HIV-negative MSM in Amsterdam, the Netherlands
(H2M3-study).
HPV16
HPV18
Uninfected → Infected
Infected → uninfected
Uninfected → Infected
Infected → uninfected
Univariable
Multivariable
Univariable
Multivariable
Univariable
Multivariable
Univariable
Multivariable
Determinant
HR (95%CI)
HR (95%CI)
HR (95%CI)
HR (95%CI)
HR (95%CI)
HR (95%CI)
HR (95%CI)
HR (95%CI)
Demographical variables
Age at baseline
<35 years
ref
ref
ref
ref
ref
ref
ref
ref
35-44 years 1.09 (0.59-2.00)
1.36 (0.66-2.81) 0.97 (0.50-1.86)
0.84 (0.41-1.75)
0.47 (0.18-1.22)
0.47 (0.18-1.22)
0.89 (0.32-2.52)
0.72 (0.17-3.12)
≥45 years 1.23 (0.56-2.70)
1.34 (0.57-3.13) 1.40 (0.51-3.79)
1.09 (0.37-3.20)
1.87 (0.70-5.00)
1.87 (0.70-5.00)
1.92 (0.65-5.74)
1.76 (0.36-8.62)
Higher education (higher professional education or university)
No
ref
ref
ref
ref
Yes 0.94 (0.51-1.75)
0.69 (0.36-1.34)
1.83 (0.68-4.85)
1.44 (0.36-5.73)
Living situation
Living alone
ref
ref
ref
ref
Living with steady
0.83 (0.47-1.45)
0.53 (0.29-0.97)
0.85 (0.35-2.07)
0.77 (0.29-2.03)
partner
Other 1.25 (0.50-3.10)
0.49 (0.15-1.61)
2.94 (0.70-12.28)
2.29 (0.58-9.09)
High level income (> € 1,700 net per month)
No
ref
ref
ref
ref
Yes 1.12 (0.62-2.03)
1.26 (0.64-2.47)
0.16 (0.06-0.42)
0.49 (0.20-1.23)
Country of birth
Netherlands
ref
ref
ref
ref
Other 0.48 (0.20-1.13)
0.42 (0.15-1.18)
0.67 (0.17-2.66)
1.87 (0.41-8.43)
Behavioural variables
Smoking at baseline
Never smoked
ref
ref
ref
ref
Previously smoked 0.77 (0.37-1.60)
0.86 (0.36-2.02)
2.25 (0.72-7.01)
1.46 (0.45-4.76)
Currently smoking 0.83 (0.43-1.61)
1.08 (0.56-2.10)
1.89 (0.63-5.64)
1.21 (0.43-3.42)
Lifetime number of sex partners
≤100
ref
ref
ref
ref
ref
ref
101-500 2.51 (1.38-4.57)
1.97 (0.99-3.93) 1.39 (0.71-2.73)
1.41 (0.70-2.85)
0.75 (0.28-2.01)
0.60 (0.17-2.17)
>500 1.69 (0.79-3.62)
1.03 (0.08-1.38) 1.63 (0.69-3.86)
1.73 (0.66-4.51)
4.20 (1.26-13.97)
1.49 (0.55-4.01)
Position during anal sex in the preceding 6 months
No anal sex or only
ref
ref
ref
ref
active sex
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0.77 (0.45-1.32)

0.77 (0.43-1.38)

0.48 (0.19-1.24)

0.35 (0.13-0.97)

Number of anal sex partners in the preceding 6 months
≤1
ref
ref
ref
ref
2-5 1.32 (0.71-2.47)
1.71 (0.95-3.08)
1.85 (0.62-5.52)
1.25 (0.40-3.91)
>5 1.60 (0.83-3.10)
1.25 (0.60-2.64)
2.69 (0.94-7.65)
0.92 (0.32-2.71)
Condom use during anal sex in the preceding 6 months
No anal sex
ref
ref
ref
ref
Anal sex, always with
0.59 (0.24-1.47)
0.85 (0.34-2.13)
n.a.
1.05 (0.17-6.49)
condom
Anal sex, sometimes
1.18 (0.56-2.50)
0.96 (0.45-2.06)
n.a.
0.33 (0.06-2.01)
with condom
Anal sex, never with
0.43 (0.15-1.22)
0.90 (0.36-2.30)
n.a.
0.27 (0.03-2.33)
condom
Passive rimming in the preceding 6 months
No
ref
ref
ref
ref
Yes 1.01 (0.58-1.77)
0.94 (0.51-1.72)
1.23 (0.48-3.15)
0.63 (0.22-1.86)
Health related variables
Having an anal gonorrhea and/or chlamydia at moment of HPV detection
No
ref
ref
ref
ref
Yes 1.06 (0.22-5.03)
1.69 (0.30-9.46)
n.a.
n.a.
Abbreviations: HPV – human papillomavirus; HR – hazard ratio; CI – confidence interval; n.a. – not assessable.
Stricter definition: A single negative detection of an HPV-type followed by two positive detections 0-1-1 / Two positive detections of a HPV-type followed by a
negative detection 1-1-0; multiple changes between states are allowed.

Only passive anal sex
or both active and
passive anal sex

Incidence and clearance of anal hrHPV infection
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Abstract
Objective
High-resolution anoscopy (HRA)-guided biopsies are the gold standard for identifying
anal intraepithelial neoplasia, but diagnosing high-grade squamous intraepithelial
lesions (HSIL) is dependent on the skills of the anoscopist. To validate the HSIL
detection rate as a quality assurance (QA) metric for HRA in HIV-positive men.
Design & setting
Retrospective study; Three HIV outpatient clinics in Amsterdam, The Netherlands.
Patients
HIV-positive men-who-have-sex-with-men (MSM)
Main outcome measures
We analyzed the HSIL detection rate per HRA, the mean number of biopsies taken and
the mean HSIL rate per biopsy in time-subsequent groups (TSGs) for seven anoscopists
performing HRA in HIV-positive MSM.
Results
Seven anoscopists (5 MDs and 2 RNs) performed HRA in 1340 HIV-positive MSM. The
overall HSIL detection rate for all seven anoscopists combined increased significantly
over time, from 27% to 40% (p<0.001; OR 1.15 [95%CI 1.08-1.23] per 50 HRAs). The
mean number of biopsies increased significantly from 1.4 (22% HSIL per biopsy) to 2.0
biopsies per patient (29% HSIL per biopsy) (p<0.001). Three anoscopists showed a
significant increase in proportion of HSIL per biopsy with increasing experience.
Limitations
There were statistically significant differences, with limited clinical significance, in
characteristics of patient populations between anoscopists and clinics.
Conclusions
We found significant variations in HSIL detection rate among anoscopists performing
HRA in HIV-positive MSM. HSIL detection rate and mean HSIL rate per biopsy can be
used as QA metric to follow-up the learning curve of high-resolution anoscopists.
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Introduction
HIV-positive men who have sex with men (MSM) are at increased risk for
developing anal squamous cell carcinoma (aSCC) 1. The precursor stage of aSCC is anal
intraepithelial neoplasia (AIN). High-resolution anoscopy (HRA)-guided biopsies are the
gold standard for identifying AIN and the level of dysplasia is histopathologically
graded as AIN 1, 2 or 3 and categorized as low-grade squamous intraepithelial lesions
(LSIL; AIN1) or high-grade squamous intraepithelial lesions (HSIL; AIN 2 and 3).
The reported prevalence of HSIL in HIV-positive MSM ranges from 2.7% to 54% 2-4.
Although diagnosing HSIL is dependent on the skills of the anoscopist, the ability of the
anosopist to identify HSIL is usually not taken into account in reports on HSIL
prevalence and treatment success 5-7. Missing HSIL leads to an underestimation of HSIL
prevalence, an overestimation of treatment success and a misunderstanding of the
natural history of AIN. In the worst case, it could lead to interval carcinomas 8.
To assess the quality of care is common practice in many medical areas. For HRA,
several quality assurance (QA) metrics have been proposed 9. These QA metrics are
based on quality indicators (QI) used in similar medical procedures, like colonoscopy or
colposcopy, but before using those for HRA, they first need to be validated. Assessing
the individual anoscopist’s HSIL detection rate might be a relevant QA metric for HRA
and may help to improve HRA quality and the likelihood of identifying HSIL 10.
In this study, we assessed the HSIL detection rate in HIV-positive MSM over time for
seven anoscopists in Amsterdam, the Netherlands, and we propose to use a
standardized learning curve as a quality standard for performing HRA.
Methods
Subjects
At three HIV outpatient clinics in Amsterdam, the Netherlands, HRA is routinely
offered to MSM. From a database containing data on all 1681 HIV-positive MSM that
underwent HRA screening between 12 February 2008 and 24 November 2015 at one of
these three clinics, we selected the data of the first HRA of each patient. Data on HRAs
by anoscopists who had performed less than 100 HRAs were excluded from the
analyses. None of the anoscopists received training for, or practiced, colposcopy or
similar procedures prior to performing HRA. One anoscopist, a dermatologist, had
previous experience in taking skin biopsies and performing electrocautery. Prior to
performing unsupervised HRA, all anoscopists received identical, hands-on HRA
training from an expert that has performed HRA in >300 unique patients. Nurses who
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84
31 (27%)
1 (0-2)

68 (71%)
21 (22%)
7 (7%)
120 (99%)
665 (500-840)
230 (150-310)
113 (97%)
4 (3%)

39 (42%)
1 (1-5)

51 (52%)
24 (25%)
23 (23%)
94 (93%)
640 (480-800)
240 (120-320)
84 (90%)
9 (10%)

157 (96%)
7 (4%)

220 (150-310)

685 (470-855)

169 (99%)

76 (45%)
50 (30%)
42 (25%)

2 (1-5)

55 (32%)

124 (38%)
77 (24%)

71 (52%)
17 (13%)

116 (97%)
4 (3%)

230 (120-320)

590 (460-790)

136 (100%)

74 (54%)
28 (20%)
35 (26%)

1 (1-6)

311 (92%)
7 (8%)

220 (130-320)

630 (470-810)

327 (99%)

144 (45%)
90 (28%)
89 (27%)

2 (1-6)

125 (38%)

50 (8.6)

50 (10.5)

47 (35%)

A7
(N=331)

A6
(N=138)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.012
0.001

P

abbreviations: SD: standard deviation; HIV: human immunodeficiency virus; cART: combination antiretroviral therapy; IQR: interquartile range; a: total - 6 missing; A1 - 4 missing; A2
- 1 missing; A3 - 0 missing; A4 - 1 missing; A5 - 0 missing; A6 - 0 missing; A7 - 0 missing; b: total - 112 missing; A1 - 83 missing; A2 - 5 missing; A3 - 9 missing; A4 - 7 missing; A5 - 0
missing; A6 - 3 missing; A7 - 5 missing; c: total - 413 missing; A1 - 359 missing; A2 - 12 missing; A3 - 4 missing; A4 - 26 missing; A5 - 3 missing; A6 - 1 missing; A7 - 8 missing; d: total 30 missing; A1 - 24 missing; A2 - 1 missing; A3 - 1 missing; A4 - 1 missing; A5 - 0 missing; A6 - 2 missing; A7 - 1 missing; e: total - 195 missing; A1 - 16 missing; A2 - 11 missing; A3 - 14
missing; A4 - 24 missing; A5 - 27 missing; A6 - 39 missing; A7 - 64 missing; f: total - 49 missing; A1 - 20 missing; A2 - 8 missing; A3 - 3 missing; A4 - 3 missing; A5 - 1 missing; A6 - 2
missing; A7 - 12 missing; g: total - 156 missing; A1 - 96 missing; A2 - 8 missing; A3 - 9 missing; A4 - 5 missing; A5 - 7 missing; A6 - 18 missing; A7 - 13 missing
* = this anoscopist did not collect data on the number of sex partners in the preceding 6 months.

Currently smoking
102 (37%)
48 (48%)
Number of sex partners
in the preceding 6 months
*
1 (0-4)
(c)
(median/IQR)
(c)
Number of sex partners in the preceding 6 months (n/%)
0-1
*
57 (54%)
2-5
*
25 (24%)
≥6
*
23 (22%)
HIV-related variables
(d)
Currently using cART (n/%)
304 (91%)
113 (97%)
CD4 count cells/µl
550 (420-710) 705 (530-890)
(e)
(median/IQR)
Nadir CD4 count cells/µl
180 (70-270)
220 (130-340)
(f)
(median/IQR)
(g)
HIV plasma viral load, copies/ml (n/%)
<50
207 (79%)
104 (95%)
≥50
56 (21%)
5 (5%)

Table 1 - Characteristics of the patients included in the learning curve study of the 7 anoscopists (N=1340).
A1
A2
A3
A4
A5
(N=359)
(N=117)
(N=102)
(N=122)
(N=171)
Demographic variables
(a)
Age in years (mean/SD)
48 (9.5)
50 (10.3)
48 (9.3)
50 (9.7)
50 (9.5)
(b)
Smoking status (n/%)
Never smoked
101 (37%)
37 (33%)
33 (35%)
49 (43%)
55 (32%)
Previously smoking
73 (26%)
27 (24%)
21 (23%)
35 (30%)
61 (36%)
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performed HRA had access to direct supervision from an MD at all times.
The HRA screening routine was identical for all anoscopists: a digital anal rectal
exam followed by peri- and intra-anal inspection using a colposcope (ZEISS opmi pico
surgical microscope) with repeated application of acetic acid (3% or 5%) and staining
with Lugol's iodine when indicated. Anal cytology was not performed. All lesions with
clinical suspicion of AIN 11,12 were biopsied and histopathologically graded by AINexperienced pathologists. When multiple biopsies were taken, the highest AIN grade
defined the final diagnosis.
The Ethics review board of the Academic Medical Center in Amsterdam reviewed
and approved this study (reference nr. W15_047 # 15.0058). All anoscopists gave
consent for studying and anonymously publishing their individual HRA learning curves.
Study design
Baseline characteristics (age, smoking, number of sex partners in the past six
months, use of combination antiretroviral therapy (cART), nadir CD4+ cell count, CD4+
cell count at time of HRA, and plasma HIV-RNA) were collected for each patient.
To evaluate the HSIL detection rate per anoscopist over time, we analyzed timesubsequent groups (TSGs), each containing a maximum of 50 patients. The first TSG of
an anoscopist contained the first 50 HRAs performed and the last TSG contained the
last HRAs performed by the anoscopist. If the last TSG of an anoscopist contained less
than 20 patients, it was excluded from the analysis. For each anoscopist, the HSIL
detection rate per HRA, the mean number of biopsies taken and the mean HSIL rate
per biopsy was assessed per TSG. This way, we evaluated the rate of progress of
anoscopists for identifying HSIL. Also, we measured HRA exposure by calculating for
each anoscopist the median time per TSG: the number of months required for
screening 50 patients. We created an average learning curve by combining data of all
anoscopists.
Statistical analysis
Differences between anoscopists, between clinics and between median time per
TSG per anoscopist were explored using Χ2-test and Fisher-exact test for categorical
data, and ANOVA and Kruskal-Wallis test for continuous data. For each anoscopist the
HSIL detection rate over time was analyzed using a nonparametric test for trend across
TSGs. We also assessed the associations between the number of biopsies taken per
patient and the proportion of HSIL per biopsy, and the number of HRAs per anoscopist.
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Statistical analyses was performed using Stata Statistics/Analysis software (IC version
14.2). α was set at P<0.05.
Results
In total 1340 men underwent a first-time HRA by an anoscopist who performed
>100 HRAs (range 102-359 first HRAs per anoscopist). These anoscopists were five
medical doctors (MD) and two registered nurses (RN), ranging in age from 30-58 years
old and working at clinic A, B or C at either the department of Dermatology or the
department of Internal Medicine.
Patient populations differed statistically significant between anoscopists (Table 1)
and clinics (Table 2) on all included characteristics. Patient populations of the
anoscopists differed statistically significant between TSGs for anoscopist 7 with regard
to age and for anoscopists 1, 6 and 7 with regard to nadir CD4+ cell count (data not
shown).
During 1340 first HRAs, 2236 biopsies were taken, of which 418 (19%) were
categorized as HSIL, leading to 389 HSIL diagnoses (29% of HRAs). The overall HSIL
detection rate for all seven anoscopists combined increased significantly over time,
from 27% in the first TSG to 40% in the seventh TSG (p<0.001; OR 1.15 [95%CI 1.081.23] per 50 HRAs)(Fig. 1A-B). The mean number of biopsies increased significantly
from 1.4 (22% HSIL per biopsy) in the first TSG to 2.0 biopsies per patient (29% HSIL per
biopsy) in the seventh TSG (p<0.001)(Fig. 1C).
The HSIL detection rate per outpatient clinic increased significantly over time for
clinics B and C, from 20% and 26% in the first TSG to 40% (p=0.002) in the fourth TSG
and 48% (p<0.001) in the seventh TSG, respectively. The HSIL detection rate in clinic A
increased non-significantly, from 33% in the first TSG to 40% (p=0.15) in the eighth
TSG.
The individual HSIL detection rate increased significantly over time for anoscopists 1, 5
and 7, from 32%, 20% and 36% in the first TSG to 40%, 48% and 45% in the last TSG
(p=0.045, p=0.008, and p=0.02) respectively (Fig. 1B). All anoscopists had an increasing
mean number of biopsies taken per HRA, and this was significant for anoscopists 1,5, 6
and 7. The mean number of biopsies taken ranged between anoscopists in the first TSG
from 0.9 to 2.1 per patient, with 22% (range 14% to 41%) of their biopsies being HSIL.
In the last TSG, the mean number of biopsies ranged from 1.6 to 2.6 per patient, with
23% (range 10% to 28%) of biopsies being HSIL (Fig. 1C). Anoscopists 5, 6 and 7 showed
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427 (97%)
11 (3%)

3 (1%)
463 (99%)
620 (470-810)
230 (130-320)

218 (47%)
118 (26%)
124 (27%)

195 (42%)
94 (20%)
172 (37%)
2 (1-6)

50 (9.2)

Clinic C
(N=469)

<0.001
<0.001
0.020

<0.001

0.006
0.002

0.019
0.001

P-value

abbreviations: SD: standard deviation; HIV: human immunodeficiency virus; cART: combination antiretroviral therapy; IQR: interquartile range
a: total - 6 missing; Clinic A - 5 missing; Clinic B - 1 missing; Clinic C - 0 missing; b: total - 112 missing: Clinic A - 97 missing; Clinic B - 7 missing; Clinic C - 8 missing; c: total 413 missing; Clinic A - 375 missing; Clinic B - 29 missing; Clinic C - 9 missing; d: total - 30 missing; Clinic A - 26 missing; Clinic B - 1 missing; Clinic C - 3 missing; e: total - 195
missing; Clinic A - 41 missing; Clinic B - 51 missing; Clinic C - 103 missing; f: total - 49 missing; Clinic A - 31 missing; Clinic B - 4 missing; Clinic C - 14 missing; g: total - 156
missing; Clinic A - 113 missing; Clinic B - 12 missing; Clinic C - 31 missing
* = excluding anoscopist 1 who did not collect data on the number of sex partners in the preceding 6 months

Table 2 - Characteristics of the patients included in the learning curve study of 7 anoscopists by clinic (N=1340).
Clinic A
Clinic B
(N=578)
(N=293)
Demographic variables
Age in years (mean/SD) (a)
48 (9.7)
50 (9.6)
Smoking status (n/%) (b)
Never smoked
171 (36%)
104 (36%)
Previously smoking
121 (25%)
96 (34%)
Currently smoking
189 (39%)
86 (30%)
Number of sex partners in the preceding 6 months (median/IQR) (c)
1 (1-5)*
1 (1-4)
Number of sex partners in the preceding 6 months (n/%) (c)
0-1
108 (53%)*
144 (55%)
2-5
49 (24%)*
71 (27%)
≥6
46 (23%)*
49 (19%)
HIV-related variables
Currently using cART (n/%) (d)
No
41 (7%)
3 (1%)
Yes
511 (93%)
289 (99%)
CD4 count cells/µl (median/IQR) (e)
590 (440-760)
670 (490-850)
Nadir CD4 count cells/µl (median/IQR) (f)
200 (90-280)
220 (150-310)
HIV plasma viral load, copies/ml (n/%) (g)
<50
395 (85%)
270 (96%)
≥50
70 (15%)
11 (4%)
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a significant increase in the proportion of HSIL per biopsy with increasing experience,
while this proportion significantly decreased for anoscopists 1, 2, 3 and 4 (data not
shown). The median time per TSG ranged between anoscopists from 1.7 to 21.7
months. Anoscopists 1, 5 and 7 required a median of 4.5, 4.7 and 1.7 months per 50
HRAs, anoscopists 2, 3, 4 and 6 required a median of 10.3, 21.7, 7.2 and 7.1 months.
Therefore, the anoscopists who showed a significant increase in HSIL detection rate
over time were also the ones with the shortest TSG.
Discussion and Conclusion
In this study we analyzed HSIL detection rates of seven anoscopists performing HRA
in HIV-positive MSM and found a wide variation between anoscopists in HSIL detection
rate, mean number of biopsies taken, and percentage of HSIL per biopsy. Over time
the number of biopsies per HRA increased and the percentage of biopsies with HSIL
detected remained stable, resulting in an overall increasing HSIL detection rate.
A minimum of 50 HRAs per year and identifying at least 20 cases of anal HSIL have
been proposed as QA metrics for HRA 9. This study validates the HSIL detection rate
and mean HSIL rate per biopsy as QA metric for HRA. The highest achievable HSIL
detection rate equals the true prevalence of HSIL in a population. It has not been
established what the true prevalence of anal HSIL is in HIV-positive MSM in the
Netherlands. Therefore, it is difficult to set benchmark values for HRA competence.
However, our study showed that three anoscopists (1, 5 and 7) achieved a significant
increase in HSIL detection rate over time, to at least 40% in their last TSG (Fig. 1B).
Following their HSIL detection rates, anoscopists in Amsterdam should strive for an
HSIL detection rate of at least 40%, which is comparable to that of experienced clinics
13
. Anoscopists 1, 5 and 7 performed their HRAs in a relatively short time period and
showed a significant increase in HSIL detection rate over time. Other anoscopists
required more time for screening 50 patients and did not have a significant increase in
HSIL detection rate over time. This suggests that performing many HRAs in a short
amount of time might help to increase HSIL detection rates.
Mean HSIL percentage per biopsy reflects the accuracy of the anoscopist in
recognizing HSIL and is most useful as a QA metric when combined with HSIL detection
rate. A low accuracy rate (<20% HSIL biopsies) reflects too many normal tissue biopsies
and implicates an unnecessary increase in HRA time and cost and potentially leads to
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increased comorbidity and discomfort for the patient, whereas high accuracy rates
(>80%) accompanied by low to moderate HSIL detection rates (10-30%) suggests that
not all lesions with characteristics of HSIL are being biopsied and therefore hHSIL
diagnosis might be missed.
The average learning curve developed in this study could be used as a reference for
anoscopists performing HRA in HIV-positive MSM (Fig. 1A). In case of a lower than
expected HSIL detection rate for the number of HRAs performed, identifying barriers
for HSIL detection and overcoming these barriers could increase the likelihood of
detecting HSIL. Such benefits of analyzing learning curves have been observed in other,
comparable procedures 14.
Both nurses and doctors in this study showed similar learning curves for identifying
HSIL. Neither doctors nor nurses had prior experience with HRA or similar procedures.
In Figure 1B we observed that 5 out of 7 anoscopists had a lower HSIL detection rate in
the second TSG than in the first. This could partly be explained by the fact that the
anoscopists had, on average, their first 10 HRAs supervised by a more experienced
anoscopist. For anoscopist 3 we observed the lowest HSIL detection rate of all
anoscopists, for all TSG’s. This anoscopist had also the longest median time in months
per TSG: 21.7 months. The long median time in months per TSG of this anoscopist and
anoscopists 2, 4 and 6 supports the notion that performing only 1-2 HRAs weekly is not
sufficient for achieving acceptable HSIL detection rates. Anoscopists 1, 5 and 7
performed many HRAs in a short amount of time and significantly improved their
performance.
Anoscopists 5, 6 and 7 increased the percent of HSIL per biopsy, but only
anoscopists 1, 5 and 7 diagnosed more HSIL over time (Figure 1B and C). This shows
that anoscopist 6 improved her accuracy in distinguishing HSIL from LSIL and nondysplastic lesions, without identifying more patients with HSIL. Vice versa, anoscopist 1
improved in identifying patients with HSIL, but did not improve her accuracy in
distinguishing HSIL from LSIL and non-dysplastic lesions. There is no clear explanation
as to why A5 and A7 became more accurate in identifying HSIL per lesion and overall,
while A6 only became more accurate on a lesion level, and A1 on a population level.
Anoscopists 1, 5 and 7 could have increased their HSIL detection rate due to having a
high HRA exposure, as shown by relatively short median time per TSG when compared
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Figure 1. HSIL detection rate and number of biopsies taken by seven high-resolution anoscopists
performing HRA in HIV-positive MSM
A) Mean proportion of HRAs during which HSIL was detected, data of all anoscopists combined per timesubsequent group of at most 50 patients per anoscopist.
B) Proportion of HRAs during which HSIL was detected, for each anoscopist per time-subsequent group of
at most 50 patients.
C) Mean number of biopsies per HRA taken by each anoscopist, and by all anoscopists combined, in timesubsequent groups of at most 50 patients.
* p-value of non-parametric trend test comparing indicated time-subsequent groups
A = anoscopist; M = male; F = female; MD = medical doctor; RN = registered nurse; HSIL = high-grade squamous
intraepithelial lesions

to other anoscopists. Future studies should prospectively investigate the
characteristics of anoscopists, and their learning curves, to help identify facilitators and
barriers for increasing HSIL detection rates.
This study is the first to propose a quality standard for HRA. This proposition is
strong as it reflects the learning curves of seven anoscopists who screened 1340
patients. We recommend anoscopists who perform HRA in HIV-positive MSM to assess
and aggregate their learning curves, to allow the development of benchmark values.
As HSIL prevalence may vary per risk group, learning curves need to be assembled for
each separate patient population. A weakness of this study might be the statistically
significant differences in patient populations between anoscopists and clinics, which
could however be explained by the large study population, easily leading to statistically
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significant but not clinically important differences. As no consistent risk factors for HSIL
have been identified, the variation between anoscopists cannot be explained by these
population differences 15. The difference in median nadir CD4+ cell count between TSG
in one anoscopist is explained by the fact that she started screening patients with the
lowest cell count first, as this is a risk factor for aSCC 16.
In conclusion, we demonstrate significant variations in HSIL detection rate among
anoscopists performing HRA in HIV-positive MSM. We recommend performing
sufficient HRAs per week for achieving an acceptable HSIL detection rate and to use
the individual HSIL detection rate and mean HSIL percentage per biopsy as QA metric
for HRA. We recommend clinics to evaluate their anoscopists, to ensure that every
anoscopist performs according to the average learning curve, and to explore the
causes of substandard performance.
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Abstract
Objective
HIV-positive MSM are at increased risk for developing anal squamous cell carcinoma.
Detection of precursor lesions of anal cancer [anal high-grade squamous intraepithelial
lesions ( HSIL)] is cumbersome and expensive. Our objective was to identify potential
risk factors for anal HSIL in HIV-positive MSM to develop more stringent screening
criteria.
Methods
We studied a cohort of MSM screened by high-resolution anoscopy at three HIV clinics
in Amsterdam, the Netherlands. For every first HRA performed in a patient, we
analyzed five demographic and seven HIV-related potential risk factors for four
different outcome measures: histologically proven anal HSIL vs. no squamous
intraepithelial lesions (SIL), HSIL-anal intraepithelial neoplasia 2 vs. no SIL, HSIL- anal
intraepithelial neoplasia 3 vs. no SIL and HSIL vs. no HSIL. We used univariable and
multi-level, multivariable logistic regression.
Results
From 2008 through 2015, 497 out of 1678 (30%) screened HIV-positive MSM had anal
HSIL. The mean age was 49 years (SD 9.6), 96% used combination antiretroviral
therapy, and median duration of combination antiretroviral therapy use was 7.8 years
(interquartile range 4.0-12.4). Increasing age [adjusted odds ratio (aOR) 0.82, 95%
confidence interval (CI) 0.70-0.94, P=0.006] and years living with suppressed viral load
[1 to 5 years suppressed aOR 0.52 (95% CI 0.34-0.80), 5.01 to 10 years aOR 0.47 (95%
CI 0.29-0.74], >10 years aOR 0.54 [0.34-0.87), all compared to <1 year suppressed,
P=0.009] were found to be protective for HSIL vs. no SIL.
Conclusions
Young HIV-positive MSM without viral suppression are statistically at highest risk for
anal HSIL, but given the high prevalence among all virally suppressed men, we advise
that all HIV-positive MSM should be screened for HSIL.
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Introduction
HIV-positive MSM are increasingly at risk for developing anal squamous cell
carcinoma compared to the general population 1. Clinics have been set up to detect
precursor lesions of anal squamous cell carcinoma, called squamous intraepithelial
lesions (SIL) 2-5. High-resolution anoscopy (HRA)-guided biopsies are the gold standard
for identifying anal SIL. SIL is histopathologically graded anal intraepithelial neoplasia
(AIN) 1, 2 or 3 and categorized as low-grade SIL (LSIL; AIN1) or high-grade SIL (HSIL; AIN
2 and 3). The prevalence of histological HSIL (hHSIL) in HIV-positive MSM is around
40% 6, and as HRA is a costly and cumbersome procedure, more stringent screening
criteria for HIV-positive MSM receiving HRA are needed.
Anal cytology can be used for the detection of HSIL (cytological HSIL), but its use is
limited by low sensitivity 7-11. Several studies have identified risk factors for hHSIL in
HIV-positive MSM, but results are not always consistent and studied populations were
often relatively small 12-15, limiting their potential to identify the patients at highest risk
for hHSIL.
We investigated potential demographic and HIV-related risk factors for the
presence of histopathologically proven intra- and perianal HSIL in 1681 HIV-positive
MSM screened by HRA in Amsterdam, the Netherlands.
Methods
Patients and setting
HIV-positive MSM visiting one of three outpatient HIV clinics in Amsterdam, the
Netherlands, were offered AIN screening by their HIV-treating physician. The only
exclusion criterion was a life expectancy of less than 12 months. HRA was performed
by individually trained anoscopists, did not include anal cytology, sexually transmitted
disease (STD) or human papillomavirus (HPV) testing and consisted of a digital rectal
exam followed by intra- and perianal inspection with a colposcope (ZEISS opmi pico
surgical microscope; Oberkochen, Baden-Württemberg, Germany) after repeatedly
applying acetic acid (3%-5% solution) and staining with Lugol’s iodine when indicated.
Lesions suspicious for SIL were biopsied and graded by pathologists specialized in SIL.
In clinics A and C pathologists used p16 staining for AIN2 graded biopsies, as described
by the College of American Pathologists in The Lower Anogenital Squamous
Terminology standardization project, whereas in clinic B, p16 staining was not always
used in accordance to the College of American Pathologists Lower Anogenital
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Squamous Terminology criteria 16. The highest grade biopsy defined the overall
diagnosis.
Data were extracted from the clinical records by two of the investigators (MLSH and
EM); behavioral data was patient self-reported to the clinician. HIV-related data were
obtained from the Stichting HIV Monitoring database 17. Data collection was
performed using the OpenClinica open source software, version 3.6 (OpenClinica LLC
and collaborators, Waltham, Massachisetts, USA).
This study (ref. W15_047 # 15.0058) was approved by the Medical Ethics Review
Committee of the Academic Medical Center, Amsterdam, the Netherlands.
Statistical analysis
Only data of the first HRA of each participant were included. Baseline
characteristics of the study population were explored using descriptive statistics,
comparing characteristics between participants with no dysplasia, LSIL and HSIL using
X2 test for categorical data and one-way analysis of variance, and Kruskal-Wallis test for
continuous data.
Assessed outcome variables were: HSIL vs. no SIL, HSIL-AIN2 vs. no SIL, HSIL-AIN3
vs. no SIL, and HSIL vs. no HSIL. Five demographic and seven HIV-related variables were
included in univariable logistic regression analysis (Suppl. Table 1). For CD4+ cell count
and HIV viral load measurements, the measurements closest to the date of HRA were
selected. Years living with viral suppression was defined as having a viral load of less
than 200 copies/ml in tests from August 1999 onwards, and allowing for one blip in
viral load below 400 copies/ml between measurements with viral load less than 200
copies/ml 18. For samples tested prior to August 1999 the cut-off of detectability of the
laboratory assay was the cut-off used to define viral suppression.
Multivariable logistic regression analysis was used to determine independent risk
factors for HSIL among HIV-positive MSM. All variables that were significantly
associated in univariable logistic regression analysis with HSIL diagnosis (at P <0.2,
Wald test) were included in the multivariable analysis, as well as the following a priori
selected parameters (risk factors for HSIL in other studies10,19-22): age at time of HRA, a
history of at least one AIDS defining illness, nadir CD4+ cell count, current CD4+ cell
count, and years living with viral suppression. A backward selection method was used
to create a parsimonious model in which a priori selected variables were forced. We
conducted multilevel multivariable logistic regression analyses to correct for potential
similarities of participants within each clinic. Multicollinearity was tested with the

100

Table 1. Characteristics of the study population of the AIN cohort study by HSIL status, Amsterdam 2008-2015 (N=1678).
Total
No dysplasia
AIN1-LSIL
HSIL
(N=1678)
(N=785)
(N=396)
(N=497)
No.
%
No
%
No.
%
No.
%
Demographic variables
(a)
Age in years (mean/SD)
49
(9.6)
50
(9.4)
48
(10.0)
48
(9.3)
(b)
Continent of birth
Europe 1279
82%
566
82%
305
81%
408
84%
Americas
188
12%
83
12%
50
13%
55
11%
Oceania
11
1%
5
1%
1
0%
5
1%
Asia
46
3%
22
3%
14
4%
10
2%
Africa
28
2%
13
2%
8
2%
7
1%
(c )
Smoking status
Never smoked
598
38%
275
38%
145
39%
178
39%
Previously smoking
379
24%
191
26%
83
22%
105
23%
Currently smoking
577
37%
256
35%
145
39%
176
38%
Number of sex partners in the preceding 6 months
2
(1-6)
1
(1-5)
2
(1-6)
2
(1-7)
(d)
(median/IQR)
(d)
Number of sex partners in the preceding 6 months
0-1
598
49%
295
52%
141
48%
162
44%
2-5
304
25%
131
23%
77
26%
96
26%
≥6
316
26%
136
24%
73
25%
107
29%
Had an STD in the preceding 6 months
No 1586
95%
750
96%
376
95%
460
93%
Yes
92
5%
35
4%
20
5%
37
7%
HIV-related variables
(e )
Currently using cART
No
73
4%
26
3%
23
6%
24
5%
Yes 1580
96%
743
97%
368
94%
469
95%
(f)
Duration of cART use in years (median/IQR)
7.8
(4.0-12.4)
8.9
(4.8-12.8)
6.6
(3.6-11.8)
7.5
(3.1-12.3)

<0.001

0.124

0.066

0.166

0.016

0.481

<0.001
0.710

P-value
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102
19%
22%
38%
21%
(1-40)
89%
11%
(2.6-11.1)
14%
28%
27%
32%
78%
22%

42%
40%
17%

315
368
624
344
20
1347
161
6.3
203
411
393
476
1280
354

710
674
294

Nadir CD4 T-cell count cells/µl (median/IQR)
(h)
Nadir CD4 T-cell count cells/µl

10%
20%
70%
(130-320)

(480-790)

<100
100-199
200-349
>350
(i)
HIV plasma viral load copies/ml (median/IQR)
(i)
HIV viral load copies/ml
<50
≥50
(j) §
Years living with viral suppression (median/IQR)
(j) §
Years living with viral suppression
<1 year Ϯ
1-5 years
5.01-10 years
>10 years
(k) (l)
Having had an AIDS defining illness
No
Yes
Clinic
Clinic where HRA was done
Clinic A
Clinic B
Clinic C
AIN diagnosis

(h)

620
168
323
1163
220

(g)

<350
350-500
>500

CD4 T-cell count cells/µl (median/IQR)
(g)
CD4 T-cell count cells/µl

334
288
163

575
166

61
172
187
238

620
51
7.2

146
168
315
138
20

75
153
541
220

620

43%
37%
21%

78%
22%

9%
26%
28%
36%

92%
8%
(3.7-11.8)

19%
22%
41%
18%
(1-40)

10%
20%
70%
(130-310)

(480-800)

163
176
57

313
83

57
117
94
92

315
56
5.1

79
86
153
76
20

48
81
265
220

605

41%
44%
14%

79%
21%

16%
33%
26%
26%

85%
15%
(2.0-10.1)

20%
22%
39%
19%
(1-40)

12%
21%
67%
(120-320)

(450-780)

213
210
74

392
105

85
122
112
146

412
54
5.9

90
114
156
130
20

45
89
357
222

630

43%
42%
15%

79%
21%

18%
26%
24%
31%

88%
12%
(1.9-11.0)

18%
23%
32%
26%
(1-40)

9%
18%
73%
(130-351)

(490-800)

0.008

0.803

<0.001
<0.001

0.211
0.001

0.357
0.005

0.236
0.423
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Intra-anal HSIL
Peri-anal HSIL

474
46

785
396
289
208
28%
3%

47%
24%
17%
12%

a: total - 1 missing; no dysplasia - 1 missing; AIN1-LSIL - 0 missings; HSIL - 0 missings; b: total - 126 missings; no dysplasia - 96 missings; AIN1-LSIL - 18 missings; HSIL - 12
missings; c: total - 124 missings; no dysplasia - 63 missings; AIN1-LSIL - 23 missings; HSIL - 38 missings; d: total 460 missings; no dysplasia - 223 missings; AIN1-LSIL - 105
missings; HSIL - 132 missings; e: total - 25 missings; no dysplasia - 16 missings; AIN1-LSIL - 5 missings; HSIL - 4 missings; f: total - 93 missings; no dysplasia - 39 missings; AIN1LSIL - 27 missings; HSIL - 27 missings; g: total 24 missings; no dysplasia - 16 missings; AIN1-LSIL - 2 missings; HSIL - 6 missings; h: total 27 misisngs; no dysplasia - 18 missings;
AIN1-LSIL - 2 missings; HSIL - 7 missings; i: total 170 missings; no dysplasia - 113 missings; AIN1-LSIL - 26 missings; HSIL - 31 missings; j: total 196 missings; no dysplasia - 127
missings; AIN1-LSIL - 36 missings; HSIL - 33 missings; k: total 45 missings; no dysplasia - 44 missings; AIN1-LSIL - 0 missings; HSIL - 1 missing
l: included AIDS defining illnesses: candidiasis esophageal, kaposi's sarcoma, recurrent pneumonia, chronic intestinal microsporidiosis, pneumocystis carinii pneumonia, M.
kansasii, pulmonary tuberculosis, chronic intestinal cryptosporidiosis, AIDS dementia complex / HIV encephalopathy, toxoplasmosis of the brain,other species/unidentified
extrapulmonary mycobacterium, CMV retinitis, non-Hodgkin's lymphoma, CMV disease (other than lymph node, liver, spleen), herpes simplex virus, progressive multifocal
leucoencephalopathy, extrapulmonary cryptococcosis, primary lymphoma of central nervous system, extrapulmonary tuberculosis, wasting syndrome due to HIV,
disseminated or extrapulmonary histoplasmosis, visceral leishmaniasis, candidiasis of trachea / bronchi / lungs, disseminated or extrapulmonary coccidioidomycosis,
extrapulmonary pneumocystis, other CDC C-event
Ϯ participants who never had an undetectable viral load are included in the category <1 year undetectable viral load
§ viral suppression was defined as having a viral load of <200 in tests from 1-8-1999 onwards allowing for a onetime blip in viral load between 200 and 400 copies/ml. For
samples tested prior to 1-8-1999 the cut-off of detectability of the laboratory assay that was used for that sample is the cut-off for viral suppression
abbreviations: SD: Standard Deviation; HIV: human immunodeficiency virus; cART: combination antiretroviral therapy; IQR: interquartile range; HGAIN: high-grade anal
intra-epithelial neoplasia; STD: sexually transmitted disease.

