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Summarizing discussion

In this thesis we investigated the prevalence, incidence, and clearance of anal, 
penile, and oral HPV infections among HIV-negative and HIV-infected MSM in 
the H2M study. We assessed determinants for HPV infection, focusing on the 
role of HIV infection. In addition, we explored the presence and dynamics of 
naturally induced HPV antibodies, and linked the seroepidemiology to type-
specific HPV infections at various anatomical sites. 
To our knowledge, no other studies have previously investigated the anal, penile, 
and oral HPV incidence and clearance, in combination with HPV antibodies, 
within one large cohort of HIV-negative and HIV-infected MSM. The data and 
analyses from the H2M study will be helpful in increasing insight in the natural 
history of HPV infection in men, which will inform the international discussion 
on HPV prevention strategies for males. 
Compared to other studies addressing anogenital or oral HPV infection in men, 
HPV detection within the H2M study was high. This can be explained by the study 
population, a high-risk cohort of sexually active, adult MSM, in combination 
with highly sensitive laboratory methods used. Therefore, our results are not 
generalizable to all adult MSM or to the general male population. However, 
these conditions enabled us to investigate the dynamics of HPV infection within 
a population at increased risk of HPV-related diseases, and to explore the effect 
of various determinants, notably HIV infection and sexual risk behavior, on HPV 
infection. 

Part 1: Epidemiology of anal and penile HPV infections

Chapter 2 provided an overview of the epidemiology of anal HPV infection and 
anal cancer in HIV-infected individuals, and discussed options for screening and 
prevention, as well as current knowledge gaps. Chapters 3 and 4 compared 
the anal and penile HPV prevalence at baseline between HIV-negative and HIV-
infected MSM, focusing on high-risk and low-risk HPV infection, respectively, 
and found that HPV prevalence was substantially higher among HIV-infected 
MSM. In Chapter 5 we observed that anal and penile high-risk HPV incidence was 
higher among HIV-infected compared to HIV-negative MSM, while clearance 
of anal HPV was lower. Clearance of anal HPV-16, which is the main causative 
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agent for anal cancer [1], was relatively low compared to other HPV types. In all 
analyses reported in Chapter 3 to 5, we found that HIV infection was strongly 
associated with anal HPV prevalence, incidence, and clearance, independent of 
sexual behavior and other potential confounders.

Role of HIV infection in HPV infection
The role of HIV infection in HPV infection is not yet well understood. Previous 
studies observed an increased HPV prevalence among HIV-infected compared 
to HIV-negative individuals [2-5], but it is unknown whether this is largely due 
to increased incidence, or decreased clearance of HPV infection. Moreover, it 
is unknown to what extent the increased HPV prevalence can be explained by 
biological factors (i.e., HIV-related immunosuppression) or behavioral factors 
(i.e., shared routes of transmission). 
Our data confirm that HIV infection is an independent determinant for anal 
high-risk HPV incidence and clearance. Our results suggest a biological effect of 
HIV infection, in which the high HPV prevalence among HIV-infected individuals 
may be explained by combined effects of increased acquisition, decreased 
ability to clear an HPV infection due to impaired cell-mediated immunity, and 
reactivation of latent infection that may be more common in immunosuppressed 
persons [6]. Thus, one would also expect to see an association between 
increasing level of immunosuppression (e.g., low nadir or current blood CD4 
T-cell count) and HPV infection. We did not observe this phenomenon in any of 
the analyses reported in Chapters 3 to 5. Possibly, we did not observe such an 
effect because our HIV-infected study population was relatively healthy, with 
little variation in blood CD4 T-cell count, and very few participants with a CD4 
count below 200 cells/mm3. The blood CD4 T-cell count is not the only marker 
for immune function, and perhaps other immune factors are more important; 
memory T-cells in mucosal tissue may play an important role in the control of 
HPV infection [6]. 

