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Abstract

Objective—To assess factors associated with concomitant anal and cervical human
papillomavirus (HPV) infections in HIV-infected and at-risk women.

Design—A study nested within the Women’s Interagency HIV Study (WIHS), a multi-center
longitudinal study of HIV-1 infection in women conducted in six centers within the United States.

Methods—~Four hundred and seventy HIV-infected and 185 HIV-uninfected WIHS participants
were interviewed and examined with anal and cervical cytology testing. Exfoliated cervical and
anal specimens were assessed for HPV using PCR and type-specific HPV testing. Women with
abnormal cytologic results had colposcopy or anoscopy-guided biopsy of visible lesions. Logistic
regression analyses were performed and odds ratios (ORs) measured the association for
concomitant anal and cervical HPV infection.

Results—One hundred and sixty-three (42%) HIV-infected women had detectable anal and
cervical HPV infection compared with 12 (8%) of the HIV-uninfected women (P <0.001). HIV-
infected women were more likely to have the same human papillomavirus (HPV) genotype in the
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anus and cervix than HIV-uninfected women (18 vs. 3%, P <0.001). This was true for both
oncogenic (9 vs. 2%, P = 0.003) and nononcogenic (12 vs. 1%, P <0.001) HPV types. In
multivariable analysis, the strongest factor associated with both oncogenic and nononcogenic
concomitant HPV infection was being HIV-infected (OR = 4.6 and OR = 16.9, respectively). In
multivariable analysis of HIV-infected women, CD4" cell count of less than 200 was the strongest
factor associated with concomitant oncogenic (OR = 4.2) and nononcogenic (OR = 16.5) HPV

infection.

Conclusion—HIV-infected women, particularly those women with low CD4* cell counts, may
be good candidates for HPV screening and monitoring for both cervical and anal disease

Keywords

anal intraepithelial neoplasia; cervical intraepithelial neoplasia; HIV-infection; human
papillomavirus; women

Introduction

Methods

Infection with oncogenic human papillomavirus (HPV) types in the anus or cervix can lead
to invasive squamous cell carcinoma [1,2], and coinfection with HIV increases the risk for
cancer at either site [3,4]. The increased risk of these cancers in HIV-infected individuals
may be due to factors relating to HIV, such as HIVV-induced immune dysfunction, as well as
factors relating to HPV, such as longer persistence and increased replication of HPV [4,5].
Anogenital HPV infections are often multicentric and thus cervical HPV infection may serve
as a reservoir and source of anal HPV infection or vice versa. Consistent with this, the risk
of anal cancer is increased among women with a history of cervical cancer [6]. Several
studies have assessed the relationship between anal and cervical HPV infections and
intraepithelial neoplasia [anal intraepithelial lesions (AIN) and cervical intraepithelial
lesions (CIN)] in HIV-infected women but few have included an HIV-uninfected
comparison group, and few have included simultaneous assessment at both sites.

One of the first studies to assess CIN and AIN in HIVV-uninfected women found that 19% of
women with high-grade CIN also had concomitant AIN [7]. A subsequent study of HIV-
infected and HIV-uninfected women injection drug users reported that anal HPV infection
was twice as frequent as cervical HPV infection, and that HPV-associated epithelial
abnormalities were associated with lower peripheral blood CD4* cell counts [8]. Clinically,
it is important to understand the risk of anal HPV infection and AIN among women with
CIN and/or cervical HPV infection to optimize screening strategies in this population.

We previously reported on the prevalence of, and factors associated with, low-grade and
high-grade AIN in a cohort study of women with and at risk for HIV infection [9]. We found
the prevalence of AIN to be significantly increased among HIV-infected women (16%)
compared with HIV-uninfected women (4%), even in the era of HAART. We also found
that, after controlling for potential confounders, low-grade AIN was associated with
different factors than high-grade AIN. In this investigation, we aimed to compare anal HPV
infection and epithelial abnormalities with those of the cervix, and to assess the factors
associated with concomitant anal and cervical HPV infection in a multisite cohort study of
women with and at risk for HIV infection.