Location HSIL

No dysplasia
AIN1
AIN2
AIN3
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variance inflation factor and if present, the most objective measurable variable
remained in the model, whereas the other variable was dropped. However, the effect
of this exclusion was checked in a sensitivity analysis.
To assess whether the effect of risk factors differed by clinic, interaction was tested in
themultivariable model. Also, risk factors for HSIL were assessed separately for intraanal and perianal HSIL.
Variables were considered significantly associated when P value was less than 0.05.
Statistical analyses was performed using Stata (version 13.1; Stata Corp, College
Station, Texas, USA).
Results
Characteristics of study population
Between 12 February 2008 and 24 November 2015, 1681 HIV-positive MSM
underwent their first HRA. Potential risk factors for histological (H)SIL of 311 HIVpositive MSM have been previously described 15. Three participants were excluded
based on the diagnosis of SCC (two intra-anal- and one perianal SCC). The mean age
was 49 years (SD 9.6) and 96% of participants used combination antiretroviral therapy
(cART). Median duration of cART use was 7.8 years [interquartile range (IQR) 4.0-12.4],
median nadir CD4+ cell count was 220 cells/µl (IQR 130-320) and median current CD4+
cell count was 620 cells/µl (IQR 480-790). Only 354 (22%) participants had at least one
AIDS-defining illness prior to HRA (Table 1). There were some statistically significant
(but clinically not important) differences between patients from the three clinics
(Suppl.
Table
2).
Of the 1678 HIV-positive MSM, 396 (24%) were diagnosed with AIN1, 289 (17%)
with AIN2 and 208 with AIN3 (12%). The prevalence of HSIL was 30% (497/1678
participants). The prevalence of HSIL did not differ significantly between clinics (Suppl.
Table 2). Compared to participants with no dysplasia, participants with LSIL and HSIL
were younger (P<0.001), had more sex partners in the preceding 6 months (P=0.016),
had a lower number of years on cART (P<0.001), had a different distribution of nadir
CD4+ cell counts (P=0.005), had more often a detectable HIV viral load (P=0.001), and
had less years living with viral suppression (P<0.001) (Table 1).
Univariable logistic regression analyses
Associated variables for HSIL vs. no SIL in univariable logistic regression analyses
were age, duration of cART use, having had an STD in the preceding 6 months, HIV
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Yes

(0.73-1.32)

(0.34-0.80)
(0.29-0.74)
(0.34-0.87)
0.899

0.009

0.95

REF

REF
0.53
0.55
0.54

(0.66-1.37)

(0.32-0.86)
(0.32-0.94)
(0.31-0.93)
0.777

0.070

1.00

1.03

0.888

REF
0.61
0.61
0.73
REF
(0.69-1.53)

(0.28-0.85)
(0.19-0.64)
(0.28-0.94)

0.006

REF

REF
0.49
0.34
0.51

(0.76-1.32)

(0.42-0.88)
(0.41-0.92)
(0.48-1.11)
0.995

0.039

# individuals were nested within clinic where HRA was done (multi-level analysis); Φ Multivariable model HSIL vs no SIL includes 1120 participants; multivariable model AIN2 vs
no SIL includes 929 participants; multivariable model AIN3 vs no SIL includes 847 participants; multivariable model HSIL vs no HSIL includes 1480 participants; * per 10 years
increase in age; ǂ per 100 cells/µl increase; Ϯ participants who never had an undetectable viral load are included in the category <1 year undetectable viral load
§ viral suppression was defined as having a viral load of <200 in tests from 1-8-1999 onwards allowing for a onetime blip in viral load between 200 and 400 copies/ml.
For samples tested prior to 1-8-1999 the cut-off of detectability of the laboratory assay that was used for that sample is the cut-off for viral suppression. This varies by time
period (sensitivity of the assays increased over time) and hospital (based on the used assay).
abbreviations: CI - confidence Interval, HGAIN - High Grade Anal Intraepethelial Neoplasia, HIV - Human Immunodeficiency Virus, STD - Sexually transmitted disease AIDS Acquired Immune Deficiency Syndrome, SD - standard deviation, IQR - Inter Quartile Range.

REF

REF
0.52
0.47
0.54

Years living with viral suppression
Ϯ
<1 year
1-5 years
5.01-10 years
>10 years
Having had an AIDS defining illness
No

§

Table 2 - Riskfactors of anal histology-proven HSIL , defined as (1) HSIL vs no SIL; (2) AIN2 vs no SIL; (3) AIN3 vs noSIL; (4) HSIL vs no HSIL (including
#
AIN1) among HIV-positive MSM in Amsterdam, the Netherlands (AIN Cohort Study, 2016) .
Multivariable logistic
Multivariable logistic
Multivariable logistic
Multivariable logistic
regression regressionregression regression Φ
Φ
Φ
HSIL vs no SIL
AIN2 vs no SIL
AIN3 vs no SIL
HSIL vs no HSIL
aOR
(95% CI)
P
aOR
(95% CI)
P
aOR
(95% CI)
P
aOR
(95% CI)
P
Demographic variables
*
Age in years
0.82 (0.70-0.94) 0.006 0.79 (0.66-0.93) 0.006 0.85 (0.70-1.04) 0.116 0.88 (0.77-1.00) 0.057
HIV-related variables
CD4 T-cell count
0.427
0.757
0.290
0.397
<350 REF
REF
REF
REF
350-500 1.08 (0.64-1.82)
1.05 (0.56-1.95)
1.13 (0.55-2.30)
1.15 (0.72-1.84)
>500 1.29 (0.79-2.10)
1.18 (0.66-2.13)
1.50 (0.77-2.91)
1.31 (0.84-2.04)
ǂ
Nadir CD4 T-cell count, cells/µl
0.97 (0.88-1.06) 0.494 1.02 (0.92-1.14) 0.671 0.89 (0.78-1.01) 0.076 1.00 (0.92-1.09) 0.924
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plasma viral load and number of years living with viral suppression. Nadir and current
CD4+ cell count were not associated with HSIL. Univariable associations between risk
factors and outcome were largely similar between the four outcome measures (Suppl.
Table 1).
Multivariable logistic regression analyses
In multivariable logistic regression analysis, nested within clinic and comparing HSIL
vs. no SIL, increasing age [adjusted odds ratio (aOR) 0.82, 95% confidence interval (CI)
0.70-0.94; P=0.006] and years living with suppressed viral load were significantly
protective for HSIL [1 to 5 years viral suppression aOR 0.52 (95% CI 0.34-0.80), 5.01 to
10 years viral suppression aOR 0.47 (95% CI 0.29-0.74), >10 years viral suppression aOR
0.54 (0.34-0.87), all compared to less than 1 year viral suppression, P=0.009]. Outcome
measures HSIL-AIN2 vs. no SIL, HSIL-AIN3 vs. no SIL and HSIL vs. no HSIL yielded similar
results (Table 2).
Based on multicollinearity we excluded a priori cART use, HIV viral load and
duration of cART use, because this is largely represented in number of years living
with viral suppression. We reran the model including duration of cART use instead of
years living with viral suppression, yielding similar results. None of the interaction
terms were significant, suggesting that the effect of the included risk factors did not
vary by clinic (data not shown).
Additionally, we assessed risk factors for intra- and perianal HSIL vs. no SIL
separately. Intra-anal HSIL showed results comparable to the overall model. Only being
a current smoker was found to be a significant risk factor of perianal HSIL in multilevel
multivariable logistic regression analyses [previously smoked aOR 2.41 (95%CI 0.777.57), current smoker aOR 4.90 (95%CI 1.80-13.35), compared to participants who
never smoked, P=0.006] (Supplementary table 3).
Discussion
We analyzed potential risk factors for anal HSIL (AIN2-3) in 1678 HIV-positive MSM.
Of five demographic and seven HIV-related potential risk factors, only increasing age
and years living with suppressed viral load were significantly protective for HSIL vs. no
SIL. Sensitivity analyses, including duration of cART use instead of duration of viral
suppression, showed a similar relation.
In contrast to our results, several smaller studies, with less than 400 patients each,
reported various demographic and HIV-related risk factors that significantly increased
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the risk for anal hHSIL: the number of specific HPV types and current use of cART 13,
increasing age and CD4+ cell counts less than 50/µl before starting cART 12, and
smoking 23,24. We found smoking to be a risk factor, but for perianal HSIL only. We also
confirmed that duration of cART use showed a reduced risk for hHSIL 12,25. Living more
than one year with viral suppression might reduce the risk for hHSIL as it could be a
proxy for immune restoration over time. We have no good explanation how older age
could be protective for anal HSIL.
The strength of this study is that it reports nearly 1700 patients from three HIV
clinics, using hHSIL as an endpoint. This allowed for an extensive multivariable analysis
without constraints in the number of covariates.
A limitation of our study is that no data were collected on anal HPV infections, but
given that 95% of all HIV-positive MSM have anal HPV present, the value of this risk
factor is debatable 13,26. More specific, HPV16 testing might be considered to have
more discriminatory power, but given that HPV16 was the causative HPV-type in only
60% of anal carcinomas in HIV-positive MSM in another study by our group 27, 40% of
potential anal carcinomas would be missed. Also, patient populations differed
significantly between clinics, which may be explained by differences in calendar year of
starting with HRA screening and by the large study populations, easily leading to
statistically significant but not clinically important differences. Furthermore, multiple
anoscopists performed the HRAs, and given the long learning curve for HRA, some HSIL
lesions may have been missed 28,29. Also, in Clinic B p16 staining was not always used to
confirm AIN2 graded biopsies. Finally, social desirability bias might have occurred for
self-reported STDs and sexual behavior.
Young HIV-positive MSM without viral suppression are statistically at highest risk
for HSIL, but given the high prevalence of HSIL among all virally suppressed men, we
advise that all HIV-positive MSM should be screened for the presence of anal HSIL.
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Dutch
non-Dutch

REF
0.88

0.80

OR

Never smoked
REF
Previously smoking 0.85
Currently smoking 1.06
Number of sex partners in the preceding 6 months
0-1
REF
2 - 5 1.33
≥6 1.43
Had a STD in the preceding 6 months
No
REF
Yes 1.72
HIV-related variables
Currently using cART
No
REF
Yes 0.68
Duration of cART use in years ¥
<1 year Ϯ
REF
1-5 years 0.85
5.01-10 years 0.56
>10 years 0.54
CD4 T-cell count

Smoking status

Demographic variables
Age in years (mean/SD) *
Continent of birth

(0.57-1.19)
(0.79-1.50)

(0.84-1.85)
(1.00-2.12)

(0.96-2.94)

(0.40-1.61)

(0.38-1.26)
(0.27-0.88)
(0.23-0.72)

REF
1.25
1.45
REF
1.68

REF
0.80
REF
0.70
0.48
0.41

(0.96-1.85)
(1.04-1.97)

(1.07-2.78)

(0.39-1.21)

(0.49-1.45)
(0.32-0.96)
(0.32-0.90)

(0.70-1.29)

(0.66-0.88)

(95% CI)

REF
0.82
1.08

REF
0.95

0.76

OR

(0.63-1.15)
(0.81-1.39)

(0.68-1.13)

(0.70-0.90)

(95% CI)

REF
1.24
0.74
0.87

REF
0.57

REF
1.79

REF
1.46
1.40

REF
0.88
1.03

REF
0.78

0.84

OR

(0.56-2.75)
(0.33-1.67)
(0.40-1.89)

(0.28-1.14)

(0.97-3.29)

(0.95-2.24)
(0.91-2.16)

(0.59-1.33)
(0.72-1.49)

(0.54-1.12)

(0.71-0.99)

(95% CI)

REF
0.75
0.58
0.61

REF
0.86

REF
1.65

REF
1.24
1.38

REF
0.90
1.04

REF
0.84

0.87

OR

(0.46-1.23)
(0.36-0.96)
(0.38-0.99)

(0.52-1.42)

(1.07-2.53)

(0.92-1.68)
(1.03-1.85)

(0.68-1.20)
(0.81-1.33)

(0.66-1.06)

(0.78-0.97)

(95% CI)

Supplementary table 1 – Univariable riskfactors for anal histology-proven HSIL, defined as (1) HSIL vs no SIL; (2) AIN2 vs no SIL; (3) AIN3 vs noSIL; (4)
HSIL vs no HSIL (including AIN1) among HIV-positive MSM in Amsterdam, the Netherlands (AIN Cohort Study, 2016).
Univariable
Univariable logistic
Univariable logistic
Univariable logistic
logistic regression
regression
regression
regression
HSIL vs no SIL
AIN2 vs no SIL
AIN3 vs no SIL
HSIL vs no HSIL

Risk factors for anal HSIL

<50
≥50

(0.34-0.76)
(0.29-0.64)
(0.30-0.65)

(0.70-1.22)

REF
0.51
0.43
0.44
REF
0.93

(1.07-2.38)

(0.97-1.20)

1.08
REF
1.59

(0.99-1.15)

(0.62-1.52)
(0.74-1.63)

1.07

REF
0.97
1.10

REF
0.83

REF
0.50
0.45
0.37

REF
1.28

1.05

1.11

REF
0.98
1.10

(0.59-1.17)

(0.31-0.79)
(0.29-0.71)
(0.24-0.59)

(0.78-2.11)

(0.92-1.20)

(1.02-1.21)

(0.57-1.69)
(0.69-1.77)

(0.51-1.77)
(0.64-1.87)
(0.905-1.11)
(0.98-1.29)

(1.25-3.35)

(0.31-0.89)
(0.23-0.68)
(0.33-0.90)

(0.74-1.54)

REF
0.95
1.09
1.00
1.12
REF
2.05
REF
0.53
0.40
0.54
REF
1.07

REF
0.96

REF
0.60
0.56
0.62

REF
1.15

1.04

1.06

REF
1.04
1.21

(0.74-1.24)

(0.42-0.85)
(0.39-0.80)
(0.44-0.88)

(0.81-1.62)

(0.94-1.14)

(0.99-1.13)

(0.68-1.58)
(0.84-1.74)

* per 10 years increase in age; ǂ per 100 cells/µl increase; Ϯ participants who never had an undetectable viral load are included in the category <1 year undetectable viral
load
§ viral suppression was defined as having a viral load of <200 in tests from 1-8-1999 onwards allowing for a onetime blip in viral load between 200 and 400 copies/ml. For
samples tested prior to 1-8-1999 the cut-off of detectability of the laboratory assay that was used for that sample is the cut-off for viral suppression. This varies by time
period (sensitivity of the assays increased over time) and hospital (based on the used assay); ** included AIDS defining illnesses: esophageal candidiasis, Kaposi's sarcoma,
recurrent pneumonia, chronic intestinal microsporidiosis, Pneumocystis jeroveci pneumonia, M. kansasii, pulmonary tuberculosis, chronic intestinal cryptosporidiosis, AIDS
dementia complex / HIV encephalopathy, toxoplasmosis of the brain, other species/unidentified extrapulmonary mycobacterium, CMV retinitis, non-Hodgkin's lymphoma,
CMV disease (other than lymph node, liver, spleen), herpes simplex virus, progressive multifocal leucoencephalopathy, extrapulmonary cryptococcosis, primary lymphoma
of central nervous system, extrapulmonary tuberculosis, wasting syndrome due to HIV, disseminated or extrapulmonary histoplasmosis, visceral leishmaniasis, candidiasis
of trachea / bronchi / lungs, disseminated or extrapulmonary coccidioidomycosis, extrapulmonary pneumocystis, other CDC C-event
abbreviations: CI - confidence Interval, HGAIN - High Grade Anal Intraepethelial Neoplasia, HIV - Human Immunodeficiency Virus, STD - Sexually transmitted disease cART combination antiretroviral therapy, AIDS - Acquired Immune Deficiency Syndrome, SD - standard deviation, IQR - Interquartile Range.

Years living with viral suppression §
<1 year Ϯ
1-5 years
5.01-10 years
>10 years
Having had an AIDS defining illness **
No
Yes

Nadir CD4 T-cell count, cells/µ
[median/IQR]l ǂ
HIV plasma viral load [median/IQR] (in
log10 copies/ml in regression)
HIV viral load copies/ml

<350
350-500
>500
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Supplementary table 2 - Characteristics of the study population of the AIN cohort study by clinic, Amsterdam 2008-2015 (N=1678).
Total
Clinic A
Clinic B
Clinic C
(N=1678)
(N=710)
(N=674)
(N=294)
No.
%
No. %
No.
%
No. %
Demographic variables
(a)
Age in years (mean/SD)
49
(9.6)
48
(9.9)
50
(9.1)
50
(9.7)
(b)
Continent of birth
Europe 1279
82%
503
83%
531
80%
245
88%
Americas 188
12%
71
12%
88
13%
29
10%
Oceania
11
1%
4
1%
5
1%
2
1%
Asia
46
3%
16
3%
28
4%
2
1%
Africa
28
2%
12
2%
14
2%
2
1%
(c )
Smoking status
Never smoked 598
38%
219
36%
272
42%
107
37%
Previously smoking 379
24%
153
25%
130
20%
96
33%
Currently smoking 577
37%
241
39%
252
39%
84
29%
Number of sex partners in the preceding 6 months
(d)
(median/IQR)
2
(1-6)
1.5
(1-6)
2
(1-6)
1
(1-4)
(d)
Number of sex partners in the preceding 6 months
0 - 1 598
49%
149
50%
303
46%
146
55%
2 - 5 304
25%
70
23%
165
25%
69
26%
≥6 316
26%
79
26%
188
29%
49
19%
Had an STD in the preceding 6 months
No 1586
95%
665
94%
649
96%
272
93%
Yes
92
5%
45
6%
25
4%
22
7%
HIV-related variables
(e )
Currently using cART
No
73
4%
61
9%
8
1%
4
1%
Yes 1580
96%
629
91%
661
99%
290
99%
(f)
Duration of cART use in years (median/IQR)
7.8
(4.0-12.4)
7.5 (3.3-11.8)
7.6
(4.3-13.2)
9.9
(4.7-14.2)
(g)
CD4 T-cell count cells/µl (median/IQR)
620
(480-790)
580 (450-770)
630
(490-810) 650
(520-840)

112
<0.001
<0.001

<0.001

0.025

<0.001
0.025

<0.001

0.002
0.090

P-value
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14%
28%
27%
32%
78%
22%

47%
24%
17%
12%

200
413
393
476
1279
354

785
396
289
208

(i)

1204
474

89%
11%
(2.7-11.1)

1347
161
6.3

<50
≥50
(j)
Years living with viral suppression (median/IQR) §
§ (j)
Years living with viral suppression
<1 year Ϯ
1-5 years
5.01-10 years
>10 years
(k) (l)
Having had an AIDS defining illness
No
Yes
SIL
SIL diagnosis
no dysplasia
AIN1
AIN2
AIN3
Intra-anal HSIL
No
Yes

HIV viral load copies/ml (median/IQR)
(i)
HIV viral load copies/ml

72%
28%

19%
22%
38%
21%
(1-40)

315
368
624
344
20

Nadir CD4 T-cell count cells/µl (median/IQR)
(h)
Nadir CD4 T-cell count cells/µl
<100
100-199
200-349
>350

(h)

10%
20%
70%
(130-320)

168
323
1163
220

(g)

<350
350-500
>500

CD4 T-cell count cells/µl

541
196

334
163
125
88

519
146

114
155
119
136

437
116
4.7

166
152
247
128
40

84
155
456
210

72%
28%

47%
23%
18%
12%

78%
22%

22%
30%
23%
26%

79%
21%
(1.3-10.2)

24%
22%
36%
18%
(40-40)

12%
22%
66%
(100-300)

9%
18%
73%
(140-340)
17%
20%
39%
24%
(1-20)
96%
4%
(3.3-11.2)
10%
28%
30%
32%
77%
23%

43%
26%
20%
11%
70%
30%

63
120
483
240
111
132
262
160
1
635
29
6.7
64
185
201
216
520
154

288
176
133
77
469
205

240
54

22
73
73
124

275
16
8.7

38
84
115
56
1

21
48
224
220

221
73

163
57
31
43

75%
25%

55%
19%
11%
15%

82%
18%

8%
25%
25%
42%

95%
5%
(3.7-13.1)

13%
29%
39%
19%
(1-20)

7%
16%
76%
(150-310)

0.183

0.001

0.291

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

0.005
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No
Yes

1632
46

97%
3%

674
36

95%
5%

665
9

99%
1%

293
1

100%
0%

<0.001

a: total - 1 missings; clinic A - 0 missings; clinic B - 1 missing; clinic C - 0 missings; b: total - 126 missings; clinic A - 104 missings; clinic B - 8 missings; clinic C - 14 missings; c: total
- 124 missings; clinic A - 97 missings; clinic B - 20 missings; clinic C - 7 missings; d: total 460 missings; clinic A - 412 missings; clinic B - 18 missings; clinic C - 30 missings; e: total 25 missing; clinic A - 20 missings; clinic B - 5 missings; clinic C - 0 missings; f: total - 93 missings; clinic A - 64 missings; clinic B - 19 missings; clinic C - 10 missing; g: total - 24
missings; clinic A - 15 missings; clinic B - 8 missings; clinic C - 1 missing; h: total - 27 missings; clinic A - 17 missings; clinic B - 9 missings; clinic C - 1 missing; i: total - 170 misisngs;
clinic A - 157 missings; clinic B - 10 missings; clinic C - 3 missings; j: total - 196 misisngs; clinic A - 186 missings; clinic B - 8 missings; clinic C - 2 missings; k: total - 45 missings;
clinic A - 45 missings; clinic B - 0 missings; clinic C - 0 missings.
l: included AIDS defining illnesses: esophageal candidiasis, Kaposi's sarcoma, recurrent pneumonia, chronic intestinal microsporidiosis, Pneumocystis jeroveci pneumonia, M.
kansasii, pulmonary tuberculosis, chronic intestinal cryptosporidiosis, AIDS dementia complex / HIV encephalopathy, toxoplasmosis of the brain, other species/unidentified
extrapulmonary mycobacterium, CMV retinitis, non-Hodgkin's lymphoma, CMV disease (other than lymph node, liver, spleen), herpes simplex virus, progressive multifocal
leucoencephalopathy, extrapulmonary cryptococcosis, primary lymphoma of central nervous system, extrapulmonary tuberculosis, wasting syndrome due to HIV, disseminated
or extrapulmonary histoplasmosis, visceral leishmaniasis, candidiasis of trachea / bronchi / lungs, disseminated or extrapulmonary coccidioidomycosis, extrapulmonary
pneumocystis, other CDC C-event
Ϯ participants who never had an undetectable viral load are included in the category <1 year undetectable viral load
§ viral suppression was defined as having a viral load of <200 in tests from 1-8-1999 onwards allowing for a onetime blip in viral load between 200 and 400 copies/ml. For
samples tested prior to 1-8-1999 the cut-off of detectability of the laboratory assay that was used for that sample is the cut-off for viral suppression
abbreviations: SD: Standard Deviation; HIV: human immunodeficiency virus; cART: combination antiretroviral therapy; IQR: interquartile range; HGAIN: high-grade anal intraepithelial neoplasia; STD: sexually transmitted disease.

Peri-anal HSIL

Risk factors for anal HSIL

Supplementary table 3 - riskfactors of SIL among HIV-positive MSM in Amsterdam, the Netherlands (AIN Cohort Study, 2016).
Univariable logistic
Multivariable logistic
#Φ
SIL
regression
regression
n/N
(%)
OR
(95% CI)
aOR
(95% CI)
SIL
893/1678
53%
Age in years (mean/SD)
48
9.6
0.80
(0.73-0.89)
0.87
(0.76-1.00)
(a)
Continent of birth
Dutch
611/1104
70%
REF
non-Dutch
255/463
30%
0.99
(0.80-1.23)
(b)
Smoking status
Never smoked
322/598
38%
REF
Previously smoking
189/379
24%
0.85
(0.66-1.10)
Currently smoking
321/577
37%
1.07
(0.85-1.35)
(c )
Number of sex partners in the preceding 6 months
0-1
303/598
49%
REF
REF
2-5
173/304
25%
1.29
(0.97-1.70)
1.12
(0.84-1.50)
≥6
180/316
26%
1.29
(0.98-1.70)
1.11
(0.83-1.48)
(d)
Had an STD in the preceding 6 months
No
836/1586
95%
REF
REF
Yes
57/92
5%
1.46
(0.95-2.25)
1.34
(0.82-2.19)
HIV-related variables
(e )
Currently using cART
No
47/73
4%
REF
Yes
837/1580
96%
0.62
(0.38-1.02)
(f) ¥
Duration of cART use in years
<1 year Ϯ
49/82
5%
REF
1-5 years
264/427
27%
1.09
(0.67-1.77)
5.01-10 years
220/430
27%
0.71
(0.44-1.14)
>10 years
306/646
41%
0.61
(0.38-0.97)
(g)
CD4 T-cell count cells/µl
<350
93/168
10%
REF
REF
350-500
169/323
19%
0.89
(0.61-1.29)
0.83
(0.51-1.36)
0.261

0.249

0.666

0.051

P-value
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(124.5 - 340)
89%
11%
13%
28%
27%
32%
78%
22%

727/1347
109/161
139/200
241/413
205/393
239/476
704/1279
188/354

70%

220

623/1163

REF
0.93

REF
0.61
0.48
0.44

REF
1.79

1.04

0.93

(0.73-1.17)

(0.43-0.88)
(0.33-0.69)
(0.31-0.63)

(1.26-2.53)

(0.98-1.11)

(0.67-1.29)

REF
0.89

REF
0.70
0.52
0.55

1.41

0.92

1.08

(0.67-1.19)

(0.43-1.12)
(0.31-0.87)
(0.32-0.92)

REF
(0.81-2.45)

(0.84-1.00)

(0.68-1.71)

0.442

0.063

0.052
0.226

a: 126 missings b: 124 missings, c: 460 missings, d: 0 missings, e: 25 missings, f: 93 missings, g: 24 missings, h: 27 missings i: 170 missings, j: 196 missings, k: 45
missings
# individuals were nested within clinic where HRA was done (multi-level anlaysis); Φ Multivariable model includes 1205 participants; * measured per 10 years
increase; ǂ measured per 100 cells/µl increase; Ϯ participants who never had an undetectable viral load/ never used cART are included in the category <1 year
undetectable viral load; § viral suppression was defined as having a viral load of <200 in tests from 1-8-1999 onwards allowing for a onetime blip in viral load
between 200 and 400 copies/ml. For samples tested prior to 1-8-1999 the cut-off of detectability of the laboratory assay that was used for that sample is the cutoff for viral suppression; ¥ excluded from the multivariable logistic regression model because of multicollinearity
abbreviations: CI - confindence Interval, HGAIN - High Grade Anal Intraepethelial Neoplasia, HIV - Human Immunodeficiency Virus, cART - combination
antiretroviral therapy, aids - Acquired Immune Deficiency Syndrome, SD - standard deviation, IQR - Interquartile Range.

>500
Nadir CD4 T-cell count (median/IQR),
(h) ǂ
cells/µl
(i)
HIV viral load copies/ml
<50
≥50
(j) §
Years living with viral suppression
<1 year Ϯ
1-5 years
5.01-10 years
>10 years
(k)
Having had an AIDS defining illness
No
Yes

Risk factors for anal HSIL

ǂ

0.47
0.56

5.01-10 years
>10 years
REF
0.94

No
Yes

(0.69-1.27)

(0.30-0.75)
(0.35-0.90)

(0.37-0.85)

(0.70-2.05)
(0.86-2.34)
(0.90-1.09)

(0.72-0.96)

0.691

0.855
0.013

0.315

0.014

Φ

(0.17-1.96)
(0.16-1.50)
(0.73-1.65)

(0.22-3.25)
(0.39-5.44)
(0.49-7.24)

REF
0.57
0.48
0.94
REF
0.85
1.45
1.88

1.25

(0.57-2.73)

(0.77-7.57)
(1.80-13.35)

REF
2.41
4.90

REF

(0.73-1.65)

1.10

Φ

0.580

0.680
0.517

0.455

0.659
0.006

Multivariable logistic regression
aOR
(95% CI)
P

# individuals were nested within clinic where HRA was done (multi-level analysis); Φ Multivariable model intra-anal includes 1122 participants; peri-anal includes 1357
participants; * per 10 years increase in age; ǂ per 100 cells/µl increase; Ϯ participants who never had an undetectable viral load are included in the category <1 year
undetectable viral load; § viral suppression was defined as having a viral load of <200 in tests from 1-8-1999 onwards allowing for a onetime blip in viral load between 200
and 400 copies/ml. For samples tested prior to 1-8-1999 the cut-off of detectability of the laboratory assay that was used for that sample is the cut-off for viral suppression.
This varies by time period (sensitivity of the assays increased over time) and hospital (based on the used assay). Abbreviations: CI - confidence Interval, HSIL - High grade
Squamous Intraepethelial Lesion, HIV - Human Immunodeficiency Virus, AIDS - Acquired Immune Deficiency Syndrome, SD - standard deviation.

Having had an AIDS defining illness

REF
0.56

Ϯ

<1 year
1-5 years

REF
1.20
1.42
0.99

0.83

<350
350-500
>500

Never smoked
Previously smoking
Currently smoking

Nadir CD4 T-cell count, cells/µl
§
Years living with viral suppression

HIV-related variables
CD4 T-cell count

Demographic variables
*
Age in years
Smoking status

Multivariable logistic regression
aOR
(95% CI)
P

Supplementary table 4 - Riskfactors of anal histology-proven HSIL vs no SIL stratified by anatomical location among HIV-positive
#
MSM in Amsterdam, the Netherlands (AIN Cohort Study, 2016) .
Intra-anal
Peri-anal

Risk factors for anal HSIL

117

5

CHAPTER 6
Virological and serological predictors of
anal high-grade squamous intraepithelial
lesions among HIV-positive
men who have sex with men
Elske Marra, Matthijs H. Siegenbeek van Heukelom, Annemiek Leeman,
Tim Waterboer, Chris J.L.M. Meijer, Peter J.F. Snijders, Audrey J. King,
Irina Cairo, Arne van Eeden, Wilma Brokking, Wim Quint, Pascal van der Weele,
Jan M. Prins, Henry J.C. de Vries, Maarten F. Schim van der Loeff

Submitted

Predictors of anal HSIL

Abstract
Background
Our objective was to identify virological and serological predictors of anal high-grade
squamous intraepithelial lesions (HSIL) in HIV-positive men-who-have-sex-with-men
(MSM).
Methods
HIV-positive MSM were recruited from a longitudinal study (2010-2013), during which
anal self-swabs and serum were collected at up to five bi-annual visits. Swabs were
HPV genotyped, and type-specific HPV viral load in anal swabs was determined. Serum
antibodies to E6, E7, E1, E2 and L1 proteins of 7 hrHPV-types and HPV6 and 11 were
analyzed. 193 participants had a high-resolution anoscopy (HRA) after the last study
visit and were included in the current analysis. Anal HSIL was diagnosed by
histopathological examination of anal biopsies. Causative HPV-type of anal HSIL was
determined in whole tissue sections (WTS) and by laser capture micro-dissection if
more than one HPV-type was found in WTS. Multivariable logistic regression was used
to study whether persistent anal HPV infection, HPV viral load and seropositivity for
HPV were predictors of anal HSIL, in general and for concordant causative HPV-type.
Results
Of 193 HIV-positive MSM, 50 (26%) were diagnosed with anal HSIL. HrHPV persistence
in anal swabs was common, varying by hrHPV-type between 3-21%. Neither anal
hrHPV viral load, nor seropositivity for L1, E6, E7, E1, or E2 was associated with anal
HSIL. Only anal HPV persistence was independent associated with anal HSIL, in general
and by concordant causative HPV-type.
Conclusion
Persistent HPV infection was strongly associated with anal HSIL, in general as well as
for concordant HPV-type.
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Introduction
Infection with high risk human papillomavirus (hrHPV) can cause cervical cancer 1-4,
as well as anal 5,6, penile 7 and head-and-neck cancer 8,9. Men who have sex with men
(MSM) are at increased risk of HPV associated anal cancer and its precursors 10.
Incidence of anal cancer ranges from 5 per 100,000 per year among HIV-negative
MSM, rising to 78 per 100,000 per year among HIV-positive MSM in the combination
antiretroviral therapy (cART)-era 10-12.
Precursor lesions of anal cancer 12,13 are histopathologically graded as anal
intraepithelial neoplasia (AIN) 1, 2, and 3 and categorized as low-grade squamous
intraepithelial lesions (LSIL; AIN1) or high-grade squamous intraepithelial lesions (HSIL;
AIN2/3). The gold standard for anal HSIL screening is high-resolution anoscopy (HRA)
with biopsy of suspicious lesions 14-16. HRA is time-consuming, technically challenging
and cumbersome for the patient. Selecting patients at risk of anal HSIL for HRA could
be beneficial from a patient and health-care costs perspective. Yet, current alternative
screening methods either lack sensitivity and specificity 10,17-19. Evaluation of
demographic-, behavioral- and HIV-related factors for triage of HIV-positive MSM at
higher risk of anal HSIL showed no uniform risk factors 12,15,20-23. Biomarkers, such as
naturally acquired HPV antibodies, anal HPV persistence and anal HPV viral load, might
also be used as predictors of anal HSIL. Serum antibodies against proteins of HPV are
of interest as potential predictors of anal HSIL, as they were shown to be strong
predictors of anal 24 and oropharyngeal cancer 25,26. Therefore, the aim of this study
was to assess the predictive power of anal HPV persistence, anal hrHPV viral load and
seropositivity for different HPV proteins (L1,E6,E7,E1,E2) for the presence of anal HSIL
among HIV-positive MSM.
Methods
Study participants
Study design and sample collection of the HIV & HPV in MSM (H2M) study have
been previously described 19. In brief, HIV-negative and HIV-positive MSM aged ≥18
years were recruited for a prospective cohort study in 2010–2011 at three sites in
Amsterdam, the Netherlands 19. Participants were followed up approximately every 6
months, for a maximum period of 24 months per person.
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Figure 1. Flow-chart of the H2M2 study among HIV-positive MSM.
Within the H2M2 study, analyses were done in two different ways: (1) Studying predictors of anal HSIL on
patient-level, in which the anal HSIL diagnosis was based on histology done by the pathology department
of the clinic where the HRA was done; (2) Studying predictors of anal HSIL with known causative HPV type,
in which the HPV type-specific HSIL diagnosis was based on histology and on results of whole tissue
section analysis and, if indicated, laser capture microdissection of the anal biopsies.
* No left-over tissue or HSIL not confirmed in re-assessment of available left-over tissue of the biopsy.
Abbreviations: HIV – human immunodeficiency virus; HPV – human papillomavirus, HSIL –high-grade squamous
intraepithelial lesion, WTS – whole tissue section, LCM – laser capture microdissection, MSM – men who have sex with
men, H2M study – HPV and HIV in MSM study, AIN – anal intraepithelial neoplasia, HRA – high resolution anoscopy.
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HRA was offered to HIV-positive participants in three clinics in Amsterdam during the
study period: the Academic Medical Center (AMC), Onze Lieve Vrouwe Gasthuis
(OLVG), and DC Klinieken. Only HIV-positive H2M participants who underwent a first
HRA after their last H2M visit in one of these three clinics before December 2015 were
included in this study (Figure 1). The Medical Ethics Committee of the AMC approved
this study [MEC 07/182] and all participants provided written informed consent prior
to enrolment.
Data collection
At each H2M visit, participants completed a self-administered questionnaire.
Venous blood, and anal self-swabs were collected [regular flocked swab with 1 ml
Universal Transport Medium (UTM); Copan, Brescia, Italy] 19. HIV-related data were
obtained from the Dutch HIV Monitoring Foundation 27. Clinical information related to
the HRA was obtained from the infectious diseases physician or dermatologist.
Human papillomavirus DNA detection and genotyping
DNA detection and HPV genotyping of the anal samples has been previously
described 19. Briefly, DNA extraction was performed using the MagNA Pure LC Total
Nucleic Acid Isolation Kit (Roche, Mannheim, Germany). Broad-spectrum HPV DNA
amplification was performed using the highly sensitive SPF10-PCR DEIA/LiPA25 system
(version 1) 28. Persistent HPV infection was defined as at least three positive anal
samples of the same HPV-type, with a maximum of one negative anal sample in
between.
HPV viral load determination
Type-specific hrHPV anal viral load was determined if a participant was positive for
HPV16,18,31,33,45,52,58 at the last H2M visit. Viral load was determined using a
previously described type specific L1-targeting quantitative qPCR protocol optimized to
approach SPF10-LiPA25 sensitivity levels 29,30. HPV viral loads were standardized for the
amount of human cells present in each sample via a β-actin qPCR 30. qPCRs were
performed in 20µl final volume using LightCycler TaqMan Master on the Roche
LightCycler 480 platform (Roche Diagnostics, Almere, the Netherlands). The typespecific median anal HPV viral load was determined, after which categorical variables
by hrHPV-type were made, grouping participants in three groups: no HPV infection,
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Table 1. Characteristics of the study population of the H2M2 (HIV & HPV in MSM 2) study by anal histological high-grade squamous
intraepithelial lesion (HSIL) status.
#
Total (N=193)
No HSIL (N=143)
HSIL (N=50)
P value
Demographic and behavioural variables
Age in years at moment of HRA, mean (SD)
50
(10)
50
(10)
50
(9)
0.7
a
Smoking status at moment of HRA
0.4
Never smoked 68
39%
52
38%
16
40%
Previously smoked 63
36%
46
34%
17
43%
Currently smoking 45
26%
38
28%
7
18%
Higher education (higher professional education or university)*
0.05
No 68
35%
56
39%
12
24%
Yes 125
65%
87
61%
38
76%
b
Living situation*
0.5
Living alone 95
50%
71
50%
24
49%
Living together with a steady partner 91
48%
66
46%
25
51%
Other
5
3%
5
4%
0
0%
b
Country of birth*
0.1
Netherlands 145
76%
104
73%
41
84%
Other 46
24%
38
27%
8
16%
Sexual behavioural variables
a
Lifetime number of sex partners, median (IQR)*
400
(100-1000)
400
(150-1000)
350
(100-1000)
0.5
a
Lifetime number of sex partners, median (IQR) *
0.8
<25
9
7%
6
5%
3
7%
25-99 19
14%
13
10%
6
14%
100-499 63
36%
48
36%
15
34%
≥500 85
48%
65
49%
20
45%
c
Condom use during anal sex in the preceding 6 months*
0.3
Never 17
11%
14
12%
3
7%
Sometimes 90
58%
62
54%
28
68%
Always 48
31%
38
33%
10
24%
HIV-related variables (all around time of HRA)
Currently using cART
0.6
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182
11

<50
≥50

95%
5%

29%
48%
23%
0%
0%

136
7

42
68
33
0
0
1.3

22%
35%
17%
13%
13%
(1.0-1.8)

94%
6%

(0.9-1.8)

15%
44%
41%
(140)
(257)

21
63
58
240
681

16%
46%
38%
(134)
(250)

2%
98%
(5.0-16.1)

3
140
9.7

3%
97%
(5.0-15.9)

1.4

0
0
0
25
25

45
4

9
25
15
258
681

2
48
7.9

(0.9-2.0)

0%
0%
0%
50%
50%

92%
8%

18%
51%
31%
(116)
(231)

4%
96%
(4.7-12.0)

0.1

0.4
0.9
0.5

0.3
0.4

Data are represented as n(%) unless otherwise indicated.
* Variable from the baseline visit of H2M study; # Significance of differences between participants with and without anal HSIL was assessed by Chi-square tests or
Fisher’s exact test for categorical variables and Wilcoxon rank-sum tests for continuous variables.
(a) 17 missings; (b) 2 missings; (c) 38 missing; (d) 5 missings; (e) 2 missings; (f) 1 missing; (g) 26 missings; (h) 4 missings
Abbreviations: HIV – human immunodeficiency virus; HPV – human papillomavirus, HSIL –high-grade squamous intraepithelial lesion, MSM – men who have sex
with men, H2M study – HPV and HIV in MSM study, AIN – anal intraepithelial neoplasia, HRA – high resolution anoscopy, SD – standard deviation, IQR –
interquartile range.