Role of HPV infection in HIV acquisition
Not only are HIV-infected individuals at increased risk for HPV infection and 
HPV-related diseases, conversely, recent studies suggest that prevalent HPV 
infection increases the risk of acquiring HIV infection by around twofold [7]. In 
the H2M cohort the number of MSM who seroconverted for HIV was too low to 
investigate this research question.  
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Prevention of HPV infection and sequelae in men 
In recent decades, the incidence of anal cancer among HIV-infected MSM has 
been increasing [8]. Prevention of HPV infection and HPV-related cancer among 
men, especially among men at high risk for HPV-related cancer, is warranted. A 
promising primary prevention tool for the young male generation is prophylactic 
HPV vaccination, which is most effective when given prior to sexual debut. In 
some countries, including the United States, routine vaccination of 11 or 12 
year old boys is recommended based on vaccine efficacy and safety, estimates 
of HPV-related diseases, and cost-effectiveness [9]. 
HPV vaccination has not been routinely implemented for boys in most 
countries. One main reason is that most cost-effectiveness analyses indicate 
that it is not cost-effective to vaccinate boys as well as girls [10], especially when 
high coverage of girls is achieved [11]. However, these studies are sensitive to 
many assumptions, such as the full dose vaccine price and the range of health 
outcomes included. At present, most cost-effectiveness analyses that assessed 
universal HPV vaccination did not take all HPV-related diseases into account, or 
the possibility of a two-dose vaccine schedule [12]. In addition, these studies 
generally ignore MSM, who are at disproportionally high risk of HPV-related 
cancer, and do not gain from herd immunity when only girls are vaccinated. 
Targeted HPV vaccination of MSM up to 26 years of age may be cost-effective 
[13], but a targeted approach is challenging. For example, it will be difficult 
to reach young MSM before they have had their first sexual contact, as most 
identify themselves as MSM later in life. Additional cost-effectiveness analyses 
are needed that take the above considerations into account. Accordingly, there 
may be a strong rationale for offering HPV vaccinating to all boys, as well as girls, 
potentially in combination with targeted vaccination of young MSM, to reduce 
the burden of HPV-related cancer. 

Taken together, the interaction between HIV and anogenital HPV infection 
is a complex process of biological and behavioral factors, which is not fully 
understood yet. Further research is needed to improve our understanding 
on the interaction between HIV and HPV infection, the role of HIV-related 
immunosuppression, and the impact of HPV prevention strategies. Universal 
prophylactic HPV vaccination may be needed in the fight against HPV-related 
cancer.
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Part 2: Epidemiology of oral HPV infections

Chapter 6 analyzed the high oral HPV prevalence at baseline, which was 
substantially increased among HIV-infected compared to HIV-negative MSM. 
HPV-16, which is the main causative agent for HPV-related head and neck 
cancer [14], was the most frequently detected high-risk type. Chapters 7 and 

8 investigated the oral high-risk HPV incidence and clearance/persistence of 
up to 12 months follow-up, and found that HIV infection was independently 
associated with HPV incidence, but not with clearance. A higher number of 
recent oral sex partners was independently associated with increased 12-month 
oral high-risk HPV incidence. In addition to mucosal HPV types (including the 
high-risk types), a broad range of non-mucosal (e.g., cutaneous) types were 
detected in the oral cavity (Chapter 7). 

Determinants for oral HPV infection
The link between oral HPV infection and subsets of head and neck cancer 
was established only recently. The relatively few studies that investigated the 
epidemiology of oral HPV infection so far have identified HIV infection and 
sexual behavior as determinants for oral HPV infection [15], which is in line with 
our findings. 

Oral HPV infection versus infection at other anatomical sites
Oral HPV infection has many similarities with HPV infection at other anatomical 
sites, but there are also some striking differences. One study observed that oral 
HPV prevalence, incidence, and persistence are much lower than at the anal 
canal [16]. Our data regarding prevalence and incidence are in line with these 
findings, and we additionally observed that oral infections are less common 
than penile infections (Chapters 3 to 8). 
HPV natural history may differ by anatomical site due to differences in local 
environment, such as local immunity or the type of epithelium involved. For 
example, the continuous flow of saliva with associated immune factors in 
the oral cavity may decrease susceptibility to HPV infection. Alternatively, 
differences in sexual techniques and associated micro-trauma may play a role, 
as well as different sampling techniques [16]. 
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Clinical significance of oral HPV infection
The clinical significance of oral HPV infection is currently not well understood. 
Unlike for cervical and anal cancer, where detectable precancerous stages 
precede the development of cancer, the pathway between oral HPV infection and 
head and neck cancer is not elucidated. Several molecular and epidemiological 
studies have linked oral HPV infection, in particular HPV-16, to subsets of head 
and neck cancer [17], but it is unclear which other HPV types propose a risk 
for the development of head and neck cancer. The presence of non-mucosal 
HPV types in the oral cavity has been reported before [18], but the meaning 
of these findings is yet unknown. It is possible that tissue tropism for certain 
HPV types is less stringent than assumed, or that our results are (partly) due to 
contamination from hands or facial skin areas. 

Prevention of HPV-related head and neck cancer
As no well defined precancerous states for HPV-related head and neck cancer 
have been identified, screening and prevention options are limited. It is 
biologically plausible that HPV vaccination also prevents HPV-related head and 
neck cancer, but formal evidence is currently lacking. 