The work reported in this paper is the result of a study nested within the Women’s
Interagency HIV Study (WIHS), a multicenter longitudinal study of HIV-1 infection in
women conducted in six centers within the United States. The methods and baseline cohort
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characteristics of the WIHS have been previously described [10]. To summarize, between
October 1994 and November 1995, 2056 HIV-infected and 569 uninfected women were
enrolled. A second period of enrollment occurred between October 2001 and September
2002, with the addition of 737 HIV-infected and 406 HIV-uninfected women. The HIV-
infected women in the WIHS cohort reflect the ethnicity, exposure status, and ages of US
women with AIDS [11].

Every 6 months, WIHS participants were interviewed using a structured questionnaire, had
blood collected and received a physical examination. The physical examinations included a
pelvic exam with cervical cytology testing using conventional smears and cervicovaginal
lavage (CVL) fluid collection. Among HIV-infected women, blood collected at the study
visit was tested for CD4* lymphocytes and HIV RNA. With the aid of photo medication
cards, interviewers collected data on self-reported antiretroviral therapy (ART) use during
the period prior to the study visit.

Women were recruited for this WIHS anal sub-study during visits that occurred in years
2001-2003 at three of the WIHS sites: Brooklyn, Chicago, and San Francisco Bay Area [9].
Women were eligible if they had no history of high-grade AIN or anal cancer and all eligible
women were asked to participate. In addition to the WIHS data and specimen collection,
women enrolled in the anal sub-study were administered a short questionnaire containing
questions specific to anal disease and received an external anal examination. Anal swab
specimens were collected for centrally read anal cytology (ThinPrep) and anal HPV testing.
After the results from the anal and cervical cytology testing were available, participants with
abnormal results were contacted and asked to return for high resolution anoscopy (HRA)
and/or colposcopy, as described previously [12]. Women enrolled in this sub-study were
followed every 6 months, through April 2006. The data analyzed in this article are from the
baseline visit of the anal sub-study. Consent materials were reviewed and approved by the
institutional review boards at each of the collaborating institutions and informed written
consent was obtained from the participants.

As previously described, exfoliated cells for HPV DNA testing were obtained using CVL
and anal swabs [13,14]. HPV DNA was detected with L1 consensus primer MY09/MY 11/
HMBO1 polymerase chain reaction assays. Details of these laboratory methods have been
published previously [15], and the results were shown to have high reproducibility,
sensitivity and specificity [14,16,17]. Amplification products were probed for the presence
of any HPV DNA with a generic probe mixture and probed for HPV DNA with filters
individually hybridized with type-specific biotinylated oligonucleotide probes [15,16].

Anal and cervical cytology results were categorized according to the Bethesda system:
negative for squamous intraepithelial lesion or malignancy (negative); atypical squamous
cells (ASC); low-grade squamous intraepithelial lesion (LSIL); and high-grade squamous
intraepithelial lesion (HSIL) [18]. Women with unsatisfactory cervical or anal cytology,
primarily due to insufficient cellularity, were excluded from cytology classification. Anal
and cervical histological results were categorized as benign, atypia, condyloma, AIN 1/
CIN1, and AIN 2+/CIN 2+. For this analysis, we defined the grade of the lesion as the more
advanced diagnosis on cytology or histology when both were available. In the absence of
histological data, grade was based on cytology alone. We hereafter refer to this combined
categorization as ‘cytology/histology’.

HPV infection was categorized several different ways for our analyses, based on the HPV
types and number of HPV types that were detected. HPV genotypes were probed for
individually and then grouped into oncogenic HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, and 68) and nononcogenic types (6, 11, 26, 32, 40, 53, 54, 55, 61, 66, 70, 73, 82,
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83, 84), a mixture of 10 additional but rare HPV types (probe mix), and ‘positive but
unknown type’ (HPV types that hybridized only with the consensus probe) [19].