1.3

42
68
33
25
25

30
88
73
245
681

<3 years
3-10 years
>10 years

No biopsies taken
No dysplasia
AIN1
AIN2
AIN3

d

Time between last H2M visit and HRA in years, median (IQR)

AIN diagnosis
AIN diagnosis at first HRA

Nadir CD4 T-cell count, cells/µl, mean (SD)
g
CD4 T-cell count cells/µl, mean (SD)
HIV-RNA plasma, copies/ml

Duration of cART use in years, median (IQR)
e
Years living with viral suppression

5
188
8.6

No
Yes
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positive with HPV viral load ≤median, and positive with HPV viral load >median HPV
viral load.
Serology
All serum samples were stored at -80°C until analysis. HPV antibody detection
against L1, E6, E7 for HPV-types 6, 11, 16, 18, 31, 33, 45, 52, 58, and against E1 and E2
for HPV-types 16 and 18 was conducted simultaneously using a glutathione Stransferase multiplex assay 31. Antibody specific seropositivity for all HPV antigens was
calculated based on standardized serology cutoff values (Supplementary table 1).
HRA procedure
The HRA procedure has been described previously 20,32,33. Briefly, HRA consisted of a
digital rectal examination followed by intra- and perianal inspection with a highresolution colposcope after repeatedly applying acetic acid (3–5% solution) and
staining with Lugol’s iodine when indicated. Areas suspicious for squamous
intraepithelial lesions (SIL) were biopsied.
Histopathology
Biopsied lesions were graded by specialized pathologists. In two out of three clinics,
pathologists used p16 staining for AIN2 grading of biopsies, as recommended by the
College of American Pathologists 16. The highest grade biopsy defined the overall
diagnosis. Available left-over tissue of biopsies of participants with anal HSIL was
reevaluated at DDL Diagnostic Laboratory, Rijswijk, the Netherlands. Reassessment
entailed morphological examination of a newly cut Haematoxylin and Eosin (H/E)
stained slide with supportive use of p16, by two specialized pathologists. HPV-types in
the lesion were determined by genotyping using the SPF10-PCR DEIA/LiPA25 system
(version 1) on the whole tissue section (WTS) and, if WTS analysis yielded more than
one HPV-type, on specific lesions after laser capture micro-dissection 28,33,34.The single
HPV-type found in a lesion was called the causative HPV-type.
Statistical analyses
Differences in characteristics between men without anal HSIL (no anal HSIL/AIN1)
and with anal HSIL (AIN2/AIN3) were assessed by using Chi-squared or Fisher’s exact
tests for categorical variables and Wilcoxon rank-sum tests for continuous variables.
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Prediction of anal HSIL
Analyses on prediction of anal HSIL were conducted on two levels: patient-level and
causative HPV-type-level (Figure 1).
For the patient-level analyses a dataset was created of one record per participant
with the outcome anal HSIL (regardless of causative type) vs. no anal HSIL. Univariable
and multivariable logistic regression was conducted to study the predictive power of
each biomarker for anal HSIL diagnosis. Variables associated at P<0.2 in the univariable
model were assessed in multivariable analysis, using a backward selection method.
For the causative HPV-type-level analyses a dataset was created of one record per
HPV-type per patient. Each record included a value for HSIL: 1 if the patient had HSIL
caused by that particular type and 0 if the patient did not have HSIL caused by that
particular HPV-type. Of some lesions the HSIL diagnosis could not be confirmed (Figure
1), because no left-over tissue was available, or no HSIL was detected in the left-over
material of the lesion. As these HSIL could not be assigned to an HPV-type, these men
were excluded from the analyses. Univariable and multivariable logistic regression
analyses using generalized estimating equations (GEE) was done to determine the
association of type-specific biomarkers with type-specific anal HSIL diagnosis. GEE
accounted for multiple observations (different HPV-types) within the same participant.
The main dataset consisted of data on HPV-types 6, 11, 16, 18, 31, 33, 45, 52, 58. As
there were 193 men in this study, this dataset contained 1737 records. Biomarkers
associated in univariable regression at P<0.2 were included in multivariable logistic
regression using GEE. A backward selection procedure was done to obtain a
parsimonious model.
In both types of analyses age, number of years living with viral suppression 20 and
time between last H2M visit and HRA were included as potential determinants.
If determinants were found in any of the multivariable analyses, accuracy of the
determinant as a predictor was assessed using a receiver operator curve (ROC) to
estimate the area under the ROC curve (AUC).
Sensitivity analyses on both patient-level and causative HPV-type-level were done
by using AIN2 vs. no anal HSIL, and AIN3 vs. no anal HSIL as outcome. Further
sensitivity analyses on HPV-type-level were done on datasets with different
combinations of HPV-types: (1) HPV-types 16 and 18; (2) HPV-types 16, 18, 31, 33, 45,
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52, 58; (3) HPV-types 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59; (4) HPV-types 6
and 11. Also two other definitions of persistence were tested, having: (1) at least four
positive anal HPV samples; (2) at least two consecutive positive anal samples. Also two
definitions of single positive visits were assessed: (1) at least one positive visit; (2)
positive at the last H2M visit. Finally, sensitivity analyses were done on hrHPV viral
load to assess the association between anal HSIL and hrHPV viral load as a continuous
variable. For this, standardized Z-scores of the log-transformed type-specific anal
hrHPV viral load were used to account for natural differences in hrHPV viral load
between different hrHPV-types. The association of anal hrHPV viral load with anal HSIL
was assessed using restricted cubic splines, with knots at the 20th, 40th, 60th, and
80th percentiles.
Results
In total, 193 HIV-positive MSM were included in this analysis, of whom 50 (26%)
had anal HSIL based on the histopathological diagnosis of the clinic’s own pathology
department (Figure 1). The mean age was 50 years (standard deviation (SD) 10). Nearly
all MSM were on cART (n=188; 97%), the mean CD4 T-cell count was 681 cells/µl (SD
250) and the mean nadir CD4 T-cell count was 245 cells/µl (SD 134). Educational level
was the only characteristic in which a borderline significant difference was found
between participants with and without anal HSIL (p=0.05) (Table 1).
Anal HPV persistence of the two low-risk (6, 11) and seven hrHPV-types (16, 18, 31,
33, 45, 52, 58) was common, with persistence for HPV16 in 19% of study participants.
The highest proportion persistence was found for HPV6 (22%) (Table 2 &
Supplementary table 2). The highest hrHPV viral load was found for HPV16, with a
median 57.4 DNA copies/human cell (interquartile range (IQR): 8.7-586.2) (Table 2). L1
seropositivity at last H2M visit was common, with 37 participants (19%) being HPV16
seropositive. E1, E2, E6 and E7 seropositivity was rare. HPV16 seropositivity was 3% for
E1, 1% for E2, 3% for E6, and 1% for E7 (Table 2).
Patient-level results
In univariable logistic regression analyses on patient-level, age, years living with
viral suppression and time between last H2M visit and HRA were not significantly
associated with anal HSIL (Table 3). Of the assessed biomarkers, only HPV16 and
HPV35 persistence were significantly associated with anal HSIL (odds ratio (OR) 2.46,
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1%

0

0%

3

2%

1

0.5%

1

0.5%

1

0.5%

1

0.5%

0

0%

3%
5%
12%
5%
(3-467)
96%
2%
2%
8%
0.5%
0.5%
1%

6
10
22
9
24
183
4
4
15
1
1
2

0%

2%

3

0

HPV58
%
n

Abbreviations: Abbreviations: HIV – human immunodeficiency virus; HPV – human papillomavirus, HSIL –high-grade squamous intraepithelial lesion, MSM – men who have sex with men, H2M
study – HPV and HIV in MSM study, AIN – anal intraepithelial neoplasia - IQR – interquartile range.
- : not measured; * 3 positive visits with max. 1 negative visit in between; ** Measured at last H2M visit: for most of the men this was visit #5, but for some this was visit #4, or #3, or #2; *** as
established by whole tissue section genotyping and laser capture microdissection if more than one HPV type was found in whole tissue section.
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Table 2. Frequencies of HPV type-specific biomarkers and causative HPV types of anal HSIL among 193 HIV-positive MSM
HPV6
HPV11
HPV16
HPV18
HPV31
HPV33
HPV45
HPV52
N
n
%
n
%
n
%
n
%
n
%
n
%
n
%
n
%
Anal HPV persistence
At least 4 positive
30 17% 13 7% 23
13%
11
6%
19
11%
9
5%
7
4%
13
7%
visits 155
3 positive visits * 162 41 22% 18 10% 34
19%
14
8%
29
16%
16
9%
18
10%
28
15%
2 consecutive
25%
22
12%
39
20%
21
11%
21
11%
42
22%
46 24% 24 13% 48
positive visits 167
At least once
65 34% 33 17% 71
37%
46
24%
76
40%
39
20%
43
23%
77
40%
positive 169
Positive in last visit 169 36 19% 20 10% 38
20%
20
10%
34
18%
18
9%
24
13%
28
15%
Anal HPV Viral load in copies/human cell **
median/IQR
57 (9-586) 15 (0.1-233) 15
(2-283)
7
(0.1-23)
8 (1-119)
1
(0.6-73)
No infection
160 84%
176
92%
171
90%
177
93%
169
88%
174
91%
≤ the median
15
8%
7
4%
10
5%
7
4%
11
6%
9
5%
> the median
16
8%
8
4%
10
5%
7
4%
11
6%
8
4%
HPV Seropositivity**
L1 193 47 24% 36 19% 37
19%
17
9%
13
7%
6
3%
33
17%
8
4%
E1 193 6
3%
7
4%
E2 193
2
1%
3
2%
E6 193 0
0%
1 0.5% 5
3%
0
0%
3
2%
1
0.5%
0
0%
0
0%
E7 193 1 0.5% 1 0.5% 2
1%
0
0%
1
0.5%
6
3%
0
0%
1
0.5%
HPV type in AIN lesions ***
AIN2
3
2%
0
0%
5
3%
1
0.5%
3
2%
1
0.5%
1
0.5%
1
0.5%
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95% confidence interval (CI) 1.12-5.39, and OR 3.28, 95%CI 1.16-9.32, respectively).
Neither anal hrHPV viral load nor any of the serological markers were associated with
anal HSIL. Univariable associations were largely the same using AIN2 or AIN3 as
outcomes, instead of HSIL (Table 3). In multivariable logistic regression, anal HPV16
and HPV35 persistence remained significantly associated with anal HSIL (adjusted OR
2.41, 95%CI 1.09-5.35, and adjusted OR 3.19, 95%CI 1.10-9.23, respectively). In
multivariable logistic regression with AIN2 as outcome, anal HPV16 persistence and
HPV18 L1 seropositivity were significantly associated with the outcome. In
multivariable logistic regression with AIN3 as outcome, HPV33 and HPV35 persistence
were significantly associated with the outcome (Table 4).
Anal HPV16 persistence was a very weak predictor of anal HSIL, with an area under the
ROC-curve of 0.58. Sensitivity analyses with different definitions of persistence gave
similar results (data not shown).
HPV-type-level results
In the 50 patients with HSIL, HSILs could be attributed to a causative HPV-type in 26
patients, including 23 AIN2 lesions and 12 AIN3 lesions. In the other 24 patients HSIL
was not diagnosed in the left-over material at the second histopathological
examination. Characteristics of this study population are provided in Supplementary
table 3.
Including HPV-types 6, 11, 16, 18, 31, 33, 45, 52, 58, in univariable logistic
regression using GEE, age, years living with viral suppression and time between last
H2M visit and HRA were not significantly associated with anal HSIL with known
causative HPV-type (Supplementary table 4). Neither anal hrHPV viral load nor any of
the serological markers were associated with anal HSIL by the concordant HPV-type.
Type-specific anal HPV persistence was the only biomarker significantly associated with
anal HSIL caused by the concordant HPV-type (OR 14.68, 95%CI 6.16-35.02, P<0.001)
(Figure 2). The area under the ROC curve for the prediction of type-specific anal HSIL
by type-specific persistence was 0.60 (data not shown).
In the datasets including different combinations of HPV-types (including HPV-types
16 and 18; HPV-types 16, 18, 31, 33, 45, 52, 58; HPV-types 6, 11, 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59), anal HPV persistence remained the only significantly associated
biomarker of anal HSIL caused by the concordant HPV-type (Figure 2). The associations
between anal HPV persistence, anal hrHPV viral load and seropositivity for L1, E6, E7,
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E1, E2 remained largely the same when AIN2 or AIN3 were used as outcomes
(Supplementary figure 1). However, type-specific anal HPV persistence was no longer
significantly associated when AIN3 was used as outcome.
As the persistence definition is arbitrary, we assessed the effect of different
definitions of persistence on the association with anal HSIL: at least 4 positive visits, 3
positive visits with a maximum of one negative visit in between (main definition used),
2 consecutive positive visits, at least once positive, positive at last H2M visit. We
assessed all definitions in the four datasets including different combinations of HPVtypes, for all three outcome measures (HSIL vs no HSIL, AIN2 vs no HSIL, AIN3 vs no
HSIL). The association between anal HPV persistence and anal HSIL caused by the
concordant HPV-type remained strong for all definitions of persistence, irrespective of
the included HPV-types (Figure 3). The strength of the association between anal HPV
persistence and type-concordant anal HSIL diagnosis could not be assessed when only
HPV6 and 11 were included, due to limited power. However, all participants with anal
HSIL caused by HPV6 or 11 had a persistent anal HPV infection of that type. All
associations with persistence remained largely the same when AIN2 or AIN3 were used
as outcome (data not shown). Assessment of anal hrHPV viral load as a continuous
variable showed no significant association (P=0.3) with anal HSIL caused by the
concordant HPV-type (Supplementary figure 2).
Discussion
In this study we assessed associations of HPV related biomarkers and anal HSIL
among HIV-positive MSM in Amsterdam, the Netherlands. Of the biomarkers anal HPV
persistence, anal hrHPV viral load, and seropositivity for L1 and various E antigens, only
anal HPV16 and HPV35 persistence were significantly associated on a patient level. On
HPV-type level, anal HPV persistence was the only biomarker significantly associated
with anal HSIL caused by the concordant HPV-type. The discriminatory power,
expressed as the AUC of the ROC, of persistence as biomarker for anal HSIL was too
weak to use persistence as screening tool for anal HSIL screening in HIV-positive MSM.
Persistence of anal HPV infection is considered a requirement for development of
anal HSIL and eventually progression to anal cancer 15,35,36. To our knowledge, the use
of anal HPV persistence as a biomarker for the presence of anal HSIL has not been
studied before.
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Table 3 - Univariable logistic regression of determinants of anal HSIL on patient-level.
Univariable logistic
Univariable logistic
regression - HSIL vs. no
regression - AIN2 vs. no
HSIL (N=193)
HSIL (N=168)
OR
(95% CI)
P
OR
(95% CI)
Demographic variables
Age
0.6
≤44 years
ref
ref
45-54 years 0.70
(0.32-1.54)
0.40
(0.14-1.11)
≥55 years 0.64
(0.27-1.50)
0.48
(0.16-1.38)
HIV-related variables
Years living with viral suppression §
0.4
< 3 year Ϯ
ref
ref
3-10 years 0.93
(0.37-2.30)
0.46
(0.16-1.29)
>10 years 0.60
(0.23-1.58)
0.27
(0.08-0.88)
Time variables
Time between last H2M visit and HRA in years
0.2
< 1 year
ref
ref
1-2 years 1.89
(0.82-4.34)
2.12
(0.66-6.80)
≥2 years 2.19
(0.80-6.03)
2.69
(0.69-10.47)
Anal HPV Persistence* #
HPV6 persistence
1.98
(0.94-4.19)
0.08
2.54
(1.00-6.44)
HPV11 persistence
1.51
(0.53-4.29)
0.4
1.48
(0.38-5.68)
HPV16 persistence
2.46
(1.12-5.39)
0.03
4.14
(1.62-10.61)
HPV18 persistence
2.34
(0.77-7.14)
0.1
3.20
(0.88-11.62)
HPV31 persistence
0.91
(0.36-2.28)
0.8
0.74
(0.20-2.70)
HPV33 persistence
2.47
(0.86-7.05)
0.1
1.28
(0.26-6.34)
HPV35 persistence
3.28
(1.16-9.32)
0.03
2.29
(0.56-9.31)
HPV39 persistence
0.40
(0.05-3.34)
0.3
0.80
(0.09-6.82)
HPV45 persistence
1.51
(0.53-4.29)
0.4
1.48
(0.38-5.68)
HPV51 persistence
1.78
(0.82-3.88)
0.2
2.80
(1.10-7.14)
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0.06
0.6
0.004
0.1
0.6
0.8
0.3
0.8
0.6
0.04

0.3

0.09

0.2

P

1.49
1.55
1.22
1.52
1.09
3.92
4.44
n.a.
1.55
0.98

ref
1.70
1.79

ref
4.67
3.26

ref
1.30
0.95

(0.54-4.16)
(0.40-5.98)
(0.38-3.97)
(0.30-7.67)
(0.34-3.52)
(1.18-13.01)
(1.31-15.08)
n.a.
(0.40-5.98)
(0.31-3.15)

(0.58-4.99)
(0.47-6.82)

(0.58-37.65)
(0.39-27.30)

(0.43-3.97)
(0.28-3.27)

Univariable logistic
regression - AIN3 vs. no
HSIL (N=168)
OR
(95% CI)

0.5
0.5
0.7
0.6
0.9
0.04
0.03
n.a.
0.5
0.9

0.6

0.2

0.8

P
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HPV18 viral load at last H2M study visit
No HPV 18 infection
≤ the median
(14.5 DNA copies/ human cell)
> the median
(14.5 DNA copies/ human cell)
HPV31 viral load at last H2M study visit
No HPV 31 infection
≤ the median
(14.6 DNA copies/ human cell)
> the median
(14.6 DNA copies/ human cell)
HPV33 viral load at last H2M study visit
No HPV 33 infection
≤ the median
(7.40 DNA copies/ human cell)
> the median
(7.40 DNA copies/ human cell)
HPV45 viral load at last H2M study visit
No HPV 45 infection

HPV52 persistence
HPV56 persistence
HPV58 persistence
HPV59 persistence
Anal HPV viral load
HPV16 viral load at last H2M study visit
No HPV 16 infection
≤ the median
(57.4 DNA copies/ human cell)
> the median
(57.4 DNA copies/ human cell)

ref

0.6

(0.50-10.86)

2.34

ref

1.52

4.06

(0.89-19.30)

n.a.

4.16

0.1
ref

(0.14-3.42)

0.70

0.75

ref

ref

(0.30-4.84)

1.20

0.9

(1.20-22.80)

5.23
ref

n.a.

(0.24-6.71)

1.26
11.25

ref

ref

0.08

(0.44-4.09)

1.34

2.20

0.55

(0.32-3.56)

2.05
0.60
1.13
n.a.

1.07

0.9

0.4
0.4
0.6
n.a.

ref

(0.61-3.49)
(0.20-1.90)
(0.06-4.87)
n.a.

ref

1.46
0.61
0.56
n.a.

ref

3.19

(0.16-14.26)
0.4

4.25

(0.64-25.70)

ref

1.50

n.a.

ref

n.a.

1.71

0.4

0.8

(0.09-6.38)

(2.49-50.74)

2.35

ref

0.52

(0.64-7.59)

ref

0.92
0.62
n.a.
n.a.

1.57

0.002

0.4

0.2
0.5
0.9
n.a.

(0.07-4.50)

(0.72-5.83)
(0.13-2.75)
(0.13-10.13)
n.a.

(0.55-18.52)

(0.67-26.98)

(0.30-7.56)

(0.33-8.82)

n.a.

(0.43-12.83)

(0.06-4.27)

(0.40-6.11)

(0.25-3.41)
(0.13-2.89)
n.a.
n.a.

0.8

0.2

0.8

0.4

0.6

0.9
0.5
n.a.
n.a.
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≤ the median
(8.0 DNA copies/ human cell) 1.62
> the median
(8.0 DNA copies/ human cell) 0.63
HPV52 viral load at last H2M study visit
No HPV 52 infection
ref
≤ the median
(1.3 DNA copies/ human cell) 1.39
> the median
(1.3 DNA copies/ human cell) 0.40
HPV58 viral load at last H2M study visit
No HPV 58 infection
ref
≤ the median
(24.2 DNA copies/ human cell) 2.81
> the median
(24.2 DNA copies/ human cell)
n.a.
HPV antibodies
L1 seropositivity at last H2M study visit
HPV6 0.73
HPV11 1.16
HPV16 1.34
HPV18 2.68
HPV31 1.56
HPV33 1.72
HPV45 1.10
HPV52 1.13
HPV58 0.83
E6 seropositivity at last H2M study visit**
HPV16 0.84
E7 seropositivity at last H2M study visit**
HPV33 0.66
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n.a.

0.87
1.39
1.39
4.44
2.07
2.25
1.05
3.19
1.51

0.5
0.7
0.5
0.07
0.5
0.6
0.8
0.9
0.8
0.9
0.7

n.a.

(0.31-1.67)
(0.49-2.76)
(0.57-3.12)
(0.94-7.65)
(0.45-5.38)
(0.30-9.80)
(0.45-2.70)
(0.22-5.84)
(0.22-3.10)
(0.09-7.72)
(0.07-5.86)

n.a.

n.a.

5.87

(0.39-20.52)

ref

0.80

(0.05-3.32)
0.3

0.93

(0.33-5.79)

ref

1.39

(0.13-3.04)
0.6

2.68

(0.45-5.81)

n.a.

n.a.

(0.26-2.96)
(0.40-4.79)
(0.40-4.79)
(1.18-16.75)
(0.40-10.73)
(0.23-21.67)
(0.27-4.04)
(0.58-17.61)
(0.30-7.58)

n.a.

(0.79-43.77)

(0.09-6.77)

(0.11-8.07)

(0.28-6.90)

(0.64-11.22)

n.a.

n.a.

0.8
0.6
0.6
0.04
0.4
0.5
0.9
0.2
0.6

0.1

0.9

1.10

1.39

0.64
1.02
1.31
1.75
1.24
1.39
1.13
n.a.
0.43

n.a.

n.a.

ref

n.a.

1.86

ref

n.a.

0.74

(0.12-9.94)

(0.15-13.08)

(0.22-1.87)
(0.35-3.03)
(0.47-3.66)
(0.44-6.96)
(0.25-6.19)
(0.15-13.08)
(0.38-3.36)
n.a.
(0.05-3.51)

n.a.

n.a.

n.a.

(0.35-9.76)

n.a.

(0.09-6.33)

0.9

0.8

0.4
0.9
0.6
0.4
0.8
0.8
0.8
n.a.
0.4

0.5
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(0.25-7.35)

0.7

1.78

0.19-16.47

0.9

1.10

(0.12-9.94)

0.9

Abbreviations: CI - confidence interval; HIV – human immunodeficiency virus; HPV – human papillomavirus, HSIL – high-grade squamous intraepithelial lesion,
LCM – laser capture microdissection, MSM – men who have sex with men, AIN – anal intraepithelial neoplasia.
* Persistence is defined as: at least three anal samples positive for the same HPV type. We allowed one negative sample between two positive sample per
participant as long as he had at least three positive anal samples.
** Based on small numbers (cells with zero observations) some associations were not assessable, and these biomarkers are not reported in this table. This
concerns: E6 seropositivity for all HPV types other than HPV16, E7 seropositivity for all HPV type other than HPV33, E1 seropositivity for HPV16, E2 seropositivity
for both HPV16 and HPV18.
# 2 participants were not included in the univariable models on persistence, because they had no anal sample.
Ϯ Participants who never had an undetectable viral load are included in the category <3 years undetectable viral load.
§ viral suppression was defined as having a viral load of <200 copies/ml in tests from 1 August 1999 onwards allowing for a onetime blip in viral load between 200
and 400 copies/ml. For samples tested prior to 1 August 1999 the cut-off of detectability of the laboratory assay that was used for that sample is the cut-off for
viral suppression.

E1 seropositivity at last H2M study visit**
HPV18 1.36
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136
5.28

(1.27-21.93)

(1.18-13.46)

(95% CI)

0.02

0.03

P

aOR

(1.39-16.99)

(1.25-14.75)

(95% CI)

0.01

0.02

P

Abbreviations: CI - confidence interval; HIV – human immunodeficiency virus; HPV – human papillomavirus, HSIL –high-grade squamous intraepithelial
lesion, MSM – men who have sex with men, AIN – anal intraepithelial neoplasia.
* Persistence is defined as: at least three anal samples positive for the same HPV type. We allowed one negative sample between two positive sample per
participant as long as he had at least three positive anal samples.
# 10 participants were not included in the multivariable models, because they had <3 H2M visits resulting in no estimation for persistence according to
this definition, or they had no anal sample.

HPV18 L1 seropositivity at last H2M visit

0.03

3.99

aOR

4.85

(1.10-9.23)

0.03

P
4.29

HPV35 persistence

HPV33 persistence
3.19

(1.09-5.35)

(95% CI)

*#

2.41

aOR

Multivariable logistic
regression - AIN3 vs. no HSIL
(N=158)

*#

HPV16 persistence

*#

Table 4 - Multivariable logistic regression on patient-level of determinants of anal HSIL.
Multivariable logistic
Multivariable logistic
regression - HSIL vs. no HSIL
regression - AIN2 vs. no HSIL
(N=183)
(N=158)
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The hrHPV viral load in anal swabs has previously been found to be a determinant for
histologically proven anal HSIL among HIV-positive and among HIV-negative MSM 37. In
the analysis where we categorized anal hrHPV viral load, the observed association with
anal HSIL merely reflected anal hrHPV infection; when we assessed hrHPV viral load as
a continuous variable no significant association was found. Thus, we could not confirm
the previously found association between anal hrHPV viral load and anal HSIL. This
might be explained by the inclusion of anal samples obtained at the last H2M visit. In
some cases this was 1.3 years prior to HRA, while Jin and colleagues 37 assessed anal
hrHPV viral load of the swab taken at the same consultation as the HRA was done. The
rate of spontaneous regression of anal HSIL was 19.2/100 person-years in an Australian
study among 574 HIV-positive MSM 38. Therefore, some anal HSIL lesions in our study
might have regressed by the time HRA was performed.
All participants with anal HSIL caused by HPV6 or 11 had a persistent anal HPV
infection of that type. Furthermore, the strength of the association between anal HPV
persistence and anal HSIL was not affected by including or excluding HPV6 and 11 from
analyses. HPV6 and 11 are known as low-risk HPV-types, but they have been previously
found to cause anal HSIL 39, and also anal cancer 6,40,41. The progression rate to anal
cancer of anal HSIL caused by low risk HPV-types is not clear.
HPV E6 seropositivity has been found to be predictive for HPV-induced
oropharyngeal- 25,26, oropharynx- 42, and anal cancer 24, but we could not confirm this
for anal HSIL.
Strengths and limitations
This study is unique because it is the first longitudinal study able to assess the
association of a range of potential virological biomarkers with histologically proven
anal HSIL. Moreover, in a selection of lesions we were able to determine the causative
HPV-type, thus allowing to analyze data both on patient-level and on causative HPVtype-level. A limitation of this study is the interval between sample collection for the
biomarkers and establishing the histopathological HSIL endpoint via HRA. However,
when correcting for time between last H2M visit and HRA, results remained largely the
same. Additionally, positivity of some biomarkers, like E6 or E7 antibody positivity, was
relatively rare, resulting in the inability to assess the value of these biomarkers in a
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Figure 2. Associations between biomarkers and anal HSIL with known causative HPV type among 169
HIV-positive MSM in Amsterdam, the Netherlands (H2M2 study); results from univariable logistic
regression using GEE with different HPV types included.
Odds ratios are displayed on a logarithmic scale. For E2, E6, E7 seropositivity, no odds ratio and 95%
confidence intervals are shown because these biomarkers were unassessable due to small numbers.
Furthermore, not all biomarkers were measured for all HPV types. Therefore not all biomarkers could be
assessed in all datasets.
* Persistence is defined as: at least three anal samples positive for the same HPV type. We allowed one negative sample
between two positive samples per participant as long as there were at least three positive anal samples.
HPV viral load at last H2M visit was only measured for HPV16 and HPV18.
Seropositivity at last H2M visit is defined as seropositive above the standard cut-off at the last H2M study visit. L1, E6
and E7 antibodies were measured for HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58; antibodies against E1 and E2 were
only measured for HPV types 16 and 18.
Abbreviations: OR – odds ratio; HIV – human immunodeficiency virus; HPV – human papillomavirus, HSIL –high-grade
squamous intraepithelial lesion, MSM – men who have sex with men, GEE – generalized estimating equations.
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Figure 3. Number of visits with HPV positive anal sample and its association with anal HSIL with known
causative HPV type; results from univariable logistic regression using GEE with different HPV types
included.
Odds ratios are displayed on a logarithmic scale.
In the analyses of “At least 4 positive visits” 155 men were included. In the analysis of “3 positive visits”
162 men were included; in the analysis with “2 consecutive visits” 167 men were included; and in the
analyses “At least one positive visit” and “Positive at last H2M visit” 169 men were included.
* At least three anal samples positive for the same HPV type. We allowed one negative sample between two positive
sample per participant as long as there were at least three positive anal samples.
Abbreviations: OR – odds ratio; HIV – human immunodeficiency virus; HPV – human papillomavirus, HSIL –high-grade
squamous intraepithelial lesion, MSM – men who have sex with men, GEE – generalized estimating equations.

limited sample size. Finally, we were not able to identify a causal HPV type for some
patients with anal HSIL.
Conclusion
Anal HPV persistence is strongly associated with anal HSIL among HIV-positive
MSM, compatible with the current theory on the etiogenesis of anal HSIL. Although
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162 men were included; in the analysis with “2 consecutive visits” 167 men were included; and in the
analyses “At least one positive visit” and “Positive at last H2M visit” 169 men were included.
* At least three anal samples positive for the same HPV type. We allowed one negative sample between two positive
sample
per participant
as long
as there were at least three positive anal samples.
Predictors
of anal
HSIL
Abbreviations: OR – odds ratio; HIV – human immunodeficiency virus; HPV – human papillomavirus, HSIL –high-grade
squamous intraepithelial lesion, MSM – men who have sex with men, GEE – generalized estimating equations.

limited sample size. Finally, we were not able to identify a causal HPV type for some
patients with anal HSIL.
Conclusion
Anal HPV persistence is strongly associated with anal HSIL among HIV-positive
MSM, compatible with the current theory on the etiogenesis of anal HSIL. Although
strongly associated, anal HPV persistence lacks discriminatory power and thus is not
suitable as tool to select patients at high risk for anal HSIL for HRA screening.
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Supplementary table 1 - Cut-offs (in MFI) used to
determine seropositivity for HPV antibody detection of
L1, E1, E2, E6, E7 in the H2M2-study*.
HPV type
L1
E1
E2
E6
E7
6
571
500
364
11
500
260
200
16
422
200
679
484
548
18
394
200
600
243
789
31
712
890
200
33
515
253
500
45
368
249
200
52
547
271
200
58
371
250
200
* Antibody specific seropositivity for all HPV antigens was
calculated based on standardized serology cutoff values based
on the mean plus 5 standard deviations excluding positive
outliers of 371 DNA negative, female self-reported virgins
(L1 antigens), or the mean plus 5 standard deviations of 117 DNA
negative, female self-reported virgins (E antigens) [25, 31]
Abbreviations: HPV – human papillomavirus; MFI - median
fluorescence intensity; DNA - deoxyribonucleic acid.

144

Abbreviations: HPV - human papillomavirus; IQR - interquartile range; AIN - anal intraepithelial neoplasia
- : not measured; * 3 positive visits with max. 1 negative visit in between; ** Measured at last H2M visit: for most of the men this was visit #5,
but for some this was visit #4, or #3, or #2; # Not measured for HPV types 35, 39, 51, 56, 59; *** as established by laser capture microdissection.

Supplementary table 2. Frequencies of HPV type-specific biomarkers and AIN diagnosis among HIV-positive MSM in
Amsterdam, the Netherlands (the H2M2-study) - including HPV types 35, 39, 51, 56, 59.
HPV35
HPV39
HPV51
HPV56
HPV59
N
n
%
n
%
n
%
n
%
n
%
Anal HPV persistence
At least 4 out of 5 visits positive
155
10
6%
5
3%
25 14% 10
6%
0
0%
3 positive visits *
162
16
9%
8
4%
37 20% 22 12%
2
1%
2 consecutive positive visits
167
19 10% 15
8%
46 24% 28 15%
6
3%
At least once positive
169
43 23% 37 19% 68 36% 53 28% 15
8%
Positive in last visit
169
18
9%
20 10% 38 20% 29 15%
6
3%
#
Anal HPV viral load in copies/human cell**
#
HPV seropositivity**
L1
E1
E2
E6
E7
HPV type in AIN lesion***
AIN2
1
0.5% 1
0.5%
2
1%
1
0.5%
1 0.5%
AIN3
3
2%
0
0%
0
0%
0
0%
0
0%
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Supplementary table 3. Characteristics of the study population of the H2M2 (HIV & HPV in MSM 2) by anal HSIL diagnosis with known
causative HPV type, based on HPV type-specific re-assessment of biopsy material.
HSIL linked to
specific HPV type
**
Total (N=169)
No HSIL (N=143)
(N=26)
#
No.
%
No.
%
No.
%
P value
Demographic and behavioural variables
Age in years at moment of HRA, mean(SD)
50
(9)
50
(10)
48
(8)
0.3
Smoking status at moment of HRA(a)
0.9
Never smoked 60
38%
52
38%
8
40%
Previously smoked 52
33%
46
34%
6
30%
Currently smoking 44
28%
38
28%
6
30%
Higher education (higher professional education or university)*
0.1
No 62
37%
56
39%
6
23%
Yes 107
63%
87
61%
20
77%
Living situation* (b)
1.0
Living alone 84
50%
71
50%
13
52%
Living together with a steady partner 78
47%
66
46%
12
48%
Other 5
3%
5
4%
0
0%
Sexual behavioural variables
Lifetime number of sex partners, median(IQR)* (a)
500
(150-1000)
400
(150-1000)
500
(150-1000)
0.7
Lifetime number of sex partners* (a)
0.5
<25 7
5%
6
5%
1
4%
25-99 16
10%
13
10%
3
13%
100-499 53
34%
48
36%
5
22%
≥500 79
51%
65
49%
14
61%
Condom use during anal sex in the preceding 6 months* (c )
0.9
Never 17
13%
14
12%
3
14%
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No 4
Yes 165
8.8

74
44

95%
5%
(0.9-1.8)

16%
45%
40%
(136)
(247)

2%
98%
(5.0-15.9)

55%
33%

54%
33%

2%
98%
(5.0-16.1)
15%
44%
41%
(140)
(257)
95%
5%
(0.9-1.8)

62
38

3
140
9.7
21
63
58
241
681
136
7
1.3

25
1
1.2

5
12
8
259
651

1
25
6.8

12
6

96%
4%
(0.9-1.6)

20%
48%
32%
(111)
(197)

4%
96%
(3.4-11.6)

57%
29%

0.6

0.5
0.6
0.6

0.1
0.7

0.5

** For the HPV type-level analyses a dataset was created of one record per HPV type per patient. Each record included a value for HSIL; this was 1 if the patient had
an HSIL caused by that particular type and 0 if the patient did not have HSIL. Of some lesions the HSIL diagnosis could not be confirmed, therefore these records are
excluded. This may be because in the left-over material of the lesion no HSIL was remaining, or because of an initial mis-diagnosis of HSIL. As these HSIL diagnoses
could not be assigned to an HPV type, they were excluded from the analyses.
# Significance of differences between participants with and without anal HSIL was assessed by Chi-square tests or Fisher exact test for categorical variables and
Wilcoxon rank-sum tests for continues variables.
(a) 17 missings; (b) 2 missings; (c) 38 missing; (d) 5 missings; (e) 2 missings; (f) 1 missing; (g) 28 missings; (h) 4 missings
Abbreviations: HPV - human papillomavirus; HIV - human immunodeficiency virus; cART - combination antiretroviral therapy; HRA - high resolution anoscopy; AIN anal intraepithelial neoplasia; HSIL - high grade squamous intraepithelial lesion; SD - standard deviation; IQR - interquartile range.

