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The vast majority of women infected with human immunodeficiency virus (HIV) will be co-infected
with human papillomavirus (HPV). The interaction between the two sexually transmitted infections
appears to be related to the alteration in cell-mediated immunity in HIV infected persons, increased
susceptibility, and possibly reactivation of latent HPV infection. Linkage studies of HIV/AIDs and Cancer
registries have indicated a 2- to 22-fold increase in cervical cancer in HIV-positive women compared to
Keywords: HIV-negative women. pata on the .prevalence of HPV types in ir}vasive cervical carcinoma (.ICC) suggest
HPV ’ that the proportion of infection with types HPV16/18 (responsible for over 70% of all cervical cancers)
HIV is similar in HIV-negative and HIV-positive women. The biological interaction between HIV and HPV
needs further elucidation, although there is some evidence that the presence of HPV infection may be
associated with increased HIV transmission. Adolescents perinatally infected by HIV are known to have
higher rates of HPV infection and also have been shown to seroconvert in response to HPV vaccination
with the quadrivalent vaccine, albeit to lower titers than HIV-negative individuals. Anal cancer incidence
is greatly increased in HIV-positive individuals, particularly in HIV-positive men who have sex with men.
Screening for anal cancer precursors is feasible and effective; however, the impact on reduction of anal
cancer remains to be demonstrated. There are ongoing studies on the safety, immunogenicity, and efficacy
of current HPV vaccines in HIV-positive individuals and mature data are awaited. Male circumcision may
be another approach to prevention of HPV transmission, which also requires further study.

This article forms part of a special supplement entitled “Comprehensive Control of HPV Infections and
Related Diseases” Vaccine Volume 30, Supplement 5, 2012.
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1. Introduction

It is now well established that human immunodeficiency virus
(HIV) infection increases the risk of developing certain cancers and
Kaposi’s sarcoma, non-Hodgkin’s lymphoma and cervical cancer
have been classified as AIDS (acquired immunodeficiency syn-
drome) defining diseases since 1993 [1]. Linkage studies between
HIV/AIDS and cancer registries have shown a 2- to 22-fold increased
incidence of invasive cervical cancer (ICC) in HIV-positive women
compared to the general female population from the same area,
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depending upon the life expectancy of HIV-positive women and
the coverage and quality of cervical cancer screening in differ-
ent countries. HIV-positive women have also been shown to be
at increased risk for human papillomavirus (HPV) infection and
progression to cervical intraepithelial neoplasia grade 3 (CIN3) [2].

Infection with HPV is the most common sexually transmitted
infection (STI) worldwide. Women infected with HIV have con-
sistently been shown to have higher prevalence of HPV infection,
persistent infection with HPV, infection with multiple types of HPV,
and cervical cancer precursors than HIV-uninfected women [3-5].
Clifford GM et al. [6] performed a meta-analysis of 20 studies that
identified 5578 HIV-positive women who underwent cytology and
HPV genotyping. HPV prevalence in HIV-positive women with nor-
mal cytology was 36.3% for any HPV and 12% for multiple types of
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HPV, with the six most common types being HPV16, 58, 18, 52, 31
and 33. In HIV-positive women in different regions of the world,
the equivalent findings for HPV positivity were: 31% (Asia), 31%
(United States of America [USA]), 57% (South/Central America) and
57% (Africa).

In a recent cross-sectional study of women at high risk for STIs
from Rwanda, prevalence of any HPV was 47% in HIV-negative
women (mean age 25 years) compared to 72% in HIV-positive
women (median age 27 years) [7]. The increased incidence, preva-
lence and persistence of HPV infection in HIV-positive women
is attributed to increased susceptibility, decreased ability to
clear infection due to impaired cell-mediated immunity, and
reactivation of latent HPV infection associated with immunosup-
pression [8]. Infection with high-risk types of HPV (hrHPV) is
etiologically associated with the development of cervical cancer,
and is associated with other anogenital tract cancers (anus, vulva,
vagina, penis) and a proportion of oropharyngeal cancers [9,10].
The expected increase in anogenital cancers in HIV-positive indi-
viduals has recently become apparent, with increases in cervical
cancer and anal cancer being well documented [11,12]. The impact
of Highly Active Antiretroviral Therapy (HAART) on HPV infection
and its sequelae has been controversial to date, with some stud-
ies showing regression and others no impact on HPV-associated
disease. Minkoff H et al. [13] reported on a prospective study of
286 HIV-positive women who initiated HAART during the follow-
up period. They found a significant reduction in prevalence and
incidence of oncogenic HPV infection, and more rapid clearance of
oncogenic HPV-associated squamous intraepithelial lesions, par-
ticularly among HAART-adherent women.

