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EXECUTIVE SUMMARY 

Could vaccination against human papillomavirus (HPV) protect against transmission of HIV? 
Observational studies have reported associations between HPV infection and a 2-fold increased risk 
of subsequent HIV acquisition. (Houlihan, Larke et al. 2012) Some of these studies were very well 
designed; nonetheless residual confounding by sexual risk behavior may fully explain the observed 
associations.  

Associations with HIV acquisition were observed for all HPV types, not just oncogenic strains 
including those against which vaccines offer protection. Additionally, increased risk of HIV 
acquisition followed non-persistent HPV infections rather than persistent infections, suggesting a 
mechanism whereby immune cells clearing the HPV infection at the genital mucosa become targets 
for HIV infection. 

Efforts to prevent HIV by treating herpes simplex virus 2 (HSV-2) provide lessons that may apply to 
strategies centered on HPV. Inflamed HSV-2 lesions provide a straightforward biological 
mechanism for increased HIV transmission. Additionally, more than 20 observational studies 
reported associations between HSV-2 infection and HIV transmission. (Wald and Link 2002)  
Despite a strong mechanistic rationale and extensive observational evidence, anti-HSV-2 therapies 
failed to reduce HIV transmission in three randomized trials. (Celum, Wald et al. 2008, Watson-
Jones, Weiss et al. 2008, Celum, Wald et al. 2010) 

We evaluated possible study designs for testing whether HPV vaccination affects HIV acquisition, as 
well as opportunities to leverage ongoing studies or the GAVI HPV vaccine roll out. Dr. Deborah 
Watson-Jones, a researcher with ongoing HPV studies in Tanzania and Uganda, shared details of a 
proposed cluster randomized trial in which young women aged 16-18 would be vaccinated against 
HPV and followed for 36 months to measure HIV incidence. This study would include 8000 women 
each in Tanzania and South Africa, hopefully sufficient numbers to offset the loss of statistical 
power due to a sizable proportion of women having been exposed to HPV prior to vaccination. This 
proposed study would be part of a “catch up” vaccination campaign not connected to the GAVI HPV 
vaccine roll out, which targets younger girls. 

Lastly, we performed a cost effectiveness analysis and found that HPV vaccination compared 
favorably with other HIV prevention measures in regions with high HIV incidence, assuming a 
relative risk of 2 for HIV acquisition attributable to HPV infection. Some of the other HIV prevention 
measures we compared included voluntary counseling and testing, prevention of mother-to-child 
transmission, STI control among female sex workers, and male medical circumcision. 

In conclusion, because of the inherent limitations of observation studies, a randomized trial may be 
the only way to convincingly demonstrate a role for HPV in HIV infection. If a causal role were 
established, then then HPV vaccination would represent a cost-effective addition to the portfolio of 
HIV prevention measures. 

PURPOSE 

This final report summarizes work conducted by the University of Washington’s Global Health 
Strategic Analysis and Research Training Program (START) team in response to the Bill & Melinda 
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Gates Foundation’s (BMGF) work order Evaluation and planning of study to demonstrate role of HPV 
in HIV transmission. The project had five objectives: 

Objective 1. Evaluate the evidence for an association between HPV infection and HIV acquisition. 

Objective 2. Describe possible biological mechanisms through which HPV infection may increase 
the risk of HIV acquisition. 

Objective 3. Identify lessons learned from work to prevent HIV transmission by treating HSV-2. 

Objective 4. Develop a cost-effectiveness strategy to model the impact of HPV prevention measures 
on HIV prevention. 

Objective 5. Describe possible study designs for a trial evaluating the effect of HPV prevention 
measures on HIV prevention. 

Progress on Objectives 1, 2, and 3 was reported at a meeting with the BMGF on January 14, 2013, 
and progress on Objectives 4 and 5 was discussed at a meeting with the BMGF on March 6, 2013. 
Based on discussions at those meetings, additional material was added to this final report. The 
additional material consists primarily of results of the cost effectiveness analysis (Objective 4), and 
a summary of the ongoing GAVI HPV vaccine roll out (Objective 5). Lastly, the final report also 
includes feedback from an April 5, 2013 conversation with topic expert Dr. Debbie Watson-Jones, 
who supervises ongoing studies of HPV vaccine introduction in Tanzania. 

INTRODUCTION 

Recent reports of associations between HPV infection and HIV acquisition raise the prospect of 
preventing HIV infection through vaccination against HPV. (Averbach, Gravitt et al. 2010, Smith, 
Moses et al. 2010, Smith-McCune, Shiboski et al. 2010) For such a strategy to be effective, the 
observed association must reflect a causal relationship. Observational studies offer weak evidence 
for causality, as demonstrate by the recent failure of trials to prevent HIV infection by treating HSV, 
which followed many observational studies reporting associations between the two sexually 
transmitted viral infections. Whether any relationship between HPV and HIV holds for all HPV 
types, or just some, is an important question that would inform whether currently available HPV 
vaccines, which protect against a limited number of HPV types, would be effective at preventing HIV 
infection. We evaluated the available evidence for a relationship between HPV and HIV infection, 
and whether a possible relationship differed according to HPV type. First, we conducted a critical 
review of the epidemiologic literature reporting associations between HPV infection and HIV 
acquisition (Objective 1). Our evaluation closely follows a recently published critical review and 
meta-analysis on the same topic written by experts in HPV and HIV epidemiology. (Houlihan, Larke 
et al. 2012) Our review diverges from the expert review in emphasizing one potential bias that we 
believe may account for reported associations between HPV and HIV infection – residual 
confounding due to sexual risk behaviors. Our second analysis addresses Objective 2 and consists of 
a review of possible mechanisms underlying an association between HPV infection and HIV 
acquisition. The emphasis of this work is on whether immune cells recruited to the site of HPV 
infection become targets for HIV infection. We address Objective 3 by recounting the history of 
efforts to prevent HIV infection by treating HSV-2. We draw lessons from that experience and 
identify points of contrast with the relationship between HPV and HIV. 
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We address Objective 4 by performing a cost-effectiveness analysis, hypothetically rolling out an 
HPV vaccine in several countries along a spectrum of wealth and HIV prevalence and calculating 
HIV infections prevented and dollars of HIV treatment saved. Lastly, for Objective 5 we evaluated 
several possible study designs for a trial to test the effectiveness of an HPV vaccine at preventing 
HPV infections. Our basis for this evaluation was a review of similar studies in the literature as well 
as interviews with experts. 
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OBJECTIVE 1: EVIDENCE FROM OBSERVATIONAL STUDIES FOR A ROLE OF HPV IN HIV 

ACQUISITION 

 

I. Overview of the Houlihan (2012) critical review and meta-analysis, and the eight 
studies it evaluated. 

Rationale for reexamination 

Underlying any strategy for applying HPV prevention measures to the prevention of new HIV 
infections is the belief that HPV infection is causally related to HIV acquisition. Conclusively 
demonstrating causality may require evidence from a randomized clinical trial. In the meantime, 
most evidence supporting a link between HPV and HIV is derived from observation studies. Though 
imperfect, evidence from observation studies may provide sufficient confidence to justify action. 
The Houlihan (2012) critical review and meta-analysis evaluates the evidence from observational 
studies and summarizes their findings. Our goal in reevaluating the studies in Houlihan (2012) is to 
find weaknesses – either identified in Houlihan (2012) or not - in the evidence for a causal 
association between HPV infection and HIV acquisition. We believe that accurately identifying 
weaknesses in the evidence is critical to making the strongest case possible for using HPV 
prevention measures to prevent HIV infection. 

We began our process of reevaluating the studies in Houlihan (2012) with three questions in mind. 
First, we wanted to determine how many different studies found an association between HPV and 
HIV, because several independent studies finding the same result generate more confidence than 
one or two studies finding the same result. The studies included in Houlihan (2012), as well as the 
meta-analysis itself, have overlapping author lists, raising a concern that these analyses may not all 
be independent of one another. Second, we were concerned that residual confounding by sexual 
risk behaviors may explain all observed associations between HPV and HIV. For this reason, we 
wanted to carefully compare and evaluate different methods used to control this potential bias. 
Third, because we are interested in determining whether an HPV vaccine could be used to prevent 
new HIV infections, we sought to evaluate whether observed associations between HPV and HIV 
occurred among those HPV types found vaccines currently available. 

 

Overview of the meta-analysis and critical review 

The Houlihan (2012) meta-analysis included eight studies out of the 1139 titles and abstracts for 
epidemiologic studies of HPV infection and HIV acquisition that were identified and examined. 
(Houlihan, Larke et al. 2012) Two of the most important selection criteria for inclusion in the meta-
analysis were (1) that HPV infection was ascertained by PCR amplification from DNA, a more 
reliable method than serological measures, and (2) that HPV infection occurred prior to HIV 
infection. The second criterion is important because the altered immune function that follows HIV 
acquisition likely affects HPV control and detection. The eight studies included seven cohort studies 
and one nested case-control study. Six of the studies were in women, and of the remaining two in 
men, one was in men who have sex with men (MSM) and the other in heterosexual men. One study 
was conducted in the USA (the MSM study), and the rest were conducted in Africa. Five of the eight 
studies contributed data or analyses to the meta-analysis (the authors of the remaining three 
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studies refused to participate), and several of the meta-analysis authors were also authors of the 
included studies. In total, the meta-analysis included 12,750 individuals of whom 497 acquired HIV 
infection. 

The timing of HPV and HIV infections  

A criterion for selecting the eight studies for the meta-analysis was that HPV infection occurred 
prior to HIV infection. This is important because a strong ‘reverse’ association has been observed, 
i.e., individuals infected with HIV are more likely to manifest HPV infection. (Wang, Wright et al. 
2011) A plausible mechanism for this reverse association is that HIV-related immunosuppression 
allows for rapid viral replication in new or already-present HPV infections, increasing the likelihood 
of HPV detection. Complicating matters, an inverse relationship between HPV and HIV has been 
proposed: the “cytokine storm” that follows HIV acquisition could enhance immune clearance of 
new or existing HPV infections. (Kedzierska and Crowe 2001) It is worth keeping both scenarios in 
mind while evaluating evidence for associations between HPV infection and HIV acquisition. We 
believe that the authors of the meta-analysis and the eight underlying articles did the best job 
possible of restricting analyses to subjects in whom HPV infection occurred prior to HIV acquisition, 
though it is impossible to rule out the possibility that HIV infection occurred prior to or 
concurrently with HPV infection in any of the reviewed studies. 