Duration of cART use in years (median/IQR) (d)
Years living with viral suppression at moment of HRA (e )
<3 years 26
3-10 years 75
>10 years 66
Nadir CD4 T-cell count cells/µl (mean/SD) (f)
244
CD4 T-cell count cells/µl (mean/SD) (g)
676
HIV plasma viral load copies/ml
<50 161
≥50 8
Time between last H2M visit and HRA in years (median/IQR) 1.3
* Variable from the baseline visit of H2M study

HIV-related variables (all around time of HRA)
Currently using cART

Sometimes
Always
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Supplementary table 4 - Univariable logistic regression of possible determinants of anal HSIL,
results of logistic regression using GEE including HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58.
Univariable logistic
regression HSIL vs. no HSIL (N=191)
OR
(95% CI)
P-value
Demographic variables
Age
0.2
≤44 years
ref
45-54 years 0.87
(0.35-2.20)
≥55 years 0.29
(0.08-1.05)
HIV-related variables
Years living with viral suppression §
0.2
< 3 year Ϯ
ref
3-10 years 1.22
(0.40-3.72)
>10 years 0.49
(0.14-1.71)
Time variables
Time between last H2M visit and HRA in years
0.9
<1 year
ref
1-2 years 1.23
(0.44-3.46)
≥2 years 1.53
(0.32-7.26)
Abbreviations: CI - confidence Interval, HSIL - High grade Squamous Intraepithelial Lesion, HIV Human Immunodeficiency Virus, n.a. = not assessable
Ϯ participants who never had an undetectable viral load are included in the category <1 year undetectable viral load
§ viral suppression was defined as having a viral load of <200 copies/ml in tests from 1-8-1999 onwards allowing
for a onetime blip in viral load between 200 and 400 copies/ml. For samples tested prior to 1-8-1999 the cut-off of
detectability of the laboratory assay that was used for that sample is the cut-off for viral suppression. This varies
by time period (sensitivity of the assays increased over time) and hospital (based on the used assay).
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Supplementary figure 1. Associations between biomarkers and different definitions of anal HSIL with
known causative HPV type among 183 HIV-positive MSM in Amsterdam, the Netherlands (H2M2 study);
results from univariable logistic regression using GEE, including HPV16 and HPV18.
Odds ratios are displayed on a logarithmic scale. If no odds ratio and 95% confidence intervals are shown
for a specific biomarker, these biomarkers were unassessable due to small numbers.
* Persistence is defined as: at least three anal samples positive for the same HPV type. We allowed one negative sample
between two positive sample per participant as long as there were at least three positive anal samples.
Seropositivity is defined as seropositive above the standard cut-off at the last H2M study visit.
Abbreviations: OR – odds ratio, aHSIL – anal high-grade squamous intraepithelial lesion, HPV – human papillomavirus.
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Supplementary figure 2: Association between anal HPV viral load of HPV types 16,18, 31, 33, 45, 52, 58
and anal HSIL using restricted cubic splines. Odds ratios for having anal HSIL by standardized Z-score of
the natural log transformed anal HPV viral load of each hrHPV type.
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HPV vaccination intention among males

Abstract
Objective
We explored HPV vaccination intention and its determinants among male clients of the
sexually transmitted infections (STI) clinic in Amsterdam.
Methods
In 2015, male clients aged ≥18 years were invited to complete a web-based
questionnaire regarding HPV vaccination intention and socio-psychological
determinants. Determinants (scale -3 to +3) were assessed with linear regression,
stratified for men who have sex with men (MSM) (including men who have sex with
men and women) and men who only have sex with women (MSW). Additionally, we
explored the effect of out-of-pocket payment on intention.
Results
Of 1,490 participants (median age 33 years [IQR:25-44]), 1,053(71%) were MSM. HPV
vaccination intention was high (mean 1.68, 95%CI:1.55-1.81 among MSW; mean 2.35,
95%CI:2.29-2.42 among MSM). In multivariable analyses, socio-psychological
determinants had similar effects on intention in both groups (R2=0.70 among MSW;
R2=0.68 among MSM), except for subjective norms, self-efficacy, and HPV knowledge
(significantly stronger associations among MSW). HPV vaccination intention decreased
significantly when vaccination would require out-of-pocket payment; intention was
negative at the current list price (€350).
Conclusion
HPV vaccination intention among male clients of the Amsterdam STI-clinic is high and
variance in intention was mostly be explained by socio-psychological factors. Out-ofpocket payment had a strong negative effect on HPV vaccination intention.
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Introduction
More than 80% of sexually active people get infected with the human
papillomavirus (HPV) at least once in their life time 1. Persistent HPV infections can
cause anogenital warts, and cervical-, vaginal-, vulvar-, anal-, penile-, and head-andneck cancer. Vaccination is available and found to be effective and safe for the
prevention of HPV infection and many of its precancerous and cancerous sequelae 2-7.
In many countries, girls are vaccinated against HPV in order to prevent cervical cancer
8
. Vaccinating girls influences the HPV-related disease burden among women and,
indirectly via herd immunity, among men who have sex with women 9,10. Men who
have sex with men (MSM) do not profit from vaccinating girls, but they are at
increased risk of HPV-induced cancer, notably anal cancer (incidence of 5.1 per
100,000 person-years among HIV-negative MSM, rising to 77·8 per 100,000 personyears among HIV-positive MSM in the HAART-era) 11.
In the Netherlands HPV vaccination is currently only offered to girls in the year they
become 13 years of age. From 2014 onwards a full course of vaccination among 12-13
year old girls requires two doses.The uptake has been low, approximately 60% 12,
providing limited herd protection for men who have sex with women 9,10. A study on
the effect of gender-neutral HPV vaccination in the Netherlands suggested that it could
be cost-effective to offer HPV vaccination to boys and girls in the year they turn 13
years old 9. An alternative strategy would be to start with targeted vaccination, in
which the HPV vaccination is offered to men at Sexually Transmitted Infections (STI)
clinics, like is being introduced in the UK 13,14. Previous studies indicate that the
intention to receive an HPV vaccination differs widely among MSM and MSW (men
who have sex with only women); ranging from 36-88% in MSM 15-22 and from 37-70%
in MSW23-25. Additionally, MSM seem to have a higher intention to receive HPV
vaccination compared to MSW 25,26. In the Netherlands it is currently unknown to what
degree men would be interested in getting vaccinated against HPV, and whether
targeted vaccination would need different communication strategies for MSW and
MSM.
The aim of this study was to investigate the acceptability of HPV vaccination and
determinants of vaccination intention among male clients, separate for MSW and
MSM, of the STI clinic of the Public Health Service in Amsterdam, the Netherlands.
Methods
Study participants
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From June through October, 2015, male clients of the STI clinic of the Public Health
Service in Amsterdam were invited to participate in the HP4V (human papillomavirus
preparedness for vaccination) study. Male clients were invited to participate at three
separate time points before, during, and after their visit to the STI clinic: in their
appointment confirmation email, through a flyer handed out at the reception at the
entrance of the STI clinic, and in the email in which they received their STI-test results.
Men were eligible for participation if they were aged 18 years or older and
conversant in Dutch or English. After completing the questionnaire, men received 10
condoms to thank them for their participation. Participants provided informed consent
by completing the questionnaire. Ethical clearance for this study was obtained from
the Medical Ethics Committee of the Academic Medical Center (AMC) [A1 15 0120].
Data collection
Participants completed an anonymous self-administered web-based questionnaire
addressing HPV vaccination intention, socio-psychological determinants of HPV
vaccination intention, HPV knowledge, socio-demographic characteristics, health
related characteristics and sexual behavior characteristics. Participants were able to
complete the questionnaire, either on their mobile phone or on a computer, in
approximately 10 minutes.
Questionnaire
Prior to the survey, in April and May 2015, five one-on-one interviews focusing on
HPV vaccination intention and related perceptions were conducted with male clients
of the STI clinic in Amsterdam. Based on the one-on-one interviews, a standardized
questionnaire on HPV vaccination decision making was adapted for this study
population 27-29. The Reasoned Action Approach 30-32, Social Cognitive Theory33, and the
Health Belief Model 34 provided the framework for hypothesizing the pathways
influencing HPV-vaccination decision making. Within this framework, intention is
considered to directly impact actual behavior and was therefore used as a surrogate
marker for behavior, as HPV vaccination is not routinely offered to males (yet).
Intention was assessed with two 7-point Likert-type items (ranging from -3 up to +3)
and combined to one score (Cronbach α = 0.95). Most constructs were assessed by
multiple Likert-type scaled items (see Supplementary table 1 for more detail).
Composite scores of constructs measured with multiple items were only computed if

158

HPV vaccination intention among males

Cronbach’s Alpha exceeded 0.60 (Supplementary table 1). Demographic characteristics
measured included age and educational level. Sexual behavior characteristics included
the number of male and female sex partners in the preceding 6 months and lifetime.
Health related characteristics included medical history (HIV-status and history of
anogenital warts) and HPV related variables (knowledge about HPV, friends with a
history of anogenital warts, friends with (a history of) penile/anal cancer).
Impact of out-of-pocket payment
We asked the intention to get vaccinated after all the socio-psychological questions
were posed, and again after the concept of out-of-pocket payment for HPV vaccination
was introduced. The study period was divided in four time periods of approximately six
weeks. Dependent on the period of inclusion a different amount of out-of-pocket
payment (€50; €100; €200; €350) was proposed.
Stratification based on sexual behavior
To assess whether MSW and MSM would profit from a tailored HPV vaccination
campaign, we performed separate analyses for MSW and MSM. Based on reported
sexual behavior in the preceding 6 months two risk groups were created: those who
reported at least one male sex partner in the preceding 6 months were categorized as
MSM, whereas those reporting sex with only female partners in the preceding 6
months were categorized as MSW. In total, 98 (7%) of all participants reported sexual
contact with at least one male and one female partner in the preceding six months,
this is 9.3% of the MSM population (N=1053). All individuals reported at least one
sexual partner.
Statistical analyses
We assessed which proportion of male clients participated in the study. We
compared the main demographics of the total population of male clients who
attended the STI clinic during the study period to those participating, using Chisquared tests and Wilcoxon rank sum tests.
Baseline characteristics of the study population and HPV vaccination intention were
explored using descriptive statistics. Univariate associations between sociopsychological factors, socio-demographic characteristics, sexual risk behavioral and
health related characteristics with the outcome were computed by Pearson’s r for
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continuous social-psychological variables, Chi-squared tests for categorical variables,
and Wilcoxon rank sum tests for continuous sexual behavioral variables.
Two-step multivariable linear regression analyses were used to assess the
determinants of HPV vaccination intention when the vaccination was offered free of
charge. In the first step, all socio-psychological variables that were associated (at
P<0.2, Wald test) with intention in the univariate analyses were included in
multivariable analyses. A backward selection procedure was performed, leading to a
model that included socio-psychological determinants significantly associated with
HPV vaccination intention (at P<0.05). In the second step, sociodemographic
characteristics, health related characteristics, and sexual behavioral characteristics
(univariately associated with intention at P<0.20) were added to the model obtained in
step one, using a backward selection procedure. Regardless of the effect of sociodemographic characteristics, health related characteristics, and sexual behavioral
characteristics on the socio-psychological determinants, socio-psychological
determinants obtained in the first step remained in the model. Multicollinearity was
tested by assessing the variance inflation factor of all variables included in the
multivariable model. Finally, determinants found to be significantly associated with
intention in the final model including MSW and in the final model including MSM
where combined into one model. In this combined model we tested for interaction
between these determinants and risk group. The rationale for testing for interaction
was to assess whether MSW and MSM need a tailored HPV vaccination campaign.
Furthermore, we assessed the impact of a gradual increase in the amount of out-ofpocket payment on intention in multivariable analyses. For this analyses we created a
dataset containing two outcome variables for each participant: one relating to
vaccination intention when offered free of charge, and one relating to vaccination
intention in the case of a paid HPV vaccination. This dataset contained correlated data
(two records for each participant), therefore generalized estimating equations were
used in univariate and multivariable linear regression analysis, using an exchangeable
correlation structure and robust variance. Finally, we assessed the impact of
determinants on intention in the model including out-of-pocket payment.
For all variables, continuous data, if available, were used, with the exception of age.
Age was categorized in age ≤26 years, 27-40 years, and ≥41 years, because of proven
safety and efficacy of HPV vaccination among males ≤26 years of age 3,4. All analyses
were performed using Stata (version 13.1; Stata Corp, College Station, Texas, USA).
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Results
Study participation
Of the 9,301 male clients that attended the clinic in the study period (41% MSW
and 59% MSM), 1,490 (16%) participated. The participation rate was 11% among MSW
and 20% among MSM. Participants were significantly older (median: 33 years [IQR: 2544] vs. 29 [24–40]), more educated (83% vs. 73% high education), more likely to be
MSM (71% vs. 57%), had a higher median number of sex partners (6 [IQR: 4-12] vs.
5[IQR:3-10]), and were more often HIV positive (13% vs. 11%) than the total male clinic
population (all P-values <0.001; Supplementary table 2).
Characteristics of study population
Of the 1,490 participants, 1,053 (71%) were MSM and 437 (29%) MSW. The median
age of the participants was 33 years (IQR: 25-44); MSW were younger than MSM
(median age of 25 vs. 38 years; P<0.001) (Table 1). Most participants had a high
educational level (83%). MSM reported significantly more sex partners in the
preceding six months compared to MSW (median 9 [IQR: 5-18] vs. median 5 [IQR: 3-7];
P<0.001), as well as a higher lifetime number of sex partners (median 100 [IQR: 38400] vs. median 23 [IQR: 10-43]; P<0.001). Thirteen percent of the participants was
HIV-positive (1% of MSW and 18% of MSM; P<0.001).
Vaccination intention
Vaccination intention among the participants was very high with a mean
vaccination intention of 2.15 (95%CI:2.09 to 2.22; range -3 up to +3). MSW had a lower
vaccination intention score (mean=1.68; 95%CI:1.55 to 1.81) compared to MSM
(mean=2.35; 95%CI:2.29 to 2.42; P<0.001) (Table 1).
Univariate linear regression analyses
Univariate linear regression analyses stratified by risk group (MSW vs. MSM) are
presented in Table 2. The following factors were significantly associated with HPVvaccination intention among MSW: all socio-psychological determinants, knowledge
about HPV, a history of anogenital warts, and having friends with a history anogenital
warts. Among MSM, all socio-psychological determinants, all socio-demographic
characteristics, and sexual behavioral variables, were found to be significantly

161

7

162

Sexual behavior
Median no. of sex partners
(preceding 6 months) (IQR)
Median no. of lifetime sex partners (IQR)
HPV related variables
Knowledge about HPV (0 - 7) (IQR)
Friends with history of anogenital warts
No

Yes
No

(4 - 6)

5

63

(22 - 201)

55

945

(4 - 12)

30
70

16

71
13

17
83

32
36
32

(25 - 44)

325

5

23

5

78
359

118

313
6

79
357

263
153
21

25

74

(4 - 6)

(10 - 43)

(3 - 7)

18
82

27

72
1

18
82

60
35
5

(22 - 29)

(n=437)
%

No.

(n=1,490)
%

6

450
1040

242

History of anogenital warts

Unknown or not willing to disclose

246
1,235

485
534
471

1,054
194

Lower education
High education

≤ 26 years
27-40 years
≥ 41 years

33

HIV-negative
HIV-positive

Medical history
HIV status

Educational level

Socio-demographic characteristics
Median age (IQR) in years
Age

No.

MSW

Total

620

6

100

9

372
681

124

741
188

167
878

222
381
450

38

No.

59

(5 - 7)

(38 - 400)

(5 -18)

35
65

12

70
18

16
84

21
36
43

(28 - 47)

(n=1,053)
%

MSM

<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

0.314

<0.001

P-value
<0.001

Table 1 - Baseline characteristics of the study population (N=1,490), overall and stratified by risk group (HP4V men study, Amsterdam 2015).
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97
3
(1.55-1.81)
2
2
5
11
17
22
42

423
14
1.68
7
7
21
46
75
96
185

90
10
(2.09-2.22)
1
1
2
6
11
20
59

2.15
17
12
33
86
167
298
877

1344
146

26

112

37

545

10
5
12
40
92
202
692

2.35

921
132

433

1
1
1
4
9
19
66

(2.29-2.42)

88
13

41

<0.001

<0.001

<0.001

Data was missing for: educational level (n=9)
Educational level is measured according to the Dutch education levels. Participants were asked what their highest completed level of education was. They could
choose: no educational degree (did not finish any education), Primary school, Lower general secondary school, Higher general secondary school, Preuniversity school,
Secondary vocational school, Higher vocational school, University, Different. Lower education contains: no educational degree, Primary school, Lower general
secondary school, Higher general secondary school and Secondary vocational school. Higher education included: Preuniversity school, Higher vocational school, and
University.
Abbreviations: IQR = Interquartile range; HIV = human immunodeficiency virus; HPV = human papillomavirus; MSW= men who have sex with only women; MSM=
men who have sex with men.

Yes
Friends with (a history of) anal/penile cancer
No
Yes
Mean HPV vaccination intention (95% CI)
(range -3 to 3)
HPV vaccination intention
Certainly not (-3)
Probably not (-2)
Maybe not (-1)
Maybe / Maybe not (0)
Maybe (+1)
Probably (+2)
Definitely (+3)
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associated with intention, except educational level, having friends with (a history of)
anogenital warts, and having friends with (a history of) anal or penile cancer (Table 2).
Multivariable linear regression analyses
In multivariable linear regression analysis we found that among MSW attitude was
one of the strongest predictors of HPV vaccination intention (Beta 0.57; 95%CI 0.49 to
0.66). Additionally, self-efficacy (Beta 0.29; 95%CI 0.23 to 0.35), anticipated regret
(Beta 0.12; 95%CI 0.05 to 0.19), subjective norm (Beta 0.12; 95%CI 0.05 to 0.19), and
descriptive norm (Beta 0.11; 95%CI 0.01 to 0.21) significantly improved the model,
which altogether had a high degree of explained variance (R2=0.70). When
demographics and sexual behavior variables were added, age, lifetime number of sex
partners, and knowledge about HPV increased the explained variance in MSW
somewhat (R2= 0.71) (Table 2). Multicollinearity was not a problem for this model,
since the variance inflation factor was <2.0 for all variables.
Also among MSM, attitude showed the strongest association with HPV vaccination
intention (Beta 0.66; 95%CI 0.61 to 0.71; P<0.001). In addition to attitude, self-efficacy
(Beta 0.19; 95%CI 0.15 to 0.24), descriptive norm (Beta 0.10; 95%CI 0.06 to 0.15),
anticipated regret (Beta 0.09; 95%CI 0.05 to 0.13), and negative outcome expectancies
(Beta -0.03; 95%CI -0.06 to 0.00) were significantly associated with HPV vaccination
intention. Together, these socio-psychological determinants had a high explained
variance (R2= 0.68). Age and the lifetime number of sexual partners were also
associated with HPV vaccination intention among MSM but did not increased the
explained variance (R2=0.68) (Table 2). The variance inflation factor was <2.0 for all
variables, indicating that multicollinearity was not posing problems in this model.
To assess whether the association of this final set of determinants of intention
varied by risk group we tested for interaction in a model combining MSW and MSM.
Most determinants had similar effects on intention, except for subjective norm
(P=0.002), self-efficacy (P=0.002) and knowledge (P<0.001) which all three had a
stronger effect in the MSW group than in the MSM group.
We also analyzed predictors of intention in a model combining MSW and MSM.
Overall a similar pattern of important determinants was seen in stratified analysis.
Notably, sexual behavior, being MSM or MSW, was statistically significant associated
with HPV vaccination intention in the multivariable model (Supplementary table 3).
The effect of payment on vaccination intention
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All socio-psychological questions up to the payment question implied that HPV
vaccination would be free of charge (as is currently the case in the Netherlands for all
12-13 year old girls). During four different study periods different amount of out-ofpocket payments were proposed. Participants from these four periods were
comparable concerning demographics, sexual behavioral characteristics, and HPV
vaccination intention (data not shown). For each subsequent increase in the required
amount of out-of-pocket payment for HPV vaccination, the mean HPV vaccination
intention decreased significantly (Figure 1). The mean vaccination intention among
MSW was: €0: 1.68 (95%CI 1.55 to 1.81); €50: 0.73 (95%CI 0.52 to 0.95); €100: 0.06
(95%CI -0.20 to 0.32); €200: -1.04(95%CI -1.27 to -0.81); €350: -1.35 (95%CI -1.53 to1.17). The mean vaccination intention among MSM was: €0: 2.35 (95%CI 2.29 to 2.42);
€50: 1.75 (95%CI 1.61 to 1.88); €100: 1.07 (95%CI 0.90 to 1.23); €200: 0.16(95%CI 0.00

7

Figure 1. Mean (95% CI) HPV vaccination intention by amount of out-of-pocket payment of three HPV
vaccination doses. Mean vaccination intention among MSW €0: 1.68 (95%CI 1.55 to 1.81); €50: 0.73
(95%CI 0.52 to 0.95); €100: 0.06 (95%CI 0.32 to -0.20); €200: -1.04(95%CI -0.81 to -1.27); €350: -1.35
(95%CI -1.17 to -1.53). Mean vaccination intention among MSM €0: 2.35 (95%CI 2.29 to 2.42); €50: 1.75
(95%CI 1.61 to 1.88); €100: 1.07 (95%CI 0.90 to 1.23); €200: 0.16(95%CI 0.00 to 0.33); €350: -0.49 (95%CI 0.32 to -0.65).
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to 0.33); €350: -0.49 (95%CI -0.65 to -0.32). The drop in intention was significantly
stronger among MSW compared to MSM (P=0.003). Interestingly, the intention
became negative if the three doses would cost €200 or more in the MSW group (mean
-1.04: 95%CI: -0.81 to -1.27) and became negative in the MSM group when the
proposed cost was €350 (mean -0.49: 95%CI:-0.32 to -0.65). The effect of out-ofpocket payment on intention was similar in univariate analysis and in multivariable
analysis (when it was added to the model obtained previously) (Supplementary table
4). All other associations remained similar, except for age among MSM which had a
significantly stronger impact on intention when compared to the model when HPV
vaccination was offered free of charge.
Discussion
HPV vaccination intention among male clients of the STI clinic in Amsterdam, the
Netherlands, was high: a mean vaccination intention of 2.15 (95%CI:2.09 to 2.22).
Furthermore, MSM (including both men who have sex with only men and men who
have sex with both men and women) included in this study had a higher vaccination
intention than included MSW. This study revealed that attitude towards HPV
vaccination and self-efficacy (to what extent does one consider oneself able to come to
the clinic three times to get vaccinated) were the most important determinants of HPV
vaccination intention among both MSW and MSM. Socio-psychological determinants
explained the variance of HPV vaccination intention among male clients of the STI
outpatient clinic in Amsterdam to a large degree. Overall, most determinants had the
same effect on intention in the MSW and MSM groups, except for subjective norm,
self-efficacy, and knowledge which all three were stronger in the MSW group than in
the MSM group. When intention was assessed in the situation where an out-of-pocket
payment would be required, HPV vaccination intentions decreased drastically. At the
current list price (around €350 for a complete series of three vaccinations), the mean
vaccination intention was negative for both MSW and MSM.
This study showed a higher HPV vaccination intention (90%) compared to other
studies exploring the intention to receive the HPV vaccination when vaccination is
offered free of charge (range 36–88%) 15-22. Nadarzynski et al. [22] attributed the lower
intention to the limited awareness of HPV. In the present study, knowledge was
generally high and had a significant effect on intention in the MSW group, yet no effect
in the MSM group was found which may reflect a lack of awareness among a
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substantial proportion in this group. Furthermore, our results confirm prior research
showing a higher vaccination intention among MSM compared to MSW 25,26.
We confirm that socio-psychological determinants are the most important
determinants of HPV vaccination intention 28,29,35-37. Differences across studies in
strength of socio-psychological determinants on the association with HPV vaccination
intention could be explained by cultural differences of study populations and
differences in the way vaccinations are typically offered in countries (e.g. costs,
opportunistic/organized, opt-out/in). Furthermore, as found in earlier studies 28,29,35-37,
probing the whole spectrum of socio-psychological determinants influencing intention,
attitude appeared to be one of the strongest predictors of HPV vaccination intention
among both MSW and MSM. In contrast to what we have found, self-efficacy is less
often found to play a crucial role on HPV vaccination intention in other studies, while
social influences are found to be important determinants 24,37,38. Other attitudinal
constructs like outcome beliefs and anticipated regret were also significantly
associated but their associations were less strong. As could be expected from theory,
these determinants overlapped with general attitude to a great extent, yet they
remain important targets for improving HPV vaccination related attitudes.
In contrast to what has been found in previous studies on vaccination acceptability
in the Netherlands 28,39, we also found self-efficacy to be a strong predictor of
intention. However, this can be considered as expected, as going to the STI outpatient
clinic three times to get a vaccination may pose a barrier as it can be time consuming
or STI clinic visits could be perceived as embarrassing.
Not surprisingly, out-of-pocket payment had a significantly strong negative effect
on HPV vaccination intention in both groups. The decrease in intention to vaccinate
when out-of-pocket payment was proposed has been well established in previous
studies in men 16-18,20,40. When introducing costs for HPV vaccination, sociopsychological factors remained important. To our knowledge, only one other study
analyzed determinants of HPV vaccination intention among men based on a certain
payment for vaccination. Lau et al. 20 found that knowledge about HPV, perceived
severity, and perceived vaccine efficacy were associated with HPV vaccination
intention given a price of HK$1000–2000 (US$ 128 to 256) per shot and a total of 3
shots within six months. The increasing intention with increasing age found among
MSM when out-of-pocket payment was required, can be explained by generally higher
socio-economic status with increasing age, and therefore, payment for healthcare
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Table 2 – Association between socio-psychological determinants, socio-demographic characteristics, health related characteristics, and sexual behavioral
characteristics with vaccination intention by risk group (HP4V men study, Amsterdam 2015)
MSW (N=437)
MSM (N=1,053)
Univariable linear
Univariable linear
Multivariable linear regression
regression
Multivariable linear regression
regression analysis
analysis #
analysis
analysis #
Beta
(95%CI)
Beta
(95%CI)
P-value Beta
(95%CI)
Beta
(95%CI)
P-value
Sociopsychological determinants
Risk perception 0.30
(0.21 to 0.40)
0.20
(0.16 to 0.25)
Attitude towards
HPV vaccination 0.90
(0.83 to 0.97)
0.57
(0.49 to 0.66)
<0.001
0.81
(0.78 to 0.85)
0.66 (0.61 to 0.71) <0.001
Negative outcome
expectancies of HPV
(0.15 to 0.33)
0.15
(0.10 to 0.19)
0.03 (-0.06 to 0.00)
0.031
vaccination 0.24
Anticipated regret about
rejecting HPV vaccination 0.55
(0.44 to 0.65)
0.12
(0.05 to 0.19)
0.001
0.47
(0.42 to 0.52)
0.09 (0.05 to 0.13) <0.001
Beliefs about
HPV vaccination 0.22
(0.12 to 0.32)
0.11
(0.05 to 0.17)
Subjective norm towards
HPV vaccination 0.55
(0.45 to 0.66)
0.12
(0.05 to 0.19)
0.002
0.38
(0.32 to 0.43)
Descriptive norm towards
HPV vaccination 0.74
(0.62 to 0.88)
0.11
(0.01 to 0.21)
0.024
0.49
(0.43 to 0.56)
0.10 (0.06 to 0.15) <0.001
Self-efficacy expectations
towards HPV vaccination 0.61
(0.54 to 0.68)
0.29
(0.23 to 0.35)
<0.001
0.52
(0.45 to 0.58)
0.19 (0.15 to 0.24) <0.001
Socio-demographic characteristics
Age
≤ 26 years REF
REF
REF
REF
27-40 years 0.26 (-0.02 to 0.54) -0.14
(-0.31 to 0.03)
0.103
0.26
(0.08 to 0.43)
0.09
(-0.02 to 0.19) 0.111
≥ 41 years 0.38 (-.024 to 1.00)
-0.43 (-0.79 to -0.07)
0.021
0.17
(-0.00 to 0.34)
-0.02
(-0.13 to 0.09) 0.711
Educational level
Lower education REF
REF
High education 0.25 (-0.09 to 0.59)
-0.03
(-0.20 to 0.15)
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(-0.41 to 1.87)
(-0.35 to 0.24)

(0.41 to 1.09)

(-0.17 to 0.18)
(0.00 to 0.23)
(0.10 to 0.23)

(0.07 to 0.67)

(-0.71 to 0.79)

REF
0.73

-0.05

REF
0.75

0.00

0.11

0.17

REF
0.37

REF
0.38

0.06

0.07

0.051
0.005

(-0.00 to 0.14)
(0.02 to 0.10)

(0.05 to 0.32)

(0.01 to 0.15)

REF
0.18

0.08

(0.02 to 0.09)

(-0.02 to 0.24)

(-0.07 to 0.33)

0.06

REF
0.11

REF
0.13

(0.06 to 0.13)

(-0.42 to -0.02)

-0.21

0.09

(0.20 to 0.54)

REF
0.37

0.03

(0.01 to 0.05)

0.018

* For analyses purposes lifetime number of sexual partner was log transformed; Ϯ in MSW: number of female sex partners; in MSM: number of male sex partners;
# The multivariable analyses were executed by adding variables in two steps: (step 1) socio-psychological determinants, (step 2) medical history, sexual behavioral
characteristics and HPV related variables. R squared (R2) is a measure that indicates how well the data fit a linear regression model. We found in MSW that after step 1 the R2
was 0.70 and after step 2 the R2 was 0.71. We found in MSM the R2 to be 0.68 after step 1 and this did not change after adding the variables significant in step 2.
Abbreviations: HP4V = human papillomavirus preparedness for vaccination; CI = confidence interval; HIV = human immunodeficiency virus; HPV = human papillomavirus; MSW =
men who have sex with only women only; MSM = men who have sex with men

Health related characteristics
HIV status
HIV-negative
HIV-positive
Unknown or not
willing to disclose
History of anogenital warts
No
Yes
Sexual behavior
Number of sexpartners
(preceding 6 months)*
Lifetime number of
sexpartners*Ϯ
HPV related variables
Knowledge about HPV
Friends with a history
anogenital warts
No
Yes
Friends with (a history of)
anal/penile cancer
No
Yes
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becomes more affordable at an older age. However, this increase in intention with age
could also be explained by an increased risk perception for acquiring HPV-related
diseases in (older) MSM, increasing the willingness to pay to avoid those diseases.
Unfortunately, the chance that an individual has encountered a previous HPV infection
increases with age, reducing the effectiveness of the prophylactic HPV vaccine 41.
Strengths
The strengths of this study include the large sample size, the use of a well-tested
theory based questionnaire, and the relevant clinical sample of MSM and MSW
attending STI clinics, allowing us to explore a diverse palette of social psychological
factors influencing HPV vaccination intention. Furthermore, our final multivariable
models had a large explained variance of intention (R2 of 0.71 in MSW and 0.67 in
MSM), which suggests that the questionnaire used was able to cover the most
important predictors of intention. Next, in contrast to most studies, we were able to
test whether MSW and MSM should be approached differently when developing an
HPV vaccination intervention (which we found was not necessary). Finally, this is one
of the first studies that tested the effect of different amounts of out-of-pocket
payment on HPV vaccination intentions, stratified by risk group.
Limitations
The response rate was relatively low (16%). This can be explained by the passive
recruitment methods used in this study. Additionally, the study population differed
from the total population of male clients of the STI clinic in various demographic
characteristics and in sexual behavioral characteristics. Individuals participating in
questionnaire-based research at the STI outpatient clinic in Amsterdam are more often
higher educated 42-44 than the total client population. If selection bias occurred, this
may have biased the observed mean scores upwards, but it will probably not have
impacted the association between determinants and intention. Additionally, income
was not assessed in this study. Income could have helped explain variance in HPV
vaccination intention, especially when considering the effect of pricing on HPV
vaccination intention. Lastly, this study was based on a hypothetical scenario since HPV
vaccination for men is currently not offered in the Netherlands, although this may
change in the future. Despite its hypothetical nature, this study may help to inform
future planning strategies when introducing targeted HPV vaccinations.
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Implications
In the Netherlands HPV vaccination is currently only offered free of charge to girls
in the year they turn 13 years of age. Future inclusion of boys in this vaccination
program is unclear, despite the predicted benefit of vaccinating boys along with girls
when the vaccination coverage among girls remains at 60% 9 . However, Bogaards et
al. also emphasize the high burden of anal cancer among MSM that will not be
prevented even if a high HPV vaccination coverage among girls would be reached9.
Targeted vaccination of men, especially MSM, visiting the STI clinic may therefore still
be an approach to consider, even more so as we showed that intention to become
vaccinated is high among men that visit the STI clinic. Therefore, high uptake can be
expected if the HPV vaccination is offered free of charge. This tentative conclusion can
first be evaluated by a pilot project among men visiting STI clinics in the Netherlands,
to demonstrate whether offering HPV vaccination at STI clinics in the Netherlands
would indeed lead to a high coverage among men at high risk. Challenges in
implementing HPV vaccination among men that have been pointed out in previous
studies suggest a focus on educating men about HPV infection, prevention,
transmission, morbidity, and mortality is required. Emphasis should also be on health
care providers to actively offer HPV vaccination to males. However, this requires men
to openly identify themselves as MSM, which is a societal challenge 45,46. This study
provides insight into what determinants should be targeted by educational
interventions promoting HPV vaccination uptake among men at high risk for HPV and
suggests that similar determinants can be used for both MSW and MSM, albeit with
additional attention for the MSW when it comes to compliance (visiting the STI clinic
three times to receive all three HPV vaccinations).
Conclusion
HPV vaccination intention among male clients of the Amsterdam STI clinic is very
high. Most of the variance in HPV vaccination intention among men can be explained
by socio-psychological factors and these determinants were largely similar in MSM and
in MSW. In contrast to previous HPV vaccination acceptability studies in the
Netherlands, intention was not merely attitudinally driven, but also self-efficacy played
a key role. Out-of-pocket payment has a strong negative impact on HPV vaccination
intention. These results suggest that if HPV vaccination would be offered to men at STI
clinics free of charge, uptake of the HPV vaccination would be high.
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Item

- HPV is a sexually transmitted infection (correct)
- HPV can cause anogenital warts (correct)
- Condoms protect completely against HPV (incorrect)
- HPV can cause cervical cancer (correct)
- HPV can cause anal cancer (correct)
- Men cannot acquire an HPV infection (incorrect)
- If you have an HPV infection, you will always notice
this (incorrect)

Perceived susceptibility of getting HPV, anogenital
warts, anal/penile cancer & perceived severity
Perceived susceptibility
- How much risk do you perceive you have of getting
an HPV infection?
- How much risk do you perceive you have of getting
anogenital warts?
- How much risk do you perceive you have of getting
anal or penile cancer?
Perceived severity
How strongly would you regret it if you would get…
- an HPV infection?
- anogenital warts?
- get anal or penile cancer?
Risk perception was assessed by first multiplying
perceived susceptibility and perceived severity for
each HPV related status/disease, subsequently
summing the products of the individual HPV related
diseases, then taking the average by dividing by three,

Measure

Knowledge about the
HPV vaccination

Risk perception

1= no regret at all
to
7= very much regret

1= Extremely low risk
to
7 = Extremely high risk

0= 0 correct answers
1= 1 correct answer
2= 2 correct answers
3= 3 correct answers
4= 4 correct answers
5= 5 correct answers
6= 6 correct answers
7= 7 correct answers

Answer options

(-3 up to 3)

Scale

3

# of
items
7

0.86

Cronbach’s
α
N.A.

Supplementary table 1 - Overview of social-psychological scale measures used in the HP4V men study in Amsterdam, the Netherlands, 2015.
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-3= Certainly not
to
3 = Definitely

-3= Not at all
to
3 = Very much

-3= Definitely
to
3 = Certainly not

What is your opinion about the following statements
- If I would get vaccinated against HPV I would be
protected against HPV
- If I would get vaccinated against HPV my
sexpartner(s) would be protected against HPV

Imagine that you decided not to get the HPV
vaccination when it was offered to you. How much
would you regret it if…
- you would get infected with HPV later in life?
- you would get anogenital warts later in life?
- you would get anal or penile cancer later in life?

What is your opinion about the following statements
- If I would get vaccinated against HPV I would be very
scared of the shot with a needle.
- If I would get vaccinated against HPV I would be likely
to get unpleasant short term side effects, like a
headache, fever, or pain in my arm.
- If I would get vaccinated against HPV I would get
unpleasant side effects in the future.

Outcome expectancies

Anticipated regret
when deciding not to
get vaccinated against
HPV

Beliefs about HPV
vaccination

-3= A very bad thing
to
3 = A very good thing
-3 = Very unimportant
to
3 = Very important

- What is your opinion? Getting myself vaccinated
against HPV is…

- Getting myself vaccinated against HPV is…

Attitude

and finally rescaling it back to a range of -3 to 3.

(-3 up to 3)

(-3 up to 3)

(-3 up to 3)

3

3

2

2

0.62

0.87

0.76

0.88
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Descriptive norms

Subjective norm norms
towards HPV
vaccination

-What do you think?
How many of your friends would choose to get
vaccinated against HPV if this was offered to them?

Subjective norm was assessed by first multiplying
normative beliefs and motivation to comply for each
social reference, subsequently summing the products
of the individual social references, then taking the
average by dividing by three, and finally rescaling it
back to a range of -3 to 3.

Motivation to comply
How important is the opinion of the persons listed
below to you when making the decision to get
vaccinated against HPV?
Social referents:
- Your friends
- Your GP, or nurse at the STI clinic
- Your sexpartner(s)

Normative beliefs
What do you think?
Do the persons mentioned below believe you should
or should not be vaccinated against HPV?
Social referents:
- Your friends
- Your GP, or nurse at the STI clinic
- Your sexpartner(s)

1 =0%
2 = 25%
3 = 50%
4 = 75%
5 = 100%

1 = Very unimportant
to
7 = Very important

-3 = Definitely not
to
3 = Definitely

(1 up to 5)

(1 up to 7)

(-3 up to 3)

1

3

3

N.A.

0.82
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(-3 up to 3)

-3= Certainly not
to
3 = Definitely yes

Abbreviations: HPV - human papillomavirus; N.A. – not applicable; GP – general practitioner; STI – sexually transmitted infection.

HPV vaccination
intention based on
amount of out-ofpocket payment

(-3 up to 3)

-3= Certainly not
to
3 = Definitely yes

- Imagine that HPV vaccination is offered to you.
Would you intend to get vaccinated against HPV?
- Imagine that a HPV vaccination is offered to you. How
likely is it that you would get yourself vaccinated
against HPV?
- Imagine that HPV vaccination is offered to you for €X.
Would you intend to get vaccinated against HPV for
€X?
- Imagine that a HPV vaccination is offered to you for
€X. How likely is it that you would get yourself
vaccinated against HPV for €X?
We proposed four different amounts:
€ 50
€ 100
€ 200
€ 350

HPV vaccination
intention

(-3 up to 3)

-3 = Certainly unable
to
3 = Certainly able

- Would you think you will be able to come to the STI
clinic three times to get the HPV vaccinations in order
to be fully protected?

Self efficacy

2

1

N.A.

0.95

N.A.
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5282
4

Missing

No. of sexpartner(s) in preceding 6 months

2390
1609

6 - 10
≥ 11

15

3210

3-5

Missing

2077

≤2

5

4015

1479

Missing

MSM

5726

MSW

2096

High education

3619
3459
2223

Lower education

≤ 26 years
27 - 40 years
≥ 41 years

Median no. of sexpartner(s) in preceding 6 months (IQR)**

Risk group

Education level

Median age (IQR) in years
Age

0

17

26

35

22

(3 - 10)

0

57

43

16

62

23

39
37
24

Male clients of the STI clinic
N=9,301
No.
%
29
(24 - 40)

0

421

481

386

202

6

0

1053

437

9

1235

246

485
534
471

0

28

32

26

14

(4 - 12)

0

71

29

0.0

83

17

33
36
32

Study participants
N=1,490
No.
%
33
(25 - 44)

<0.001

<0.001

<0.001

<0.001

P-values
<0.001
<0.001

Supplementary table 2 - Characteristics of all male clients of the STI clinic during the study period compared to the participants of the
study,HP4V men study, Amsterdam 2015*.
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80
11
9

7440
1001
860

HIV-negative
HIV-positive

Unknown or not willing to disclose

242

194

1054
16

13

71

<0.001

Abbreviations: HP4V = human papillomavirus preparedness for vaccination; HIV= human immunodeficiency virus; HPV = human papillomavirus; MSW = men who
have sex with only women; MSM = men who have sex with men; IQR = interquartile range
*It was not possible to separate the participants of the HP4V study from the total of male clients of the STI clinic. Study participants are compared to all male clients
visiting the STI clinic during the study period, including the study participants themselves.
** missing information for 15 male clients of clinic.