2. Prevalence of HPV types in HIV-infected women with
normal cytology, cervical cancer precursors, and cervical
cancer

A meta-analysis of HPV prevalence in HIV-positive women
worldwide showed a relative underrepresentation of HPV16 and
overrepresentation of the other hrHPV types in HIV-positive
compared to HIV-negative women with or without cervical abnor-
malities [6]. The lower prevalence of HPV16 in CIN2/3 (the endpoint
lesions used in the evaluation of HPV vaccine efficacy) suggested
that vaccination may prevent a smaller proportion of ICC in HIV-
positive compared to HIV-negative women.

A recent meta-analysis by Li N et al. [14] found that HPV16 and
18 (the hrHPV types targeted by the current prophylactic HPV vac-
cines)are found in 57% and 16% of cervical carcinomas, respectively,
in the general female population worldwide. Information on HPV
types in HIV-positive women with ICC is, however, scarce [15].

To date, there are only a few small studies from South Africa,
Kenya and Zambia that have examined HPV type distribution in
ICC in HIV-positive women. Overall, these studies have shown that
the proportion of HPV16 and/or 18 in ICC in HIV-positive women
ranges from 53.6-86.0% [15-18]. These studies are summarized in
Table 1. Unfortunately, some of these studies did not include HPV
type by HIV characteristics, such as CD4 counts, viral loads and
clinical stage of disease. In a more recent study, De Vuyst H et al.
[17] compared HPV infections in 106 HIV-positive and 129 HIV-
negative women diagnosed with squamous cell cervical carcinoma.
Among HIV-positive women, the mean CD4 count was 334 cells/puL
and 48.1% were on combined antiretroviral therapy. HIV-positive
women had many more multiple HPV infections (21.6% of HPV-
positive carcinomas) compared to HIV-negative women (3.3%) (p <
0.001). The proportion of multiple infections was negatively associ-
ated with CD4 level. An excess of HPV18 was found in HIV-positive
compared to HIV-negative cases (prevalence ratio [PR] = 1.9, 95%
confidence interval (CI): 1.0-3.7, adjusted for study centre, age and
multiplicity of infection). HPV16 and/or 18 prevalence combined

Prevalence of selected hrHPV types and multiple infections in HIV-positive women with HPV-positive ICC [14].

Table 1

HPV18(n) HPV16 HPV31(n) HPV35(n) HPV45(n) HPV52(n) HPV58(n) Multiple
types (%)

PCR primers  HPV-positive (n)  HPV16 (n)

Type of

Location

Study

and/or 18

(%)

Sample

21.6

23 66.7

47

GP5+/6+ 102

Frozen

Africa

De Vuyst Het al.,, 2011 [17]

biopsies

16.3

12 86.07

25

43
51

SPF10
SPF10

Exfol. cells

Africa

odida M et al., 2011 [16]

373

14 64.7

21

Exfol. cells

Africa

De Vuyst H et al., 2008 [15]

10 78.6

13

53.6%

10

PGMY-LB 28

Exfol. cells

Africa

Sahasrabuddhe VV et al., 2007 [19]

3 Among squamous cell carcinoma.
Exfol. cells: Exfoliated cells; hrHPV: High-risk human papillomavirus; ICC: Invasive cervical carcinoma; PCR: Polymerase chain reaction.
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was similar in HIV-positive (66.7%) and HIV-negative cases (69.1%)
(PR= 1.0, 95% CI: 0.9-1.2). No significant differences emerged for
other hrHPV types and single infections with low-risk types were
very few (<3%) regardless of HIV status.