Primary versus secondary endpoints 

Each of the eight studies included in the meta-analysis was a sub-analysis of a larger observational 
study or clinical trial, most often to test an intervention to reduce HIV acquisition. For none of these 
parent studies was the estimation of an association between HPV infection and HIV acquisition a 
primary endpoint. The goal of the sub-analysis was to estimate HPV-HIV associations in six of the 
eight reports reviewed in Houlihan (2012); in the other two, the HPV-HIV association was 
incidental. The difference between primary and secondary endpoints is important for two reasons. 
First, it is already challenging to collect data on potential confounding factors to properly adjust a 
primary analysis; for a secondary analysis, there is no guarantee this data will be sufficient to 
reduce bias. That said, in all eight studies the primary endpoints related to sexually transmitted 
infections, and thus the covariate data collected relates to factors that may confound a relationship 
between HPV and HIV. Still, there may be additional factors such as immunological status due to 
other infectious diseases, nutrition, or genetic differences that could confound an association 
between HPV infection and HIV acquisition. 

The second reason to be skeptical of estimates from secondary analyses is that researchers often 
display lax standards for valid hypothesis testing in ‘exploratory analyses.’ Specifically, researchers 
often fail to disclose of the number of secondary tests performed or the different modeling 
conditions considered, i.e., categorizations and inclusion of variables. To the extent that this is the 
case, the validity of statistical significance indicators (i.e., p-values and confidence intervals) may be 
compromised. Houlihan (2012) does an excellent job of addressing this issue by identifying and 
critically evaluating all the specific hypotheses and modeling approaches used in the eight reviewed 
studies. For example, Houlihan (2012) evaluates each of the eight studies according to a criterion 
for “selective outcome reporting,” based on whether the study described hypothesis testing as a 
priori, and whether study authors agreed to provide data for the meta-analysis.  
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II. Evaluation of eight studies included in Houlihan (2012) 

Prior to evaluating key findings related to HPV infection and HIV acquisition, we evaluated the 
scientific soundness and relevance of each of the eight studies. Based on our professional 
experience critically evaluating scientific research articles, three criteria entered into our 
determination of scientific soundness: 

1. Transparency – Were we able to determine the methods used? Was it clear what inclusion 
and exclusion were used? Did the authors describe how the decision was made whether to 
include factors as adjustment variables? 

2. Comprehensiveness – Based on the data gathered in the study, were all valuable analyses 
that could have been performed also reported? If not, selective reporting is possible. 

3. Consistency – Do aspects of the study contradict one another. For example, comparing each 
report to its parent study, do the methods, subject numbers and other details match? 
 

We recognize that the above criteria do not guarantee the scientific soundness of a study. Rather, 
they are intended to establish a minimum threshold below which the study is not worth evaluating 
further. 

In our readings of the eight studies, we also evaluated the scientific relevance of each. In particular, 
we asked whether the study, despite meeting the inclusion criteria for Houlihan (2012), 
nonetheless was underpowered or for some other reason provided little useful information. 

We found that two of the eight studies failed our minimum threshold for scientific soundness. These 
studies were Auvert (2011) and Chin-Hong (2009).(Chin-Hong, Husnik et al. 2009, Auvert, Marais 
et al. 2011) In brief, these studies lacked methodological transparency and/or reported 
associations with HPV exposure categories that were non-intuitive and non-comparable to other 
studies, and therefore suggestive of reporting bias (a detailed summary of concerns with these 
reports is provided in Appendix 1). The studies that failed our evaluation are two of the three 
studies that refused to contribute data to the Houlihan (2012) meta-analysis. 

We found that three additional studies included in the meta-analysis had limited bearing on the 
question of an HPV-HIV relationship due to low statistical power and/or insufficient adjustment for 
sexual risk behaviors. In two of these studies – Low (2010) and Myer (2006) - the association 
between HPV and HIV was an incidental finding. (Myer, Denny et al. 2006, Low, Clayton et al. 2011) 
Low (2010) measured associations between genital warts and HIV acquisition and gathered HPV 
data on 306 women in the study. So few of these women with HPV data seroconverted to HIV-
positive status that estimates of association do not merit comparison with the other studies. Myer 
(2006) focused on hormonal contraception use and risk of HIV infection. Though the study 
estimated associations between HPV infection and HIV acquisition, these estimates were not 
adjusted for sexual behaviors. (Myer, Denny et al. 2006) The authors of Myer (2006) did re-analyze 
their data with adjustment for some sexual behavior risk factors (though not HSV-2) as part of the 
meta-analysis, and we will include these analyses in our evaluation where appropriate. The third 
study, Veldhuijzen (2010) lacked statistical power to estimate associations adjusted for sexual risk 
behaviors. (Veldhuijzen, Vyankandondera et al. 2010)  

The Houlihan (2012) critical review and meta-analysis identified the weaknesses in the five studies 
discussed above that we do, and excluded these studies from some or all of their meta-analysis 
calculations. We agree with Houlihan (2012) in doing so. We chose to reiterate these weaknesses 



 

 
 

The role of Human Papillomavirus in HIV transmission: evidence and opportunities, START Program April 2013 9 

here in order to address our first rationale for reexamining the studies contributing to the meta-
analysis: how many independent studies reported an association between HPV and HIV. A casual 
reading of Houlihan (2012) might suggest that eight studies independently reported an association 
between HPV infection and HIV acquisition. We believe that a more close reading of Houlihan 
(2012), or a thorough evaluation of the eight studies it reviewed indicates that only three studies 
contribute information of high quality and relevance to the question of an association between HPV 
and HIV. Nonetheless, we do not fault Houlihan (2012) for including the additional studies, as they 
are topically related. 

 

III. Key questions in a limited subset of studies: 

Residual confounding by sexual behavior 

A possible explanation for observed associations between HPV infection and HIV acquisition is that 
estimates may be biased due to residual confounding by sexual behavior. High risk sexual behavior 
increases the likelihood of both HPV acquisition and HIV acquisition. Even variables that capture 
some aspect of sexual behavior may fail to fully control for this confounding factor when included in 
estimation models. To further explore this issue, we compare the sexual behavior covariates that 
were included in each of the three remaining studies (Table 1). 

Averbach (2010) constructs composite variables that combine multiple correlated sexual behavior 
variables. Using composite variables is sensible because including multiple correlated variables in a 
model can produce instability in estimates. Averbach (2010) create two composite variables: one 
for participant behavioral risk that combines (i) having multiple sex partners, (ii) having a new sex 
partner, and/or (iii) engaging in commercial sex, all within the prior 3 months; and a second 
composite variable for primary partner behavior risk that combines having a sex partner with (i) 
HIV, (ii) urethral discharge, (iii) weight loss, (iv) nights away from home, and/or (v) having sex 
with a commercial sex worker, all within the prior 3 months. The study also collected data on coital 
frequency and percentage of coital acts unprotected by a condom with the prior 3 months. The 
variables for sexual behavior that Averbach (2010) actually included in their models were different 
from those described above. The variables used in association estimates included living with 
partner, primary partner risk, hormonal contraception and condom use. Variables encoding STIs 
and genital infections including gonorrhea, Chlamydia, Candidiasis, bacterial vaginosis, 
trichomoniasis, and HSV-2 were also included. To decide whether to include a variable in a 
multivariate model, the authors tested whether inclusion in a bivariate model altered the HPV-HIV 
association by 15% or more. The total effect of adjustment, which included only the factors listed in 
Table 1, was a reduction in the estimated association from an unadjusted OR 2.7 (95% CI 1.7-4.1) to 
an adjusted OR 2.4 (1.5-4.0). (Averbach, Gravitt et al. 2010) 

Smith (2010) used a 10% change in HPV-HIV association as a threshold for covariate inclusion in 
multivariate models. Their adjusted model included circumcision, age, employment status, and 
HSV-2 infection as adjustment factors. This study did not present unadjusted associations. (Smith, 
Moses et al. 2010) 

Smith-McCune (2010) also constructs composite variables, one for high risk behavior and the other 
for high risk partner behavior. High risk behavior includes transactional sex, vaginal sex under the 
influence of alcohol or drugs, ever had anal sex, and/or used a needle for injectable drug use, all 
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within the prior 3 months. High risk partner behavior included having any HIV-positive sex 
partners, suspect that a regular sex partner had another partner, ever had vaginal sex while partner 
was using alcohol/drugs, all within the prior 3 months, and/or regular partner away from home for 
1 or more months. It is not clear how the decision was made as to which factors were included in 
adjusted models. The association between HPV infection and HIV acquisition declined from an 
unadjusted OR 1.84 (95% CI 1.91-2.86) to an adjusted OR 1.55 (95% CI 0.99-2.42). (Smith-McCune, 
Shiboski et al. 2010) 

 

Table 1. Covariates included in adjusted models used to estimate associations between HPV 
infection and HIV acquisition 

Study Covariates included in adjusted model 

Averbach (2010) Living with partner 
Composite partner behavior risk – within the prior three months, having a sex partner 
with (yes/no): 
  (i) HIV, 
  (ii) urethral discharge, 
  (iii) weight loss, 
  (iv) nights away from home, and/or 
  (v) having sex with a commercial sex worker. 
Hormonal contraception use 
Condom use 
STIs including gonorrhea, Chlamydia, Candidiasis, bacterial vaginosis, trichomoniasis, 
and HSV-2 

Smith (2010) Circumcision 
Age 
Employment status 
HSV-2 infection 

Smith-McCune 
(2010) 

High risk partner composite variable including, within the prior 3 months: 
(i) any HIV-positive sex partners,  
(ii) suspect that a regular sex partner had another partner,  
(iii) ever had vaginal sex while partner was using alcohol/drugs, and/or (iv) regular 
partner away from home for 1 or more months. 
Cohabitating with regular sex partner, 
Condom use 
Regular partner circumcision status 
Age 
STIs including gonorrhea, Chlamydia, trichomoniasis, syphilis, HSV-2 

 

Comparing how each of these three studies adjusted for sexual risk behavior, we draw two 
conclusions. First, each of these three studies used different strategies for controlling confounding 
by sexual risk behaviors, suggesting that the task is not straightforward. The authors of two of these 
studies, Averbach (2010) and Smith-McCune (2010), clearly put a great deal of thought into how to 
control for confounding by sexual behavior, and effort into collecting relevant covariate data, but it 
is nonetheless unclear whether the estimates produced by their studies are less biased than those 
produced by the authors of Smith (2010), who took a relatively simple approach to this problem. 
Second, we note that in both Averbach (2010) and Smith-McCune (2010) the difference between 
adjusted and unadjusted odds ratios was relatively small. What this says about unmeasured 
confounding in each of these studies is unclear. 
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Associations between HPV infection and HIV acquisition 

The three studies each found an association between having any HPV infection and HIV acquisition, 
with point estimates between 1.7-2.4 (Table 2). The two cohort studies, Smith-McCune (2010) and 
Smith (2010) reported lower values than the nested case-control study Averbach (2010). 