HIV status
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Supplementary table 3 - Determinants of HPV vaccination intention (when HPV vaccination is offered free of charge) among the total study
population (n=1,490), HP4V men study, Amsterdam 2015.
Univariable linear regression
Multivariable linear
analysis
regression analysis #
Beta
(95% CI)
P-values
Beta
95% CI
P-values
Socio-psychological determinants
Attitude towards HPV vaccination 0.87
(0.83 to 0.90)
<0.001
0.63 (0.58 to 0.67)
<0.001
Risk perception 0.26
(0.22 to 0.30)
<0.001
Negative outcome expectations of HPV vaccination 0.18
(0.14 to 0.22)
<0.001
Anticipated regret about rejecting HPV vaccination 0.49
(0.44 to 0.54)
<0.001
0.09 (0.06 to 0.13)
<0.001
Beliefs about HPV vaccination 0.17
(0.12 to 0.22)
<0.001
0.03 (0.00 to 0.06)
0.030
Subjective norm towards HPV vaccination 0.45
(0.39 to 0.50)
<0.001
0.04 (0.01 to 0.08)
0.019
Descriptive norm towards HPV vaccination 0.59
(0.53 to 0.65)
<0.001
0.10 (0.06 to 0.15)
<0.001
Self-efficacy expectations towards HPV vaccination 0.59
(0.55 to 0.63)
<0.001
0.25 (0.21 to 0.28)
<0.001
Socio-demographic characteristics
Age
<0.001
≤ 26 years
REF
REF
27-40 years 0.42
(0.27 to 0.56)
-0.01
(-0.10 to 0.08)
0.827
≥ 41 years 0.48
-0.12
(-0.22 to -0.01)
0.031
Educational level
0.340
Lower education
REF
High education 0.08
(-0.08 to 0.25)
Health related characteristics
HIV status
<0.001
HIV-negative
REF
HIV-positive 0.55
(0.37 to 0.73)
Unknown or not willing to disclose -0.26
(-0.43 to -0.90)
Experience with HPV - History of anogenital warts
<0.001
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MSW
MSM

REF
0.67
0.16
0.16

REF
0.41

(0.06 to 0.47)

(0.14 to 0.39)

(0.09 to 0.16)

(0.54 to 0.80)
(0.10 to 0.22)
(0.12 to 0.19)

(0.27 to 0.54)

0.013

<0.001
<0.001

<0.001
<0.001

<0.001
REF
0.17
0.04
(0.08 to 0.25)
(0.01 to 0.06)

0.007

<0.001

# The multivariable analyses was executed by adding variables in two steps: (step 1) socio-psychological determinants, (step 2) medical history, sexual behavioral
characteristics and HPV related variables. R squared (R2) is a number that indicates how well the data fit a linear regression model. We found that after step 1 the R2
was 0.70 and after step 2 the R2 was 0.70.
* For analyses purposes lifetime number of sexual partner was log transformed.
Abbreviations: HP4V = human papillomavirus preparedness for vaccination; CI = confidence interval; HIV = human immunodeficiency virus; HPV = human
papillomavirus; MSW = men who have sex with only women; MSM = men who have sex with men.

Number of sex partners in preceding 6 months*
Lifetime number of sex partners*
HPV related variables
Knowledge about HPV
0.12
Experience with HPV - Friends with history of anogenital warts
No
REF
Yes 0.26
Experience with HPV - Friends with history of anal/penile cancer
No
REF
Yes 0.27

Sexual behavioral characteristics
Risk group

No
Yes
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Supplementary table 4 - Determinants of HPV vaccination intention when HPV vaccination requires out-of-pocket payment in the study population
(N=1490), by risk group (HP4V men study, Amsterdam 2015).
MSW (N=437)
MSM (N=1,053)
Multivariable linear regression analysis
Multivariable linear regression analysis
Beta
(95%CI)
P-values
Beta
(95%CI)
P-values
Payment for HPV vaccination
€0,REF
REF
€50,-0.84
(-0.60 to -1.09)
<0.001
-0.57
(-0.43 to -0.72)
<0.001
€100,-1.66
(-1.37 to -1.94)
<0.001
-1.36
(-1.15 to -1.56)
<0.001
€200,-2.79
(-2.44 to -3.13)
<0.001
-2.10
(-1.89 to -2.32)
<0.001
€350
-3.04
(-2.78 to 3.29)
<0.001
-2.90
(-2.68 to -3.12)
<0.001
Socio-psychological determinants
Risk perception
N.A
N.A
Attitude towards HPV vaccination
0.45
(0.34 to 0.56)
<0.001
0.60
(0.52 to 0.68)
<0.001
Negative outcome expectancies of HPV vaccination
N.A.
-0.05
(-0.09 to -0.01)
0.013
Anticipated regret about potentially rejecting HPV
vaccination
0.07
(-0.02 to 0.16)
0.109
0.02
(-0.05 to 0.09)
0.566
Beliefs about HPV vaccination
N.A
N.A
Subjective norm towards HPV vaccination
0.11
(0.02 to 0.26)
0.016
N.A.
Descriptive norm towards HPV vaccination
0.20
(0.08 to 0.33)
0.001
0.17
(0.09 to 0.24)
<0.001
Self-efficacy expectations towards HPV vaccination
0.18
(0.10 to 0.26)
<0.001
0.23
(0.15 to 0.32)
<0.001
Socio-demographic characteristics
Age
≤ 26 years
REF
REF
27-40 years -0.01
(-0.21 to 0.19)
0.900
0.32
(0.17 to 0.47)
<0.001
≥ 41 years
0.26
(-0.22 to 0.74)
0.281
0.52
(0.35 to 0.68)
<0.001
Sexual behavior
Lifetime number of sexpartners*
0.05
(-0.03 to 0.13)
0.236
0.03
(-0.01 to 0.07)
0.159
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HPV related variables
Knowledge about HPV
0.09
(0.05 to 0.13)
<0.001
*For analyses purposes lifetime number of sexual partner was log transformed. In the MSW group we used lifetime number of female sex partners,
while in the MSM group we used male lifetime number of sexual partners.
Abbreviations: HP4V = human papillomavirus preparedness for vaccination; CI = confidence interval; HIV = human immunodeficiency virus; HPV =
human papillomavirus; MSW = men who have sex with only women; MSM = men who have sex with men.
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CHAPTER 8
Is vaccinatie van jongens of mannen tegen
humaan papillomavirus zinvol?
Elske Marra, Johannes Berkhof, Henry J.C. de Vries,
Maarten F. Schim van der Loeff

Nederlands Tijdschrift voor de Geneeskunde, 2018, 162: D1200

HPV vaccinatie voor jongens of mannen

Samenvatting
Infectie met humaan papillomavirus (HPV) kan baarmoederhalskanker, verschillende
andere typen kanker en anogenitale wratten veroorzaken bij mannen en vrouwen.
Meisjes van 12 of 13 jaar krijgen in Nederland HPV-vaccinatie aangeboden; de HPVvaccinatiegraad in deze groep is nu 53%. Door de lage dekkingsgraad is de
groepsimmuniteit voor heteroseksuele mannen beperkt en is er geen bescherming
voor mannen die seks hebben met mannen (MSM). Sekse-neutrale vaccinatie in
Nederland lijkt kosteneffectief te zijn, maar hangt af van de vaccinatiegraad bij
meisjes. Uit recent onderzoek blijkt dat mannelijke bezoekers van een soa polikliniek
een hoge bereidheid hebben zich te laten vaccineren; deze vaccinatie-intentie daalt
echter sterk wanneer mannen voor vaccinatie zouden moeten betalen. Op basis van de
huidige kennis zou HPV-vaccinatie voor jongens, of voor specifieke groepen mannen
zoals MSM, overwogen kunnen worden.
Abstract
Is human papillomavirus vaccination for boys or men useful?
Human papillomavirus (HPV) infection can cause cervical cancer and multiple other
cancers, as well as anogenital warts in men and women. Girls aged 12 or 13 are offered
HPV vaccination in the Netherlands; HPV vaccination coverage in this group now
stands at 53%. This low coverage causes limited herd immunity for heterosexual men
and offers no protection for men who have sex with men (MSM). Gender-neutral HPV
vaccination seems to be cost-effective in the Netherlands, but is dependent on
vaccination coverage among girls. Recent research reveals that men visiting an STD
outpatient clinic have a high degree of willingness to be vaccinated. However, this
vaccination-intention strongly decreases when men have to pay for vaccination
themselves. Based on current knowledge, HPV vaccination for boys or for specific male
groups, such as MSM, could be considered.
Conflict of interest and financial support: potential conflicts of interest have been
reported for this article. ICMJE forms provided by the authors are available online
along with the full text of this article.
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Introductie
In Nederland wordt vaccinatie tegen humaan papillomavirus (HPV) aan meisjes
aangeboden. HPV kan, naast baarmoederhalskanker en verschillende andere typen
kanker, ook anogenitale wratten veroorzaken. In onder andere de Verenigde Staten,
Australië en Oostenrijk krijgen niet alleen meisjes maar ook jongens HPV-vaccinatie
aangeboden. Is vaccinatie van jongens of mannen tegen humaan papillomavirus op
basis van de huidige kennis zinvol?
HPV-infectie en HPV-gerelateerde ziekten
Een HPV-infectie is de meest voorkomende seksueel overdraagbare infectie 1. De
prevalentie van genitale HPV-infecties bij mannen varieert sterk: 1-84%, afhankelijk
van de sexuele blootstelling, tot 93% bij hiv-geïnfecteerde mannen die seks hebben
met mannen (MSM) 2. Condooms zijn nauwelijks effectief voor de preventie van HPVinfectie 3. De meeste mensen met een HPV-infectie (> 90%) zijn het virus binnen 1 of 2
jaar weer kwijt. Of het virus persisteert, hangt af van het HPV-type en van
gastheerfactoren.
50

45,9

45
40
35
30
25
20
15

10
5

8,4

1,2

5,1

5,2

1,8

0
Cervicale kanker Anale kanker bij Anale kanker bij Anale kanker bij Peniskanker in Oropharyngeale
in Nederland‡
vrouwen in
HIV- MSM*
HIV+ MSM*
Nederland‡
kanker bij
mannen in
Nederland‡
Nederland #
Figuur 1 - De incidentie in Nederland van diverse vormen van kanker die veroorzaakt worden door
humaan papillomavirus (HPV) per 100.000 personen per jaar. De gegevens afkomstig van de
Nederlandse Kankerregistratie, een systematische review uit 2012 en een publicatie uit 2015.

2,19

‡

2

Nederlandse Kankerregistratie, 2016; * Machalek et al., 2012 ; # Nederlandse Kankerregistratie, 2010 &
Henneman et al, 2015; MSM= mannen die seks hebben met mannen.
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Bij slechts een klein deel van de mensen met een persisterende HPV-infectie
ontstaat een maligniteit. HPV kan verschillende maligniteiten veroorzaken, zoals
genitale, anale en orofaryngeale vormen van kanker 1. Er is een verband tussen HPVpositieve orofaryngeale plaveiselcelcarcinomen (OPCC) en orale seks, terwijl HPVnegatieve OPCC verband houden met chronisch tabak- en alcoholgebruik 1. De
incidentie van HPV-gerelateerde OPCC – wereldwijd 17.000 mannen in 2008 – ligt
hoger dan de incidentie van anale kanker bij mannen (wereldwijd 11.000 mannen in
2008) 1.
Door HPV veroorzaakte anale kanker komt relatief vaak voor bij MSM: de incidentie
van anale kanker bij MSM is meer dan 15 keer hoger dan bij heteroseksuele mannen 2.
Vooral onder hiv-positieve MSM is de ziektelast hoog (figuur 1). Bij deze specifieke
groep is de incidentie van anale kanker ongeveer 46 gevallen per 100.000
persoonsjaren 2.
De meeste HPV-gerelateerde vormen van kanker worden veroorzaakt door HPVtypen 16 of 18 4. Laagrisico-HPV-typen 6 en 11 veroorzaken genitale wratten 5. In
Nederland worden jaarlijks bij ongeveer 40.000 personen genitale wratten
gediagnosticeerd 6.
HPV-vaccins
Er zijn momenteel 3 profylactische vaccins beschikbaar die beschermen tegen HPV.
De vaccins verschillen onderling in geregistreerde indicaties en de HPV-typen
waartegen ze beschermen (tabel). Het bivalente vaccin (Cervarix) beschermt tegen
HPV-typen 16 en 18, het quadrivalente (Gardasil) en nonavalente (Gardasil 9) vaccin
beschermen ook nog tegen typen 6 en 11. Het nonavalente vaccin beschermt
bovendien nog tegen 5 andere oncogene typen, waardoor het nonavalente vaccin
ongeveer 90% van de gevallen van baarmoederhalskanker kan voorkomen 7. Dit
nonavalente vaccin is in de EU geregistreerd, maar nog niet in Nederland verkrijgbaar.
In 2009 werden meisjes die geboren waren tussen 1 januari 1993 en 31 december
1996 in een eenmalige inhaalcampagne gevaccineerd met het bivalente vaccin. In 2010
werd HPV-vaccinatie met het bivalente vaccin voor 12- en 13-jarige meisjes – vanaf
geboortecohort 1997 – opgenomen in het Rijksvaccinatieprogramma ter preventie van
baarmoederhalskanker. De HPV-vaccinatiegraad onder 12- en 13-jarige meisjes in
Nederland is op dit moment 53% 8. Door deze relatief lage vaccinatiegraad is er slechts
beperkte indirecte bescherming (dat wil zeggen: groepsimmuniteit) voor
heteroseksuele mannen en geen bescherming voor MSM (figuur 2) 9.
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Tabel. Geregistreerde profylactische HPV-vaccins en indicaties.
Type vaccin
bivalent

Beschermt
tegen
HPV-16/18

Doseringsschema
0-6 maanden* of
0-1-6 maanden†

Geregistreerd
voor gebruik bij
♀/♂

quadrivalent

HPV6/11/16/18

0-6 maanden‡ of
0-2-6 maanden§

♀/♂

nonavalent

HPV6/11/16/
18/31/33
/45/52/5
8

0-6 maanden‡ of
0-2-6 maanden§

♀/♂

Preventie van
cervicale intra-epitheliale neoplasie
cervicale kanker
vaginale intra-epitheliale neoplasie
vulvaire intra-epitheliale neoplasie
anale intra-epitheliale neoplasie
anale kanker
cervicale intra-epitheliale neoplasie
cervicale kanker
vaginale intra-epitheliale neoplasie
vulvaire intra-epitheliale neoplasie
anale intra-epitheliale neoplasie
anale kanker
genitale wratten
cervicale intra-epitheliale neoplasie
cervicale kanker
vaginale intra-epitheliale neoplasie
vaginakanker
vulvaire intra-epitheliale neoplasie
vulvakanker
anale intra-epitheliale neoplasie
anale kanker
genitale wratten

8

HPV = humaan papillomavirus.
* Bij kinderen tot en met 15 jaar.
† Bij vrouwen van 15 jaar en ouder.
‡ Bij kinderen tot 15 jaar (zij mogen ook het 3-doses-schema krijgen).
§ Voor 15 jaar en ouder.

Het quadrivalente en het nonavalente vaccin bieden mannen goede bescherming
tegen de ziekten die in de tabel genoemd worden. Voor mannen van 16-26 jaar oud is
de vaccineffectiviteit, uitgedrukt als percentage bescherming, als volgt:
anogenitale wratten: 89,4%; persisterende HPV-infectie: 78,7% voor HPV-type 16 en
96,0% voor HPV-type 18 10; anale intra-epitheliale neoplasie, ongeacht HPV-type:
54,9%; anale intra-epitheliale neoplasie ten gevolge van HPV-typen 6, 11, 16 of 18:
77,5% 11. Dat HPV-vaccins ook bescherming bieden tegen door HPV veroorzaakte
orofaryngeale en peniele kanker is weliswaar aannemelijk, maar tot dusver niet in
klinische studies onderzocht of vastgesteld; de effectiviteit van de vaccins tegen deze
tumoren is dus niet bekend.
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De prijs die overheden voor het HPV-vaccin betalen is wereldwijd, en ook in
Nederland, de laatste jaren fors gedaald, hoewel er nog steeds een patent op deze
vaccins
rust (het patent op het bivalente vaccin verloopt in 2019) 12. Daarnaast zijn de kosten
van vaccinatie omlaag gebracht door het aantal prikken dat nodig is voor het
opwekken van een goede bescherming bij adolescenten tot 16 jaar (quadrivalent
vaccin: tot 15 jaar) te reduceren van 3 naar 2 13.

Figuur 2 - Het verband tussen de ziektelast van humaan-papillomavirus(HPV)-gerelateerde kanker bij
mannen in Nederland en de HPV-vaccinatiegraad van meisjes. Weergegeven is het aantal verloren
‘quality-adjusted life years’ (QALY’s) door verschillende ca carcinomen bij mannen en bij verschillende
vaccinatiegraden onder meisjes (zwart: 0%; donkergrijs: 60%; lichtgrijs: 90% van de meisjes gevaccineerd).
HPV-typen 16 en 18 kunnen orofarynx-, anus- en peniscarcinoom veroorzaken en vaccinatie tegen HPV
9
kan deze vormen van kanker voorkómen .

Sekse-neutrale HPV-vaccinatie
Australië, enkele provincies van Canada, Oostenrijk en de Verenigde Staten hebben
een sekse-neutraal vaccinatieprogramma. Daarnaast hebben enkele landen specifieke
aanbevelingen voor het vaccineren van MSM, zoals het Verenigd Koninkrijk.
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Bij de overweging voor zogenoemde sekse-neutrale vaccinatie zijn verschillende
factoren van belang. Ten eerste biedt de huidige vaccinatiegraad van de meisjes (53%)
via groepsimmuniteit slechts beperkte indirecte bescherming aan heteroseksuele
mannen – een afname in levenslang risico op HPV-infectie van 53% voor HPV-type 16 –
en ontbreekt bescherming voor MSM. Door jongens te vaccineren voordat zij seksueel
actief zijn worden alle mannen beschermd, ongeacht hun seksuele oriëntatie.
Een tweede factor is dat jongensvaccinatie door wederkerige bescherming tegen
HPV-infectie ook de groepsimmuniteit voor meisjes en vrouwen verbetert. Sommige
rekenmodellen suggereren dat het verhogen van de opkomst bij meisjes effectiever is
dan het vaccineren van jongens als het gaat om het verhogen van de
groepsimmuniteit, maar andere modellen suggereren dat sekse-neutrale vaccinatie
juist kosteneffectiever is 14. Tot slot kunnen we stellen dat een sekse-specifiek
programma alleen te verdedigen is bij grote verschillen in ziektelast tussen mannen en
vrouwen, en dat bij lichte of matige verschillen in ziektelast sekse-neutrale vaccinatie
te prefereren is.
Uiteindelijk zijn twee factoren van groot belang bij de keuze voor het al dan niet
vaccineren van jongens: (a) Hoe groot is de vermindering in ziektelast als jongens
worden gevaccineerd? (b) Is het vaccineren van jongens kosteneffectief? Uit een
recente schatting blijkt dat ongeveer 800 jongens gevaccineerd moeten worden om 1
geval van kanker bij mannen te voorkomen 9. Ter vergelijking, bij introductie van de
meisjesvaccinatie werd berekend dat ongeveer 200 meisjes gevaccineerd moesten
worden om 1 geval van baarmoederhalskanker te voorkomen. De gezondheidswinst bij
mannen lijkt dus lager dan bij vrouwen, al zou de groepsimmuniteit van vrouwen ook
stijgen door wederkerige bescherming.
Als preventie van baarmoederhalskanker het enige doel van de HPV-vaccinatie is,
dan is jongensvaccinatie bij het huidige tarief niet kosteneffectief wanneer de
vaccinatiegraad onder meisjes 80% of hoger is. Als preventie van alle HPV-gerelateerde
vormen van kanker het doel van de HPV-vaccinatie is en de vaccinatiegraad onder
meisjes 60% bedraagt, dan lijkt jongensvaccinatie kosteneffectief te zijn. Bij het huidige
vaccintarief en een vaccinatieopkomst onder jongens van 40% kost het toevoegen van
HPV-vaccinatie voor jongens aan het Rijksvaccinatieprogramma € 9134 per gewonnen
levensjaar 15.
HPV-vaccinatie van MSM
Een efficiënt alternatief om de door HPV veroorzaakte ziektelast onder mannen te
verminderen is gerichte vaccinatie van MSM. De huidige populatie van seksueel
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actieve MSM heeft namelijk niet alleen een onevenredig hoge ziektelast, maar in deze
populatie ontbreekt ook de groepsimmuniteit. Het includeren van jongens in een
vaccinatieprogramma voor 12-jarigen heeft voor deze groep weinig nut. Gerichte
vaccinatie van MSM kan dus complementair zijn aan het vaccineren van jongens, en
zou zelfs een kosteneffectief alternatief kunnen zijn 16.
De profylactische werking van HPV-vaccins is echter alleen aangetoond bij mannen
tot en met 26 jaar met maximaal 5 seksuele partners 10,11. Bovendien is de mate van
bescherming tegen persisterende HPV-infecties en neoplasie bij seksueel actieve
mensen lager dan bij mensen die nog geen seks hebben gehad, tenzij zij HPVseronegatief en HPV-DNA-negatief zijn 17. Er is geen directe reden om aan te nemen
dat de immunogeniciteit van HPV-vaccins aanzienlijk lager is bij mannen ouder dan 25
jaar met een langere seksuele geschiedenis, maar de meerwaarde van vaccinatie is wel
lager omdat zij mogelijk al een persisterende HPV-infectie hebben opgelopen
waartegen profylactische HPV-vaccins niet meer werkzaam zijn.
Op basis van de Britse populatie van MSM is een berekening gemaakt over de
kosteneffectiviteit van HPV-vaccinatie van MSM. Hieruit bleek dat de incidentie van
genitale wratten met 35% zou dalen wanneer HPV-vaccinatie met het quadrivalente
vaccin aangeboden zou worden aan 16-40-jarige MSM, en met 15% wanneer alleen
hiv-positieve MSM in deze leeftijd gevaccineerd zouden worden. De incidentie van
anale kanker zou op lange termijn met 55% dalen wanneer MSM gevaccineerd zouden
worden, en met 40% als alleen hiv-positieve MSM gevaccineerd zouden worden.
Vaccinatie van MSM werd als kosteneffectief beoordeeld wanneer de kosten van het
vaccin en de toediening onder de £ 48 per dosis zouden liggen 16.
Een bepalende factor voor het slagen van een gerichte vaccinatiecampagne is de
tijdige inclusie van seksueel actieve MSM; dit hangt voor een belangrijk deel af van de
vaccinatiebereidheid van mannen.
HPV-vaccinatiebereidheid van mannen
De HPV-vaccinatiebereidheid is gepeild onder mannelijke cliënten (≥ 18 jaar) van de
soa-polikliniek in Amsterdam met een gevalideerde online-vragenlijst. Uit eerder
onderzoek is bekend dat gemeten vaccinatiebereidheid een sterke voorspeller is van
daadwerkelijke vaccinatie 18. In dat onderzoek is tevens bekeken welke factoren van
invloed zijn op de vaccinatiebereidheid, waaronder de prijs van het vaccin.
In totaal deden 1490 mannen mee aan dit onderzoek, van wie 71% MSM. De HPVvaccinatie-intentie was hoog wanneer men niet voor de vaccinatie hoefde te betalen,
met een gemiddelde intentie van 2,2 (SD:1,2) op een schaal van -3 (maximaal
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negatieve intentie) tot +3 (maximaal positieve intentie). Bij multivariabele analyse
bleek de HPV-vaccinatie-intentie samen te hangen met sociaalpsychologische factoren
zoals attitude, ‘self-efficacy’ (in hoeverre iemand zichzelf in staat acht 3 keer de soapolikliniek te bezoeken voor HPV-vaccinatie), sociale invloeden, verwachte spijt van
niet vaccineren en overtuigingen over bijvoorbeeld bijwerkingen van de vaccinatie.
Daarnaast was de vaccinatie-intentie hoger bij een jongere leeftijd, seksuele voorkeur
(MSM) en toename in het aantal sekspartners in de afgelopen 6 maanden. Als men zelf
voor het HPV-vaccin zou moeten betalen, daalt de vaccinatie-intentie naarmate de
prijs toeneemt, tot een gemiddelde vaccinatie-intentie van -0,8 (SD:1,8) bij de huidige
kostprijs (€ 350,-) 18.
De HPV-vaccinatie-intentie is dus hoog onder mannelijke cliënten van de soapolikliniek, maar als zij de vaccinatie zelf moeten betalen daalt de intentie sterk.
Conclusie
HPV veroorzaakt niet alleen bij vrouwen, maar ook bij mannen aanzienlijke ziektelast.
Deze ziektelast is te voorkomen door naast meisjes ook jongens of mannen te
vaccineren tegen HPV. Kosteneffectiviteit is aangetoond van sekse-neutrale HPVvaccinatie in Nederland en van gerichte vaccinatie van MSM in het Verenigd Koninkrijk.
Vaccinatie van jongens en mannen zou hen kunnen beschermen tegen ziekten die door
HPV worden veroorzaakt, zoals penis-, anus-, en orofaryngeale kanker.
Op basis van het beschikbare bewijs over de rol van HPV-infectie bij kanker bij
mannen vinden wij dat de keuze voor een tot meisjes beperkt vaccinatieprogramma
heroverwogen zou moeten worden.
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HPV infection among FSW

Abstract
Background
We studied prevalence, risk factors and concordance of vaginal and anal HPV infection
and L1 seropositivity among female sex workers (FSW) in Amsterdam.
Methods
In 2016, FSW aged ≥18 years having a sexually transmitted infections (STI) consultation
were invited to participate. Participation entailed taking vaginal and anal self-swabs.
Demographics and sexual behaviour data were collected. HPV DNA was analysed using
the SPF10-PCR-DEIA-LiPA25-system-v1. Serum was tested for HPV L1 antibodies using
multiplex serology assays. Determinants of vaginal and anal high-risk HPV (hrHPV)
infection and L1 seropositivity were assessed with logistic regression analyses.
Results
We included 304 FSW; median age was 29 years (IQR 25-37). Vaginal and anal hrHPV
prevalence were 46% and 55%, respectively. HrHPV L1 seropositivity was 37%. Vaginalanal hrHPV concordance was strong, but no significant association between vaginal or
anal hrHPV infection and seropositivity was found. Having had anal sexual contact was
not associated with anal hrHPV infection (P=0.119).
Discussion
Vaginal and anal hrHPV prevalence is high among FSW in Amsterdam, the Netherlands.
Promotion of HPV vaccination, preferably at the beginning of the sex (work) career,
may be a useful prevention method against hrHPV infection and disease.
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Introduction
Human papillomavirus (HPV) is very common with 80% of sexually active people
being infected at least once in their lifetime 1. A persistent HPV infection can cause
anogenital warts and cervical, vaginal, vulvar, anal, penile, and head-and-neck cancers.
Cervical cancer is the most common HPV-related cancer among women (incidence of
8.4 per 100,000 women in the Netherlands in 2015), in spite of the Dutch cervical
cancer screening programme 2.
Female sex workers (FSW) are a high risk group for HPV infection because of the
high number of sexual partners and the limited protective effect of condoms against
HPV 3-5. HPV vaccination has been shown to be safe and effective preventing HPV
infection and many of its precancerous and cancerous sequelae among females aged 9
up to 45 years of age 6-10. Since 2009 HPV vaccination is offered to girls in the year they
turn 13 years of age in the Netherlands 11. However, most FSW do not benefit from this
HPV vaccination programme based on their age when vaccination was introduced
(median current age of 29 years among FSW in Amsterdam 12). Additionally, a large
proportion of FSW migrated to the Netherlands as adults from countries without a
comprehensive HPV vaccination programme.
In order to assess the burden of HPV infection among FSW, this study aimed to
investigate the prevalence, concordance and risk factors of vaginal and anal HPV
infection and HPV L1 seropositivity among FSW in Amsterdam, the Netherlands.
Methods
Study participants
This analysis is based on data of a cross-sectional study on HPV prevalence, risk
factors for HPV infection and HPV vaccination intention among FSW in Amsterdam, the
Netherlands (HP4V-FSW). Details of methods and study population have been
described previously 13. From May through September 2016, FSW who had a sexually
transmitted infection (STI) consultation at the Prostitution & Health center (P&G292)
in Amsterdam, the Netherlands, were invited to participate. FSW are offered STI
consultations regularly and when they have STI-related complaints. FSW were eligible
to participate if they were aged 18 years or older, conversant in Dutch, English, or
Spanish, and could read Dutch, English, Spanish, Bulgarian, or Romanian. Participants
provided written informed consent. FSW participating in the study were informed
about clinically relevant HPV infections and then referred for cervical cancer screening.
Ethical clearance for this study was obtained from the Medical Ethics Committee of
the Academic Medical Center [A1 16 119].
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Table 1 - Baseline characteristics of the study population (N=304) (HP4V FSW study, Amsterdam 2016).
*
*
N
%
Median age in years [IQR]
29
[25-37]
Age
<25 years
63
21%
25-29 years
105
35%
30-34 years
51
17%
≥ 35 years
85
28%
Region of birth
Netherlands
100
33%
Eastern Europe
125
41%
Latin America
45
15%
Other
34
11%
Education level
Lower education
94
31%
Higher education
51
17%
Unknown
159
52%
**
Working location
Window prostitution (red light district)
117
38%
Club/private house/massage salon
103
34%
Escort/working from home
81
27%
Median no. of sex partners (preceding 6 months) [IQR]
250
[100-400]
Number of sexual contacts in preceding 6 months (oral, vaginal and/or anal)
<100
72
24%
100-249
76
25%
250-399
56
18%
>400
100
33%
Vaginal sex with clients in preceding 6 months
No vaginal sex with clients
11
4%
Always with a condom
218
72%
At least once condom failure
66
22%
At least once without a condom
9
3%
Vaginal sex with steady partners in preceding 6 months
No (vaginal sex with) steady partner(s)
154
51%
At least once without a condom
138
45%
Always with a condom
12
4%
Vaginal sex with casual partners in preceding 6 months
No (vaginal sex with) casual partner(s)
253
83%
Always with a condom
10
3%
At least once condom failure
1
0.3%
At least once without a condom
40
13%
Vaginal sex in preceding 6 months (including steady partners, casual partners and clients)
No vaginal sex with any of the partners
5
2%
Always with a condom with all partners
12
4%
At least one condom failure with at least one partner
60
20%
At least once without a condom with at least one partner
227
75%
***
Anal sex with clients in the preceding 6 months
No anal sex with clients
269
89%
Always with a condom
31
10%
At least once without a condom
3
1%
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Anal sex with steady partners in the preceding 6 months
No (anal sex with) steady partner
272
Always with a condom
3
At least once without a condom
29
Anal sex with casual partners in the preceding 6 months
No (anal sex with) casual partner(s)
292
Always with condom
3
At least once without a condom
9
Anal sex in preceding 6 months (including steady partners, casual partners and clients)
No anal sex with any of the partners
242
Always with a condom
29
At least once condom failure
0
At least once without a condom
33
#
Self-reported HPV vaccination status
Not vaccinated
218
Vaccinated
38
Unknown
42
##
If reported to be vaccinated, number of HPV vaccinations
1 vaccination
11
2 vaccinations
2
3 vaccinations
16
Don’t know
8
Self-reported history of genital warts#
No
232
Yes
50
I don’t know
16
ǂ
STI at inclusion
No STI
276
STI
28
Chlamydia infection at inclusion
No Chlamydia infection
277
Chlamydia infection
27
Gonorrhea infection at inclusion
No gonorrhea infection
302
Gonorrhea infection
2
HIV status
HIV-negative
301
HIV-positive
2
Unknown HIV-status
1

89%
1%
10%%
96%
1%
3%
80%
10%
0%
11%
73%
13%
14%
30%
5%
43%
22%
78%
17%
5%
91%
9%
91%
9%
99%
1%

9

99%
1%
0.3%

* unless otherwise stated; Ϯ Educational level is measured according to the Dutch education levels. Participants were
asked what their highest completed level of education was. They could choose: no educational degree (did not finish
any education), Primary school, Lower general secondary school, Higher general secondary school, Pre-university
school, Secondary vocational school, Higher vocational school, University, Different. Lower education contains: no
educational degree, Primary school, Lower general secondary school, Higher general secondary school and Secondary
vocational school. Higher education included: Pre-university school, Higher vocational school, and University; ** 3
missing worked on the streets; *** 1 missing; # 6 missings; ## 1 missing number of vaccinations; ǂ including Chlamydia,
gonorrhoea, hepatitis B virus (HBV), human immunodeficiency virus (HIV) and syphilis infections; no new cases of
syphilis, HBV or HIV were diagnosed; abbreviations: STI - sexually transmitted infection, HIV - human immunodeficiency
virus, HPV – human papillomavirus.
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Data collection
Participants collected vaginal and anal self-swabs [regular flocked swab; Copan,
Brescia, Italy] and completed a questionnaire on HPV vaccination intention, as
previously described [13]. The number of participants of the current analysis is slightly
higher than that of the previous report, since 10 FSW did not complete the
questionnaire but did take both self-swabs. Participants were instructed to insert the
swab 3 cm into the vagina/anal canal and make a rotating movement (three times with
a left and three times with a right rotation). If FSW experienced STI-related symptoms,
a physical exam was performed and vaginal and anal swabs were taken by the nurse.
Blood-samples for serological testing were taken as part of the STI testing routine
during the consultation. HPV vaccination information was self-reported 13. Sociodemographic-, health related- and sexual behaviour characteristics were obtained
from electronic patient files. Within the STI consultation, FSW were tested for
Chlamydia trachomatis, Neisseria gonorrhoeae, hepatitis B virus (HBV), human
immunodeficiency virus (HIV) and Treponema pallidum infections.
HPV DNA detection and genotyping
The vaginal and anal samples were stored at -20°C until testing. DNA extractions
were performed on the MagNA Pure LC platform (Roche Diagnostics, Almere, the
Netherlands) and eluted in 100 µl. HPV DNA amplification, detection and typing was
performed using the SPF10-PCR DEIA/LiPA25-system, version 1 (DDL, Rijswijk, the
Netherlands), allowing for typing of 25 specific HPV genotypes 14.
Serology
Serum samples were sent to the German Cancer Research Center (DKFZ,
Heidelberg, Germany) for HPV serologic testing using multiplex assays 15. Antigens
were in situ affinity-purified, bacterially expressed fusion proteins with N-terminal
Glutathione S-transferase. Samples were analysed for antibodies to the HPV major
capsid protein (L1) for HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58. Median
fluorescence intensity (MFI) values were dichotomized as antibody positive or
negative, using standardized cutoff values 16.
Statistical analyses
Demographics of FSW who participated were compared to FSW that were not
included in this study but had an STI consultation with P&G292 during the study
period. Some FSW were not asked to participate because at the time of consultation
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no research assistant was available, and others declined. Comparisons were made
using Chi-squared tests or Fisher exact tests for categorical data and Wilcoxon rank
sum tests for continuous data.
Baseline characteristics of the study population, vaginal and anal HPV infection and
L1 seropositivity were explored using descriptive statistics. Significant differences in
prevalence between anatomical sites were tested using the McNemar test.
Concordance between type-specific vaginal and anal hrHPV infection, between vaginal
hrHPV infection and hrHPV seropositivity, and between anal hrHPV infection and
seropositivity, were assessed using Chi-squared tests and Fisher exact tests. The
strength of type-specific hrHPV concordance was assessed using univariable logistic
regression analyses. For the outcome variables vaginal and anal hrHPV infection, all 12
hrHPV types were included (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59 17). For the
outcome variables hrHPV L1 seropositivity and L1 antibody titers, hrHPV types 16, 18,
31, 33, 45, 52, and 58 were included. For analyzing hrHPV antibody titers,
standardized Z-scores of the natural log-transformed type-specific antibody titers were
used.
Risk factors for anal hrHPV, vaginal hrHPV, and L1 seropositivity were determined
by univariable and multivariable logistic regression analyses (GEEs) to account for the
analysis of multiple hrHPV types within the same participant. Risk factors for hrHPV L1
antibody titers were assessed by uni- and multivariable linear regression analyses using
GEE. An exchangeable correlation structure was used. All variables associated with the
outcome (at P<0.2, Wald test) in univariable analyses were included in the
multivariable analyses, after which a backward selection procedure was performed to
obtain a parsimonious model. Multicollinearity was assessed in all parsimonious
models.
A sensitivity analysis assessing risk factors for vaginal and anal hrHPV infection
including only HPV types 16, 18, 31, 33, 45, 52, and 58 was performed. In a second
sensitivity analysis we analysed risk factors for hrHPV seropositivity excluding FSW
reporting to be vaccinated against HPV. A third sensitivity analyses was done assessing
risk factors for all four outcomes while excluding FSW with an STI at the including visit.
P<0.05 was considered statistically significant. All analyses were performed using Stata
(version 13.1; Stata Corp, College Station, Texas, USA).
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Table 2 - HPV prevalence by anatomical location among female sex workers in Amsterdam, the
Netherlands in the HP4V FSW study (N=304).
HPV L1
seropositivity
Vaginal infection
Anal infection
n
%
n
%
n
%
Any HPV
238
78%
243
80%
Any HPV-25*
205
67%
228
75%
Any high risk HPV**
140
46%
166
55%
111
37%
Any low risk HPV***
162
53%
172
57%
HPV6
21
7%
33
10%
134
44%
HPV11
6
2%
8
3%
59
19%
HPV16
25
8%
35
12%
76
25%
HPV18
25
8%
37
12%
44
15%
HPV31
36
12%
39
13%
47
16%
HPV33
17
6%
17
6%
29
10%
HPV35
17
6%
22
7%
HPV39
18
6%
23
8%
HPV45
12
4%
22
7%
64
21%
HPV51
26
9%
43
14%
HPV52
31
10%
30
10%
35
12%
HPV56
15
5%
20
7%
HPV58
11
4%
17
6%
27
9%
HPV59
5
2%
5
2%
Multiple HPV types
137
45%
156
51%
91
30%
Multiple high risk HPV types
57
19%
78
26%
62
20%
Multiple low risk HPV types
66
22%
77
25%
49
16%
#
Co-infection 16 or 18
47
16%
66
22%
84
28%
#
Co-infection 16 and 18
3
1%
6
2%
35
12%
##
Co-infection 6 or 11 or 16 or18
66
22%
88
29%
167
55%
##
Co-infection 6 and 11 and 16 and 18
0
0%
0
0%
23
8%
Co-infection 6 or 11 or 16 or 18 or 31 or 33 or 45
###
or 52 or 58
124
41%
139
46%
180
59%
Co-infection 6 and 11 and 16 and 18 and 31 and
###
33 and 45 and 52 and 58
0
0%
0
0%
14
5%
* all HPV types included in SPF10-DEIA-LiPa25 version 1: HPV6, 11, 16, 18, 31, 33, 34, 35, 39, 40, 42,43, 44, 45, 51,
52, 53, 54, 56, 58, 59, 66, 68/73, 70 and 74;
** high risk HPV types included: vaginal and anal infection – HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59;
seropositivity HPV 16, 18, 31, 33, 45, 52, 58
*** low risk HPV types included in SPF10-DEIA-LiPa25 version 1: HPV 6, 11, 34, 40, 42, 43, 44, 53, 54, 66, 68/73, 70 ;
and 74.
For HPV L1 seropositivity this only concerns HPV 6 and 11.
# included in the bivalent vaccine; ## included in the quadrivalent vaccine; ### included in the nonavalent vaccine.
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Results
Study participation
Of the 599 FSW that had an STI consultation at P&G292 between May and
September 2016, 304 (51%) participated in this study. Differences between
participating and non-participating FSW have been described previously 13 and are
presented in Supplementary table 1.
Characteristics of study population
The median age was 29 years (IQR 25-37). In total, 125 (41%) FSW were born in
Eastern Europe, 100 (33%) in the Netherlands, 45 (15%) in Latin America, and 34 (11%)
in other regions. The median number of sex partners in the preceding 6 months was
250 (IQR 100-400). Concerning sexual contact in the preceding 6 months, having
vaginal sex was common (98%), while having anal sex was less common (20%). Most
FSW reported always using condoms during vaginal sex with clients (N=218, 72%),
while condom use during vaginal sex with steady and casual partner was low (4% and
3%, respectively). In total, 28 (9%) participants had at least one STI (gonorrhea or
chlamydia; no new cases of infectious syphilis, HIV or HBV were diagnosed). Thirtyeight women (13%) reported having been vaccinated against HPV (Table 1).
Prevalence and concordance
Vaginal hrHPV infection
In total, 140 FSW (46%) had at least one hrHPV infection. HPV31 was the most
prevalent vaginal hrHPV type (12%), followed by HPV52 (10%), HPV51 (9%), HPV16
(8%), and HPV18 (8%). Of all participants, 57 (19%) had more than one vaginal hrHPV
infection (Table 2). Vaginal hrHPV prevalence was highest among FSW <25 years (63%)
and declined with increasing age (P for trend=0.015, figure 1).
Anal hrHPV infection
Anal hrHPV prevalence was significantly higher than vaginal hrHPV infection with 166
participants (55%) having at least one hrHPV infection (P=0.028). The most prevalent
anal hrHPV type was HPV51 (14%), followed by HPV31 (13%), HPV18 (12%), HPV16
(12%), and HPV52 (10%) (Table 2). 78 (26%) FSW had more than one anal hrHPV
infection. Anal hrHPV prevalence remained stable across age groups (P for trend=
0.240, figure 1).
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Table 3 - Univariable associations of covariates with vaginal and anal hrHPV infections and hrHPV seropositivity among female sex workers in Amsterdam, the
Netherlands in the HP4V FSW study (N=304), results of logistic and linear regression using GEE including hrHPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
and 59 for vaginal and anal hrHPV infection, and hrHPV types 16, 18, 31, 33, 45, 52, and 58 for serology.
** #
Vaginal hrHPV infection*
Anal hrHPV infection*
hrHPV L1 Seropositivity**
hrHPV L1 antibody titer
OR
95% CI
P
OR
95% CI
P
OR
95% CI
P
β
95% CI
P
Age
.009
.262
0.254
0.009
<25 years
Ref
Ref
Ref
Ref
25-29 years 0.69
0.45-1.07
0.71
0.45-1.12
0.53
0.27-1.05
-0.37
-0.64 to -0.09
30-34 years 0.43
0.26-0.72
0.93
0.59-1.49
0.63
0.29-1.34
-0.19
-0.47 to 0.09
≥ 35 years 0.60
0.39-0.93
1.04
0.64-1.67
0.85
0.43-1.68
0.02
-0.24 to 0.29
Region of birth
<.001
.635
0.007
<.001
Netherlands
Ref
Ref
Ref
Ref
Eastern Europe 0.37
0.25-0.55
0.85
0.60-1.21
0.35
0.20-0.63
-0.36
-0.58 to -0.13
Latin America 0.48
0.31-0.76
0.74
0.41-1.32
0.65
0.30-1.42
-0.15
-0.48 to 0.19
Other 0.46
0.27-0.79
1.03
0.60-1.75
0.65
0.31-1.37
0.14
-0.16 to 0.43
Educational level Ϯ
<.001
.183
0.055
0.025
Lower education
Ref
Ref
Ref
Ref
Higher education 1.25
0.81-1.94
1.22
0.80-1.86
1.42
0.72-2.78
0.11
-0.19 to 0.42
Unknown 0.56
0.38-0.81
0.85
0.58-1.23
0.66
0.37-1.16
-0.22
-0.43 to -0.00
Working location
.001
.081
0.212
0.359
Window prostitution
Ref
Ref
Ref
Ref
(red light district)
Club/private 1.45
0.95-2.21
1.34
0.92-1.97
1.14
0.62-2.09
-0.04
-0.26 to 0.19
house/massage salon
Escort/working from home 2.19
1.43-3.34
1.53
1.04-2.25
1.70
0.91-3.18
0.14
-0.12 to 0.40
Number of sexual contacts in preceding 6 months
.070
.293
0.876
0.896
(oral, vaginal and/or anal)
<100
Ref
Ref
Ref
Ref
100-249 0.69
0.44-1.09
1.28
0.83-1.99
0.79
0.40-1.59
-0.02
-0.30 to 0.26
250-399 0.68
0.42-1.10
1.27
0.77-2.11
1.01
0.47-2.15
0.04
-0.27 to 0.35
>400 0.55
0.35-0.86
0.90
0.59-1.39
0.84
0.43-1.62
-0.07
-0.34 to 0.20
Vaginal sex in preceding 6 months (including
.489
.185
0.635
0.651
steady partners, casual partners and clients)
Always with a condom
Ref
Ref
Ref
Ref
At least once condom 1.79
0.68-4.75
0.44
0.18-1.08
1.61
0.40-6.45
0.22
-0.31 to 0.75
failure