Naucler P et al. [18] performed a hospital-based case-control
study at the Central Hospital in Maputo, Mozambique. They
recruited 221 women with cervical cancer and 203 hospital-based
controls. Among women with cervical cancer, 49 (22%) were HIV-
positive. HPV16 was found in 49.8% of cases and 6.4% of controls and
HPV18in 20.4% and 3.0%, respectively. The next most common type
found in the cases was HPV45 (14.5% cases and 3% controls). High-
risk non-HPV16 or 18 types were found in 29.4% of cases and 18.2%
of controls. When stratified by HIV status, 40.8% of the HIV-positive
cases were HPV16-positive, 26.5% were HPV18-positive, and
30.6% were high-risk non-HPV16/18 positive. Among HIV-negative
women with cervical cancer, 52.2% were HPV16-positive, 19.1%
were HPV18-positive and 27.4% were high-risk non-HPV16/18-
positive. The authors concluded that HIV infection did not modify
significantly the distribution of HPV types in cervical cancer.

The reported proportion of HPV16 and/or 18 in HIV-positive
women is compatible with the 71% prevalence of HPV16 and/or
18 seen in cervical cancer in sub-Saharan Africa [19], and to the
range of prevalences found in ICC in developed countries (Europe
and North America combined: 73.2%) [20].

These data suggest that the available prophylactic HPV vac-
cines against HPV16 and 18 may prevent a similar proportion of
ICCs, regardless of HIV status, provided vaccine-related protection
is sustained after HIV infection.

3. Biological interaction between HPV and HIV

Immunocompromised individuals, such as those with HIV, not
only have higher rates of HPV and ICC, but are also resistant to
treatment of HPV-related diseases and prone to accelerated devel-
opment of HPV-associated cancer [21]. In multivariate analysis,
low CD4+ counts (<200 cells/iL) have been shown to be the
strongestindependent predictor of infection with hrHPV genotypes
and increased risk of genital warts [22]. Furthermore, HIV-infected
patients with genital warts show more resistance to treatment and
women treated for CIN are more likely to relapse.

Several studies have suggested that HIV is independently associ-
ated with HPV acquisition and morbidity. It is, however, unknown
whether the converse relationship is also true, i.e., whether HPV
infection affects the risk of HIV acquisition. Some of the common
sexually transmitted infections have been postulated to increase
the risk of HIV acquisition, including syphilis, herpes simplex
virus (HSV)-2, Neisseria gonorrhea, Chlamydia trachomatis and Tri-
chomonas vaginalis. Data on a potential link with HPV and HIV are
limited but suggest a similar effect.

Follow-up of 1409 men having sex with men (MSM) from the
USA showed that having an HPV infection significantly increased
the risk of HIV seroconversion (hazard ratio [HR]=3.5, 95% CI:
1.2-10.6) [23]. The association persisted after adjustment for sexual
activity, substance use, occurrence of other STIs and demographic
variables. A randomized clinical trial evaluating HPV infection and
circumcision among 2168 young men in Kenya explored the asso-
ciation between HPV and HIV infection [24]. HPV infection was
independently associated with an increased risk of HIV acquisition
over 42 months of follow-up with a cumulative incidence of 5.3%
(95% CI: 3.4-7.2) in HPV-positive men versus 4.0% (95% Cl: 1.9-6.1)
in HPV-negative men (p = 0.04). The risk persisted after adjustment
for HSV-2 serostatus, gonorrhea, chlamydial infection, and other
possible confounders.

Similar observations were seen for women in a prospective
cohort study of 2040 HIV-negative Zimbabwean women who
were followed for a median of 21 months [25]. Woman who

participated in the study were tested for 29 HPV DNA types (with
L1 polymerase chain reaction [PCR] primers) and HIV (antibody
testing on blood samples with DNA or RNA PCR confirmation).
Baseline HIV incidence was 2.7 per 100 woman-years and baseline
HPV prevalence was 24.5%. HIV acquisition was associated with
detection of any oncogenic HPV type within the previous 6 months
(adjusted HR=1.95, 95% CI: 1.19-3.21) even when new partners
and high-risk behavior of the members of the couple were con-
trolled for in the analysis. An interesting observation of the study
was that the finding was restricted to new HPV infections and not
persistent infections. It can be postulated that the new infections
are more likely to elicit a local immune response in an attempt to
clear the HPV infection. The local response to HPV infection solicits
immune cells which may be vulnerable to infection with HIV.
HPV-associated lesions such as warts, CIN or cancer are known
to be infiltrated by regulatory T-cells and macrophages which are
targets of HIV infection [23,24].