 

Table 2. Associations between any HPV infection and HIV acquisition 

Study Comparison Adjusted HR (95% CI) 

Averbach (2010) Any HPV vs no HPV 2.4 (1.5-4.0) 
Smith-McCune (2010) Any HPV vs no HPV 1.7 (1.0-2.9) 
Smith (2010) Any HPV vs no HPV 1.8 (1.1-2.9) 

 

All three studies estimated associations separately for high risk and low risk HPV, compared to no 
HPV. All three studies reported positive associations with both high and low risk HPV, though 
confidence intervals for estimates in Smith (2010) included the null value (Table 2). From these 
data, we can confidently say that, if an association exists between HPV infection and HIV 
acquisition, it is not limited to high risk HPV types. Furthermore, all three studies examined HPV 
types included in vaccines (HPV 16/18 in Merck’s Guardasil, and HPV 6/11/16/18 in 
GlaxoSmithKline’s Cervarix). Point estimates ranged from HR 0.84-2.0 and confidence intervals 
included the null value for all point estimates (Table 3). Thus, we can say that if a causal association 
exists between HPV infection and HIV acquisition, it is unlikely that this association is limited to HPV 
types included in current vaccines. 

 

Table 3. Associations between high risk HPV types and low risk HPV types and HIV acquisition  

Study Comparison Adjusted HR (95% CI) 

Averbach (2010) High risk vs no HPV 2.3 (1.4-3.9) 
 Low risk vs no HPV 2.8 (1.3-5.9) 
Smith-McCune (2010) High risk vs no HPV 1.96 (1.16-3.3) 
 Low risk vs no HPV 1.7 (1.02-2.85) 
Smith (2010) High risk vs no HPV 1.5 (0.9-2.6) 
 Low risk vs no HPV 1.8 (0.9-3.6) 

 

Table 4. Associations between infection with HPV types in current vaccines and HIV acquisition 

Study Comparison Adjusted HR (95% CI) 

Averbach (2010) HPV 16/18 vs no HPV 0.94 (0.46-1.92) 
 HPV 6/11/16/18 vs no HPV 0.94 (0.47-1.84) 
Smith-McCune (2010) HPV 16/18 vs no HPV 0.84 (0.32-2.18) 
 HPV 6/11/16/18 vs no HPV 2.00 (1.00-3.99) 
Smith (2010) HPV 16/18 vs no HPV 1.3 (0.7-2.5) 
 HPV 6/11/16/18 vs no HPV 1.4 (0.8-2.7) 
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Two studies, Averbach (2010) and Smith-McCune (2010), both sampled HPV serially, and thus had 
the ability to classify HPV infections as persistent or non-persistent. Both studies reported that 
non-persistent HPV infection was associated with HIV acquisition, and persistent HPV infection was 
not (Table 5). This curious result warrants further discussion, provided in the section of this 
document on possible biological mechanisms linking HPV and HIV. 

 

Table 5. Persistent HPV and Non-persistent HPV 

Study Comparison Adjusted HR (95% CI) 

Averbach (2010) Non-persistent HPV vs no HPV 5.4 (2.9-9.9) 
 Persistent HPV vs no HPV 0.97 (0.51-1.85) 
Smith-McCune (2010) Non-persistent high risk HPV vs no HPV 1.67 (1.03-2.74) 
 Non-persistent low risk HPV vs no HPV 2.09 (1.27-3.44) 
 Persistent high risk HPV vs no HPV 0.82 (0.45-1.50) 
 Persistent low risk HPV vs no HPV 1.24 (0.59-2.60) 
Smith (2010) Non-persistant HPV vs no HPV NA 
 Persistent HPV vs no HPV NA 

 

Conclusion 

After reviewing the Houlihan (2012) meta-analysis and the eight underlying studies, we drew 
several conclusions worth emphasizing. First, there were only three studies in the meta-analysis 
that contributed reliable and relevant information to the question of whether an association exists 
between HPV infection and HIV acquisition. In this assessment we largely agree with Houlihan 
(2012), which excludes the remaining studies from most or all of their meta-analysis calculations. 
All three of the included studies reported an association between infection with any HPV and risk of 
HIV acquisition, in the range of HR 1.7-2.4. None of the studies indicated that high risk HPV types, or 
more specifically the 2-4 HPV types included in current vaccines, were exclusively responsible for 
the overall association. This likely dampens enthusiasm for using current HPV vaccine formulations 
to prevent HIV acquisition, though anticipated 8- and 9-valent vaccines may alter the picture. 
Lastly, the two studies that sampled HPV serially found that the disappearance of a previously 
detected HPV infection was strongly associated with risk of HIV acquisition whereas persistent HPV 
infections were not associated with HIV acquisition, a finding that warrants discussion. In the next 
section, we introduce possible mechanisms that may account for this curious finding, but we 
emphasize that the finding is essentially unexplained. 
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OBJECTIVE 2: MECHANISMS THROUGH WHICH HPV MAY PLAY A ROLE IN HIV 

ACQUISITION 

 

I. Pathogenesis of HIV acquisition 
 

An overview of how HIV establishes itself in a human host through sexual transmission will be 
helpful in setting a framework for understanding how HPV infection might impact the risk of HIV 
acquisition.  
 
The anogenital mucosa form a natural barrier to infection by many pathogens including HIV and 
accordingly, anything that disrupts the integrity of this mucosal barrier (e.g. STD-related genital 
ulcers) is thought to increase the risk of HIV acquisition through sexual transmission. (Wawer, Gray 
et al. 2005) 
 
Once inside the anogenital tract, HIV needs to find a target immune cell to bind to and enter in 
order to establish infection. HIV has several target immune cells including dendritic cells, 
macrophages, and CD4+ T-cells. The job of dendritic cells is to monitor the environment for 
pathogens (i.e. HIV) and once located, present a piece of the pathogen on their cell surface to signal 
an immune response. Langerhans cells (LCs) are a subset of dendritic cells that are the first to 
encounter HIV-1 during sexual transmission due to their superficial location. (de Witte, Nabatov et 
al. 2007) LCs produce a protein called Langerin that binds and degrades HIV-1 virions, inhibiting 
HIV infection of CD4+ T-cells. (de Witte, Nabatov et al. 2007) HIV virions also bind to and infect 
other dendritic cells and macrophages in the anogenital environment and once infected, these fuse 
with or transfer HIV virions to CD4+ T-cells, leading to spread of the virus to the lymph nodes and 
blood. (Sax, Bartlett et al. 2012)  
 
There is also evidence that the body’s first line of defense, the innate immune system, can inhibit or 
increase risk of HIV acquisition through use of cytokines (cell-signaling molecules) and other innate 
molecules. (Osborn, Kunkel et al. 1989, Kedzierska and Crowe 2001, Herfs, Hubert et al. 2011) 
 
In summary, two factors that inhibit HIV acquisition through sexual transmission are i) intact 
anogenital mucosa, and ii) high density of LCs in the anogenital tract. A factor that could possibly 
increase risk of HIV acquisition is a high density of CD4+ T-cells in the anogenital tract. Finally, 
elevated or reduced levels of certain cytokines and other innate molecules may inhibit or increase 
risk of HIV acquisition. In the subsequent section we will summarize how HPV infection might 
interact with each of these factors to impact risk of HIV acquisition. 
 
II. Biological mechanisms for the role of prevalent HPV in HIV acquisition 
 
1. HPV-associated anal lesions in MSM and cervical lesions in women 
 
In MSM, HPV may be associated with anal lesions that are friable and susceptible to disruption of 
mucosal integrity in the HIV-negative individual (Jay, Berry et al. 1997, Chin-Hong and Palefsky 
2002) and may be associated with postcoital bleeding. (Chin-Hong, Husnik et al. 2009) The same is 
often reported for cervical lesions in women. This mechanism through which HPV infection could 
increase risk of HIV acquisition is the same for many other STDs, including HSV. 
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2. Langerhans cells in HPV infection 
 
Several studies have shown a reduction in the density of LCs in HPV-infected tissue. Jimenez-Flores 
et al. used cervical epithelial cells from Mexican women with high-risk HPV infection and low grade 
disease (CIN-1) to demonstrate that high-risk HPV infection was associated with about a 50% 
decrease in the density of LCs found in cervical epithelial tissue. (Jimenez-Flores, Mendez-Cruz et al. 
2006) Using paired cervical and uterine epithelial tissue samples from Brazilian women with 
subclinical HPV infection, Uchimura et al. showed a 56% reduction in the density of LCs in epithelial 
tissue containing HPV lesions compared to normal health epithelial tissue. (Uchimura, Ribalta et al. 
2004)  
 
Cell studies have also supported the theory that HPV infection impacts density of LCs in the 
anogenital tract. Caberg et al. showed that migration of LCs is altered in human keratinocytes 
infected with and transformed by HPV type 16. (Caberg, Hubert et al. 2009) Furthermore, they 
demonstrated that by blocking the production of certain HPV proteins in these infected cells, they 
were able to restore the migratory ability of LCs. E-cadherin is a protein produced by human 
epithelial cells that LCs use to migrate through epithelial tissue. (Laurson, Khan et al. 2010) Using a 
keratinocyte cell model, Laurson et al. showed that HPV16 is capable of reducing the levels of E-
cadherin in the cell via a mechanism that is partially similar to that employed by other human 
cancer-associated viruses (e.g. HBV, EBV and HCV). (Laurson, Khan et al. 2010)  
 
Decreased density of LCs in epithelial tissue is likely associated with a decreased ability to clear 
HPV infection, increasing the risk of persistent infection and cancer. (Laurson, Khan et al. 2010) 
Additionally, Herf et al. comment that downregulation of E-cadherin impairs the integrity of 
intercellular junctions in cervical and anal epithelium, which may facilitate the crossing of invading 
HIV virions through the protective epithelial barrier to gain access to its primary target cells, 
dendritic cells and T-cells that reside beneath the superficial epithelium. (Herfs, Hubert et al. 2011) 
 
3. Increased T-lymphocyte presence in HPV infection 
 
The host immune response to HPV is thought to be mediated largely by T-lymphocytes. (Stanley 
2001, Kajitani, Satsuka et al. 2012) This may increase the risk of HIV infection because T-
lymphocytes (specifically CD4+ T-cells) are primary target cells for HIV. An increased presence of T-
lymphocytes has been noted in HPV-infected cervical tissue. (Scott, Nakagawa et al. 2001)  
 
Additionally, HPV non-persistence, which is likely to be associated with a T-lymphocyte influx into 
epithelial tissue, was associated with HIV acquisition in two studies (Averbach, Gravitt et al. 2010, 
Smith-McCune, Shiboski et al. 2010), but HPV persistent infection was not. The Smith-McCune study 
also showed that this difference existed even when comparing high-risk separately from low-risk 
HPV types. (Smith-McCune, Shiboski et al. 2010) Both the Smith-McCune and Averbach studies had 
low risk of bias in all categories as assessed by the Houlihan et al. systematic review. (Houlihan, 
Larke et al. 2012) This mechanism through which prevalent HPV infection increases the risk of HIV 
acquisition would likely hold true for any anogenital viral infection (e.g. HSV) that requires T-cell 
recruitment for clearance.  
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4. HPV-associated cytological abnormalities in cervical and anal epithelial cells 
 
Multiple studies have shown that HPV-associated cytological abnormalities in cervical and anal 
epithelial cells are associated with increased or decreased levels of cytokines and other innate 
molecules that may increase or decrease the risk of HIV acquisition. 
 