.010

<.001

.098

.331

.905

0.52-1.65
0.60-1.50
0.98-3.23

6.12-13.04
0.81-1.84

Ref
1.78

Ref
9.63
Ref
1.22

0.69-1.70

1.08
Ref
0.92
0.95

1.01-2.76
-

0.22-1.23

Ref
1.67
-

0.52

.336

<.001

.059

.950

.141

0.81-1.56

0.85-1.55

Ref
1.15
Ref
1.12

0.29-1.83

0.89-3.52
0.34-1.46

0.71-3.32

1.00-4.53
-

0.33-4.69

Ref
0.73

Ref
1.77
0.70

1.53

Ref
2.13
-

1.25

0.493

0.356

0.508

0.124

0.102

Ref
0.03

Ref
0.10

Ref
0.10

Ref
0.26
0.07

0.12

Ref
0.25
-

0.13

-0.08 to 0.13

0.03 to 0.17

-0.20 to 0.40

-0.09 to 0.60
-0.13 to 0.27

-0.18 to 0.42

-0.12 to 0.63
-

-0.36 to 0.62

0.639

0.008

0.501

0.318

-

0.330

* vaginal and anal hrHPV infections entailed HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59; ** hrHPV serology consists of L1 seropositivity/antibody titers for HPV types
16, 18, 31, 33, 45, 52, 58; # For analysing hrHPV antibody titers, standardized Z-scores of the natural log-transformed type-specific antibody titers were used. This means that,
for example, among FSW with a high risk anal HPV infection the standardized Z score of the natural log-transformed, type-specific, L1 antibody titer is 0.10 higher than among
FSW without an anal hrHPV infection.; Ϯ Educational level is measured according to the Dutch education levels. Participants were asked what their highest completed level of
education was. They could choose: no educational degree (did not finish any education), Primary school, Lower general secondary school, Higher general secondary school, Preuniversity school, Secondary vocational school, Higher vocational school, University, Different. Lower education contains: no educational degree, Primary school, Lower general
secondary school, Higher general secondary school and Secondary vocational school. Higher education included: Pre-university school, Higher vocational school, and University
ǂ included STIs: gonorrhea, Chlamydia, syphilis, HIV and HBV (no new cases of syphilis, HIV or HBV were diagnosed).

At least once without a 1.57
0.62-3.96
condom
Anal sex in preceding 6 months (including steady
partners, casual partners and clients)
No anal sex
Ref
Always with a condom 1.08
0.68-1.73
At least once condom
failure
At least once without a 1.11
0.61-2.04
condom
HPV vaccination status
No
Ref
Yes 0.95
0.59-1.53
Unknown 1.40
0.87-2.25
Any STI at inclusion visit ǂ
No
Ref
Yes 1.40
0.94-2.09
Anal hrHPV infection
No
Ref
Yes 9.77
7.25-13.17
Vaginal hrHPV infection
No
Yes
hrHPV seropositivity
No
Ref
Yes 1.66
1.13-2.44
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HrHPV seropositivity
HrHPV L1 seropositivity, an indicator for a present or past infection, was also high
with 111 (37%) FSW being seropositive for at least one of the 7 tested hrHPV types.
The serologically most prevalent hrHPV types were HPV16 (25%), HPV45 (21%), HPV31
(16%), HPV18 (15%), and HPV52 (12%) (Table 2).
Vaginal and anal hrHPV infection and L1 seropositivity concordance
The type distribution for vaginal and anal hrHPV infection and L1 seropositivity of 7hrHPV types is shown in Figure 2. For all hrHPV types, past infection, based on only
being seropositive, was the most common HPV positivity. In total, 36% of FSW had
evidence of current or past HPV16 infection; for the other 6 types this varied between
15 and 32%. Concordance in vaginal and anal hrHPV infection was strong and
significant for all HPV types (e.g., HPV16: OR 10.27, 95%CI 4.21-25.10). Neither

Figure 1 – Vaginal and anal hrHPV prevalence by age compared to vaginal hrHPV infections in the
36
general Dutch female population .
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vaginal nor anal hrHPV infection was significantly associated with concordant
seropositivity for the hrHPV types except for vaginal HPV58 infection (OR 4.62, 95%CI
1.14-18.66) (Supplementary table 2).
Risk factors
Vaginal hrHPV infection
In univariable logistic regression analyses using GEE, age, region of birth,
educational level, working location, anal hrHPV infection and hrHPV seropositivity
were significantly any STI at inclusion visit were associated at P<0.2 (Table 3). In
multivariable regression analyses, being under 25 years of age (P=0.010) and being
Dutch (P<0.001) were significant risk factors for vaginal hrHPV infection, as was having
an anal hrHPV infection (aOR 10.50, 95%CI 7.73-14.26) (Table 4). Results of the
sensitivity analysis limited to HPV types 16, 18, 31, 33, 45, 52, and 58, as well as
sensitivity analysis excluding FSW with an STI at inclusion , were similar.
Anal hrHPV infection
In univariable logistic regression analyses using GEE, vaginal hrHPV infection was
the only risk factor of anal hrHPV infection. Having an STI, educational level, working
location, vaginal-, and anal sex during preceding 6 months were associated at P<0.2
(Table 3). Multivariable regression analyses revealed vaginal hrHPV infection to be the
only risk factor for anal hrHPV infection (OR 9.63, 95%CI 7.12-13.04) (Table 4). We
forced anal sex during the preceding 6 months in the model but anal sex was not
associated with anal hrHPV infection (P=0.119). Sensitivity analyses including only HPV
types 16, 18, 31, 33, 45, 52, and 58 yielded comparable results. When excluding FSW
with an STI at inclusion, consistent condom use during anal sex was found to be
associated with anal hrHPV infection (always with a condom aOR 1.96, 95% CI 1.153.34; at least once without a condom aOR 1.08, 95%CI 0.61-1.90, compared to no anal
sex; P=0.047).
HrHPV L1 seropositivity
Only region of origin was significantly associated with hrHPV L1 seropositivity in
univariable logistic regression analyses using GEE. Educational level, anal sex in the
preceding 6 months and HPV vaccination status were associated at P<0.2 (Table 3).
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Figure 2 - Distribution of vaginal and anal hrHPV infections and hrHPV seropositivity at one or multiple
anatomical locations among FSW in Amsterdam, the Netherlands, as detected by the SPF10-PCR
14
15
DEIA/LiPA25-system, version 1 , and the the multiplex assay assessing HPV antibodies .

In multivariable analysis only region of birth remained significantly associated with
hrHPV L1 seropositivity, with Eastern European FSW having the lowest odds of
seropositivity (OR 0.31, 95%CI 0.17-0.58; P=0.003) (Table 4).
Linear regression for hrHPV L1 antibody titers showed that Eastern European FSW
had significantly lower titers compared to Dutch FSW (β -0.31, 95%CI -0.54 to -0.08;
P=0.003). Additionally, young age and having an anal hrHPV infection was significantly
associated with higher antibody titers (P=0.032; P=0.011, respectively) (Table 4).
Only 39% and 26% of the 38 women who indicated they had been vaccinated
against HPV were seropositive for HPV16 and HPV18, respectively. Only considering
women who indicated to have had a complete dosing schedule, 31% and 19% were
seropositive for HPV 16 and HPV18, respectively. Antibody titers were only two-fold
higher in those reporting at least one vaccination (data not shown). We concluded that
self-reported HPV vaccination status may not have been accurate. We reassessed risk
factors for vaginal and anal hrHPV infection, L1 seropositivity and L1 antibody titer,
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when excluding women who reported having been vaccinated, and obtained largely
similar results (data not shown).
Also a sensitivity analysis excluding FSW with an STI at inclusion yielded simlar
results (data not shown).
Discussion
Vaginal and anal hrHPV infections and hrHPV seropositivity were highly prevalent
among FSW in Amsterdam, the Netherlands. Vaginal and anal hrHPV concordance was
strong, while no significant concordance between vaginal or anal hrHPV infection with
hrHPV L1 seropositivity was found (except for vaginal HPV58). Eastern European FSW
had significantly less often vaginal hrHPV infections and seropositivity compared to
Dutch FSW. Other risk factors for hrHPV infections differed by anatomical location.
The observed vaginal hrHPV prevalence of 46% is in agreement with the median of
42% from a Belgian study among FSW 18. HPV16 prevalence was 8%, while the median
HPV16 prevalence among FSW was somewhat higher in European studies (12%) 19, and
in the Belgian study ( 12%) 18.
To our knowledge, no other studies on anal HPV prevalence among FSW have been
conducted so far. Stier and colleagues 20 found in their systematic review that anal
hrHPV among HIV-negative women without genital HPV-related pathology ranged
from 4-22%, while anal hrHPV among women with genital HPV-related pathology
ranged from 23-85% 20. Thus, the observed 55% anal hrHPV prevalence in the current
study is high, especially taking into account that 80% of the FSW in our study did not
report having had anal intercourse in the past 6 months. Studies comparing
vaginal/cervical and anal HPV prevalence among women found comparable
prevalences at both anatomical sites or higher anal prevalence 21,22. We found a
significantly higher anal HPV prevalence. This could be explained by anal HPV
prevalence generally being higher among women with increased sexual risk behaviour
23,24
. Additionally, prevalence is the result of incidence and clearance. Assuming that
the incidence of anal hrHPV is equal or lower than that of cervical hrHPV, this suggests
that clearance from the anus may be lower than from the cervix. Furthermore, anal
(hr)HPV prevalence was similar across different age groups in our study, while other
studies found that anal (hr)HPV prevalence in women decreases after the age of 25
years 25,26.
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Perhaps not surprisingly, hrHPV seroprevalence for all HPV types was higher in our
study compared to a multi-ethnic group of women in the Netherlands 27,28.
Thirty-six percent of FSW in our study had evidence of current or previous HPV16
infection; these proportions were lower for all other hrHPV types. Since HPV
vaccination is safe and effective up to the age of 45 years 8,9, this suggests that at least
64% of all included FSW could possibly benefit from HPV vaccination. The proportion
of FSW benefitting from vaccination would even be larger if they would be vaccinated
early in their sex (work) career. Most beneficial for the FSW would be the 9-valent
vaccine since only 5% of FSW was seropositive for all HPV types included in this
vaccine. However, currently the 9-valent vaccine is not available in the Netherlands.
Only 8% of FSW was seropositive for all HPV types included in the 4-valent vaccine.
Furthermore, based on their profession, prevention of genital warts is very important
for these women. Therefore, we think the 4-valent vaccine (offering protection against
genital warts causing types 6 and 11) should be considered for FSW in the Netherlands.
Strong concordance between detected vaginal and anal HPV types has often been
found among women with cervical abnormalities 20,22,29. In a longitudinal Hawaiian
study, women with a cervical HPV infection had an almost 21 times higher risk of
incident concordant anal infection, while the risk of incident concordant cervical
infection after anal infection was around 9 times higher 30. Although our study was
cross-sectional, the observed high concordance for all hrHPV types seems to be in
agreement with these risks.
Neither we nor Goodman et al. 30 found condom use in the past 6 months to be
protective against vaginal or anal HPV infection. Furthermore, 80% of the FSW in our
study did not have anal intercourse with any of their clients/partners. The association
between consistent condom use during anal sex and anal hrHPV infection confirms the
lack of protective effect of condom use against HPV. The strong concordance of anal
hrHPV infections with vaginal hrHPV infections, the high anal hrHPV prevalence and
the weak association with anal sexual contact indicates potential smear infections. This
might occur for example by sexual contact using only fingers, anal-penile contact
without penetration, or for example post-toilet front-to-back wiping behaviour 31.
As in our study, other cross-sectional studies among FSW visiting local STI clinics in
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* vaginal and anal hrHPV infections entailed HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59; ** hrHPV seropositivity entails L1 seropositivity for HPV types 16, 18, 31, 33, 45,
52, 58; # For analyzing hrHPV antibody titers standardized Z-scores of the natural log-transformed type-specific antibody titers were used. This means that, for example, among FSW
with a high risk anal HPV infection the standardized Z score of the natural log-transformed, type-specific, L1 antibody titer is 0.09 higher than among FSW without an anal hrHPV
infection.; ϮVaginal and anal hrHPV infection and seropositivity was assessed using multivariable logistic regression using generalized estimating equations. HrHPV L1 antibody titers
were assessed using multivariable linear regression of the Z-score of the antibody titer, using generalized estimating equations. n.a.: Not applicable.

Table 4 – Determinants of vaginal hrHPV infection, anal hrHPV infection and hrHPV seropositivity among female sex workers in Amsterdam, the Netherlands
(HP4V FSW- study, N=304). Results of multivariable logistic and linear regression using GEE including hrHPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and
Ϯ
59 for vaginal and anal hrHPV infection, and hrHPV types 16, 18, 31, 33, 45, 52, and 58 in serology.
Vaginal hrHPV infection*
Anal hrHPV infection*
hrHPV L1 seropositivity**
hrHPV L1 antibody titers** #
aOR
95% CI
P
aOR
95% CI
P
aOR
95% CI
P
β
95% CI
P
Age
.010
.032
<25 years
Ref
Ref
25-29 years
0.74
0.47-1.18
-0.34
-0.60 to -0.08
30-34 years
0.43
0.24-0.78
-0.20
-0.47 to 0.07
≥ 35 years
0.49
0.29-0.82
0.01
-0.27 to 0.29
Country of birth
<.001
.003
.003
Netherlands
Ref
Ref
Ref
Eastern Europe
0.34
0.22-0.51
0.31
0.17-0.58
-0.31
-0.54 to -0.08
Latin America
0.63
0.37-1.07
0.66
0.30-1.45
-0.25
-0.61 to 0.10
Other
0.51
0.29-0.89
0.62
0.29-1.35
0.10
-0.19 to 0.39
Anal sex in preceding 6 months
0.119
(including steady partners, casual partners and clients)
No anal sex
Ref
Always with a condom
1.72
1.03-2.88
At least once condom
failure
At least once without a
1.08
0.65-1.78
condom
High risk anal HPV infection
<.001
.011
No
Ref
n.a.
n.a.
n.a.
Ref
Yes
10.50
7.73-14.26
n.a.
n.a.
n.a.
0.09
0.02 to 0.17
High risk vaginal HPV infection
<.001
No
n.a.
n.a.
n.a.
Ref
Yes
n.a.
n.a.
n.a.
9.63
7.12-13.04
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Spain, Denmark and Belgium, young age was a risk factor for vaginal HPV infection 18,3234
. A similar effect of age is seen in the general population 35,36. The effect of age might
be explained by a potential protective effect of HPV antibodies acquired after natural
infection 24,37-39; however in our study L1 seropositivity was not significantly associated
with vaginal hrHPV infection.
An additional risk factor found in a study by Del Amo et al. among FSW in Spain was
being of Caribbean origin 32, and Kjaer et al. 33 found condom use with clients to be
protective against HPV infection among Danish FSW. These risk factors are not in
agreement with our results.
No association with condom use was found in our study. This could be caused by social
desirability in answering condom use questions, but this is not very likely since FSW are
mostly quite candid when answering intimate questions. Evidence for the protective
effect of condoms against HPV infection is inconclusive 3,4.
The self-reported HPV vaccination status may not be accurate, since median L1
antibody titers of HPV16 and HPV18 of women who reported having been vaccinated
were only twofold higher than of other women. Based on experience during data
collection, we assume that many FSW mistook hepatitis B (HBV) vaccination for HPV
vaccination, as FSW are a target group for HBV vaccination and these two vaccinations
have similar dosing schedules.
Strengths
Our inclusion was managed from P&G292, a health care center for all sex workers
in Amsterdam. Therefore, the FSW who were asked for participation might not all have
been working legally, but some possibly illegally. Additionally, we included FSW from a
great variety of working locations. Furthermore, in this population with high condom
use, we also demonstrate the lack of protective effect of condoms . These facts create
more generalizable outcomes for other sex work settings. Furthermore, by including
results of vaginal and anal self-swabs we were able to show the strong concordance
between these two infection sites in this specific risk group despite anal sex being not
very common). Another strength of this study is the relatively high participation rate of
51%.
Limitations
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Although there were few exclusion criteria, known human trafficking victims were
not included. These women attend different health care facilities and were not
included in view of privacy considerations and potential mental distress. Second, we
did not record the age of first sexual intercourse. It is known that the age at which a
woman begins her sexual career is associated with HPV infection and cervical cancer
40,41
; in other studies this also appeared to be a risk factor for HPV infection in FSW 42,43.
Lastly, the eligible but not-participating women differed from the participating women
in several aspects. Participants were more often Eastern European or Dutch, worked
more often in Clubs, private houses, massage salons, as escorts or from home (and less
often in wondow prostitution), and had more often an STI. Although these differences
were significant, the actual differences were not very large (Suppl Table 2). These
differences may have led to an underestimation of the various HPV prevalences. We
think it is unlikely it would have had a sizeable impact on the observed associations
between demographic or behavioral characteristics and HPV outcomes, nor on the
impact of one HPV status (e.g. vaginal) on the other (e.g. anal).”
Conclusions
Vaginal and anal hrHPV infection and hrHPV seropositivity are very common among
FSW in Amsterdam, the Netherlands, indicating them as a high risk group for HPVrelated diseases. High concordance between vaginal and anal hrHPV infection in the
absence of anal sex could imply smear infections. Based on this high risk, the limited
protective effect of antibodies induced by natural infection 37-39, and the proven safety
and effectiveness of HPV vaccination in women aged up to 45 years 8,9 , HPV
vaccination of FSW, preferably at the beginning of the sex work career, may be a useful
protective method against hrHPV infection and it sequelae.
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Supplementary table 1 - Characteristics of non-participating female sex workers of P&G292 during the
**
study period compared to participants of the HP4V FSW study, Amsterdam 2016 .
Non-participants
Participants
N=295
N=304
No.
%
No.
%
Median age in years [IQR]
29
[25-38]
29
[25-37]
Region of birth
Netherlands 77
26%
100
33%
Eastern Europe 98
33%
125
41%
Latin America 59
20%
45
15%
Other 61
21%
34
11%
Educational level #
Lower education 84
28%
94
31%
Higher education 39
13%
51
17%
Unknown educational level 172
58%
159
52%
Working locationϮ
Club/private house/massage salon 76
28%
103
34%
Window prostitution (red light district) 118
44%
117
38%
Escort/working from home 54
20%
81
27%
Other (on the street/doesn't work anymore) 20
7%
3
1%
No. of sexual contacts in the preceding 6 months (oral, vaginal and/or anal)Ϯ
<100 70
26%
72
24%
100-249 64
23%
76
25%
250-399 45
16%
56
18%
≥400 95
35%
100
33%
Vaginal sex with clients in preceding 6 months*
No vaginal sex with clients 31
11%
11
4%
Always with a condom 173
59%
218
72%
At least once condom failure 77
26%
66
22%
At least once without a condom 14
5%
9
3%
Vaginal sex with steady partners in preceding 6 monthsϮ
No (vaginal sex with) steady partner 175
60%
154
51%
Always with a condom
9
3%
12
4%
At least once condom failure
0
0%
0
0%
At least once without a condom 110
37%
138
45%
Vaginal sex with casual partners in preceding 6 months*
No (vaginal sex with) casual partner 247
84%
253
83%
Always with a condom
6
2%
10
3%
At least once condom failure
1
0.3%
1
0.3%
At least once without a condom 41
14%
40
13%
STI at inclusion visit ǂ
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No
Yes

282
13

96%
4%

276
28

91%
9%

HIV-negative
HIV-positive
Unknown

272
1
22

92%
0.3%
7%

301
2
1

99%
1%
0.3%

HIV status

** In the previously published data of the HP4V FSW study, differences between participant and non-participants were
described based on 602 eligible FSW during the study period. However, in those analyses 3 FSW were included twice,
and their second inclusion should have been omitted, as done here
* In case a woman reported condom failure with at least one client/casual partners she was assigned to the category
'condom failure'. In case the woman reported having had vaginal sex without a condom with at least one steady
partner/client/casual partner she was included into the category 'without a condom'.
Ϯ Only missings were found among non-participants: 27 missings in working location; 21 missing in the number of sex
partners; 1 missing in condom use during vaginal sex with a steady partner; all other variables did not include missings.
ǂ included STIs: gonorrhea, Chlamydia, syphilis, HBV and HIV (no new cases of syphilis, HBV or HIV were diagnosed)
# Educational level is measured according to the Dutch education levels. Participants were asked what their
highest completed level of education was. They could choose: no educational degree (did not finish any
education), Primary school, Lower general secondary school, Higher general secondary school, Pre-university
school, Secondary vocational school, Higher vocational school, University, Different. Lower education contains:
no educational degree, Primary school, Lower general secondary school, Higher general secondary school and
Secondary vocational school. Higher education included: Pre-university school, Higher vocational school, and
University
abbreviations: STI - sexually transmitted infection, HIV - human immunodeficiency virus.
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Supplementary table 2 - Crude odds ratios of concordance of vaginal and anal hrHPV infection and
seropositivity of HPV types 16, 18, 31, 33, 45, 52, 58 among female sex workers in Amsterdam, the
Netherlands, in the HP4V FSW study (N=304).
HPV type
Vaginal
HPV16
HPV18
HPV31
HPV33
HPV45
HPV52
HPV58
Anal
HPV16
HPV18
HPV31
HPV33
HPV45
HPV52
HPV58

Concordant anal hr-HPV type
OR
95%CI
P-value
a

Concordant hr-HPV seropositivity
OR
95%CI
P-value
b

0.75-4.21
0.77-5.51
0.56-3.35
0.07-4.52
0.86-9.20
0.56-4.36
1.14-18.66

0.201
0.169
0.493
0.574
0.086
0.417
0.032

c

0.92-4.06
0.47-3.08
0.20-1.75
0.07-4.52
0.39-3.14
0.24-2.93
0.33-7.11

0.089
0.704
0.314
0.574
0.843
0.781
0.604

10.27
11.51
10.00
13.69
7.61
13.23
12.31

4.21-25.10
4.73-28.01
4.56-21.96
4.28-43.79
2.09-27.69
5.55-31.55
3.20-47.40

<0.001
<0.001
<0.001
<0.001
0.006
<0.001
0.001

1.78
2.07
1.38
0.58
2.82
1.56
4.62

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

1.93
1.20
0.59
0.58
1.11
0.84
1.53

a. FSW with a vaginal HPV16 infection have 10.27 times the odds of an anal HPV16 infection compared to FSW without
vaginal HPV16 infection.
b. FSW with a vaginal HPV16 infection have 1.78 times the odds of being seropositive for HPV16 compared to FSW
without vaginal HPV16 infection.
c. FSW with an anal HPV16 infection have 1.93 times the odds of being seropositive for HPV16 compared to FSW
without anal HPV16 infection.
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Abstract
Objective
Female sex workers (FSWs) are at risk for HPV-induced diseases but are currently not
targeted by the HPV vaccination program in the Netherlands. We explored
determinants of their intention to get vaccinated against HPV in case vaccination
would be offered to them.
Methods
In 2016, FSWs aged ≥18 years having a sexually transmitted infection (STI) consultation
with the Prostitution & Health Center (P&G292) in Amsterdam, either at the clinic or at
their working location, were invited to complete a questionnaire assessing
sociopsychological determinants of HPV vaccination intention (scale ranging from -3 to
+3). Determinants of HPV vaccination intention were assessed with uni- and
multivariable linear regression. Additionally, we explored the effect of out-of-pocket
payment on intention.
Results
Between May and September 2016, 294 FSWs participated. The median age was 29
years (inter quartile rang, 25–37). HPV vaccination intention was high (mean, 2.0; 95%
CI, 1.8-2.2). In multivariable analysis attitude (β=0.6; 95% CI, 0.5-0.7), descriptive norm
(β=0.2; 95% CI, 0.1-0.3), self-efficacy (β=0.2; 95%CI, 0.1-0.3), beliefs (β=0.1; 95% CI,
0.0-0.2) and subjective norm (β=0.1; 95% CI, 0.0-0.2) appeared as the strongest
predictors of HPV vaccination intention (R2 = 0.54). HPV vaccination intention
decreased significantly to a mean of 0.2 when vaccination would require out-of-pocket
payment of €350.
Conclusion
The HPV vaccination intention among FSWs appears relatively high, and is most
strongly constituted in attitudinal, normative and self-efficacy beliefs. Out-of-pocket
payment will probably have a negative impact on their HPV vaccination acceptability.
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Introduction
In the general population, approximately 80% of sexually active people get infected
with the human papillomavirus (HPV) at least once in their lifetime 1. Persistent HPV
infections can cause anogenital warts, and cervical, vaginal, vulvar, anal, penile, and
head and neck cancers. The most common cancer caused by HPV infection among
women is cervical cancer, with an incidence of 8.4 per 100,000 women in the
Netherlands in 2015, despite of the Dutch cervical cancer screening programme 2.
Human papillomavirus vaccination has been shown to be safe and effective for the
prevention of HPV infection and many of its precancerous and cancerous sequelae
among women younger than 25 years 3-9, as well as among women aged up to 45 years
10-13
. Most high- and upper-middle-income countries offer HPV vaccination to girls 14. In
the Netherlands, HPV vaccination has been offered to girls in the year they turn 13
years of age since 2009. The uptake has been lower compared to the other childhood
vaccinations in the national vaccination program; in 2016, approximately 61%
vaccinated for HPV versus 94% for other childhood vaccines 15.
Female sex workers (FSWs) are a group of women at high risk for HPV-induced
diseases and are currently not included in the HPV vaccination program in the
Netherlands. They are unique in their risk for HPV infection because of the high
number of sexual partners and condoms offer only limited or no protection against
HPV 16-18. The median age of FSWs in Amsterdam is 29 years 19, so most were not
eligible for vaccination when this was introduced 15. In addition, many FSWs in the
Netherlands are immigrants from countries without a comprehensive HPV vaccination
program. A large proportion migrated to the Netherlands as adults, so they were not
eligible for HPV vaccination through the Dutch vaccination program. Many FSWs in the
Netherlands are not registered at a general practitioner and will therefore not be
invited to participate in the national cervical cancer screening program 20. Offering the
HPV vaccination to FSWs may be an additional cancer prevention strategy in this highrisk group.
The aim of this study was to investigate the determinants of HPV vaccination
intentions among FSWs in Amsterdam (the Netherlands) in case the HPV vaccination
would be offered to them in the near future.
Methods
Study Participants
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Table 1 - Baseline characteristics of the study population (N=294) (HP4V FSW study, Amsterdam 2016).
Total
(N=294)
No.*
%*
Median age in years (IQR)
29
(25-36)
Age, y
≤24 years 62
21%
25-29 years 102
35%
30-34 years 49
17%
≥35 years 81
28%
Educational level ǂ
Lower education 93
32%
Higher education 51
17%
Unknown educational level 150
51%
Continent of birth
Netherlands 99
34%
Eastern Europe 120
41%
Central America 41
14%
Other 34
12%
Working location
Club/ private house/massage salon 97
33%
Window prostitution (red light district) 113
38%
Escort/working from home 81
28%
Other (on the street/doesn't work anymore)
3
1%
Median no. of sex partners (preceding 6 months) [IQR]
250
[100-400]
No. of sex partners (preceding 6 months)
<100 71
24%
100-249 74
25%
250-399 53
18%
≥400 96
33%
Condom use during vaginal sex with steady partner(s) (preceding 6 months)
No steady partner/no vaginal sex with steady partner 149
51%
Without a condom 133
45%
With a condom 12
4%
Condom use during vaginal sex with clients (preceding 6 months)
No vaginal sex with clients 11
4%
Without a condom
9
3%
With a condom 211
72%
Condom failure 63
21%
Condom use during vaginal sex with casual partners (preceding 6 months)
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No casual partner/no vaginal sex with casual partner
Without a condom
With a condom

245
39
10

83%
13%
3%

No
Yes

246
48

84%
16%

No
Yes

236
58

80%
20%

No
Yes

234
60

80%
20%

No
Yes

268
26

91%
9%

Unknown
HIV-negative
HIV-positive

1
292
1
1.99

0%
99%
0%
(1.50)

History of anogenital warts

Friends with a history of anogenital warts

Friends with (a history of) cervical cancer

Had an STI diagnosed during the inclusion visit #

HIV-status

Mean HPV vaccination intention (SD) (range -3 to +3)

* unless otherwise stated
# included STIs: gonorrhea, Chlamydia & syfilis
ǂ Educational level is measured according to the Dutch education levels. Participants were asked what their highest
completed level of education was. They could choose: no educational degree (did not finish any education), Primary
school, Lower general secondary school, Higher general secondary school, Preuniversity school, Secondary vocational
school, Higher vocational school, University, Different. Lower education contains: no educational degree, Primary
school, Lower general secondary school, Higher general secondary school and Secondary vocational school. Higher
education included: Preuniversity school, Higher vocational school, and University
abbreviations: STI - sexually transmitted disease, HIV - human immunodeficiency virus, HPV - human papillomavirus
There are no missing data in the included variables of table 1.