Taken together, behavioral, immunologic and genetic data sug-
gest a complex interaction between HIV and HPV. Further study is
warranted and a greater understanding may facilitate the develop-
ment of preventive strategies for both HIV and HPV related disease.

4. HPV in perinatally HIV-infected children and adolescents

Although HPV transmission from mother to infant has been
documented, persistence of HPV in the oral cavity or genitals
of immunocompetent children appears to be low. In one study,
acquisition of HPV occurred postnatally and persistent infection
in children was associated with persistent infection in their
respective parents, suggesting that transmission can also occur
postnatally. Little to nothing is known about the natural history
of HPV infection in children or adolescents with perinatally-
acquired HIV infection [26,27]. Only one study reported on the
HPV-associated morbidity among perinatally infected adolescents.
Although this study did not test for HPV DNA and there were no
control group, it reported that 47.5% of the sexually active perina-
tally HIV-infected adolescents had abnormal cytology—a rate that
is 3-4 times higher than those seen in HIV-uninfected adolescents
[27]. Cytologic abnormalities are thought to be more likely derived
from recent sexually transmitted HPV infection (in combination
with immunosuppression) than from perinatally acquired infec-
tion. The follow-up in this cohort showed that during the period
2001-2006, the prevalence of gynecologic dysplasia in adolescents
perinatally infected by HIV increased, whereas the prevalence of
gynecologic dysplasia in adolescents affected by other conditions,
including neurologic and cardiac disease, decreased, suggesting
that HAART did not influence HPV-associated disease. There
have been sporadic case reports of genital cancers in perinatally
HIV-infected children. Although there have been no case-control
studies, an excess of oral and genital condyloma have been
described in HIV-infected children [27,28]. Only one study showed
data on oral HPV infection in perinatally HIV-infected children.
Among 50 HIV-infected children, 12% had HPV DNA detected,
compared to 6% of the HIV-negative children [29].

Many questions remain regarding the efficacy of HPV vaccines
in HIV-infected children and the duration of the efficacy. Data from
one study of perinatally infected children showed that, although
seroconversion was close to 100%, antibody titers for HPV16 and 18
after vaccination with the quadrivalent vaccine (Gardasil® Merck
& Co., Whitehouse Station, NJ USA) were lower than that for non-
immunocompromised children [30].

5. Anal cancer screening in HIV-infected women and men

Anal cancer is similar to cervical cancer biologically, and both are
caused by HPV, predominantly HPV16 [31,32]. Screening programs
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consisting of cytology to identify women with CIN2/3, followed by
treatment of the lesion after confirmation on colposcopic-directed
biopsy, have led to substantial reductions in the incidence of cer-
vical cancer. Similarly, the equivalent to CIN2/3, high-grade anal
intraepithelial neoplasia (HGAIN, AIN 2/3) is the precursor of anal
cancer [33]. Given the biological similarity between cervical and
anal cancer, and CIN and AIN, it is likely, albeit unproven, that
removal of HGAIN may reduce the risk of anal cancer.

While anal cancer is a relatively rare cancer in the general pop-
ulation, its incidence has been increasing among both men and
women by about 2% per year [34]. The incidence of anal cancer is
increased among HIV-infected compared to non-infected women
and men, regardless of mode of HIV acquisition, but is especially
high among MSM |[35]. HIV-infected women were at nearly 7-fold
increased risk of anal cancer compared with the general population
of women prior to the advent of HAART. In contrast to the effect of
HAART on AIDS-defining malignancies such as Kaposi’s sarcoma
and non-Hodgkin’s lymphoma, there is no evidence for a substan-
tial beneficial effect of HAART on the incidence of HGAIN, regression
of existing lesions, or clearance of HPV infection itself in either men
or women [36]. Consistent with this, the incidence of anal cancer
has continued to increase since the introduction of ART. According
to data from the HIV/AIDS cancer Match Study (which links 15 HIV
and cancer registries in the USA), the largest increase in non-AIDS
defining cancers has been seen for anal cancer: from 1991-1995
to 2001-2005, the reported cases of anal cancer increased from
206 to 1564 [37]. Most HIV-positive individuals currently do not
undergo screening or treatment for HGAIN, and the longer survival
time afforded by HAART may give an HGAIN lesion more time to
progress to cancer.