Behbakht et al. investigated alterations in cytokine levels associated with HPV-associated cervical 
dysplasia in a case-control study. (Behbakht, Friedman et al. 2002) They found that elevated levels 
of the cytokine IL-1β was associated with a 6.1-fold increased odds of cervical dysplasia (95% CI 
1.06-35). IL-1β has been shown to stimulate HIV replication in vitro by activating a promoter region 
in the HIV genome. (Osborn, Kunkel et al. 1989)  
 
Nicol et al. compared levels of various cytokines in cervical tissue among three subsets of Brazilian 
women – healthy, immunocompetent women, women infected with HPV alone, and women 
coinfected with HPV and HIV-1. (Nicol, Fernandes et al. 2005) The authors found that IL-6, TNF-α, 
and INF-γ were markedly increased (and statistically significant) in the cervix of women infected 
with HPV alone, both compared to healthy, immunocompetent women and women coinfected with 
HPV and HIV-1. IL-6 and TNF-α have both been shown to stimulate HIV-1 replication in T-
lymphocytes and other immune cells, and INF-γ has been shown to have both inhibitory and 
stimulatory effects on HIV-1. (Kedzierska and Crowe 2001) 
 
Two other groups of innate molecules (of the innate immune system) secreted by epithelial cells 
are defensins and thrombospondins, both of which have been shown to fend off invading viruses 
including HIV. (Herfs, Hubert et al. 2011) Herfs et al. comment that both defensins and 
thrombospondins have been found to be at decreased levels in precancerous cervical lesions 
compared to levels found in normal exocervical epithelium. These authors also suggest that even in 
the absence of HPV infection, transitional zones in the cervix and anus (where columnar epithelium 
transforms into squamous epithelium) may be a preferential environment for HPV and HIV 
infection due to modulated production of various molecules of the innate inflammatory response.   
 
Despite these reported associations of abnormal cytokine levels with HPV-associated cytological 
abnormalities, two studies reviewed by Houlihan et al. did not support this theory. Smith-McCune 
et al. found no evidence that cytological abnormalities in cervical epithelial cells were associated 
with increased risk of HIV acquisition in Zimbabwean women (unadjusted HR = 1.38, 95% CI 0.80-
2.34). (Smith-McCune, Shiboski et al. 2010) This study had low risk of bias in all bias categories. 
(Houlihan, Larke et al. 2012) Additionally, Chin-Hong et al. found no statistically significant 
evidence that cytological abnormalities in anal epithelial cells were associated with increased risk 
of HIV acquisition in American MSM (atypical squamous cells, aHR 1.8, 95% CI 0.62-5.5; low-grade 
squamous intraepithelial lesions, aHR 1.2, 95% 0.44-3.23). (Chin-Hong, Husnik et al. 2009) 
However, this study had high risk of confounding and unclear risk of bias from selection of 
participants, time of exposure ascertainment, loss to follow-up and selective outcome reporting. 
(Houlihan, Larke et al. 2012)  

 
5. High-risk versus low-risk HPV 
 
The Houlihan et al. meta-analysis reported that the increased risk of HIV acquisition associated 
with prevalent HPV infection was similar for high-risk HPV (pooled effect estimate 1.99, 95% CI 
1.54-2.56) and low-risk HPV (pooled effect estimate 2.01, 95% CI 1.27-3.20), suggesting that all 
types of HPV might increase risk of HIV acquisition in women. (Houlihan, Larke et al. 2012) Only 
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two articles contributed to the pooled effect estimate for low-risk HPV (Averbach, Gravitt et al. 
2010, Smith-McCune, Shiboski et al. 2010) and both had low risk of bias for all categories. 
(Houlihan, Larke et al. 2012) For the high-risk HPV pooled effect estimate, two out of five pooled 
studies had low risk for all categories. (Houlihan, Larke et al. 2012) The study with the largest 
weight in the pooled estimate (Myer, Denny et al. 2006) had unclear risk of bias due to selection of 
participants, time of exposure ascertainment, and selective outcome reporting, and high risk of bias 
due to loss to follow-up and confounding. The remaining two studies had comparatively little 
weight in the pooled estimate and had high risk of bias due to confounding. If both high-risk and 
low-risk HPV lead to comparable increased risk of HIV acquisition, it might suggest that differences 
in immunobiology between the two groups do not impact risk of HIV acquisition. It has been shown 
that low-risk HPV types are typically more productive (producing more virions) (Middleton, Peh et 
al. 2003) and are cleared by the immune system more quickly (Insinga, Dasbach et al. 2007) than 
high-risk types. 
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OBJECTIVE 3: LESSONS LEARNED FROM HSV-2 

 

The history of scientific investigation into the relationship between HSV-2 and HIV is worth 
recounting due to its similarity with the emerging HPV/HIV link. We note how the relationship 
between HPV and HIV differs, and draw lessons from the HSV-2 research history that may inform 
efforts to apply HPV-based interventions to prevent HIV infection. 

Observational studies suggesting HSV-2 infection increases risk of HIV acquisition 

Briefly, observational studies found strong associations between HSV-2 infection and risk of HIV 
acquisition, even after adjusting for sexual risk behaviors. A 2002 meta-analysis that included over 
30 observational studies estimated an increase of 2-4 fold in the risk of HIV infection among HSV-2 
positive individuals. (Wald and Link 2002) More recent studies have found consistent results. (e.g., 
(Lama, Lucchetti et al. 2006) 

Synergistic mechanisms connecting HSV-2 and HIV 

Laboratory and clinical studies noted molecular and pathological synergies between HSV-2 and HIV 
infections, enhancing the argument that HSV-2 infection increases the risk of HIV transmission. For 
example, individuals infected with HSV-2 have more genital tract inflammation which may increase 
HIV acquisition by exposing immune cells to HIV. (Rebbapragada, Wachihi et al. 2007) Individuals 
infected with HSV-2 have reduced mucosal integrity due to genital lesions. Lastly, there is evidence 
that HSV-2 infection may suppress innate immune antiviral functions that protect against HIV 
infection. (Fakioglu, Wilson et al. 2008) Additionally, studies have suggested that individuals 
infected with both HSV-2 and HIV are more likely to infect others with HIV. Infection with both 
viruses is associated with higher HIV viral load and increased HIV genital shedding, both factors 
associated with HIV transmission. (Thurman and Doncel 2012) 

Randomized trials of anti-HSV-2 interventions failed to prevent HIV transmission 

Three randomized trials tested the effect of anti-HSV-2 drugs on HIV transmission. In one trial, 
women in Tanzania who were HIV seronegative and HSV-2 seropositive were given daily acyclovir. 
(Watson-Jones, Weiss et al. 2008) After more than a year of follow up, there was no significant 
effect of acyclovir treatment on the risk of new HIV infections. In another trial, called the HPTN 039 
trial, individuals who were HSV-2 positive and HIV negative were given daily acyclovir treatment. 
The trial found no effect of daily acyclovir on risk of HIV acquisition. (Celum, Wald et al. 2008) 
Lastly, the Partners in Prevention trial tested the effect of giving acyclovir to individuals infected 
with both HIV and HSV-2 who had a long term sex partner who was HIV negative. This trial found 
that acyclovir had no effect on HIV transmission, despite reducing both the frequency of genital 
ulcers due to HSV-2 and HIV plasma viral load. (Celum, Wald et al. 2010) 

Post-RCT studies of HSV-2 and HIV 

In the time since the disappointing results of the three trials were reported, the predominant 
explanation for the failure of the trials that we found in the literature and through talking to 
colleagues in the field is as follows: HSV-2 infection should not be understood as a disease that 
cycles between a latent and active phase with the latter responsible for both the genital lesions and 
genital inflammation that are thought to link HSV-2 with HIV transmission. An updated and more 
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nuanced view is that HSV-2 disease reflects a constant state of inflammation of the genital region, 
with potential HIV target immune cells in proximity to the surface at all times among HIV negative 
individuals, and constant HIV particle shedding among HIV positive individuals. (Zhu, Koelle et al. 
2007, Zhu, Hladik et al. 2009) In this updated view, antiviral drugs have the effect of reducing the 
occurrence of genital lesions and reducing plasma HIV viral load, but they do not sufficiently reduce 
inflammation of the genital region or HIV shedding. (Barnabas and Celum 2012) 

Lessons to take from HSV-2 research to HPV 

One of the lessons that HSV-2 researchers took from the failure of the three trials for treating HSV-2 
to reduce HIV infection is that future effort should focus on developing an HSV-2 vaccine or on HSV-
2 treatments that have stronger antiviral activity in the genital mucosa. (Barnabas and Celum 2012) 
A vaccine has an advantage over daily antiviral treatments in providing protection that is both 
continuous and measurable. HPV is ahead of HSV-2 in already having vaccines available, with new 
vaccines covering more HPV types in development. 
 
Another important lesson to take from the HSV-2 experience is that it is difficult or impossible to 
predict the effect of an intervention in advance of a randomized trial, despite extensive results of 
observational and molecular studies. A randomized trial is simply the only way to know for certain 
whether HPV-based interventions can prevent new HIV infections. 
 

Key Informant Interview – Dr. Connie Celum, University of Washington 

Members of the START team met with Dr. Connie Celum, a scientist at the University of Washington 
who was involved in trials of HSV-related interventions to prevent HIV infection. These trials were 
uniformly disappointing, despite extensive epidemiologic support for an association between HSV 
and HIV as well as biological plausibility. Dr. Celum made several key points related to the 
possibility of testing an HPV vaccine to prevent HIV infections: 

 Residual confounding by sexual behavior is likely to be a both a study design challenge as 
well as a hurdle to convincing decision-makers to support a trial. 