In 2008, a specialized care facility for sex workers was established in Amsterdam, the
Prostitution & Healthcare center (P&G292), offering support from social workers and
sexual health consultations. From May through September 2016, FSWs who had a
sexually transmitted infection (STI) consultation at P&G292 were invited to participate
in the HP4V (human papillomavirus preparedness for vaccination) study. FSWs were
eligible to participate if they were aged 18 years or older; conversant in Dutch, English,
or Spanish; and could read either Dutch, English, Spanish, Bulgarian, or Romanian.
After completing the questionnaire, FSWs received a toiletry bag with condoms,
lubricant, and vaginal sponges to thank them for participation. Participants provided
written informed consent before completing the questionnaire. The study was
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explained by the public health nurse during the STI consultation; he/she also obtained
the informed consent. This study was combined with an HPV prevalence study,
whereby anal and vaginal self-swabs were collected and tested for HPV. Female sex
workers participating in the study were informed about clinically relevant HPV
infections and referred for further cervical cancer screening. Ethical clearance for this
study was obtained from the Medical Ethics Committee of the Academic Medical
Center [A1 16 119].
Data Collection
Participants completed a self-administered Web-based questionnaire addressing
HPV vaccination intentions and a series of hypothesized sociopsychological
determinants of HPV vaccination intention. Participants were invited by a research
assistant to complete the questionnaire on a tablet; completing the questionnaire took
approximately 15 minutes. If participants had any questions about the questionnaire,
the research assistant was available to clarify issues. Participants were included at 2
physical locations, yet only 1 research assistant was available for inclusion. Therefore,
not all eligible FSWs were invited to participate in the study. Sociodemographic
characteristics, health-related characteristics and sexual behavior characteristics were
obtained from the electronic patient files of the FSWs.
Questionnaire
The questionnaire used in this study was based on 3 former studies assessing
determinants of HPV vaccination intention (among parents and 13-year-old girls, and
among male STI clinic clients).21-23 Before implementing this study, 7 individual
interviews with FSWs were conducted to ensure that the questionnaire covered beliefs
and contextual issues salient to this specific study population. Human papillomavirus
vaccination intention was assessed by a composite score of two 7-point Likert-type
scaled items (ranging from -3 up to +3; Cronbach α = 0.89). Most constructs were
assessed by multiple Likert-type scaled items and were rescaled to 7-point scales (see
Supplementary Table 1). Composite scores of constructs measured by multiple items
were computed if Cronbach’s Alpha exceeded 0.60 (Supplementary Table 1).
Impact of Out-of-pocket Payment
Basic information about of HPV vaccination was provided to the respondents
before they completed questions concerning their intention and related determinants.
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After the concept of out-of-pocket payment for HPV vaccination was introduced,
intention to vaccinate was assessed again. Data were collected in 4 time periods of
approximately 6 weeks. Dependent on the period of inclusion, differents amount of
out-of-pocket payment (€50; €100; €200; €350) were proposed.
Statistical Analyses
We compared demographics of FSWs who participated to those of nonparticipating
FSWs who had an STI consultation with P&G292 in the study period. They did not
participate in the study because they were not asked to participate due to lack of a
research assistant, or because they declined. Comparisons were done using chisquared tests and Fisher exact tests for categorical data, and Wilcoxon rank sum tests
for continuous and ordinal data.
Baseline characteristics of the study population and HPV vaccination intention were
explored using descriptive statistics. Correlations between sociopsychological factors
were computed by Pearson r. Univariable and multivariable linear regression were
applied to assess their impact on HPV vaccination intention. In multivariable linear
regression analyses, a 2-step approach was used. In the first step, all
sociopsychological variables that were associated (P < 0.2, Wald test) with intention in
the univariable analyses were included in multivariable regressions. A backward
selection procedure was performed to obtain a model with the sociopsychological
determinants that were significantly associated with intention (P < 0.05). In the second
step, sociodemographics, health, and sexual behavioral characteristics (univariably
associated with intention at P < 0.20) were added to the model. A parsimonious model
was obtained using backward selection. The sociopsychological determinants were
forced in the model. Multicollinearity was assessed.
Next, we assessed the impact of a gradual increase in the amount of out-of-pocket
payment on HPV vaccination intention. For this analysis, we created a dataset
containing 2 outcome variables for each participant: one relating to vaccination
intention when offered free of charge, and one relating to vaccination intention in the
case the HPV vaccination had to be paid out-of-pocket. This dataset contained
correlated data (2 records for each participant); therefore, generalized estimating
equations were used in univariable and multivariable linear regression analyses, using
an exchangeable correlation structure and robust variance. Last, we assessed the
impact of determinants on intention in the model including out-of-pocket payment.
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All analyses were performed using Stata (version 13.1; Stata Corp, College Station,
Texas, USA).
Results
Study participation
Of the 602 FSWs that had an STI consultation at P&G292 between May and
September 2016, 294 (49%) participated in the study. Participants were significantly
more often Dutch and Eastern European than nonparticipants (Dutch 34% vs 26%, and
Eastern European 41% vs 34%, P = 0.002). Participants worked less in window
prostitution (38% vs 44%, P < 0.001). Strict condom use during vaginal sex with clients
in the preceding 6 months was reported more often in participants than in
nonparticipants (72% vs 59%). Participants more often had an STI at their inclusion visit
compared to nonparticipants (9% vs 5%, P = 0.053) (Supplementary table 2).
Characteristics of study population
Of the 294 participants included in this study, 97 (33%) worked in a club/private
house/ massage salon, 113 (38%) worked in window prostitution, 81 (28%) worked as
an escort or from home, and 3 (1%) worked at other locations. The median age was 29
years (interquartile range [IQR], 25-36 years). The median number of sex partners in
the preceding 6 months was 250 (IQR, 100-400), and condom use during vaginal sex
with clients in the preceding 6 months was also high (72% only had sex with clients
with a condom; 21% used condoms, but experienced at least once condom failure with
a client; and 3% had sex at least once with a client without a condom). In total, 26 (9%)
participants had at least one STI (gonorrhea, chlamydia and/or infectious syphilis) at
their inclusion visit (Table 1).
HPV vaccination intention
The mean HPV vaccination intention among FSWs was high (mean, 1.99; 95%
confidence interval [CI], 1.82–2.17]; range −3 to +3) (Table 1).
Univariable linear regression analyses
In univariable linear regression analyses all sociopsychological determinants except
risk perception were significantly associated with HPV vaccination intention. In
addition, having friends with (a prestage of) cervical cancer had a borderline significant
negative effect on HPV vaccination intention (β = -0.40; 95% CI, -0.82 to 0.02). Neither
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knowledge about the HPV vaccination, experience with HPV-related sequelae, or being
diagnosed as having an STI at visit, nor demographic and sexual behavior variables,
were significantly associated with HPV vaccination intention (Table 2).
Multivariable linear regression analyses
In multivariable linear regression analyses, attitude was the strongest predictor of
HPV vaccination intention (β = 0.56; 95% CI, 0.46-0.66), followed by self-efficacy (to
what extent does one consider oneself able to come to P&G292 3 times to get
vaccinated; β = 0.20; 95% CI, 0.12-0.29), descriptive norm (the expected number of
colleagues that would accept HPV vaccination if it was offered to them; β = 0.19; 95%
CI, 0.10-0.28) , subjective norm (the expected opinion of colleagues, the nurse and
private sex partners on HPV vaccination combined with the importance of their
opinion; β = 0.12; 95% CI, 0.03-0.21), and outcome beliefs (β = 0.09; 95% CI, 0.01-0.17).
Taken together, these factors accounted for 54% of the variance in intention (R 2 =
0.54; Table 2). Adding demographics and sexual behavior variables did not improve
this final model (data not shown). Multicollinearity was not observed (variance
inflation factor <1.3 for all variables).
The Effect of Payment on Vaccination Intention
Before the question regarding out-of-pocket payment for vaccine, all
sociopsychological questions implied that HPV vaccination would be free of charge (as
is currently the case in the Netherlands for 12- to 13-year-old girls). During 4 periods,
different amounts of out-of-pocket payments for HPV vaccination were proposed, and
vaccination intention was assessed a second time. Participants from these 4 periods
were comparable concerning demographics, sexual behavioral characteristics, and HPV
vaccination intention. However, participants in the fourth period (payment of €350)
reported a significantly higher number of sex partners in the preceding 6 months,
compared to the participants in the other periods (P = 0.024) (data not shown).
The mean HPV vaccination intention decreased significantly with the increase in the
amount of out-of-pocket payment for HPV vaccination (Fig. 1). The mean vaccination
intention per amount was: €0, 1.99 (95% CI, 1.82 to 2.17); €50, 1.20 (95% CI, 0.73 to
1.67); €100, 1.57 (95% CI, 1.14 to 2.01); €200, 1.00 (95% CI, 0.51 to 1.50); €350, 0.23
(95% CI, -0.23 to 0.68). The effect of out-of-pocket payment on intention was similar
in univariable analysis and in multivariable analysis (when added to the final
multivariable model presented in Table 2; Supplementary Table 3).
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Table 2 - Relationship of socio-demographic characteristics and socio-psychological determinants with
HPV vaccination intention among FSW (N=294) (HP4V FSW study, Amsterdam 2016).
Univariable linear regression
Multivariable linear regression
analysis
analysis *
Beta
(95% CI)
P
Beta
95% CI
P
Socio-psychological determinants
Attitude towards HPV vaccination
0.76 (0.66 to 0.86) <0.001 0.56 (0.46 to 0.66) <0.001
Self-efficacy expectations towards HPV
vaccination
0.41 (0.30 to 0.51) <0.001 0.21 (0.12 to 0.29) <0.001
Risk perception
0.08 (-0.03 to 0.18) 0.146
Negative outcome expectations of HPV
vaccination
0.22 (0.12 to 0.31) <0.001
Anticipated regret about declining HPV
vaccination
0.27 (0.18 to 0.37) <0.001
Beliefs about HPV vaccination
0.23 (0.12 to 0.34) <0.001 0.09 (0.01 to 0.17) 0.031
Subjective norm towards HPV vaccination 0.39 (0.27 to 0.51) <0.001 0.12 (0.03 to 0.21) 0.013
Descriptive norm towards HPV vaccination 0.39 (0.28 to 0.50) <0.001 0.19 (0.10 to 0.28) <0.001
Socio-demographic characteristics
Age, y
0.309
≤24 years
ref
25-29 years
-0.24 (-0.72 to 0.23)
30-34 years
-0.51 (-1.07 to 0.05)
≥35 years
-0.11 (-0.60 to 0.39)
Educational level
0.483
Lower education
ref
Higher education
-0.27 (-0.79 to 0.24)
Unknown educational level
0.01 (-0.38 to 0.40)
Continent of birth
Netherlands
ref
Eastern Europe
0.20
Central America
0.62
Other
-0.05
Sexual behavior
Working location
Club/ private house/massage salon ref
Behind a window (red light district) -0.01
Escort/ working from home
-0.24
Other (on the street/
doesn't work anymore) 0.27
Number of sexpartners in the preceding 6 months
<100
ref
100-249
0.45
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0.124
(-0.20 to 0.60)
(0.07 to 1.16)
(-0.64 to 0.53)
0.658
(-0.42 to 0.40)
(-0.69 to 0.20)
(-1.46 to 2.00)
0.323
(-0.04 to 0.94)
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250-399
0.32 (-0.21 to 0.86)
≥400
0.30 (-0.16 to 0.76)
Having (had) a steady partner(s) (preceding 6 months)
No
ref
Yes
-0.26 (-0.60 to 0.08)
Condom use during vaginal sex with steady partner(s)
(preceding 6 months)
No steady partner/ no vaginal
sex with steady partner
ref
Without a condom
-0.26 (-0.61 to 0.09)
With a condom
-0.25 (-1.13 to 0.63)
Condom use during vaginal sex with clients (preceding 6 months)
No vaginal sex with clients
ref
Without a condom
0.07 (-1.26 to 1.39)
With a condom
-0.60 (-1.51 to 0.31)
Condom failure
-0.57 (-1.53 to 0.39)
Having (had) a casual partner(s) (preceding 6 months)
No
ref
Yes
-0.19 (-0.65 to 0.27)
Condom use during vaginal sex with casual partners
(preceding 6 months)
No casual partner/no vaginal
sex with casual partner
ref
Without a condom
-0.18 (-0.69 to 0.33)
With a condom
-0.23 (-1.18 to 0.73)
HPV related variables
Knowledge about HPV
0.07 (-0.04 to 0.19)
Experience with HPV - History of genital warts
No
ref
Yes
0.08 (-0.38 to 0.55)
Experience with HPV - Friends with genital warts
No
ref
Yes
-0.08 (-0.51 to 0.35)
Experience with HPV - Friends with cervical (prestage) cancer
No
ref
Yes
-0.40 (-0.82 to 0.02)
Medical history
Had an STI at the inclusion visit #
No
ref
Yes
0.03 (-0.58 to 0.63)

0.133

0.325

0.355

0.418

0.719

0.213
0.733

0.717

0.064

10

0.931

* R² of the multivariable model: 0.54; # included STIs: gonorrhea, Chlamydia & syfilis; abbreviations: HP4V - HPV
perception for vaccination study; CI - confidence interval; HIV- human immunodeficiency virus; HPV: human
papillomavirus; STI - sexually transmitted infection.
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Discussion
Human papillmavirus vaccination intention among FSWs who had an STI consultation
at P&G292 in Amsterdam, the Netherlands, was high (mean, 1.99; 95% CI, 1.82 - 2.17;
range −3 to +3). This study showed that attitude, self-efficacy, descriptive norm
subjective norm and outcome beliefs were the determinants of HPV vaccination
intention among FSWs. When out-of-pocket payment was required, HPV vaccination
intention decreased significantly, but the mean HPV vaccination intention remained
positive (0.23; 95% CI, -0.23 to 0.68), even if the HPV vaccination would cost €350 (the
current price at pharmacies).
Human papillomavirus vaccination intention has been assessed in FSWs previously
in other countries 24-26. These studies also showed a high HPV vaccination intention; in
Peru, 97.5% had positive intentions 24; and in China, 62% 25. A limitation of the studies
from Peru and China and ours is that they assessed intentions under hypothetical

Figure 3 - Mean (95% CI) HPV vaccination intention by amount of out-of-pocket payment of three
HPV vaccination doses. Mean vaccination intention among FSW €0: 1.99 (95%CI 1.82 to 2.17); €50:
1.20 (95%CI 0.73 to 1.67); €100: 1.57 (95%CI 1.14 to 2.01); €200: 1.00 (95%CI 0.51 to 1.49); €350:
0.23 (95%CI -0.23 to 0.68).
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conditions rather than actual behavior under real-life conditions. However, in Peru,
HPV vaccination was offered in trial (free of charge) for FSWs, resulting in a completion
rate of 91% for 3 doses 26. HPV vaccine acceptability in a Cambodian study was 100%.
Female sex workers were recruited by a Cambodian women’s association, all with low
prevaccination knowledge, and received extensive education about HPV and HPV
related diseases; HPV vaccination was offered free of charge 27.
A recent HPV vaccination intention and acceptability study by our group found that
HPV vaccination intention was a moderately strong predictor of actual vaccination
behavior 22. P&G292 offers hepatitis B vaccination to FSWs, a vaccine requiring 3 doses
(at 0, 1 month and 6 months, comparable to HPV vaccination) with completion rates of
approximately 80% in 2014 28.
Like in our study, the China study found a decrease in HPV vaccination intention
when payment was required 25. Unfortunately, the effect of payment on HPV
vaccination intention was assessed generally, not by referring to specific amounts, as
in our study.
Female sex workers included in these other studies (in Peru, China, and Cambodia)
may not be comparable to the population of FSWs in the Netherlands. In the
Netherlands prostitution is legal, the profession is regulated, and active law
enforcement is in place to protect sex workers. Sex workers in the Netherlands also
have relatively good access to health care. In addition, the Dutch FSW population is an
ethnically diverse population, while the 3 other studies included mainly FSWs born in
the country of the study. Therefore, these inconsistencies in background
characteristics of the women and characteristics of their working conditions
(prostitution laws, wealth, culture) urge on some restraint as far as generalizability is
concerned. Nevertheless, HPV vaccination intention was high in all studies, including
ours. In addition, our study shows the added value of sociopsychological determinants
in explaining and predicting HPV vaccination acceptability, as well as the negative
effect of out-of-pocket payment on these intentions.
We are aware of no previously published studies that systematically assessed
sociopsychological determinants of HPV vaccination intention among FSWs. Our
results seem congruent to those found in prior studies among other target groups in
the Netherlands (i.e. among girls 22,23, parents 22, and men who have sex with men 21):
sociopsychological determinants are key determinants of HPV vaccination intention,
whereas sociodemographics, sexual behavior, and experience with HPV-related
sequelae play a limited, or no role at all. This means that these specific
239
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sociopsychological determinants (attitude, descriptive norm, self-efficacy, beliefs, and
subjective norm) could be considered main targets in the development of an
implementation strategy for HPV vaccination in FSWs.
Most FSWs have not benefitted from the Dutch HPV vaccination program because
they were too old to be included when the program started, or they migrated to the
Netherlands after the age of 13 years. Vaccine efficacy is lower in sexually active
women compared with young girls being vaccinated before or at the beginning of their
sexual career 3-7,10-12. However, HPV vaccination has been found to be safe and
effective among women who are vaccinated when they are older than 25 years 10-13.
Efficacy in preventing HPV infection and cytological abnormalities has been
demonstrated, irrespective of the lifetime number of sexual partners 11. Female sex
workers are at high risk of HPV infection and disease based on a high number of sexual
contacts and the limited protection offered by condoms 16-18. On the basis of the
proven safety and efficacy of HPV vaccination in women older than 25 years, we
consider HPV vaccination beneficial for FSWs, especially if they are vaccinated at the
beginning of their sex work career.
Strengths
The strength of this study is the inclusion of a diverse group of FSWs, with different
ethnicities, working at different locations and largely representative of the FSWs
population that attends the Prostitution and Health Center in Amsterdam, the
Netherlands. In addition, the use of a well-tested theory-based questionnaire enabled
exploring a diverse group of sociopsychological factors influencing HPV vaccination
intention. The explained variance of our multivariable model (R2 = 0.54) suggests that
the results may guide the development of future HPV vaccination implementation
targeting FSWs. Last, this is the first study to test the effect of different amounts of
out-of-pocket payment on HPV vaccination intention among FSWs.
Limitations
First of all, FSWs in the Netherlands are a unique group in terms of ethnic diversity,
but also with respect to their position in society and legal status compared with many
other high-income countries. Therefore, it is hard to generalize the results to FSWs in
other countries. Second, income was not assessed. Income may explain variance in
HPV vaccination intention, especially when considering the effect of out-of-pocket
payment. Third, HPV vaccination is not (yet) proven effective among women with such
a high risk of prior HPV infections. Last, this study was based on a hypothetical scenario
240
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because HPV vaccination for FSWs is currently not offered in the Netherlands. Despite
its hypothetical nature, this study may help to inform future planning strategies when
introducing targeted HPV vaccinations among FSWs. In addition, HPV vaccination
intention, as measured in this study, was previously shown to be a strong predictor of
HPV vaccine uptake.22
Implications
Risk-group-targeted HPV vaccination is currently only done in the United Kingdom,
where HPV vaccination is offered to men who have sex with men that attend the STI
clinic 29,30. As part of a demonstration project, FSWs in Antwerp were offered free HPV
vaccination 31. On the basis of our study, a high uptake can be expected if HPV
vaccination is offered free of charge by the Prostitution and Health Center.
Conclusions
HPV vaccination intention among FSWs in Amsterdam was high. Sociopsychological
factors explained most of the variance in HPV vaccination intention among FSWs. Outof-pocket payment had a significantly negative impact on their overall high intentions.
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Risk perception

Perceived severity
To what extend do you agree with the following statement: I
believe that …
- HPV infection is severe?
- genital warts is severe?
- cervical cancer is severe?
Risk perception was assessed by first multiplying perceived
susceptibility and perceived severity for each HPV related
status/disease, subsequently summing the products of the
individual HPV related diseases, then taking the average by

Perceived susceptibility of getting HPV, genital warts,
cervical cancer & perceived severity
Perceived susceptibility
- How much risk do you perceive you have of getting an HPV
infection?
- How much risk do you perceive you have of getting genital
warts?
- How much risk do you perceive you have of getting cervical
cancer?
1= not at all
to
7= very much

1= Extremely low risk
to
7 = Extremely high risk

(-3 up to 3)

3

0.88

Supplementary table 1 - Overview of social-psychological scale measures used in the questionnaire for HPV vaccination acceptability among female sex
workers having a consultation at P&G292 in Amsterdam, the Netherlands, 2016.
Measure
Item
Answer options
Scale
# of
Cronbach’s
items
α
Knowledge about HPV
- HPV is a sexually transmitted infection (correct)
0= 0 correct answers
6
N.A.
- HPV can cause genital warts (correct)
1= 1 correct answer
- Condoms protect completely against HPV (incorrect)
2= 2 correct answers
- HPV can cause cervical cancer (correct)
3= 3 correct answers
- Men cannot acquire an HPV infection (incorrect)
4= 4 correct answers
- If you have an HPV infection, you will always notice this
5= 5 correct answers
(incorrect)
6= 6 correct answers

HPV vaccination intention among FSW

-3= A very bad thing
to
3 = A very good thing
-3 = Very unimportant
to
3 = Very important
-3= Certainly not
to
3 = Definitely

-3= Not at all
to
3 = Very much

-3= Definitely
to
3 = Certainly not

- What is your opinion? Getting myself vaccinated against
HPV is…

- Getting myself vaccinated against HPV is…

What is your opinion about the following statements
- If I would get vaccinated against HPV I would be protected
against HPV
- If I would get vaccinated against HPV my sex partner(s)
would be protected against HPV

Imagine that you decided not to get the HPV vaccination
when it was offered to you. How much would you regret it
if…
- you would get infected with HPV later in life?
- you would get genital warts later in life?
- you would get cervical cancer later in life?

What is your opinion about the following statements
- If I would get vaccinated against HPV I would be very
scared of the shot with a needle.
- If I would get vaccinated against HPV I would be likely to
get unpleasant short term side effects, like a headache,
fever, or pain in my arm.
- If I would get vaccinated against HPV I would get
unpleasant side effects in the future.

Outcome expectancies

Anticipated regret
when deciding not to
get vaccinated against
HPV

Beliefs about HPV
vaccination

Attitude

dividing by three, and finally rescaling it back to a range of -3
to 3.

(-3 up to 3)

(-3 up to 3)

(-3 up to 3)

3

3

2

2

0.63

0.94

0.74

0.83
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Descriptive norms

Subjective norm norms
towards HPV
vaccination

-What do you think?
How many of your colleagues would choose to get
vaccinated against HPV if this was offered to them?*

Subjective norm was assessed by first multiplying normative
beliefs and motivation to comply for each social referent,
subsequently summing the products of the individual social
references, then taking the average by dividing by three, and
finally rescaling it back to a range of -3 to 3.

Motivation to comply
How important is the opinion of the persons listed below to
you when making the decision to get vaccinated against
HPV?
Social referents:
- Your colleagues
- The nurse at the STI clinic or at P&G
- Your private sexpartner(s)

Normative beliefs
What do you think?
Do the persons mentioned below believe you should or
should not be vaccinated against HPV?
Social referents:
- Your colleagues
- The nurse at the STI clinic or at P&G
- Your private sexpartner(s)

1 =0%
2 = 25%
3 = 50%
4 = 75%
5 = 100%

1 = Very unimportant
to
7 = Very important

-3 = Definitely not
to
3 = Definitely

(1 up to 7)

(1 up to 7)

(-3 up to 3)

1

3

3

N.A.

0.75
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-3= Certainly not
to
3 = Definitely yes
-3= Certainly not
to
3 = Definitely yes

- Imagine that HPV vaccination is offered to you. Would you
intend to get vaccinated against HPV?
- Imagine that a HPV vaccination is offered to you. How likely
is it that you would get yourself vaccinated against HPV?

- Imagine that HPV vaccination is offered to you for €X.
Would you intend to get vaccinated against HPV for €X?
- Imagine that a HPV vaccination is offered to you for €X.
How likely is it that you would get yourself vaccinated
against HPV for €X?
We proposed four different amounts:
€ 50
€ 100
€ 200
€ 350

HPV vaccination
intention

HPV vaccination
intention based on
amount of out-ofpocket payment

(-3 up to 3)

(-3 up to 3)

(-3 up to 3)

2

1

Abbreviations: HPV - human papillomavirus; N.A. – not applicable; STI – sexually transmitted infection; P&G292 – Prostitution & Health Center 292
* The score was re-scaled to a 7-point scale by multiplying the scores by 1.4.

-3 = Certainly unable
to
3 = Certainly able

- Would you think you will be able to come to P&G to get all
three HPV vaccinations in order to be fully protected?

Self efficacy

0.93
0.98
0.93
0.95

N.A.

0.89

N.A.
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Supplementary table 2 - Characteristics of non-participating female sexworkers of P&G292 during the
study period compared to participants of the HP4V FSW study, Amsterdam 2016.
Non-participants
No.
Median age in years [IQR] Ϯ
Educational level ǂ

N=308
%

Participants
N=294
No.
%

29.5

[25-37.5]

29

87
39

28%
13%

93
51

32%
17%

Unknown educational level 182

59%

150

51%

Lower education
Higher education
Continent of birth

0.002
Netherlands 79
Eastern Europe 105
Central America
Other

63
61

26%
34%

99
120

34%
41%

20%
20%

41
34

14%
12%

Working location Ϯ

<0.001
Club/private house/massage salon

83

30%

97

33%

Window prostitution (red light district) 123
Escort/working from home 55

44%
20%

113
81

38%
28%

Other (on the street/doesn't work anymore)
No. of sex partners (preceding 6 months) Ϯ

20

7%

3

1%

<100
100-249

72
66

25%
23%

71
74

24%
25%

250-399 49
≥400 100

17%
35%

53
96

18%
33%

149

51%

133
12

45%
4%

0.892

Condom use during vaginal sex with steady partner(s) (preceding 6 months) Ϯ
No steady partner/ no vaginal sex with steady partner 181
59%
Without a condom 117
With a condom 9
Condom use during vaginal sex with clients (preceding 6 months) *
No vaginal sex with clients 31

38%
3%

0.118

0.003
11%

11

4%

5%
59%

9
211

3%
72%

Condom failure 80
26%
Condom use during vaginal sex with casual partners (preceding 6 months)

63

21%

Without a condom 14
With a condom 183

No casual partner/ no vaginal sex with casual partner 257
Without a condom 43
With a condom
Condom failure

248

P-value

[25-36] 0.495
0.102

6
2

0.368

83%
14%

245
39

83%
13%

2%
1%

10
0

3%
0%
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Had an STI diagnosed during the inclusion visit #

0.053
No 293
Yes 15

95%
5%

268
26

91%
9%

22

7%

1

0%

HIV-negative 284
HIV-positive 2

92%
1%

292
1

99%
1%

HIV-status

<0.001
Unknown

* In case a woman reported condom failure with at least one client she was assigned to the category 'condom failure'.
In case the woman reported having had vaginal sex without a condom with at least one client she was included into the
category 'without a condom'.
Ϯ 2 missings in age among non-participants; 27 missings in working location among non-participants; 1 missing in the
number of sex partners among non-participants; 1 missing in condom use during vaginal seks with a steady partner
among non-participants; all other variables did not include missings.
# included STIs: gonorrhea, Chlamydia & syfilis
ǂ Educational level is measured according to the Dutch education levels. Participants were asked what their highest
completed level of education was. They could choose: no educational degree (did not finish any education), Primary
school, Lower general secondary school, Higher general secondary school, Preuniversity school, Secondary vocational
school, Higher vocational school, University, Different. Lower education contains: no educational degree, Primary
school, Lower general secondary school, Higher general secondary school and Secondary vocational school. Higher
education included: Preuniversity school, Higher vocational school, and University
abbreviations: STI - sexually transmitted infection, HIV - human immunodeficiency virus.
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Supplementary table 3 - Association of socio-psychological determinants with vaccination intention
when HPV vaccination requires out-of-pocket payment in the study population (N=294) (HP4V FSW
study, Amsterdam 2016).
Multivariable linear regression analysis #
Beta
(95% CI)
P-values
Payment for HPV vaccination
€0,-

ref

€50,€100,-

-0.44
-0.55

(-0.74 to -0.13)
(-0.91 to -0.19)

0.005
0.002

€200,€350,-

-1.04
-1.87

(-1.48 to -0.59)
(-2.30 to -1.44)

<0.001
<0.001

Socio-psychological determinants
Attitude towards HPV vaccination

0.50

(0.28 to 0.71)

<0.001

Self-efficacy expectations towards the HPV vaccination
Risk perception

0.21
**

(0.09 to 0.32)

<0.001

Negative outcome expectations of HPV vaccination
Anticipated regret about rejecting HPV vaccination

**
**

Beliefs about HPV vaccination
Subjective norm towards HPV vaccination

0.09
0.15

(0.01 to 0.18)
(0.02 to 0.28)

0.038
0.020

Descriptive norm towards HPV vaccination

0.13

(0.02 to 0.24)

0.021

** Not a significant determinant in multivariable analysis
# all variables included in the multivariable linear regression analysis are included in this table
abbreviations: HP4V - HPV perception for vaccination study; CI - confidence interval; HIV- human immunodeficiency
virus; HPV: human papillomavirus.