Like the cervical cytology screening program, an anal cytol-
ogy screening program is primarily focused on cancer prevention,
not cancer detection. Anal cytology and high resolution anoscopy
(HRA)-guided biopsy are aimed at identifying cancer at early stages
before it can be palpated clinically, and treating HGAIN before
it progresses to cancer [38]. Digital anorectal exam (DARE) is an
important cancer detection tool, in which the clinician palpates the
anal canal and peri-anal region for masses. This is important, since
DARE may identify cancers not visible on HRA.

Currently, the primary screening tool for anal HPV-associated
diseases is cytology, in which the grading system used in the United
States is the Bethesda 2001 system [38]. As in the cervix, treatment
decisions for AIN are based on histology and not cytology grade. If
screening is performed, individuals with an abnormal anal cytol-
ogy should be referred for HRA and anal biopsy, with treatment
decisions based on the grade of the lesion on histology. Several dif-
ferent methods of performing anal cytology have been described,
but the most commonly used method is blind insertion of a moist-
ened nylon swab as far as possible into the anal canal and rectum,
followed by insertion of the swab into a liquid cytology bottle
and vigorous shaking of the swab to dislodge cells. Anal cytol-
ogy is similar to cervical cytology in its performance characteristics
[38]. However, unlike the cervix, where the value of screening for
and treatment of high-grade CIN to prevent cervical cancer is well
established, there is little evidence on the effectiveness of diag-
nostic and treatment protocols for HGAIN and the effectiveness of
treatment of HGAIN to prevent anal cancer. No randomized clini-
cal trials have been performed to validate the efficacy on any type
of screening for anal cancer and no national screening guidelines
are available. Most cytologists have limited experience with inter-
preting anal samples [39]. In addition, as a technique, HRA is more
challenging than traditional cervico-vaginal colposcopy and the
number of skilled HRA providers is limited, even in the highest-
resource countries. Cost-effectiveness studies have been done in
HIV-infected adult MSM [40] but none have been reported yet for
HIV-infected women. Given the current knowledge and experience

gap, efforts in the evaluation and implementation of anal cancer
screening in high resource countries should concentrate on the
highest risk groups (i.e., HIV-infected adult MSM).

6. Options for primary prevention of HPV infection in
HIV-positive individuals

6.1. HPV vaccination in HIV-infected individuals

HIV-infected women present with higher rates of anal and
cervical HPV infection and of HPV-related diseases and cancers
compared with HIV-uninfected women in every world region. As
treatment options for HPV-associated diseases remain limited in
this population, there are opportunities for disease prevention with
vaccination and there is a rationale to give high priority to introduc-
ing HPV vaccination to populations in whom the prevalence of HIV
infection is high, notably in sub-Saharan African countries.

Two prophylactic HPV vaccines, one bivalent (Cervarix®, Glaxo-
SmithKline Biologicals, Rixensart, Belgium) and one quadrivalent
(Gardasil®), have been developed, tested in clinical trials and
licensed in over 100 countries since 2006. They have only
been included in national vaccination programs in high-resource
countries. Both vaccines have been shown to prevent nearly 100%
of persistent HPV16 and 18 infection and high-grade lesions caused
by these types in women not previously infected below the age of
26 years. The quadrivalent vaccine also protects against low-risk
genotypes 6 and 11 and, hence, genital warts. For the bivalent vac-
cine, vaccine efficacy has been shown against anal HPV infection in
women. No data are currently available on HPV vaccine efficacy in
HIV-infected people.

As with perinatally infected children, the safety and immuno-
genicity of both HPV vaccines are currently being evaluated
in HIV-infected adults. The quadrivalent vaccine appears to
be safe and immunogenic in HIV-infected infants (Table 2).
Two studies will provide information on immunogenicity and
safety of the quadrivalent vaccine in HIV-infected adolescents
(http://clinicaltrials.gov, December 1, 2011, Table 2). One of these
studies has as secondary objectives, to determine 1) any differences
in antibody titers between HIV-infected and HIV-negative subjects
and 2) differences in antibody titers among HIV-positive subjects
on versus those not on antiretroviral therapy.