 There are differences between HSV and HPV, specifically that there is a vaccine against HPV. 

 The most surprising result of the HSV trial was the finding from pharmacokinetic studies. 
African women had 75% blood levels of HSV drug compared to European women. It would 
have been worthwhile to do a PK study before doing the clinical trial. 

 A researcher named Debbie Watson-Jones, who at the London School of Tropical Medicine 
may have applied to do a study of HPV and HIV acquisition in Mwanza.  

 A researcher named Helen Rees in South Africa may have planned and/or carried out a 
school based community randomized trial of the HPV vaccine. 

 A step-wedge design would likely not be feasible due to the length of time between 
intervention and outcome 

 It’s best to plan conservatively for an OR=1.50. 

 Kwazulu-Natal is an ideal a study site, with extensive longitudinal data related to HIV. 

 Dr. Celum’s focus in on combining multiple HIV prevention interventions, along with 
maternal-child care. 
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Girls aged 9-13 

Boys aged 9-13 

Girls and boys aged 
9-13 

Bivalent HPV 
vaccine 

Quadrivalent HPV 
vaccine 

No cross-protection 
against non-vaccine 

HPV types 

Cross-protection 
against select non-
vaccine HPV types 

 

OBJECTIVE 4: COST-EFFECTIVENESS ANALYSIS OF HPV-RELATED INTERVENTIONS FOR 

HIV PREVENTION 

BACKGROUND AND APPROACH 

There is a large body of literature on modeling the cost-effectiveness of using HPV vaccination to 
prevent HPV-related disease (e.g. cervical cancer, warts), which was recently summarized in a 
systematic review. (Seto, Marra et al. 2012) Most cost-effectiveness models simulate the natural 
history of HPV infection in individuals or cohorts of men and/or women over time. (Seto, Marra et 
al. 2012) There are no cost-effectiveness analyses of the use of HPV vaccine to avert HIV-related 
morbidity and mortality.   

Modeling the natural history of HPV infection is beyond the scope of the START team; however, we 
were able to develop a rough model of using HPV vaccination to avert HIV infections, using cost 
data from established HPV vaccination cost-effectiveness models and epidemiologic data from a 
range of sources including UNAIDS, the International Agency for Research on Cancer (IARC), the 
Institute for Health Metrics and Evaluation (IHME), HPV vaccination trials, and the recent Houlihan 
et al. review of the association between HPV infection and HIV acquisition. 

We selected four countries for our cost-effectiveness model – Nigeria, Uganda, Vietnam, India – 
based on considering where GAVI was supporting scale up of HPV vaccination of girls, where HPV 
vaccination demonstration projects had been completed, and availability of country-specific cost 
and epidemiologic data. We identified 12 base case scenarios for each country’s cost-effectiveness 
analysis, which are summarized in Figure 1. 

 

 

 

 

 

 

 

 

In each of these 12 base case scenarios we followed a cohort of young men and/or women over 
time, considering them at risk for HIV infection from the time of median sexual debut until age 60. 
HIV incidence rates in HPV+ and HIV- individuals were estimated using overall country-specific HIV 
incidence rates reported by UNAIDS and the relative risk of HIV acquisition attributable to HPV 
infection reported in the recent Houlihan et al. systematic review. The overall approach to 
estimating the cost-effectiveness of HPV vaccination to avert HIV infections in each of these 12 base 
case scenarios is summarized in Figure 2. 

There are a number of key assumptions in place for our cost-effectiveness analysis of HPV 
vaccination to avert HIV infections. These include: 

FIGURE 1: TWELVE BASE CASE SCENARIOS FOR THE COST-EFFECTIVENESS ANALYSIS OF HPV 
VACCINATION TO AVERT HIV INFECTION 
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 HIV incidence is static over time and constant across age groups, both of which are not true. 
Age-specific HIV incidence rates are not available for most low- and middle-income countries 
and even the overall HIV incidence rates used in this analysis must be interpreted with caution. 
Additionally, although HIV incidence is likely to change over time in our four countries 
(hopefully decreasing), it is beyond the scope of this analysis to model how HIV incidence 
would decrease during the lifetime of our female and male cohorts. The overall effect of 
assuming that HIV incidence is static over time would be to over-estimate the cost-effectiveness 
of HPV vaccination in averting HIV infections. 

 We have chosen not to model herd immunity achieved by high coverage with HPV vaccination, 
which will likely underestimate the cost-effectiveness of HPV vaccination to avert HIV infection. 

 We have chosen not to model secondary HIV prevention achieved by decreased transmission of 
HIV by HIV-negative HPV-vaccinated individuals to either HPV-vaccinated or HPV-unvaccinated 
individuals. The overall effect of this decision will likely underestimate the cost-effectiveness of 
HPV vaccination to avert HIV infection. 

 We have assumed lifelong duration of the HPV vaccine. True duration of protection is unknown 
at this time due to the relatively young age of the vaccines, but most cost-effectiveness analyses 
of HPV vaccination assume lifelong duration of protection. 

 Data on the association between HPV infection and HIV acquisition, the efficacy of HPV 
vaccination to prevent HPV infection, and the proportion of HPV infections covered by HPV 
vaccines are more readily available for women compared to men and accordingly, we have at 
times extrapolated female data for use in our male analyses. 

 

COST PARAMETERS 

All cost parameters used in the cost-effectiveness analysis of HPV vaccination to avert HIV 
infections are listed in Table 6. 

Table 6. Cost parameters used in the cost-effectiveness analysis of HPV vaccination to avert HIV 
infections. 

Parameter Tradable/N
on-Tradable 

Base 
case  
(I$) 

Low cost case 
(I$) 

High cost case 
(I$) 

Total cost per vaccinated girl  25.00 10.00 50.00 
Vaccine cost Tradable 15.00 6.01 36.74 
Vaccine wastage Tradable 2.25 0.90 5.51 
Vaccine supplies (including wastage & 
freight) 

Tradable 1.31 0.59 1.31 

Administration Non-
Tradable 

1.50 0.50 1.50 

Vaccine Support     
Monitoring & programmatic services Non-

Tradable 
2.00 2.00 2.00 

Cold chain, injection safety, 
operational costs 

Non-
Tradable 

2.94 2.94 

Source: Goldie et al. 

All costs are assessed an international dollar value so that a common cost basis across the countries 
analyzed could be established. Costs for tradable goods can be converted from I$ to US$ at a 1:1 
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rate. Costs for non-tradable goods vary based on the level of development of the local economy and 
must be converted first to the local currency unit (LCU) using a PPP exchange rate before being 
converted to US$. Conversion rates for the four countries assessed are listed in Table 7. 

Table 7. Currency conversion rates used in the cost-effectiveness analysis of HPV vaccination to 
avert HIV infections. 

Country Exchange rate 
(LCU per US$) 

PPP exchange rate 
(LCU per I$) 

Nigeria                   118.55                      77.40  
Uganda                1,720.44                    668.50  
Vietnam              16,302.25                 6,154.40  
India                     43.51                    134.00  

Source: World Bank 2010 World Development Indicators 

 

EPIDEMIOLOGIC PARAMETERS 

All epidemiologic parameters used in the cost-effectiveness analysis of HPV vaccination to avert 
HIV infections are listed in Table 2 in Appendix 1. The base case, low and high values for each 
parameter for each of the four countries modeled are provided in a supplementary Excel workbook 
entitled “START_HPV-HIV_CE Model Data Inputs”. This workbook provides information on when 
data were extrapolated from one country or population group to another.   

 

SENSITIVITY ANALYSIS 

We conducted a univariate sensitivity analysis to assess the impact of individual parameters on the 
cost-effectiveness of HPV vaccination to avert HIV infections. 

The univariate sensitivity analysis assessed the impact of nine parameters on the cost-effectiveness 
of HPV vaccination to avert HIV infections: HIV incidence rate, relative risk of HIV acquisition 
attributable to HPV infection, HPV vaccination coverage, HPV vaccine efficacy, HPV prevalence 
among young adults (<25 years of age), proportion of HPV infections covered by the HPV vaccine, 
median age of sexual debut, lifetime cost of ART and HIV care, and the cost of HPV vaccination per 
person. Each parameter was assessed in a low and high scenario while holding the value of all other 
parameters constant, with the ranges equal to 95% confidence intervals or uncertainty intervals 
extracted from the literature, or +/- 50% of the base case value where such information was 
unavailable.   
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Overall HIV 
incidence rate 

Step 1 HIV incidence in 
HPV + persons 

HIV incidence in 
HPV - persons 

Relative risk of HIV acquisition 
attributable to HPV infection 

Step 2 

Person-years at risk for 
HIV in HPV+ individuals 

Unvaccinated cohort 

Vaccinated cohort 

Person-years at risk for 
HIV in HPV- individuals 

HIV incidence in 
HPV + persons 

HIV incidence in 
HPV - persons 

Total number of 
HIV cases 

Persons-years at risk for HIV estimated by subtracting out pediatric HIV infections, estimating 
number of individuals infected with HPV by age 25, subtracting out all-cause deaths during the 
follow-up time (by 5-year age groups), and summing person-years from median age of sexual 
debut until age 60. 

 

Same as for unvaccinated cohort, except that the estimated number of individuals infected with 
HPV by age 25 was reduced by a factor equal to the product of vaccination coverage, vaccine 
efficacy, and the proportion of HPV infections covered by the vaccine. 

Step 3 

HIV cases in 
unvaccinated cohort 

Averted HIV cases 

HIV cases in 
vaccinated cohort 

Lifetime cost of       
HIV care 

Averted HIV cases 

   
Averted HIV 

treatment costs 

Cost of vaccination Averted HIV cases   
Cost per averted 

HIV case 

Vaccination cost + 
averted HIV tx costs 

Averted HIV cases   
Net cost per 

averted HIV case 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2: OVERALL APPROACH TO THE COST-EFFECTIVENESS ANALYSIS OF HPV VACCINATION TO 
AVERT HIV INFECTION 
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RESULTS 

The full results of the cost-effectiveness analysis and univariate sensitivity analysis for the 4 
countries modeled is provided in Tables 3 and 4 in Appendix 1, respectively. We modeled all 12 
base case scenarios for Nigeria; however, for Uganda, Vietnam and India we modeled only 3 
scenarios – vaccinating girls aged 9-13 with quadrivalent HPV vaccine assuming no cross-
protection, vaccinating boys aged 9-13 with quadrivalent HPV vaccine assuming no cross-
protection, and vaccinating both boys and girls.   