250

CHAPTER 11
Discussion

Discussion

In this thesis we assessed several epidemiological aspects of human papillomavirus
(HPV) infection and disease, as well as HPV vaccination intention among key
populations. Included key populations were men that visit the STI clinic in Amsterdam,
the Netherlands, men who have sex with men (MSM), both HIV-negative and HIVpositive, as well as female sex workers (FSW). The epidemiological studies aimed to
gain insight in and increase the understanding of the natural history of anal HPV
infection and disease and to try to predict HPV-related anal disease in MSM, and to
understand the relationship between HPV detection at multiple anatomical locations
in FSW. Results from the socio-psychological studies on HPV vaccination intention
aimed to understand HPV vaccination intention and be therefore informative for
possible introduction of HPV vaccination for these key populations.
Part 1: Anal HPV infection and HIV infection among men who have sex with men
Anal cancer incidence is much higher among HIV-positive compared to HIV-negative
MSM 1. Since HPV infection is the cause of anal cancer in approximately 88% of all anal
cancer cases 2-4, differences in the epidemiology and natural history of anal HPV
infection could be expected between HIV-positive and HIV-negative MSM. This
increased risk is confirmed by previous studies that found that HIV-negative and HIVpositive MSM differ in anal HPV prevalence of infection 5-8, incidence of infection 9-11,
persistence of infection 9, clearance of high-risk HPV infection 9, and HPV16 and -18
seropositivity 8,12. All these parameters show more and longer infection and
seropositivity, and less clearance in HIV-positive compared to HIV-negative MSM. In
Chapter 2 we showed that HPV viral load, the proportional amount of HPV virus
particles, in the anal canal does not differ between HIV-positive and HIV-negative MSM
for the two most carcinogenic HPV types, HPV type 16 and HPV type 18. Among both
HIV-positive and HIV-negative MSM, HPV viral load was an independent determinant
of HPV persistence in the anal canal.
These results allow us to conclude that the mechanism of a productive HPV
infection leading to persistence, measured based on HPV viral load, does not differ by
HIV-status. As this association between HPV viral load and persistence has previously
also been found in penile HPV infection 13 and in cervical HPV infection 14-16, it can be
expected that this mechanism does not differ by gender nor by anatomical location of
infection. This results in the conclusion that a higher viral load cannot explain
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increased HPV persistence in HIV-positive MSM, mostly using combination
antiretroviral therapy, compared to HIV-negative MSM 9.This suggests that there are
other factors, viral-host interactions, that explain differences in HPV persistence
between HIV-positive and HIV-negative MSM. Future studies should focus on the
effectiveness of immune responses after HPV infection in HIV-negative MSM and HIVpositive MSM on combination antiretroviral therapy (cART).
MSM are at increased risk for HPV-associated anal lesions, anal HSIL. HIV-positive
MSM are at highest risk for these lesions 1. Much is known about HPV incidence and
clearance among HIV-positive MSM, but less is known for HIV-negative MSM, despite
their increased risk 17,18. In Chapter 3 we assessed transition rates and risk factors for
transition between infected and uninfected among HIV-negative MSM over a follow-up
period of 5 years. We found the HPV16 had the highest incidence and the lowest
clearance rate compared to other hrHPV types. Furthermore, having had over 100
lifetime sex partners was significantly associated with incident anal hrHPV infection.
These results confirm the importance of HPV16 in carcinogenesis and emphasize
the importance of HPV16 in anal dysplasia. The fact that having had over 100 lifetime
sex partners being significantly associated with incident infection, but the number of
sex partners in the preceding 6 months was not suggests reactivation of latent
infections. The concept of latency has previously been described in cervical HPV
infections related to immunosuppression by HIV infection or immunosuppressive
medication 19-22. Recently potential latency of HPV infection has also been shown
independent of immunosuppression by HIV infection or organ transplantation for anal
HPV infection among HIV-positive and HIV-negative men who have sex with men23.
Future studies should focus on strengthening the evidence of the existence of latency
in anal HPV infection, as well as the transmission risk of reactivated HPV infection and
the carcinogenic impact of reactivated HPV infections.
Persistent HPV infection leads to precursor lesions of anal cancer (anal high-grade
squamous intraepithelial lesions; anal HSIL) before eventual transformation into anal
cancer. In order to prevent anal cancer it is expected that treatment of anal HSIL may
prevent development into anal cancer, despite high recurrence rates of anal HSIL 24,25.
For the treatment of anal HSIL, detection of these lesions is required through
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screening. For screening of cervical lesions a highly efficient algorithm based on HPV
testing and cervical cytology is available 26,27. Unfortunately, this algorithm is not
applicable to anal HSIL screening in HIV-positive MSM, as the pooled-prevalence of
high-risk HPV in this group is very high (estimated at 74%, 95%CI 64–83%) 1. Based on
HPV testing the large majority of HIV-positive MSM should still undergo anoscopy, thus
hrHPV positivity would be an inefficient screening tool. Anal cytology is also not an
appropriate method because of its limited sensitivity (30%; 95%CI 19–44%) and
specificity (93%; 95%CI 90%–95%) 28-30.
The gold standard for screening for anal HSIL is high-resolution anoscopy (HRA).
HRA is costly, time-consuming, cumbersome for the patients, and it is a difficult
procedure, which requires extensive training and experience 31. To facilitate quality
assurance in HRA practices, we showed the potential of the anal HSIL detection rate of
individual anoscopists as a quality metric in Chapter 4. This quality assurance is
needed, since we observed a learning curve for HRA and the anal HSIL detection rate
appears to stabilize after approximately 200 anoscopy sessions.
Conflicting prevalence figures of anal HSIL are found between studies as well as
within studies, including in Chapter 4 1,32-34. A meta-analysis showed a pooled
prevalence of histologically proven anal HSIL among HIV-positive MSM of 29% (95%CI
23–35%), however an increase over time was seen in the prevalence of anal HSIL 1. It is
expected that the true prevalence among HIV-positive MSM in the Netherlands is
somewhere around 40%, based on the anal HSIL detection rates found in Chapter 4.
Based on the combination of incidence of anal cancer and the prevalence of anal
HSIL, we must conclude that many of these anal HSIL lesions will not progress to
cancer. Up to now we are unable to predict which lesions will progress to anal cancer
and which will not. Therefore, all anal HSIL lesions should at least be monitored and
preferably treated in order to try to prevent anal cancer. Being able to predict which
anal HSIL requires follow-up and treatment would be useful. In addition, it would be
useful to distinguish those at high risk for the presence of HSIL from those at low risk,
through identifying risk factors of anal HSIL. Previous data on these risk factors are
somewhat ambiguous. We therefore studied risk factors of anal HSIL among 1678 HIVpositive MSM from 3 different clinics in Chapter 5. We demonstrated that young HIVpositive MSM and those with no or a short time living with HIV viral suppression are
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statistically at higher risk for presence of anal HSIL. However, only 14% of participants
was virally suppressed for less than one year, and the prevalence of anal HSIL was also
high (31%) among participants that were virally suppressed for more than a year. This
supports the current advice that all HIV-positive MSM should be screened for anal
HSIL.
Prioritizing HIV-positive MSM for anal HSIL screening could potentially be done with
biomarkers. In Chapter 6 we showed that type-specific anal hrHPV persistence was
strongly associated with anal HSIL caused by the same HPV type. But we also showed
that persistent hrHPV infection did not have enough discriminatory power to be a good
predictor for the presence of anal HSIL, irrespective of the causative type.
These data thus confirm that a persistent HPV infection precedes the development
of anal HSIL 35. However, these results do not suggest that repeated anal hrHPV testing
can be used to triage patients for HRA screening. For patients and clinicians it is less
relevant to know that the odds of having anal HSIL that is caused by HPV16 is much
higher if you have an HPV16 persistent infection; it is relevant for patients to know
whether they have anal HSIL or not. Unfortunately, the studied biomarkers could not
predict the presence of anal HSIL on a patient level.
Up to now, no other prediction models for anal HSIL have been developed, and the
search for potential predictive biomarkers needs to continue. Possibly our study had
too limited power to identify weak predictors. However, it is debatable whether weak
predictors are useful to select patients for screening, especially since the aim of this
screening is to prevent a serious event, anal cancer. The results from the Study on the
Prevention of ANal Cancer (SPANC study) from Australia could potentially contribute to
the prediction of anal HSIL among MSM 36,37. The SPANC study is a prospective cohort
study on the epidemiology of low-risk and high-risk anal HPV
Infection and related cytological and histological abnormalities in HIV-negative and
HIV-positive homosexual men aged 35 years and over 36. In this study, much larger
than our cohort of 193 men, many potential predictors of anal HSIL can be studied.
A different approach to predict the presence of high-grade lesions is studying
methylation markers, that are already proven successful in predicting high-grade
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cervical lesions 38-45. Methylation of DNA is one of the mechanism in which the
expression of specific genes can be inhibited and it can increase the probability of
mutations in the genes. Methylation is a normal process, however distinct and
abnormal patterns of methylation are observed in cancer 38. Therefore, methylation
markers can show the methylation state of lesions, correlating with the progression
towards cancer, as is proven in cervical lesions 39-45. For anal HSIL, the first promising
results of the potential of DNA methylation as a screening tool to detect HSIL at high
risk for development of cancer have been shown. Up to now, six genes have been
studied that all showed significantly increased methylation levels with the increase of
the severity of anal lesions, up to 95% in anal squamous cell carcinoma. The
combination of these markers expressed in biopsy samples resulted in an area under
the ROC curve of 0.85 for the detection of high-risk AIN3 or worse 46.
Future research on anal HPV infection and anal HSIL
Following the studies in this thesis, as described above, future research on anal HPV
infection should focus on the effectiveness of immune responses after anal HPV
infection in HIV-negative MSM and HIV-positive MSM, as well as on the extending the
evidence of the existence of latency in anal HPV infection. Also transmission risk of
reactivated anal HPV infection and the carcinogenic impact of reactivated anal HPV
infections is not yet known. Future studies on predicting anal HSIL, like the SPANC
study 36,37, should further assess potential biomarkers of anal HSIL.
Indirectly following the studies in this thesis, other questions remain.
HPV can infect the epithelium of a host during direct contact. The prevalence of hrHPV
infection is high with 65% in HIV-positive and 45% in HIV-negative MSM having at least
one hrHPV infection. Also persistent hrHPV infections are common in these groups 9.
Based on the high sexual exposure among MSM, and taking into account natural
biological processes of transmission, transmission risk may be HPV disease-stage
dependent. Although the precise mechanisms are unclear up to now, a combination of
virological as well as host characteristics determines the dynamics of infection 47. This
interaction is confirmed by the higher HPV prevalence and incidence, and lower
clearance rate, among immunosuppressed persons 1,35,48.
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Although the current knowledge on infectiousness and susceptibility is limited,
some knowledge is already gathered. Infectiousness may depend on the productivity
of the lesion, i.e. the number of viral particles produced. HPV E4 is an
immunohistochemical marker, and has a role in virus release and transmission 49. It has
been shown that HPV E4 can be found in reproductive infections like anal low-grade
SIL (AIN1), as well as in some AIN2 lesions, but it is only occasionally found in AIN3
lesions 50. Therefore E4 positivity might be an indicator for infectiousness. However, in
Chapter 6 we found that the HPV viral load, the number of viral particles in the anal
canal was not predictive of anal HSIL, but Jin and colleagues found that HPV viral load
was associated with anal HSIL 37. Further research should assess this association
between HPV viral load and anal HSIL, as well as the association between HPV viral
load and infectiousness.
Concerning susceptibility, it is known that naturally acquired type-specific HPV
antibodies do not seem to be protective against anal reinfection with the same HPV
type 51,52. Humoral immunity might not be protective of new HPV infections, but we
know that incidence, prevalence and persistence is higher among HIV-positive people
as well as among otherwise immunocompromised persons. Furthermore, in Chapter 3
we found that HPV viral load could also not explain persistence differences between
HIV-positive and HIV-negative MSM. Cellular immunity might play an important role in
HPV susceptibility. A potential explanation for the higher HPV incidence and
persistence in HIV-infected MSM may be that the T-cell receptor repertoire diversity
after cART therapy in HIV-positive MSM is still diminished compared to HIV-negative
MSM, thereby contributing to delayed clearing of HPV 53. Furthermore, although
limited proof is available up to now, host genetic factors, human anogenital
microbiota, anogenital mucosal immunology and hormone concentrations might affect
HPV susceptibility 47.
To conclude, transmission of HPV infection is a combination of infectiousness and
susceptibility, but specific transmission and infection risks need more exploration.
Gaps in knowledge that should be considered for future research are the effect of host
genetic factors, human microbiota, mucosal immunology, hormone concentrations as
well as the interaction between HPV, HIV and other sexually transmitted infections on
HPV transmission risk 47.
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Part 2: HPV vaccination for boys or men
HPV vaccination prior to or early after sexual exposure has been known to be safe
and effective in the prevention of HPV infection of the cervix among girls 54-56. As a
result HPV vaccination for girls has been introduced in many countries, including the
Netherlands, to prevent cervical cancer 57,58. Following studies on safety and
effectiveness of HPV vaccination for girls or young women, it was found that the
vaccine was not only safe and effective in preventing HPV infection and persistence
among girls, but also among boys and young men 59-61. Some countries, like Australia,
the United States and Austria, currently offer gender-neutral HPV vaccination 62. A
study on the effect of gender-neutral HPV vaccination in the Netherlands suggested
that it could be cost-effective to offer HPV vaccination to boys and girls in the year
they turn 13 years of age 63. An alternative strategy would be to start with targeted
vaccination, in which the HPV vaccination is offered to men at Sexually Transmitted
Infections (STI) clinics, like is done in the United Kingdom 64,65. HPV vaccination for
MSM who visit STI clinics has been found to be cost-effective in the United Kingdom 66.
Gender neutral HPV vaccination is still being discussed in the Netherlands and
future implementation is unclear. HPV vaccination for a target population, for example
men that visit the STI clinic, could be a realistic policy change, achievable on relatively
short term. However, the success of vaccination depends on the willingness of men to
get vaccinated against HPV. In Chapter 7 we showed that HPV vaccination intention
among male clients of the STI clinic in Amsterdam is very high. Most of the variance in
HPV vaccination intention among men could be explained by socio-psychological
factors and these determinants were largely similar in MSM and in men who have sex
with women. Out-of-pocket payment had a strong negative impact on HPV vaccination
intention.
These results suggest that if HPV vaccination would be offered to men at STI clinics
free of charge, uptake of the HPV vaccination would be high. This would especially be
important for MSM, since it has been modeled that the high burden of anal cancer
among MSM will not be prevented even if a high HPV vaccination coverage among girls
would be reached. Increase in uptake of HPV vaccination among girls does not protect
MSM, since most MSM do not, or barely, interact with the sexual network of women,
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and therefore do not profit from herd-immunity 63. Increasing the HPV vaccination
coverage to 80% would yield the same gain in life-years as vaccinating 40% of boys and
60% of girls 67. The current coverage among girls is 53% and has been declining
recently 57. Additionally, males are increasingly affected by HPV-related diseases in the
Netherlands: the male proportion of the total burden of HPV-related diseases
increased from 9.8% in 1989 to 26% in 2014, and this proportion keeps increasing 68.
The above mentioned evidence, as well as additional current knowledge on HPVrelated disease among men and knowledge on HPV vaccination for boys or men are
discussed in Chapter 8. Combining those data also showed the relevance for HPV
vaccination among boys and allows several conclusions. First, HPV causes a substantial
burden of disease among men. This burden of disease is preventable by offering
gender-neutral HPV vaccination to boys and girls, or to some extend offering HPV
vaccination to adolescent/adult men. Second, gender neutral HPV vaccination was
shown to be cost-effective in the Netherlands. Targeted HPV vaccination of MSM was
shown to be cost-effective in the United Kingdom. Therefore, HPV vaccination of boys
and/or men could substantially and cost-effectively reduce the burden of HPV-related
diseases, like penile, anal and oropharyngeal cancers, among men in the Netherlands.
Future research on HPV vaccination for boys or men
A currently ongoing HPV vaccine trial tests safety and efficacy of HPV vaccination
among men over 26 years of age with more than 5 lifetime sex partners 69. The midadult male vaccine trial among males 27-40 years of age has already shown safety and
immunogenicity of HPV vaccination, showing immune responses comparable with
males up to 26 years of age 69. Efficacy of HPV vaccination to prevent HPV infections in
mid-adult men is currently being studied.
Long-term safety of HPV vaccination has been monitored and debated since the
introduction of HPV vaccination. A recent review on HPV vaccination-related serious
adverse events concluded that HPV vaccination caused serious adverse events 70,71,
however this review had strong methodological weaknesses. This review contrasts to
reviews and results from randomized controlled trials that show widely proven safety
for short and long-term follow-up for available HPV vaccines 61,72. HPV can cause
cancer 10 to 20 years after infection 73,74, and we do not yet have follow-up of safety
and effectiveness of HPV vaccines for a period of 20 years. Ten years after HPV
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vaccination started, the HPV vaccine has been found safe with strong immunogenicity
resulting in an effective long-term protection 75-77. Although no changes on safety and
effectiveness to persistence of HPV infection are expected in 20 years of follow-up, the
debate will at least remain until this follow-up period is completed.
Part 3: HPV infection and vaccination intention among female sex workers
Some studies have shown a small protective effect of condom use against HPV
infection, but most show a lack of protective effect against HPV acquisition 78-80.
Therefore, people with a high number of sexual partners are at increased risk of HPV
infection regardless of condom use. Due to their profession, female sex workers (FSW)
are at increased risk of HPV infection. Currently, women who are now FSW have not
benefitted from the national HPV vaccination program, because they were older than
16 years when vaccination was introduced. Additionally, a large proportion has a
migration background, coming from countries without a comprehensive HPV
vaccination program. In Chapter 9 we showed that vaginal and anal hrHPV infection
and hrHPV seropositivity are very common among FSW in Amsterdam, the
Netherlands. No protective effect of condom use was found in this study. Additionally,
a high concordance between vaginal and anal hrHPV infection was found in the
absence of reported anal sex.
The high prevalences indicated that FSW are indeed a risk group for HPV-related
diseases. The observed high concordance between HPV types found in the vagina and
those found in the anus, without report of anal sexual contact, indicates smear
infections. This might occur for example by sexual contact using only fingers, analpenile contact without penetration, or post-toilet front-to-back wiping behavior 81.
Among women, potential smear infections were previously described for other
sexually transmitted diseases, for example vaginal and anal chlamydia infection 82.
Based on this high risk for both cervical and anal HPV-related diseases, the limited
protective effect of antibodies induced by natural infection 83-85, and the proven safety
and effectiveness of HPV vaccination in women aged up to 45 years 86,87, HPV
vaccination of FSW, preferably at the beginning of the sex work career, may be a useful
protective method against hrHPV infection and it sequelae.
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Based on the risk of FSW and safety and effectiveness of the HPV vaccination,
offering HPV vaccination would be the best choice. The next question is whether FSW
are willing to get vaccinated against HPV? In Chapter 10 we assessed HPV vaccination
intention and determinants of HPV vaccination intention among FSW in Amsterdam,
the Netherlands. In this study we found a high HPV vaccination intention. This HPV
vaccination intention was determined by different socio-psychological factors, but
most strongly by attitude towards HPV vaccination, normative beliefs and self-efficacy.
Out-of-pocket payment of HPV vaccination had a negative effect on the HPV
vaccination intention, but remained (slightly) positive even at a required payment of
€350.
Based on our study, we conclude that a high uptake can be expected if HPV
vaccination is offered free of charge by the Prostitution & Health Center 292, a
specialized STI clinic for sex workers in Amsterdam. In the prevalence study we found
that 36% of the included FSW had any indication of a current or previous HPV16
infection. Since HPV vaccination is safe and effective up to the age of 45 years 86,87, this
suggests that at least 64% of all included FSW could possibly benefit from HPV
vaccination as far as HPV16 is concerned. The proportion of FSW benefitting from
vaccination would even be larger if they would be vaccinated early in their sex (work)
career. Based on their profession, prevention of genital warts is very important for
these women. As only 8% of FSW was seropositive for all HPV types included in the 4valent vaccine, the 4-valent vaccine (also offering protection against genital warts
caused by HPV types 6 and 11) should be considered for FSW in the Netherlands to
prevent HPV-related diseases in this group.
Future research on HPV vaccination for female sex workers
HPV vaccination safety, efficacy and immunogenicity was demonstrated in a study
in women up to the age of 45 years, but in that study only approximately 4% of
included women had had ≥ 20 sex partners during their lifetime 86. The FSW in our
studies, had a median number of 250 sex partners in the preceding 6 months. So in
terms of degree of exposure, these women are not comparable. It could be argued
that in order to know the magnitude of the effect of HPV vaccination on HPV infection
and diseases for this group, it should be assessed in a group with more than 20 lifetime
sex partners. A problem with these kind of studies is the number of FSW, and even
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more so the number of FSW that is located in a specific area for a sufficient time
period in order to be able to follow them up. I would not recommend starting such a
study. Despite the high exposure, “only” 36% of FSW in our study showed any sign of
current or previous HPV16 infection, indicating potential protective effect of HPV16
infection for 64% of the included FSW. In my consideration this should be enough
proof to offer HPV vaccination to FSW in the Netherlands without an additional study.
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Summary
Anal HPV infection & disease: common and preventable, but hard to treat.
This thesis reports research concerning anal human papillomavirus (HPV) infection
and disease in key populations. In Chapter 1 an introduction is given about HPV, the
epidemiology of HPV infection, HPV-related disease progression or regression and
HPV-related cancer. Since this thesis concerns mainly anal HPV infection and disease,
but also to a small extent cervical HPV infection, similarities and differences between
these two anatomical locations are described in this introduction.
Part 1: Anal HPV infection and HIV infection among men who have sex with men
Part 1 focuses on anal HPV infection and HIV infection among men who have sex
with men (MSM). In Chapter 2 we assessed differences in anal HPV16 and HPV18 viral
load between HIV-negative and HIV-positive MSM and its association with persistence.
We showed that despite the fact that HIV-positive MSM have a higher incidence and
persistence of anal HPV16/18 infection, as well as higher seroprevalence compared to
HIV-negative MSM, anal HPV16/18 viral load did not differ between these groups. We
conclude that HPV viral load cannot explain higher HPV persistence rates among HIVpositive MSM. However, in our study higher HPV viral loads were predictive of typespecific anal HPV persistence, regardless of HIV status, and this may therefore be a
marker for HPV-associated anal lesions.
HIV-positive MSM are at highest risk for these HPV-associated anal lesions, anal
HSIL. Much is known about HPV incidence and clearance among HIV-positive MSM, but
less is known for HIV-negative MSM. In Chapter 3 we assessed transition rates and risk
factors of transition between infected and uninfected among HIV-negative MSM over a
follow-up period of 5 years. We used a multi-state Markov model to assess this
transition rate and the risk factors of transition. We found the HPV16 had the highest
incidence and the lowest clearance rates compared to other hrHPV types. This is
consistent with HPV16 being implicated in the large majority of anal cancer cases.
Furthermore, having had over 100 lifetime sex partners was significantly associated
with incident anal hrHPV infection.
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Detection of anal HSIL is important since anal HSIL can progress into anal
carcinoma. Diagnosis of anal HSIL is challenging and therefore dependent on the skills
of the anoscopist, which is reflected in the ability of the anoscopist to identify anal
HSIL. In Chapter 4 we assessed parameters of the quality of care concerning diagnosing
anal HSIL. We demonstrated the potential for using anoscopist-specific anal HSIL
detection rates as a quality assurance metric for high-resolution anoscopy (HRA).
Since HRA is costly and a cumbersome procedure for the patient, it would be
beneficial to be able to make a distinction between HIV-positive MSM at risk of anal
HSIL, and those not at risk for anal HSIL. In Chapter 5 we demonstrated that young
HIV-positive MSM and those with no or little time with viral suppression are
statistically at highest risk for anal HSIL. However, we need to maintain the current
advise that all HIV-positive MSM should be screened for anal HSIL based on the high
prevalence among virally suppressed HIV-positive MSM.
Since behavioral and HIV-related characteristics could not identify the HIV-positive
MSM at highest risk for anal HSIL, we assessed virological and serological biomarkers
as predictor of anal HSIL in this group in Chapter 6. We demonstrated that only hrHPV
persistence is a strong determinant of type-specific anal HSIL. However, whether this
association is not strong enough to be able to use hrHPV persistence as a prediction
tool to select HIV-positive MSM at highest risk for anal HSIL for HRA is debatable based
on the limited area under the curve.
Part 2: HPV vaccination for boys or men
Part 2 concerns the prevention of anal HPV infection and therefore disease among
boys and men. Currently, only girls are vaccinated against HPV in the Netherlands, and
uptake is low (53% in 2016) leading to limited herd immunity among heterosexual
men. In Chapter 7 we showed that HPV vaccination intention among male clients of
the Amsterdam STI clinic, both men who have sex with women (MSW) and MSM, is
high. Variance in intention was mostly explained by socio-psychological factors and
these determinants were largely similar in MSM and in MSW. Out-of-pocket payment
had a strong negative effect on HPV vaccination intention. These results suggest that if
HPV vaccination would be offered to men at STI clinics free of charge, uptake of HPV
vaccination would be high. Subsequently, in Chapter 8 we assessed the current body of
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knowledge on the potential of HPV vaccination for boys or men in the prevention of all
HPV-related cancers, including anal cancer. We conclude HPV vaccination in the
national immunization program in the Netherlands should be considered also for boys.
If this would not be done, HPV vaccination for men at for example STI clinics should be
considered.
Part 3: HPV infection and vaccination intention among female sex workers
In part 3 a different key population at risk of both anal and cervical HPV-related
disease was assessed, female sex workers (FSW). In Chapter 9 we showed that vaginal
and anal hrHPV infection and hrHPV seropositivity are indeed very common among
FSW in Amsterdam, the Netherlands, indicating them as a high risk group for HPVrelated diseases. We showed high concordance between vaginal and anal hrHPV
infection, also in the absence of anal sex, suggesting that anal HPV may be the result of
smear infections. Based on this high risk, the limited protective effect of antibodies
induced by natural infection, and the proven safety and effectiveness of HPV
vaccination in women aged up to 45 years, we conclude that HPV vaccination for FSW,
preferably at the beginning of the sex work career, may be a useful protective method
against hrHPV infection and its sequelae. Important for implementation of HPV
vaccination is the acceptance of HPV vaccination among FSW. Therefore, we assessed
HPV vaccination intention among FSW in Amsterdam in Chapter 10. In this chapter we
demonstrated that also among FSW, HPV vaccination intention was high and most of
the variance in HPV vaccination intention was explained by sociopsychological factors.
Out-of-pocket payment had a significantly negative impact on their overall high
intentions, but even at the current list-price of €350, HPV vaccination intention
remained positive.
In Chapter 11 an overview is given of the results of the studies in this thesis.
Furthermore, the impact of these results on the current body of knowledge on anal
HPV infection and disease is discussed, as well as potential future research.
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Anale HPV-infectie & ziekte: komt veel voor en is te voorkomen, maar moeilijk te
behandelen.
HPV is een virus met kankerverwekkende potentie. Dit proefschrift gaat over
verschillende aspecten die gerelateerd zijn aan anale humaan papillomavirusinfecties
(HPV) en -ziekten in specifieke risicogroepen. We bestuderen nieuwe infecties (ook wel
incidentie genoemd), bestaande infecties (ook wel prevalentie genoemd), het zelf
opruimen van het virus (ook wel klaring genoemd), de aanwezigheid van HPV
antistoffen in het bloed (ook wel seropositiviteit genoemd) en de hoeveelheid HPV
virusdeeltjes in de anus nadat iemand geinfecteerd is (ook wel anale HPV virale lading
genoemd). Ook bestuderen we de kwaliteit van screening, risicofactoren en
voorspelling van het voorstadium van anuskanker. Dit wordt in de wetenschappelijke
literatuur beschreven als “high grade squamous intraepithelial lesions” (HSIL). Verder
gaat dit proefschrift over het voorkomen (de preventie) van anale HPV-infecties en
daarmee de preventie van HPV-gerelateerde ziekten door middel van HPV-vaccinatie
en de HPV-vaccinatie-intentie in verschillende risicogroepen.
Hoofdstuk 1 is een introductie over HPV, de epidemiologie van HPV-infectie, HPVgerelateerde ziekteprogressie of -regressie en HPV-gerelateerde kanker. Omdat dit
proefschrift voornamelijk over anale HPV-infectie en -ziekte gaat en voor een klein
deel over HPV-infectie van de baarmoederhals, worden in de introductie
overeenkomsten en verschillen tussen HPV-infectie en -ziekte op deze twee
anatomische locaties beschreven.
Deel 1: Anale HPV-infectie en hiv infectie onder mannen die seks hebben met
mannen
In deel 1 van dit proefschrift kijken we naar anale HPV-infecties en hiv infectie
onder mannen die seks hebben met mannen (MSM). Er is bekend dat MSM een
verhoogd risico op anale HPV-infecties hebben op basis van regelmatige anale
blootstelling aan het virus via seksueel contact. Ook is bekend dat hiv-positieve MSM
een hoger risico hebben op anale HPV-infectie dan hiv-negatieve MSM. Zo weten we
dat hiv-positieve MSM vaker een nieuwe HPV-infectie hebben (incidentie), deze
infectie vaak langere tijd blijft zitten (persistentie), moeilijker opgeruimd wordt door
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het eigen lichaam (klaring) en zij vaker HPV antistoffen in hun bloed hebben (HPV
seropositiviteit) dan hiv-negatieve MSM. Om dit verschil te proberen te verklaren
keken we in Hoofdstuk 2 naar verschillen in de hoeveelheid virusdeeltjes in de anus
(virale lading) bij een anale HPV type 16 en een anale HPV type 18 infectie tussen hivnegatieve en hiv-positieve MSM. Daarnaast bekeken we of het aantal virusdeeltjes in
de anus een relatie heeft met een infectie die langer blijft zitten (persistentie). We
laten zien dat, ondanks het feit dat de ziektelast bij hiv-positieve MSM hoger is dan bij
hiv-negatieve MSM, de anale HPV16/18 virale lading niet verschilt tussen deze twee
groepen. Hieruit concluderen we dat de hoeveelheid HPV virusdeeltjes in de anus het
verschil in ziektelast tussen deze twee groepen niet kan verklaren. Echter, een hogere
hoeveelheid HPV virusdeeltjes in de anus bleek wel voorspellend voor type-specifieke
anale blijvende HPV-infectie (persistentie) in zowel hiv-positieve als hiv-negatieve
MSM. Dit betekent dat als iemand een hoger aantal HPV-virusdeeltjes in de anus heeft
van HPV type 16, hij een grotere kans heeft op een blijvende infectie van HPV16. Dit
zou mogelijk een signaal kunnen zijn voor de aanwezigheid van het voorstadium
anuskanker, omdat hiervoor een blijvende infectie nodig is.
Doordat hiv-positieve MSM het grootste risico hebben op anuskanker wordt deze
groep vaak bestudeerd. Veel minder is bekend over het risico op een nieuwe HPV
infectie (incidentie) en het opruimen van deze nieuwe HPV infecties (klaring) onder
hiv-negatieve MSM. In Hoofdstuk 3 laten we daarom zien wat de kans is op nieuwe
HPV infecties en klaring van nieuwe HPV infecties onder hiv-negatieve MSM over een
periode van 5 jaar. We laten zien dat het risico op het oplopen van een HPV type 16
infectie in deze groep hoger is dan bij de andere HPV types, maar ook dat klaren van
HPV type 16 langer duurt dan bij ander HPV types. Daarnaast laten we in deze studie
een andere statistische techniek dan de algemeen gebruikte techniek zien om het
risico op nieuwe infectie en klaring van deze infecties te meten. Het unieke aan deze
techniek is dat deze techniek er rekening mee houdt dat iemand na een nieuwe HPV
type 16 infectie en klaring van die infectie weer opnieuwe vatbaar is voor een nieuwe
HPV type 16 infectie. De algemeen gebruikte techniek kan geen rekening houden met
dit weer opnieuw vatbaar zijn voor infectie met hetzelfde HPV type als iemand al
gehad heeft.
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Zoals aangegeven, hiv-positieve MSM hebben een verhoogd risico op het
voorstadium anuskanker (HSIL). Vanwege dit hogere risico op anale HSIL wordt in een
aantal ziekenhuizen in Nederland door middel van hoog-resolutie anoscopie (HRA)
screening aangeboden om dit op te sporen. Het vinden van anale HSIL is belangrijk
omdat behandeling de ontwikkeling tot anale kanker mogelijk kan voorkomen.
Screening voor anale HSIL is echter moeilijk en sterk afhankelijk van de vaardigheid van
de anoscopist. In Hoofdstuk 4 keken we naar mogelijkheden om de kwaliteit van de
zorg rondom anale HSIL-screening te meten. We laten zien dat het anale HSIL
vindpercentage van individuele anoscopisten (anoscopist-specifieke anal HSIL
detectieratio’s) gebruikt kan worden als kwaliteitsmaat bij screening.
Aangezien HRA kostbaar is en belastend is voor de patiënt, zou het zinvol zijn om
personen met een hoog risico op anale HSIL te kunnen onderscheiden van patiënten
met een laag risico. In Hoofdstuk 5 laten we zien dat jongere hiv-positieve MSM en
hiv-positieve MSM bij wie het hiv-virus niet onderdrukt is, statistisch een hogere kans
hebben op anale HSIL. Desalniettemin is het advies om vooralsnog alle hiv-positieve
MSM te screenen door middel van HRA, omdat anale HSIL ook veel voor komt onder
hiv-positieve MSM waarbij het virus al langere tijd onderdrukt is. Aangezien gedragsen hiv-gerelateerde factoren dus geen mogelijkheid geven om een correct onderscheid
te maken tussen hiv-positieve MSM met een hoog en met een laag risico op anale HSIL
keken we in Hoofdstuk 6 naar de mogelijkheid om virologische of serologische
biomarkers te gebruiken om dit onderscheid te maken. We laten zien dat deze
biomarkers op patiëntniveau geen goede voorspellers zijn voor anale HSIL en dus niet
bruikbaar zijn in de kliniek om dit onderscheid te maken. Wel vinden we dat sommige
van deze biomarkers voorspellend zijn voor type-specifieke anale HSIL. Zo is de kans bij
een blijvende anale infectie met HPV16 op anale HSIL veroorzaakt door HPV16
nadrukkelijk verhoogd. Deze bevinding draagt bij aan de kennis van het natuurlijke
verloop van progressie van een anale HPV-infectie naar anale HSIL.
Deel 2: HPV vaccinatie voor jongens of mannen
In deel 2 wordt de preventie van een anale HPV-infectie en daarmee ook de
preventie van anale HPV-gerelateerde ziekte onder jongens en mannen besproken. Op
dit moment (februari 2018) worden in Nederland alleen meisjes gevaccineerd tegen
HPV. Het percentage gevaccineerde meisjes is relatief laag (53% in 2016). Als het
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merendeel van de meisjes gevaccineerd zou zijn, zouden zij, doordat ze zelf geen HPVinfectie kunnen krijgen, ook geen HPV-infectie over kunnen brengen op hun seks
partners. Doordat het HPV vaccinatie percentage laag is, is er een beperkte
groepsimmuniteit onder mannen die seks hebben met vrouwen (MSV). Een alternatief
om deze MSV te beschermen tegen HPV-infectie zou zijn om hen tegen HPV te
vaccineren. In Hoofdstuk 7 laten we zien dat de HPV-vaccinatie-intentie (dat is of
iemand gevaccineerd zou willen worden) onder mannelijke cliënten van de polikliniek
voor seksueel overdraagbare aandoeningen (SOA) in Amsterdam, voor zowel MSV als
MSM, hoog is. HPV vaccinatie intentie wordt voornamelijk verklaard door
sociaalpsychologische factoren. Hierbij moet gedacht worden aan bijvoorbeeld de
houding die iemand heeft richting HPV-vaccinatie, of verwachte spijt als iemand zich
niet zou laten vaccineren. Deze factoren zijn grotendeels gelijk tussen MSV en MSM.
Wanneer men zelf moet betalen voor HPV vaccinatie heeft dit een sterk negatief effect
op de HPV-vaccinatie-intentie. Dit suggereert dat als HPV-vaccinatie aangeboden
wordt aan mannen op de SOA-polikliniek en zij hier niet zelf voor hoeven te betalen,
het percentage dat zich laat vaccineren hoog zou zijn. Daarop aansluitend beschrijven
we in Hoofdstuk 8 de stand van zaken rondom HPV-vaccinatie voor jongens en
mannen ter voorkoming van HPV-gerelateerde kanker, inclusief anale kanker. Hieruit
concluderen we dat op basis van de huidige kennis HPV-vaccinatie voor jongens, of
voor specifieke groepen mannen zoals MSM, overwogen zou kunnen worden.
Deel 3: HPV-infectie en HPV vaccinatie onder vrouwelijke sekswerkers
Deel 3 van dit proefschrift gaat over vrouwelijke sekswerkers, een andere
risicogroep met een hoog risico op HPV-gerelateerde ziekten aan zowel de anus als aan
de baarmoederhals. In Hoofdstuk 9 laten we zien dat vaginale en anale hoog-risico
HPV-infecties (infectie met een HPV type dat kankerverwekkend is) en hoog-risico
HPV-seropositiviteit inderdaad heel veel voorkomen bij vrouwelijke sekswerkers. De
grote overeenkomst tussen de hoog-risico HPV-types gevonden in de vagina en in de
anus bij dezelfde vrouw, terwijl er geen anaal seksueel contact wordt gemeld, lijkt te
duiden op “sleep-infecties”. Dit betekent dat een vrouw zonder anaal seksueel contact
toch een anale HPV-infectie kan krijgen door bijvoorbeeld de manier van afvegen na
toiletbezoek waarbij de infectie van de vagina naar de anus overgebracht kan worden
of door het inbrengen van vingers in de anus. Gezien het hoge risico op infectie, het
beperkte beschermende effect van antistoffen na natuurlijke infectie en de bewezen
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veiligheid en effectiviteit van HPV-vaccinatie bij vrouwen tot 45 jaar, concluderen we
dat HPV-vaccinatie van vrouwelijke sekswerkers aan te raden zou zijn. Dit zou vooral
effectief zijn aan het begin van de sekswerk-carrière ter bescherming van HPV-infectie
en daaraan gerelateerde ziekten. Belangrijk voor het invoeren van HPV-vaccinatie
onder vrouwelijke sekswerkers is de acceptatie van HPV-vaccinatie in deze groep.
Daarom keken we in Hoofdstuk 10 naar de HPV-vaccinatie-intentie onder vrouwelijke
sekswerkers in Amsterdam. In dit hoofdstuk laten we zien dat ook onder vrouwelijke
sekswerkers de HPV-vaccinatie-intentie hoog is. De verschillen in HPV-vaccinatieintentie worden verklaard door sociaalpsychologische factoren. Het zelf moeten
betalen van de HPV-vaccinatie heeft een negatief effect op deze intentie, maar zelfs
met de huidige prijs van €350 is de HPV-vaccinatie-intentie onder vrouwelijke
sekswerkers positief.
Hoofdstuk 11 geeft een overzicht van de resultaten van de studies in dit
proefschrift. Daarnaast wordt zowel de impact van deze resultaten op de huidige
kennis rondom anale HPV-infecties en -ziekten, als de mogelijkheden voor toekomstig
onderzoek besproken. Hoewel de kennis rondom anale HPV-infecties en -ziekten,
mede dankzij dit proefschrift, voortdurend groeit, blijven belangrijke vragen nog
onbeantwoord. Voorbeelden hiervan zijn: Wat zijn de voorwaarden om een anale HPVinfectie over te dragen? Wanneer ben je vatbaar voor een anale HPV-infectie? Ook
factoren gerelateerd aan de regressie van anale HSIL naar normaal epitheel en de
progressie van anale HSIL naar anale kanker blijven onduidelijk. Elk stadium van een
anale HPV-infectie tot anale kanker kan apart bestudeerd worden en het voorkomen
van infectie en screening kan in veel van deze stadia plaatsvinden. Echter, genderneutrale HPV-vaccinatie lijkt de beste strategie te zijn om in de toekomst HPVgerelateerde ziekten bij zowel mannen als vrouwen te voorkomen. Hiervoor is het
echter wel essentieel dat het totale percentage gevaccineerden hoger wordt dan de
huidige 53% bij de meisjes in Nederland.
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HIV-positive and HIV-negative MSM.
31th International Papillomavirus Conference,
Cape Town, South Africa
The determinants of HPV vaccination intention among
female sex workers in Amsterdam, the Netherlands.
31th International Papillomavirus Conference,
Cape Town, South Africa
Risk factors of high-risk HPV infection among female sex
workers in Amsterdam, the Netherlands.
31th International Papillomavirus Conference,
Cape Town, South Africa
HrHPV L1, E1, E2, E6, E7 seropositivity does not predict anal
HSIL among HIV-positive men who have seks with men.
EUROGIN Conference 2017, Amsterdam, the Netherlands
Virological and serological predictors of anal high-grade
squamous intraepithelial lesions among HIV-positive
men who have sex with men.
22nd International Workshop On HIV and Hepatitis
Observational Databases 2018,
Fuengirola, Spain

Other presentations
12-2015
HPV vaccinatie voor mannen, hoezo? (Workshop)
Nationaal congres Soa*HIV*Seks, Amsterdam,
The Netherlands
10-2016
Virological and serological predictors of HGAIN
among HIV-infected MSM.
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0.5 ECT
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06-2017

Teaching
06-2016

11-2016

11-2017

1-2018
2015-2017
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KWB – polikliniek Dermatologie AMC, Amsterdam,
The Netherlands
Risk factors of high-risk HPV infection among female
sex workers in Amsterdam, the Netherlands.
Meet & Greet sekswerk, Utrecht, the Netherlands

Sekswerk in Amsterdam – HPV onderzoek onder
vrouwelijke sekswerkers.
Guest lecture; course: sexuality, Faculty of Psychology,
University of Amsterdam, Amsterdam, the Netherlands
HPV onderzoek bij de GGD Amsterdam.
Guest lecture; course: Gezondheid, zorg en wetenschap
Faculty of Earth and Life Sciences, VU University,
Amsterdam, the Netherlands
HPV and STI among female sex workers in Amsterdam.
Guest lecture; course Developmental and Health
Psychology, Faculty of Psychology, University of
Amsterdam, Amsterdam, the Netherlands
HPV research at the Public Health Service in Amsterdam.
VU University, Amsterdam, the Netherlands
Supervisor of seven Master students (Health Sciences, VU
ECT
Unversity; Psychology, University of Amsterdam;
Medicine, University of Amsterdam)
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0.5ECT

0.5 ECT

0.5 ECT

0.1 ECT
13.0

Dankwoord
Dit proefschrift is mede tot stand gekomen dankzij het werk en de steun van velen.
Alle mensen die mij -elk op hun eigen manier- geholpen hebben, wil ik heel graag
bedanken. Ik heb mijn promotietraject als een hele leuke en leerzame tijd ervaren.
Dat komt voornamelijk door jullie.
Mijn copromotor, Maarten Schim van der Loeff, jij was er altijd. Voor mijn gevoel
hebben we de studies in dit proefschrift altijd samen gedaan, het was ons project. Als
enige promovendus die aan HPV werkte, voelde werk soms eenzaam. Doordat jij altijd
precies wist waar ik mee bezig was, wat misschien ook logisch is als je elke letter die ik
typte controleerde, voelde promoveren minder eenzaam. Daarnaast heb ik veel
geleerd van jouw precisie en jouw eigen manier van werken. Wel gaf je me de vrijheid
om daar, als ik dat wilde, een beetje tegen in te gaan. Dat resulteerde in leuke
discussies. Verder kon ik altijd binnen lopen om te overleggen, stoom af te blazen als
iets me niet zinde of ik ergens ontzettend chagrijnig over was en dat even kwijt moest.
Dank je wel voor al je hulp, steun en de mogelijkheid om dit ontzettend leuke
promotietraject samen met jou te doen. Volgens mij waren wij een perfect supervisorPhD studentteam.
Henry en Jan, mijn promotoren. Ik zag jullie niet vaak, maar als ik jullie zag hadden
jullie altijd heel nuttige vragen en opmerkingen. Hierdoor had ik na die afspraken altijd
weer nieuwe inspiratie om de studies nog net een beetje beter te maken. Henry,
bedankt voor al jouw positiviteit en optimisme waardoor je vaak mogelijkheden zag
waar ik niet aan gedacht had. Jan, bedankt voor je altijd kritische houding waar ik
ontzettend veel van geleerd heb. Het meest wil ik jullie bedanken voor het vertrouwen
dat jullie altijd in mij hebben gehad, dat vond ik heel fijn.
Beste leden van mijn promotiecommissie, dank jullie wel dat jullie mijn proefschrift
hebben willen beoordelen en zitting hebben willen nemen in mijn promotiecommissie.
Lieve Stan, jij vindt dat je geen rol hebt gespeeld in mijn promotie en voelt je vereerd
dat je in mijn dankwoord staat, maar voor mij was jij de meest onmisbare persoon die
ik bedenken kan. Zonder jou was me dit niet zomaar gelukt, want als ik al stress had
raakte ik dat door jou zo weer kwijt. Bij jou kom ik letterlijk en figuurlijk thuis, kan ik de
dag achter me laten of even van me af praten. Bij jou ontspan ik en voel ik me gelukkig.
Met jou kan ik lachen, huilen (ook al ben ik daar niet zo goed in), discussiëren en
zwijgen. Samen kunnen wij de wereld aan.
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Lieve zusjes, jullie zijn altijd al super belangrijk geweest voor mij, ook tijdens mijn
promotie. Als ik naar het werk of naar huis fietste belde ik met jullie. Met dank aan
jullie gekwetter was ik de dag zomaar vergeten, ook als het intens was geweest. Als ik
even mijn hart wilde luchten wist ik zeker dat jullie luisterden. Jantien, jij bent mijn
paranimf en het voelt fijn dat jij deze dag naast mij zult staan. Bettina, jij hebt de
allermooiste kaft gemaakt die ik me wensen kan. Als ik naar het boekje kijk, voelt het
als ons boekje, veel letters van mij, maar stijl en karakter van jou voor mij. Dank jullie
wel dat jullie er altijd zijn, jullie zijn de besten.
Lieve Karin, precies tien jaar geleden kenden we elkaar niet en begonnen we samen
aan een bestuursjaar, nu ben jij mijn paranimf! Je bent altijd geïnteresseerd in wat ik
doe, luistert naar me en durft mij een spiegel voor te houden, maar bovenal hebben
we het altijd gezellig. Ik kan altijd mezelf zijn bij jou. Ik ben heel erg blij dat jij deze dag
naast mij staat. Dank je wel dat je er altijd bent.
Dit proefschrift was natuurlijk ook nooit tot stand gekomen zonder mijn ouders.
Mama, jij bent er altijd en luistert altijd. Jij gelooft in mij en laat mij in mezelf geloven,
iets dat onmisbaar was in dit traject. Papa, jij hebt me geleerd me altijd voor 100% in
te zetten als ik ergens aan begin, het resultaat heb je nu in je handen.
Ook mijn schoonfamilie, Jack, Mariëtte, Iris en Gijs wil ik bedanken voor alle interesse
in wat ik deed, de steun en de gezelligheid. Jack, speciaal bedankt voor de heerlijke
ontspannen weekenden op de boerderij, met z’n allen ons druk maken over het te
hakken hout en wie er trekker mag rijden. Ook bedankt dat jij deze bijzondere dag
voor mij in beeld wilt brengen.
Ik voel me rijk omdat ik veel lieve vrienden heb die ik hier graag wil noemen, gewoon
omdat jullie belangrijk voor me zijn. Eef, Diede, Marieke, Merel, Evita, Marlot en
Willeke bedankt voor alle gezellige theetjes, lunches en dinertjes. Bij jullie kan ik
uitbundig vrolijk zijn, maar ook mijn zorgen delen. Ik ben blij dat jullie mijn vriendinnen
zijn.
Mijn spelletjesgroep, Karin, Emma, Leonie, Lars, Rutger, Michel, Rian, bedankt voor al
jullie gezelligheid, fanatieke spelletjes, alle gekkigheid, al jullie steun als het niet zo
goed gaat en aanmoediging wanneer het goed gaat.
Marlijn, Babette en Marjonneke, de Global Health biatches, allemaal tegelijk aan een
promotietraject of ambitieuze carrière begonnen, maar gelukkig vinden we toch altijd
genoeg momenten om met z’n allen high-tea’s, etentjes of feestjes te vieren. Proost!
Thijs, samen hebben we een aantal super mooie projecten gedaan. Jij maakte mij
klinisch wijs in de “anuskunde”, terwijl ik jou een “cijfer-Sherlock” maakte. Met
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ontelbaar veel flauwe woordgrappen waar jij vaak iets poëtisch van maakte, vond ik
onze samenwerking echt heel leuk en nog nuttig ook. Dank je wel.
Mijn promotie was niet compleet geweest zonder alle leuke collega’s van de GGD.
Sasha, ik vond ons echt een top HPV-team. Helaas hebben we dit traject niet samen af
kunnen maken, maar ik vond het leuk om jou als roomie te hebben en samen te
werken. Michelle, wat heb jij naar een hoop gezucht van mij moeten luisteren en vaak
naast me moeten staan omdat ik hardop moest praten over een commando waar ik
niet uit kwam. Gelukkig was het vooral leuk samen op een kamer. Ik vond het dan ook
echt gezellig met jou. Eline, eerst mijn stagiaire, nu mijn collega. Ik vond het fantastisch
samen te werken, wat ook nog eens extreem soepel ging, wat lijken wij op elkaar…
(broodje hete kip?!). Nienke, jij was altijd scherp en zo ontzettend slim. Ik heb
ontzettend veel van je geleerd en ook nog een super leuke tijd met z’n drieën in
Lissabon gehad, dank je wel voor de leuke samenwerking. Carolien en Jannie, dank
jullie wel voor alle leuke thee-momenten! Ook alle andere leuke collega’s bedankt
voor de leuke tijd: Bas (even bijkletsen?), Dani (gezellige roomie), Anders en Liza
(number-nerds!), Maria P. (open jij de prosecco even?), Janneke, Amy, Myrthe,
Maartje, Astrid, Ward, Martijn, Nora, Will, Tamara, Roel, Elske, Suus, Udi, Maria O.,
Titia, Freke, Vivan, Wendy, Laura, Marc, Ward, Arjan, Yvonne, Leeann, Samantha, AiHsiang, Sylvia N., Charlotte, Sylvia B.
De sekswerkers-studies die ik gedaan heb vond ik ontzettend leuk en een hele eer. Ik
heb genoten van de samenwerking met alle mensen van P&G292. Dank jullie wel voor
alle gezellige poli- en outreachavonden, Marianne, Annelies, Jane, Marjo, Jet en Sjaak.
Ik heb veel hulp gehad bij de studies in dit proefschrift van stagiaires. Michiel, bedankt
voor jouw review, waar ik bij het schrijven van dit proefschrift nog geregeld naar
gekeken heb voor inspiratie. Manon, dank je wel voor al je inzet voor de H2M2 studie.
Ik vind het een eer dat terwijl jij groeide in de wetenschap ik mee mocht groeien als
begeleider. Laura, jij hebt met heel veel energie de opzet van de HPV bij sekswerkers
studie opgepakt, zonder jou was dat nooit zo soepel gegaan, dank je wel. Niki, met
sekswerkers werken vond je fantastisch, statistiek wat minder. Toch heb je nooit
opgegeven en vond je zelfs statistieken aan het einde leuk. We hebben een prachtig
paper geschreven, dank je wel voor al je hulp. Renee en Lennert, ik vond de
samenwerking heel gezellig, dank je wel voor de leuke tijd.
Conferenties waren nooit mijn hobby, maar toch zijn er een aantal van jullie die dit
voor mij stukken leuker maakten. Bedankt voor alle leuke etentjes en het gezamenlijk
“praatjes-beoordelen”, Thijs, Karien, Olivier, Hans-Erik, Pascal, Petra, Robine, Tessa,
Hella, Fiona, Annemiek, Ronald, Hans, Suzette, Steffie, Erik en Esmée.
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Achter mijn grootste studie, de H2M2 studie, zat een grote stuurgroep die ontzettend
goed heeft meegedacht over de opzet, uitvoer, resultaten en interpretatie daarvan. Ik
ben jullie allen heel dankbaar voor jullie hulp en super nuttige input. Het was een eer
om met zulke knappe koppen te mogen werken. Dank jullie wel, Jan, Henry, Maarten,
Thijs, Chris, Peter, Audrey, Wilma, Arne, Annemiek en Wim.
Als laatste wil ik nog heel graag de deelnemers en deelneemsters van al mijn studies
bedanken. Zonder hen was er geen data en was er ook geen proefschrift.
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