Contingency table analyses were performed to compare participant characteristics by anal
and cervical HPV genotypes by HIV serostatus, CD4 cell count category, or history of anal
intercourse; two-tailed P-values were based on chi-square or Fisher exact tests. The Pearson
and weighted « statistics were used to measure the correlation and agreement between anal
and cervical cytology/histology. Logistic regression analyses were done to compute
unadjusted odds ratios (OR, hereafter referred to as risk), 95% confidence intervals (95%
Cl), and P-values to estimate the relationship between each factor and the occurrence of
concomitant anal and cervical oncogenic (defined as having one or more of the same
oncogenic HPV type(s) in both the anus and cervix) and nononcogenic (defined as having
one or more of the same nononcogenic HPV type(s) in both the anus and cervix) HPV
infection. For the regression analyses, women without concomitant oncogenic or
nononcogenic HPV infection were the reference groups. We then performed multivariable
logistic regression analysis, including those characteristics that were associated (P <0.1)
with either concomitant oncogenic or nononcogenic HPV infection in the unadjusted
analyses. All multivariable models also included those variables that have been previously
reported to be associated with HPV infection, regardless of their statistical significance in
our data set. These included HIV status, age, and cigarette smoking status. For models
restricted to HIV-infected women, we included HAART use, HIV RNA level, and CD4*
cell count. P-values <0.05 were considered to be statistically significant. Due to missing
data for some study variables, the sample size varied for each analysis. All analyses were
performed using SAS version 9.3 [20].

Four hundred and seventy (72%) HIV-infected and 185 (28%) HIV-uninfected women were
enrolled in the anal sub-study. Approximately one-third of the sample was recruited from
each of the three WIHS sites and among the 655 anal sub-study participants, 67% of the
women were 31-50 years of age, 69% were non-Hispanic Black, 34% had a greater than
high school education, 29% were married or living with a partner, 53% had a household
income of $12,000 or less, 55% were current cigarette smokers, 52% were abstainers from
alcohol, 32% had ever injected drugs, and 47% reported ever having anal intercourse.

A total of 163 HIV-infected women (42%) had detectable anal and cervical HPV infection
compared with 12 HIV-uninfected women (8%, P <0.001). HIV-infected women with both
anal and cervical HPV infection had a higher mean number of years smoking cigarettes
(mean = 15.7 years) than those without detectable anal and cervical HPV infection (mean =
12.8 years, P = 0.02). There was no difference in the mean number of lifetime anal sex
partners; mean = 2.1 partners for women with both anal and cervical HPV infection and
mean = 2.2 partners for women without detectable anal and cervical HPV infection (P =
0.66). Among HIV-uninfected women, those with both anal and cervical HPV infection had
a nonsignificantly lower mean number of years smoking cigarettes (mean = 7.9 years) and
mean number of lifetime anal sex partners (mean = 1.5 partners) than those without
detectable anal and cervical HPV infection (mean = 10.7 years smoking, P = 0.41 and mean
2.5 partners, P = 0.09, respectively).

Overall, the detection rates of both cervical and anal HPV genotypes were more frequent in
HIV-infected women than HIV-uninfected women (Fig. 1). Compared with HIVV-uninfected
women, HIV-infected women were significantly more likely to have cervical infection with
HPV types 33, 53, 58, 61, 70, 83 and the HPV mix. HIV-infected women were also more
likely than HIV-uninfected women to have anal infection with HPV types 11, 16, 18, 31, 32,
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33, 45, 52, 53, 54, 58, 61, 66, 70, 73, 83, 84, and HPV mix. When the analyses of the HPV
genotypes were restricted to women without a reported history of anal sex, the overall HPV
DNA detection remained more frequent in the anus than the cervix.

When the distribution of HPV genotypes for HIV-infected women were stratified on current
CD4" cell counts, compared with women with CD4* cell count of at least 200, women with
CD4" cell counts of less than 200 were significantly more likely to have cervical infection
with HPV types 6,11, 52, 53, 58, 61, 70, 83, and 84 (Fig. 2). HIV-infected women with
CD4" cell counts of less than 200 were also significantly more likely than women with
CD4" cell counts of at least 200 to have an anal infection with HPV types 6, 18, 39, 52, 53,
84, and HPV mix.