The results of a univariate sensitivity analysis for our scenario of vaccinating Nigerian girls aged 9-
13 with quadrivalent HPV vaccine are shown in Figure 3. This graph shows the impact of varying 
each of these model parameters on the cost per HIV infection averted. The parameters that have the 
most impact on the cost-effectiveness of HPV vaccination are the RR of HIV due to HPV (varied from 
1.4 – 2.9), and the cost of HPV vaccination (varied from $9 - 48 per person). The graph also provides 
information about the quality of evidence for each parameter. For the two most influential 
parameters, we have good evidence for the cost of HPV vaccination, but poor evidence for the RR of 
HIV due to HPV. 

Figure 4 shows the results of the cost-effectiveness analysis in Nigeria for 8 base case scenarios – 
girls vs. boys, bivalent vs. quadrivalent vaccine, and assuming vaccine cross-protection or no cross-
protection against additional HPV types. We estimated greater HIV prevention with cross 
protection than without, which is expected given the assumption that all HPV types equally increase 
the risk of HIV acquisition. The estimated difference in the number of averted cases comparing 
cross-protection versus no cross-protection is greater in boys than girls, which is likely due to 
higher HPV prevalence in young men compared to women. Finally, we found improved HIV 
prevention with the bivalent vaccine when cross protection was assumed, which is due to the 
bivalent vaccine, compared to the quadrivalent, having statistically significant cross-protection 
against a larger number of HPV types as reported in the literature.   

Figure 5 compares the four countries in terms of total averted HIV cases and the cost per averted 
HIV case. We found that both the number of averted HIV cases and the cost per averted HIV case 
varied greatly across countries. Figure 6 shows the underlying reason why the cost-effectiveness of 
HPV vaccination varies so greatly across these 4 countries – as HIV incidence increases, cost-
effectiveness of HPV vaccination also improves. HPV vaccination to avert HIV infection appears 
cost-effective in Nigeria and Uganda due to the high HIV incidence, but prohibitively expensive in 
Vietnam and India due to relatively low HIV incidence. 

 

CONCLUSIONS 

The overall goal of this project is to explore the idea of adding HPV vaccination to the arsenal of HIV 
prevention interventions. Thus, to ground this cost-effectiveness analysis in the field of HIV 
prevention, we compared the cost per HIV infection averted achieved with HPV vaccination in 
Uganda and Nigeria with a range of other HIV prevention interventions (Figure 7). This graph 
suggests that HPV vaccination of girls and/or boys aged 9-13 in Uganda and Nigeria is in a similar 
range of cost-effectiveness as prevention of mother to child transmission (Galárraga, Colchero et al. 
2009, Kuznik, Lamorde et al. 2012), voluntary counseling and testing (Galárraga, Colchero et al. 
2009), medical male circumcision (Galárraga, Colchero et al. 2009, Barnighausen, Bloom et al. 
2012) and STI control among female sex workers (Galárraga, Colchero et al. 2009), and more cost-
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effective than ART as prevention (Barnighausen, Bloom et al. 2012, Kuznik, Lamorde et al. 2012), 
youth education (Galárraga, Colchero et al. 2009), and pre-exposure prophylaxis (Cremin, Alsallaq 
et al. 2013). However, we must keep in mind that the cost-effectiveness of HPV vaccination to avert 
HIV infections is largely influenced by the RR of HIV acquisition attributable to HPV infection, for 
which we have only limited evidence from observational studies. 
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OBJECTIVE 5: STUDY DESIGNS FOR EVALUATING THE EFFECT OF HPV VACCINATION 

ON HIV INCIDENCE 

We evaluated possible study designs that could be used to test whether vaccination against HPV 
reduces HIV transmission. We started with a short list of potential study designs chosen based on 
our own experience as well as guidance from BMGF. The list of study designs considered includes 
ecological studies, case-control studies, retrospective cohort studies, step wedge randomized trials, 
and community randomized trials. Next, we performed literature searches to identify examples of 
each study design, involving either HPV vaccination or our desired study setting, which we envision 
as a resource poor setting with high HIV prevalence. 

After weighing the strengths and limitations of the various study designs above, we explored real-
world opportunities for implementing a study or trial to test the effect of HPV vaccination on HIV 
transmission. One striking opportunity is the large-scale roll out of the HPV vaccine announced by 
the Global Alliance for Vaccination Initiative (GAVI) in early 2013. We describe the GAVI program 
and the potential opportunity it presents to test our question of interest. Additionally, we 
conducted interviews with key informants with experience conducting large research studies in 
Africa related to sexually transmitted infections. First we interviewed Dr. Connie Celum, a 
researcher at the University of Washington who played a central role in recent trials evaluating 
HSV-related interventions to prevent HIV transmission. Second, we spoke to Dr. Deborah Watson-
Jones of the London School of Hygiene and Tropical Medicine. Watson-Jones has conducted efficacy 
trials of the HPV vaccine in Africa, is a coauthor on the Houlihan review article discussed in 
Objective 1, and has designed studies to measure the effect of HPV vaccination on HIV incidence. 
We summarize key messages from Drs. Celum and Watson-Jones, including their recommendations 
for a possible study designs and settings to explore. 

The study designs we evaluated are listed in Table 7 and discussed in the text that follows. In the 
course of our evaluation, several recurring study design challenges emerged, which we present in 
Table 8 along with strategies for overcoming these challenges where available. 

Table 7. Possible study designs to evaluate the relationship between HPV and HIV infection 

Study Design Description in the context of an 
HPV-HIV study 

Similar studies 

Ecological Study HIV incidence rates are compared 
before and after an HPV 
vaccination campaign targeting 
essentially the entire study 
population. 

The effect of HPV vaccination on 
incidence of cervical lesions in 
Australian women. (Brotherton, 
Fridman et al. 2011) 
 
The effect of HPV vaccination on 
the incidence of genital warts in 
Australian men and women. 
(Fairley, Hocking et al. 2009) 
 
Incidence of H. influenza disease 
10 years after Hib vaccination in 
South African children.(von 
Gottberg, Cohen et al. 2012) 

Retrospective cohort study HIV incidence is compared 
between two groups in a cohort of 
women, those who received the 

The effect of HPV vaccination on 
subsequent STI and pregnancy in 
American women. (Bednarczyk, 
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Study Design Description in the context of an 
HPV-HIV study 

Similar studies 

HPV vaccine and those who did 
not.  

Davis et al. 2012)  

Case-control study The likelihood of having received 
the HPV vaccine is compared 
between HIV cases and matched 
controls in an open population.  

Hib vaccine efficacy in Senegal. 
(Fleming, Dieye et al. 2011) 
 
Reasons for not getting an HPV 
vaccine among Tanzanian girls. 
(Watson-Jones, Tomlin et al. 2012) 

Step-wedge randomized trial HPV vaccination is rolled-out 
sequentially to all study 
participants. Order of receipt is 
randomized either individually or 
by group. 

The effect of Hepatitis B 
vaccination to prevent liver 
disease in the Gambia. (1987) 

Community randomized trial Geographically separated 
communities are randomized to 
receive the HPV vaccine or an 
unrelated vaccine, and HIV 
incidence is compared be the two 
groups of communities. 

Children received either the 
pneumococcus vaccine or an 
unrelated vaccine, and the rate of 
nasal pneumococcus carriage was 
compared between communities. 
(O'Brien, Millar et al. 2007) 
 
Girls at schools in Tanzania 
received the HPV vaccine, 
randomized into groups defined 
by age or school year. (Watson-
Jones, Baisley et al. 2012) 
 

 

Ecological studies 

In an ecological study, groups are compared without exposure and/or outcome data on individuals. 
Groups may be defined according to location, time, or both. A relevant example is a study published 
in Lancet in 2011 that compared rates of cervical lesions among young Australian women before 
and after a HPV vaccination program. (Brotherton, Fridman et al. 2011) The study was ecological 
because it did not have data on the HPV vaccination status of individual women. Rather, the study 
inferred that the proportion of women vaccinated against HPV increased from essentially zero to 
>70% in young women following the licensure of the vaccine in 2006 and a nationwide vaccination 
campaign begun in 2007. The study reported a 38% decline in certain cervical lesions among the 
youngest age group, those <18 years of age, over the time period coinciding with the increase in 
HPV vaccination. The most plausible explanation for the decline in incidence of cervical lesions is 
the increase in HPV vaccination, but other explanations are possible, a limitation typical of 
ecological studies. It is possible that the decline in the incidence of cervical lesions was due to 
factors external to the study, such as changes in health care utilization, a decline in the prevalence 
of certain HPV types, or migration into the study area of individuals with lower risks of cervical 
lesions. 

The Australian ecological study offers relevant lessons. First, it is worth noting that the study was 
inexpensive to perform. Second, there were study design details that would be important to 
translate into a trial. The study evaluated binary comparisons between periods before and after 
vaccination, as well as trends in cervical lesion incidence that spanned the vaccination program. 
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Also, the study population was grouped into 5-year age groups, an important consideration because 
HPV exposure history varies with age. Third, the study provided a quick answer to an important 
question; it was possibly the second report of population-level vaccine effectiveness post-licensure. 
(The first showed a reduction in genital warts following the HPV vaccination program in Australia. 
(Fairley, Hocking et al. 2009)) A study with a similar design could be used to evaluate the 
relationship between HPV vaccination and HIV acquisition. Ideally, such a study would be 
conducted in a high HIV incidence area for greater statistical power and policy relevance. 
Nonetheless, it might be possible to evaluate the effect of HPV vaccination on HIV incidence in the 
same Australian population. 

We turn now to an ecological study performed in an area of high-HIV prevalence. A study from 
South Africa evaluated the effectiveness of Hib vaccine. (von Gottberg, Cohen et al. 2012) Routine 
Hib vaccination was implemented in 1999 in South Africa, with coverage rates increasing from 71% 
to 100% from 2004 to 2008. The study collected data on Hib-disease during the period from 2003-
2009, and found that the incidence of Serotype b increased during that period, a surprise given the 
increase in vaccination rates a decade earlier. To better understand this ecological relationship, the 
authors analyzed the vaccination history of children with Hib-related disease, and found that many 
of these cases had received the Hib vaccine, suggesting high rates of vaccine failure. 

In conclusion, an ecological study would be inexpensive and could provide an answer regarding the 
relationship between HPV and HIV more quickly than other study designs. Due to the limitations 
inherent in ecological studies, an observed association would provide only very weak evidence of a 
causal relationship between HPV vaccination and HIV infection. 