Five studies are currently ongoing in HIV-infected adoles-
cent girls and young women, to evaluate the safety, tolerability,
and immunogenicity of HPV vaccines (http://clinicaltrials.gov,
December 1, 2011, Table 2). The quadrivalent vaccine is being
evaluated in three studies and the bivalent in one study, whereas
one study will compare safety and immunogenicity of the biva-
lent and the quadrivalent vaccine (Clinical trials registration:
NCT01031069). Only one study will have clinical endpoints: preva-
lence and incidence of CIN in patients and description of the
spectrum of cervical HPV types at baseline, 9 months, and 1 year
after vaccination (Clinical trials registration: NCT00667563).

Safety and immunogenicity of the bivalent vaccine have been
evaluated in a Phase Il interventional study in South Africa (Clinical
trials registration: NCT00586339). Preliminary results were pre-
sented at AORTIC 7th International Conference, November 2011,
Cairo Egypt [41]. The study showed that regardless of baseline
HPV status, all HIV-positive and HIV-negative subjects had sero-
converted to HPV16/18 at Month 2 and Month 7. Nevertheless,
as observed in HIV-infected infants [30], geometric mean titers
appeared to be significantly lower in the HIV-positive women com-
pare with HIV-negative women.

Whereas all these trials will provide much needed data on the
safety, immunogenicity, and, to lesser extent, efficacy of HPV vac-
cines in HIV-infected women, their findings will only apply to
individuals similar to the trial population. For HIV-positive men
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Table 2
Clinical trials designed to evaluate the safety and immunogenicity of HPV vaccines in HIV-infected infants and females (ClinicalTrials.gov, January 2, 2012).
Participants Clinicaltrials.gov Sponsor Location Vaccine Status Study
identifier
180 HIV-infected girls and boys NCT01446718 Nelly R Mugo Kenya Quadrivalent Not yet Immunogenicity and safety of
aged 9-14 years recruiting the quadrivalent vaccine
105 HIV-infected and HIV-negative =~ NCT00798265 National Cancer USA, Maryland  Quadrivalent Recruiting Safety and immunogenicity on
adolescents and young adults Institute HIV-infected compared to
aged 12-26 years HIV-negative persons of the
same age
99 HIV-infected women aged NCT00710593 NICHD USA Quadrivalent Completed Immunogenicity, safety,
16-23 years Puerto Rico tolerability, and behavioral
impact
Participants divided in two
arms according to immune status
and duration and efficacy of
antiretroviral therapy
282 HIV-infected women aged NCT00604175 NIAID USA Quadrivalent Ongoing, not  Phase II study to evaluate safety,
13-45 years Brazil recruiting tolerability, and immunogenicity
Puerto Rico of HPV vaccine
South Africa Participants will be divided in 3
arms according to level of
immunosuppression
150 HIV-infected females aged 18 NCT00667563 AIDS Malignancy India Quadrivalent Ongoing, not  To assess the safety of the
years or older Clinical Trials recruiting quadrivalent vaccine in women
Consortium without prior exposure to at
least one of the HPV types in the
vaccine
Only study with clinical
endpoints: prevalence and
incidence of cervical
intraepithelial neoplasia in
patients and description of the
spectrum of cervical HPV types
at baseline, 9 months, and 1 year
after vaccination
120 HIV-infected adult females NCT00586339 GlaxoSmithKline South Africa Bivalent Completed To evaluate safety and
aged 18-25 years and 30 immunogenicity of the Bivalent
HIV-negative females vaccine. Double blinded,
randomized for HIV-positive
subjects and open for
HIV-negative subjects
600 HIV-infected females aged NCT01031069 GlaxoSmithKline Brazil Bivalent Ongoing, not  Phase IV, observer-blind study
15-25 years India Quadrivalent recruiting designed to evaluate the safety
Thailand and immunogenicity of the

bivalent vaccine as compared to
the quadrivalent vaccine

AIDS: Acquired Immunodeficiency Syndrome; NIAID: National Institute of Allergy and Infectious Diseases; NICHD: National Institute of Child Health & Human Development.

and women, particularly those older than 25 years, efforts should
concentrate on cervical cancer screening.

Several studies have estimated the impact of HPV vaccination
on HPV prevalence and cervical cancer incidence in developed
countries with very low prevalence of HIV infection. Development
of specific models for developing countries should take into account
the prevalence of HIV, which can be as high as 30%, and the fact
that HIV-infected women are at higher risk for developing cervical
cancer than women from the general population.