HIV-infected women were more likely to have the same HPV genotype in the anus and
cervix (concomitant HPV infection) than HIV-uninfected women, 68 (18%) vs. four (3%); P
<0.001. This was true for both oncogenic, 33 (9%) vs. three (2%) P = 0.003, and
nononcogenic, 47 (12%) vs. one (1%); P <0.001, HPV types. HIV-infected women were
also more likely to have concomitant HPV infection with more than one HPV type (19
women) compared with HIV-uninfected women (0 women).

Analyses for risk of concomitant anal and cervical oncogenic and nononcogenic HPV
infection among all women are shown in Table 1. In analysis adjusted for age and cigarette
smoking, women with HIV infection (OR 4.6, 95% CI 1.4-15.5) were more likely to have
concomitant anal and cervical oncogenic HPV infection than HIV-uninfected women. In
analysis adjusted for age, employment and cigarette smoking, women with HIV infection
(OR 16.9, 95% CI 2.3-125), a history of anal sex (OR 2.1, 95% CI 1.1-4.0), and
nondrinkers of alcohol (OR 2.2, 95% CI 1.1-4.3) were more likely to have concomitant
nononcogenic HPV infection than HIV-uninfected women, those with no history of anal sex,
and consumers of alcohol, respectively.

Among the HIV-infected women in analysis adjusted for age, cigarette smoking, HAART
use, and viral load, only lower CD4" cell count (OR 4.2, 95% CI 1.4-12.3 for CD4* <200;
OR 1.2, 95% CI 0.49-3.0 for CD4* 200-500; referent CD4* >500) was significantly
associated with concomitant oncogenic HPV infection (Table 2). In analysis of concomitant
nononcogenic HPV infection and adjusting for age, cigarette smoking, alcohol and
HAARTuse, and HIV RNA, only CD4*cell count (OR 16.5, 95% CI 4.8-56.4 for
CD4%<200; OR 5.1, 95% CI 1.7-15.6 for CD4* 200-500; referent CD4* >500) remained
significant.

Among the 394 HIV-infected and 160 HIV uninfected women with adequate anal and
cervical cytologic/histologic samples, there was little correlation between severity of anal
and cervical disease (Table 3). When including only those women with no disease and those
with low-or high-grade disease (excluding women with ASCUS/atypia), the Pearson
correlation between anal and cervical disease was 0.21 (95% CI1 0.09-0.34) for the 307 HIV-
infected women and 0.26 (95% C1-0.06-0.58) for the 139 HIV-uninfected women. When
restricted to only HIV-infected women with concomitant oncogenic or nononcogenic HPV
types (the sample size was not sufficient for separate analyses of the HIV-uninfected
women), the Pearson correlation between anal and cervical disease remained low and was
0.21 (95% CI1-0.13-0.54) for concomitant oncogenic types and 0.11 (95% CI-0.18-0.40) for
concomitant nononcogenic types.

AIDS Author manuscript; available in PMC 2014 July 17.
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Discussion

Our findings show that HIV-infected women were more likely than HIV-uninfected women
to have concomitant anal and cervical HPV infection. Although other smaller studies have
found rates of concomitant infection and neoplasia to be higher in HIVV-infected women than
HIV-uninfected women [8,12,21,22], to our knowledge this is one of the largest studies to
report results from both anatomical sites combined and to include an HIV-uninfected
comparison group.

Both oncogenic and nononcogenic HPV types were more prevalent in the anus than in the
cervix. In particular, the prevalence of HPV 16 in the anus was fourfold greater than HPV
16 in the cervix and HPV 18 was three-fold greater in the anus than in the cervix. This has
important implications regarding the risk of anal cancer, potential for spread to the cervix,
and the potential benefit of vaccination against HPV types 16 and 18 before sexual debut
[23-28].