 

Case-control studies 

In a case-control study of vaccine efficacy, individuals with HIV would be recruited along with one 
or more controls matched on factors such as area of residence, sex, and age. The history of HPV 
vaccination would then be compared between cases and controls. This type of study design was 
used in Senegal to test the effectiveness of the Hib vaccine. (Fleming, Dieye et al. 2011) In this study, 
a small number of cases with Hib-related disease were recruited from a hospital along with four age 
and sex matched controls residing in the same neighborhoods. 

In our conversation with Dr. Watson-Jones, she described a retrospective case-control study she 
had proposed that was not funded. The study used stored blood samples taken during an HIV-
prevention trial in Tanzania and Uganda. The samples included approximately 150 from HIV 
seroconverters. (The number of seroconverters, rather than the total number of cases and controls 
combined, is most important in determining overall study power.) Dr. Watson-Jones had made 
inquiries into using additional blood samples from South Africa, bringing the total number of HIV 
seroconverters to approximately 200. The proposed study had a case:control ratio of 1:3. Dr. 
Watson-Jones was asked to provide the BMGF a brief written summary of this proposed 
retrospective case-control study.  

In conclusion, the advantages of a case-control study design are convenience and relatively low 
cost. The disadvantage is that case-control studies do a poor job of controlling for confounding 
factors, and thus any associations observed in such a study would provide only modest evidence in 
support of a causal link between HPV and HIV. 
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Step Wedge Randomized Trial 

In a step wedge randomized trial, the order in which participants are given the intervention is 
randomized. Participants may be randomized individually or in groups. The effectiveness of the 
intervention is evaluated based on whether changes in the incidence of the outcome disease 
correlate with the chronological order of the intervention. A variety of analytical methods ranging 
from simple comparisons of means between steps to Poisson regression have been used in step 
wedge designs, as pointed out in a helpful review article. (Brown and Lilford 2006) This review 
article highlights the advantages of the step wedge design and analyzes eleven step wedge studies 
and one published protocol, all of which took place or were contemplated to occur in developing 
countries. (Brown and Lilford 2006) Step wedge designs are advantageous when the intervention 
has a known benefit (i.e., equipoise does not hold), and when resource constraints prevent the 
administration of the intervention to all participants simultaneously. In such circumstances, 
randomized administration may be the most ethical way to administer an intervention with known 
benefit. None of the eleven reviewed step wedge studies had HIV incidence as an outcome, but the 
one reviewed protocol did (mother-to-child HIV transmission). (Hughes, Goldenberg et al. 2003) 
That protocol was developed by a team led by Dr. James Hughes of the Biostatistics and Global 
Health Departments at the University of Washington. As confirmed in a conversation with Dr. 
Hughes, a step wedge design would not be appropriate for the question under consideration here 
because the period of time when girls would be at risk occurs long after all girls in the study have 
been vaccinated. Thus, there is no difference in the timing of protection against HIV due to HPV 
vaccination. 

Another key informant, Dr. Celum, pointed out that a challenge to using a step wedge design to test 
whether HPV vaccination affects HIV acquisition is the long period of follow up. In the study designs 
we are contemplating, young girls would receive the HPV vaccine in the 9-13 age range. We assume 
that at least 10 years would need to pass before a change in HIV incidence was detectable in these 
girls. It seemed likely to Dr. Celum that any small association would be lost of over that time period. 

 

Retrospective Cohort Study 

Recruiting a cohort of girls or women for long term study, it would likely not be ethical to provide 
the HPV vaccine to only some study participants. Therefore, a cohort would most likely be recruited 
based on use of a particular health facility, such as in a study of HAART and HIV survival in children 
in KwaZulu-Natal in South Africa. (Reddi, Leeper et al. 2007) In such a study in the US where the 
cohort was defined by membership in a health insurance plan, the incidence of STIs and pregnancy 
were compared between girls who had been HPV vaccinated and those who had not. (Bednarczyk, 
Davis et al. 2012)  

 

Community Randomized Trial 

Dr. Watson-Jones, whom we interviewed, has done several studies related to HPV vaccination of 
girls in Tanzania, including a recent community randomized trial. (Watson-Jones, Baisley et al. 
2012) In this recent study, girls age 12-13 at 134 schools in Tanzania were offered the HPV vaccine 
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through their school. Each school was randomly assigned to offer the vaccine to girls by age (born 
in 1998, and thus 12 at the time of the study) or by academic class (grade 6, median age 13). The 
study found that age-based administration achieved a 72.1% vaccination coverage (3 doses) 
compared to 78.7% for class-based administration. The most common reasons girls did not receive 
the vaccine were parental refusal (6.7%) and student absence from school (6.3%). Absentee rates 
were in line with estimates from time periods when no HPV vaccination program was in progress. 
Watson-Jones did a follow up case-control study comparing students who did not receive the 
vaccine to those who did in order to better understand reasons for not receiving the vaccine. 
(Watson-Jones, Tomlin et al. 2012) 

In our interview with Dr. Watson-Jones, she described a cluster randomized trial she had proposed 
to test whether HPV vaccination prevents HIV acquisition. The proposed was intended as a “catch 
up” vaccination program for girls 16-18 years old in Tanzania and possibly South Africa. 
Randomization would occur by village and/or school. Girls would be followed up for 36 months, 
with HIV incidence measured. Each of the two arms of the study – one in Tanzania and the other in 
South Africa - would contain 8000 girls. The study had no plans to exclude women based on prior 
HPV infection, which we view as a limitation. In our interview, Dr. Watson-Jones was asked to 
provide BMGF a brief written summary of this proposed study. 

 

Table 8. Major challenges to performing a study to evaluate the role of HPV in HIV infection. 

Challenge Possible Mitigation 

Residual confounding by sexual risk behavior Studies that have specifically linked HIV transmission 
between individuals may be more efficient  

Lengthy duration of follow up required to 
observe effect 

Locate study in regions of high HIV prevalence  

Effect of HPV vaccine likely to be swamped by 
ART use 

Gather data on other HIV prevention efforts, and consider 
adjusting or stratifying analyses 

Ethics of randomizing vaccine access Perform study in a setting where resource limitations 
indicate that randomization is the most ethical way to 
distribute vaccines. 

Improvements in methods for ascertaining 
HIV infection status may bias incidence 
comparisons. 

Perform bridging studies to calculate improvements in 
sensitivity and specificity, and adjust estimates accordingly. 

 

The GAVI Alliance’s HPV vaccine roll out 

The Global Alliance for Vaccines and Immunization, aka the GAVI Alliance, is dedicated to delivering 
vaccines to children in the developing world. GAVI was formed in 1999 in response to a widening 
gap in childhood vaccination rates between the developed and the developing world. GAVI’s 
strategy is to bring together key stakeholders in development, vaccination, and global health and to 
push for prioritization of developing country childhood vaccination. 

GAVI’s initial focus was on delivering the Hep B, Hib, and yellow fever vaccines, as well as safe 
injection equipment. More recently, the Alliance’s focus has expanded to include developing the 
infrastructure to deliver vaccines, and to delivering rotavirus and pneumococcus vaccines. 
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In early 2013, GAVI announced plans to add the HPV vaccine to the list of vaccines it distributes. 
The HPV vaccine roll out will occur in two phases. The initial phase begins this year with 
demonstration programs in Ghana, Kenya, Lao PDR, Madagascar, Malawi, Niger, Sierra Leone, and 
Tanzania. Each demonstration program will deliver HPV vaccine to 20,000 girls aged 9-13, 
primarily through schools. The second phase is nationwide distribution of the HPV vaccine 
beginning as early as 2014 and after successful completion of a demonstration program. 

GAVI partner UNICEF will purchase HPV vaccines from Merck and GlaxoSmithKline at a negotiated 
price at or below $5 per dose. 

Opportunities presented by the GAVI HPV vaccine roll out for studying the role of HPV in HIV 
prevention 

The announcement of the HPV vaccine roll out on the GAVI website notes the challenge that many 
of the countries where the vaccine roll out is scheduled lack the infrastructure to deliver the 
vaccines to girls, and that partnering countries will “learn by doing.” This lack of infrastructure and 
procedure creates a challenge for studying effects on HIV infection, but may also offer an 
opportunity. Host countries may welcome additional funding that addresses delivery infrastructure 
needs, and these funds may have the dual purpose of allowing researchers to gather data on HIV 
incidence. 

Interview with Dr. Deborah Watson-Jones of the London School of Hygiene and Tropical Medicine 

We had a conference call discussion with Dr. Watson-Jones and her colleagues Kathy Baisly (a 
statistician) and Richard Hayes (an epidemiologist and statistician) on April 5, 2013. With her 
extensive experience conducting HPV vaccine trials in Africa and proposed studies to test whether 
HPV vaccination protects against HIV infection, Dr. Watson-Jones is clearly an appropriate person 
to involve in this project. The majority of the interview consisted of Dr. Watson-Jones describing the 
two proposed studies to evaluate the relationship between HPV and HIV. One proposed study was a 
retrospective case-control study using stored blood samples from an HIV prevention trial. The 
other proposed study was a cluster randomized trial. Both of these proposed studies are described 
in the section above. Dr. Watson-Jones was asked to provide the BMGF with a brief written 
summary of both study proposals. 

Below are a few additional messages that came out of the interview: 

 Dr. Watson-Jones found in a recent study that the median age of sexual debut in Tanzania 
was 17 years old. (Watson-Jones, Baisley et al. 2013) This is relevant because the age of 
study participants in her proposed cluster randomized is 16-18 years, meaning that many of 
the participants will likely to have been previously exposed to genital HPV. 

 Dr. Hayes indicated that a reduction in HIV risk of 20-30% was meaningful according to 
country-level officials. This is important in terms of motivating the implementation of an 
HPV vaccination program should a link with HIV transmission be established. 

 Several points related to HPV detection assays were made: 
o Any study of HIV acquisition should gather data on the acquisition, persistence, and 

clearance of HPV. This requires at least 2-3 serial tests, adding expense. 

o Dr. Watson-Jones’s current epidemiological study is collecting HPV samples using 

self-administered swabs. 
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o IARC recommends a new urine HPV test. Dr. Watson-Jones indicated that the test 

needs to be validated in Africa before use. 

o Dr. Watson-Jones recommends using the Roche assay for HPV type testing. 

 There was a discussion of the trade-off between enrolling younger versus older girls. 
Younger girls are easier to find and vaccinate, but require longer follow up until they have 
sufficient risk of HIV acquisition. Older girls require less follow up, but have a higher pre-
vaccination rate of HPV exposure.  
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APPENDIX 1: TABLES 

 

Table 1. Studies reviewed in Houlihan (2012) that were excluded from our analysis 

Study Criteria Evaluation 

Auvert (2011) Transparency Not clear what data on sexual behaviors was collected, 
or how adjustment factors were chosen. 