The World Health Organization (WHO) recommends HPV vac-
cination of girls aged 9-13 years through national immunization
programs in countries where cervical cancer constitutes a signif-
icant public health problem. The best example is represented by
low-resource countries where cervical cancer is the most common
cancer cause of death in women, such as in sub-Saharan Africa,
and where the prevalence of HIV infection and AIDS is also high.
Clinics providing care to men and women with HIV/AIDS need
to be aware of association between HIV and HPV-related disease
and should be providing prevention services, including cervical
screening.

6.2. Male circumcision

Three randomized controlled trials have shown that circum-
cision reduces the risk of HIV transmission in heterosexual men
by about 60% and the WHO has recommended that circumcision
be added to current HIV prevention strategies. These three trials
were conducted in South Africa (n=3274), Uganda (n=4996) and
Kenya (n=2784)between 2002 and 2006 [42]. Siegfried N et al. [42]
combined the findings of all three trials at 12, 21 or 24 months in
a meta-analysis. The reduction in risk of acquiring HIV following
circumcision was 50% at 12 months and 54% at 21 or 24 months.
Male circumcision has also been shown to reduce the risk of other
sexually transmitted infections including T. vaginalis, HSV-2 and
genital ulcer disease [42-44]. The data on male circumcision and
prevention of HPV infection have been inconsistent, possibly due
also to different methodologies used for sampling anatomical sites
and HPV testing.

Larke N et al. published a systematic review and meta-analysis
on male circumcision and HPV infection in men [45]. They iden-
tified 23 papers about the association between circumcision and
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HPV DNA. Circumcised men were less likely to have prevalent gen-
ital HPV infection than uncircumcised men (summary odds ratio
0.57, 95% CI: 0.45-0.71). The effect of circumcision was stronger at
the glans/corona compared to sites more distant from the foreskin.
There was, however, weak evidence that circumcision was associ-
ated with changes in HPV incidence and clearance and no evidence
of a favorable effect on genital warts. Larke N et al. concluded that
male circumcision reduces HPV prevalence.

7. Conclusions and recommendations for future research

In this review, we have discussed the strong interrelationship
between two sexually transmitted viruses: HIV and HPV. HPV infec-
tion is more common and more likely to persist in HIV-positive
versus HIV-negative women. The burden of disease associated with
infection with HPV, particularly high-risk types, is considerable and
there is a strong association between HIV infection and anogenital
cancers and their precursors. HPV is believed to be more danger-
ous among HIV-positive individuals due to the impact of HIV on
cell-mediated immunity, a critical component required for clear-
ance of HPV infection. Linkage studies with HIV/AIDS and cancer
registries have shown a 2- to 22-fold increase in invasive cancer in
HIV-positive women compared to the general female population,
depending upon screening and competing mortality. HIV-positive
women with cervical cancer are more likely to have multiple HPV
infections, but HPV16 and/or 18 prevalence in cervical cancer was
similar in HIV-positive and -negative women, suggesting that the
current HPV vaccines may prevent a similar proportion of cervical
cancers regardless of HIV status.

It is not clear whether HPV infection increases the risk of
HIV acquisition although data are accruing that the inflammatory
response evoked by HPV may solicit cells that are vulnerable to HIV
infection. This is an important area for future research, as it would
make the prevention of HPV infection even more urgent.

Vertical transmission of HPV and HIV from mother to child is
well documented, and perinatally infected children are more likely
to be HPV-infected. The impact of current HPV vaccines in HIV-
infected children is unknown, but one study has shown nearly 100%
seroconversion after vaccination of children with the quadrivalent
vaccine, although antibody titers were lower than for HIV-negative
children. The efficacy of HPV vaccination in HIV-positive children
requires further research.

The incidence of anal cancer appears to be rising, particularly
in HIV-infected individuals and especially in HIV-positive MSM.
Anal cancer has a well known precursor stage that can be detected
in a variety of ways, including anal cytology and high-resolution
anoscopy. It is unknown at this point whether screening for and
treating anal precursors will reduce the incidence of anal cancer
and no randomized trials have been performed. This is another
important area for research.

Options for the prevention of HPV-associated cancers include
HPV vaccination (yet to be shown to be efficacious in HIV-infected
individuals) and male circumcision, among other interventions
related to sexual health and behaviors, lifestyle habits (smoking)
and others still to be identified.
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