Further epidemiologic, molecular, and clinical studies will be needed to resolve 
the knowledge gaps in the pathway between oral HPV infection and HPV-
related head and neck cancer. Future research should focus on the development 
of prevention strategies, and evaluate the effectiveness of prophylactic HPV 
vaccination on HPV-related head and neck cancer.

Part 3: Seroepidemiology

Chapter 9 analyzed the high baseline seroprevalence of high-risk HPV types 
within the H2M cohort, in particular among HIV-infected MSM. HIV infection 
was an important determinant for seropositivity. In Chapter 10 we assessed 
the associations between HPV infections at various anatomical sites and HPV 
seropositivity, and found that seropositivity was largely associated with anal 
HPV infection, irrespective of additionally infected anatomical sites. Chapter 11 
analyzed HPV seroconversion following HPV infection; we found that incident 
or persistent anal (and not penile) infections were independent determinants 
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for seroconversion in HIV-negative MSM. In Chapter 12 we reported our finding 
that naturally induced HPV antibodies as measured in serum did not confer 
protection against incident anal or penile HPV infection. 

HPV seroepidemiology among MSM
HPV seroprevalence has mainly been described in population-based studies, for 
purposes of sero-surveillance. HPV seroprevalence observed in these studies 
[19-21] was much lower than within the H2M study (Chapter 9). This may have 
various reasons. First, sexual risk behavior and corresponding HPV infection 
risk in our cohort were high compared to the general population. Second, anal 
(i.e., mucosal) HPV infections may be more likely to induce a humoral immune 
response than infections of the penile shaft (i.e., in keratinized epithelium) 
(Chapters 10 and 11, [22;23]). Since MSM have more anal HPV infections than 
MSW [24], this may partly explain their high seropositivity.

Role of HIV infection in HPV serology
Studies comparing HPV seropositivity between HIV-negative and HIV-infected 
MSM are scarce, and have shown non-corresponding results [25;26]. We found 
that seroprevalence and antibody concentrations were much higher among 
HIV-infected MSM, implying that HPV antibody production is not severely 
hampered by HIV infection. Behavioral factors may partly explain the increased 
seropositivity among HIV-infected MSM in our cohort, as they reported more 
sexual risk behavior and drug use compared to HIV-negative MSM. However, 
this difference was still significant after adjusting for demographic factors and 
sexual behavior. Although residual confounding cannot be ruled out, increased 
anal HPV persistence among HIV-infected MSM may also explain their increased 
HPV seropositivity. 

Function of HPV antibodies
The function of serum HPV antibodies in terms of natural immunity is currently 
unknown [6;27]. In our cohort of highly sexually active, adult MSM, no protective 
effect of naturally induced serum HPV antibodies on subsequent type-specific 
anal or penile HPV infection was observed. Thus, based on our results, immunity 
from naturally induced HPV antibodies in adult MSM is unlikely. However, these 
results should be interpreted with caution, as serological assays differ in their 
capacity to measure neutralizing antibodies, and other immune factors (e.g., 
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locally instead of systemically measured neutralizing antibodies) might be 
better markers for protection against incident HPV infection [28]. 

Conclusion

This thesis studied the epidemiology and seroepidemiology of HPV infections 
among HIV-negative and HIV-infected MSM in Amsterdam, the Netherlands. 
Anal, penile, and oral HPV prevalence and incidence were high, in particular 
among HIV-infected MSM. HIV infection was strongly associated with HPV 
infection, independent of sexual behavior. Although previous studies also 
investigated these issues, our study was unique: a large, well-characterized 
cohort study among HIV-negative and HIV-infected MSM, assessing the natural 
history of HPV infections at various anatomical sites. 
Furthermore, we assessed serum HPV antibodies, and observed a high 
seroprevalence which was associated with HIV infection and anal HPV infection. 
In longitudinal analyses, that have been scarce so far, we observed that incident 
or persistent anal HPV infections were the main drivers of type-specific HPV 
seroconversion. HPV seropositivity, however, did not seem to protect adult, 
sexually active MSM from subsequent type-specific HPV infection.
Future research should focus on increasing insight in the effect of HIV-related 
immunosuppression on HPV infection and sequelae, the role of HPV as cofactor 
in HIV transmission, the clinical consequences of oral HPV infection, and 
optimizing HPV prevention strategies. Universal HPV vaccination is a promising 
primary prevention tool for boys - in addition to girls - to reduce the circulation 
of HPV infections in the total population, including MSM, who are at increased 
risk of HPV-related anal cancer. 
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