 Comprehensiveness Of many possible HPV exposure categories for which 
data were collected, only two comparisons were 
reported. 

 Consistency No inconsistencies found 
 Conclusion Selective reporting of results likely 
Chin-Hong (2009) Transparency Adequate description was provided of sexual behavior 

data collected, and how adjustment factors were 
chosen. 

 Comprehensiveness Of many possible HPV exposure categories for which 
data was collected, only two comparisons were 
reported. 

 Consistency Subject numbers differ substantially between this 
report and parent study, without explanation. 

 Conclusion Selective reporting of results likely 

 

 

Table 2. Data sources for epidemiologic parameters used in the cost-effectiveness analysis of HPV 
vaccination to avert HIV infections 

Parameter Source(s) 

Population of girls aged 9-13 UN World Population Prospects, 2010 revision, 
population aged 10-14 in 2010 

Population of boys aged 9-13 UN World Population Prospects, 2010 revision, 
population aged 10-14 in 2010 

Annual HIV incidence rate, ages 15-49 UNAIDS AIDSInfo website; UNAIDS World Aids Day 
2012 Report pg 13; UNAIDS 2010 Global Report, 
Annex 1; Epidemiological Fact Sheet on HIV and 
AIDS, 2009, generated on UNAIDS website; Vietnam 
Ministry of Health HIV/AIDS Estimates and 
Projections 2007-2012, Graph 2 

Annual HIV incidence rate, women 15-49 UNAIDS, Global HIV/AIDS Response, Progress Report 
2011, Annex 7 

Relative risk (RR) of HIV infection among women 
associated with HPV infection 

From pooled RR of HIV associated with any HPV 
infection in women, Houlihan et al, 2012 

Relative risk of HIV infection among men 
associated with HPV infection 

From Smith et al. (2010), RR of HIV in heterosexual 
men associated with HPV infection 

Vaccine coverage - 3 doses LaMontagne et al. 2011 Bulletion of WHO, Nigeria 
extrapolated from Uganda 

Vaccine efficacy, bivalent, 3 doses, women aged 
18-19, endpoint 1-year persistent HPV 16/18 
infection, 4 years follow-up 

Schiller et al. 2012 Vaccine, Costa Rica Vaccine Trial 

Vaccine efficacy, quadrivalent, 3 doses, women  Schiller et al. 2012 Vaccine, FUTURE I/II Trial 
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Parameter Source(s) 

aged 16-26, endpoint HPV 16/18/6/11 
Vaccine efficacy, quadrivalent, 3 doses, men aged 
16-26, endpoint HPV 16/18/6/11 

 Schiller et al. 2012 Vaccine, FUTURE I/II Trial 

Vaccine efficacy, quadrivalent, 3 doses, women 
aged 16-26, endpoint 6-mo persistent HPV 31 
infection 

Schiller et al. 2012 Vaccine, FUTURE I/II Trial 

Vaccine efficacy, bivalent, 3 doses, women aged 
16-26, endpoint 6-mo persistent HPV 
31/33/52/45/51 infection 

Schiller et al. 2012 Vaccine, PATRICIA Trial 

HPV prevalence among women aged <25 years HPV Information Centre in the Unit of Infections and 
Cancer, WHO, 2009; Uganda estimates abstracted 
from East Africa data 

HPV prevalence among men Uganda: Tobian AA, N Engl J Med 2009; 360: 1298; 
Nigeria abstracted from average of Uganda and 
Kenya; Vietnam and India abstracted from Thailand 

Proportion of cervical HPV infections with HPV 
16 or 18  

IARC, Gary Clifford, Nigeria (2004), India (2005), 
Vietnam (2003), Uganda taken from Nigeria 

Proportion of cervical HPV infections with HPV 
16 or 18 or 6 or 11 

IARC, Gary Clifford, Nigeria (2004), India (2005), 
Vietnam (2003), Uganda taken from Nigeria 

Proportion of cervical HPV infections with HPV 
16 or 18 or 31 or 33 or 45 or 51 or 52  

IARC, Gary Clifford, Nigeria (2004), India (2005), 
Vietnam (2003), Uganda taken from Nigeria 

Proportion of cervical HPV infections with HPV 
16 or 18 or 6 or 11 or 31 

IARC, Gary Clifford, Nigeria (2004), India (2005), 
Vietnam (2003), Uganda taken from Nigeria 

Median age of first sexual intercourse among 
women 

WHO HPV Information Centre, 2013 

Median age of first sexual intercourse among men WHO HPV Information Centre, 2013 
Lifetime cost of ART and associated HIV care Nigeria: Assuming $861 annual cost (Menzies et al. 

2011), 10 years of treatment, and 3% annual 
discounting. 861*((1+0.03-((1+0.03)^-9))/0.03); 
same approach for Uganda, Vietnam, and India taken 
from Vietnam 

Estimated HIV prevalence among children (0-14) UNAIDS AIDSInfo and UNAIDS Global Report 2010, 
using World Population Prospects, 2010 Revision for 
population data 

 

 

Table 3. Results of the cost-effectiveness analysis of HPV vaccination avert HIV infection 

Scenario 
HIV infections 
averted (HIA) 

Cost per HIA (2010 
USD) 

Net cost per HIA1 

(2010 USD) 
Annual net costs / 

total HIV spending2 

NIGERIA     
Girls+bi+NCP 71,146  $ 2,639  $ (4,926) -2% 
Girls+quad+NCP 81,603  $ 2,301  $ (5,264) -2% 
Girls+bi+CP 129,665  $ 1,448  $ (6,117) -4% 
Girls+quad+CP 96,424  $ 1,947  $ (5,618) -3% 
Boys+bi+NCP 71,990  $ 2,718  $ (4,847) -2% 
Boys+quad+NCP 74,433  $ 2,629  $ (4,936) -2% 
Boys+bi+CP 157,195  $ 1,245  $ (6,320) -5% 
Boys+quad+CP 128,798  $ 1,519  $ (6,046) -4% 
Both+bi+NCP 143,136  $ 2,678  $ (4,886) -3% 
Both+quad+NCP 156,035  $ 2,457  $ (5,108) -4% 
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Scenario 
HIV infections 
averted (HIA) 

Cost per HIA (2010 
USD) 

Net cost per HIA1 

(2010 USD) 
Annual net costs / 

total HIV spending2 

Both+bi+CP 286,860  $ 1,336  $ (6,228) -8% 
Both+quad+CP 225,222  $ 1,702  $ (5,863) -6% 
Girls+bi+NCP 71,146  $ 2,639  $ (4,926) -2% 
Girls+quad+NCP 81,603  $ 2,301  $ (5,264) -2% 
Girls+bi+CP 129,665  $ 1,448  $ (6,117) -4% 
Girls+quad+CP 96,424  $ 1,947  $ (5,618) -3% 
Uganda     
Girls+quad+NCP 39,488  $1,041  $(7,280) -2% 
Boys+quad+NCP 37,891  $1,086  $(7,235) -2% 
Both+quad+NCP 77,379  $1,063  $(7,258) -4% 
Vietnam     
Girls+quad+NCP 1,577  $43,848  $35,729  1% 
Boys+quad+NCP 1,570  $46,175  $38,056  1% 
Both+quad+NCP 3,147  $45,008  $36,890  2% 
India     
Girls+quad+NCP 12,904  $153,090  $144,972  32% 
Boys+quad+NCP 11,948  $180,619  $172,501  35% 
Both+quad+NCP 24,852  $166,325  $158,207  66% 
Bi, bivalent vaccine; quad, quadrivalent vaccine; NCP, no vaccine cross-protection; CP, vaccine cross-
protection.  
1Parentheses denote net savings.  
2Negative percent denotes annual net savings. 
 

 

Table 4. Results of the univariate sensitivity analysis 

Country Scenario 
HIV infections 

averted (HIA), range 
Cost per HIA  

(2010 USD), range 
Net cost per HIA1 

(2010 USD),
 
range 

Nigeria 
Girls+quad+NCP 39,455 – 124,373 $923 – 4,827 $ (9,047) – (1,482) 
Boys+quad+NCP 13,043 – 121,878 $1,054 – 15,001 $ (8,719) – 7,436 
Both+quad+NCP 52,498 – 246,251 $2,930 – 3,267 $ (4,635) – (4,298) 

Uganda 
Girls+quad+NCP 20,023 – 57,475 $419 – 2,276  $(11,440) – (3,119) 
Boys+quad+NCP 6,678 – 61,771   $437 – 6,160  $(11,395) – (2,160) 
Both+quad+NCP 26,700 – 119,246  $1,239 – 1,508  $(6,995) – (6,935) 

Vietnam 
Girls+quad+NCP 706 – 2,617  $17,638 – 97,949  $9,520 – 89,830  
Boys+quad+NCP 223 – 3,131  $18,574 – 324,624  $10,456 – 316,505  
Both+quad+NCP 929 – 5,748  $61,303 – 53,989  $53,185 – 45,870  

India 
Girls+quad+NCP 5,844 – 21,116  $60,606 – 338,030  $52,487 – 329,912  
Boys+quad+NCP 1,699 – 23,836  $71,504, - 1,269,813  $63,386 – 1,261,695  
Both+quad+NCP 7,544 – 44,952  $216,923 – 151,830  $208,805 – 143,711  

Quad, quadrivalent vaccine; NCP, no vaccine cross-protection. 
1Parentheses denote net savings. 
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FIGURE 3: UNIVARIATE SENSITIVITY ANALYSIS SHOWS SIGNIFICANT MODEL SENSITIVITY TO 
RELATIVE RISK OF HIV DUE TO HPV AND COST OF VACCINATION 
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FIGURE 4: RESULTS OF THE COST-EFFECTIVENESS ANALYSIS OF HPV VACCINATION TO AVERT HIV 
INFECTION IN NIGERIA 
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Case shown: Girls and boys, quadrivalent vaccine, no cross protection 
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COST PER AVERTED HIV CASE OUTPUT 

Case shown: Girls only, quadrivalent vaccine, no cross protection 
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Error bars signify ranges found in HIV prevention intervention costs and HPV vaccination cost-effectiveness analyses.   
PMTCT, prevention of mother to child transmission; VCT, voluntary counseling and testing; MMC, medical male circumcision; FSW, female sex worker; 
STI, sexually transmitted infection; ART, antiretroviral therapy; PreP, pre-exposure prophylaxis. 

 

 

 

FIGURE 7: COMPARISON OF HPV VACCINATION WITH OTHER HIV PREVENTION INTERVENTIONS 
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