Among HIV-infected women, those with lower CD4* cell counts were more likely to have
detectable oncogenic and nononcogenic HPV types in both the cervix and anus than women
with CD4* counts of at least 200 cells/ul. This may be because of higher levels of HPV
replication in women with compromised immune systems and consequently an increased
risk of spread between the two anatomic sites. In this subset of WIHS women we again
noted that in the cervix, there was an inverse relationship between lower CD4 levels and
higher prevalence of most HPV types but not HPV 16 [29]. This observation has led to the
suggestion that HPV 16 is not subject to the same level of immune control as other HPV
types, perhaps contributing to its greater oncogenicity than other HPV types. Notably, we
did not observe this in the anal canal, wherein the relationship between HPV 16 prevalence
and lower CD4 level appeared to be the same as for other HPV types. These data suggest
that HPV 16 may be subjected to different immune control in the anus and the cervix.

Among all the women in the study, we found that HIV-infected women had a greater than
four-fold increased risk for having concomitant oncogenic HPV infection and a greater than
16-fold increased risk for having concomitant nononcogenic HPV infection than uninfected
women. Among the HIV-infected women, lower CD4* cell count was associated with a
greater risk of concomitant oncogenic and nononcogenic HPV infection, similar to what has
been reported among women in the WIHS when looking separately at the risk of cervical
and anal HPV [30,31]. Due to the size of the study and the relatively high prevalence of
HPV infection, this is one of the first studies to analyze risk factors for concomitant
oncogenic and nononcogenic HPV infection separately.

In analyses of all women, we found an association between a history of receptive anal
intercourse and a greater than two-fold risk of concomitant nononcogenic HPV infection.
Perhaps due to smaller numbers, the relationship between anal intercourse and concomitant
oncogenic HPV infection did not reach statistical significance: this was also true when the
analyses were restricted to only the HIV-infected women. However, we also found the
prevalence of HPV genotypes was higher in the anus than in the cervix even among women
with no reported history of anal sex. The association between history of anal sex and anal
HPV infection in women has not been consistently reported [22,32,33]. This may be because
receptive anal intercourse is not necessary to acquire anal HPV infection and in women
HPV transmission may occur from the cervicovaginal compartment to the anal mucosa [34].

Unexpectedly, our result showed that nondrinkers of alcohol had an increased risk of
concomitant nononcogenic HPV infection. This observation may be the result of
unmeasured confounding rather than a causal association between alcohol consumption and
a reduced risk of concomitant HPV infection.

AIDS Author manuscript; available in PMC 2014 July 17.
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When measured at a single time point and using both cytology and histology, there was little
correlation between grade of anal and cervical intraepithelial abnormalities in the HIV-
infected and uninfected women. This confirms what others have reported using cytology
only [32,33] and is to be expected given the heterogeneity of HPV types at the two anatomic
sites. This may reflect the HPV types that are present or persist in the two anatomical sites
and differences in biological behavior and host immune response at the two sites.

This study had several limitations. The analysis was cross-sectional, and likely
underestimated the true prevalence of cervical and anal disease by only performing
colposcopy or HRA on women with abnormal cervical or anal cytology, respectively.
Although our study comprises one of the largest groups of HIV-infected women to be
analyzed for concomitant anal and cervical HPV-related disease and infection, some of the
subgroup analyses were limited by small sample sizes.

Unquestionably, the use of HAART to treat HIV infection and AIDS has led to a dramatic
reduction in HIV-related morbidity and mortality resulting in HIV-infected individuals
reaching ages in which cancer incidence rapidly increases. The combination of older age,
extended duration of immunosuppression, and a longer latency period for oncogenic viruses
such as HPV may put women with HIV/AIDS at an increased risk of malignancies,
including anal and cervical cancers. In our study, HAART use was not associated with a
decreased risk of concomitant oncogenic or nononcogenic HPV infection. We found that
HIV-infected women were more likely than HIV-uninfected women to have concomitant
oncogenic and nononcogenic HPV infection. Lower CD4™ cell count was associated with a
greater prevalence of HPV genotypes and risk of concomitant oncogenic and nononcogenic
HPV infection. To prevent the development of HPV-related neoplasia, HIV-infected
women, especially those women with low CD4* cell counts, may be good candidates for
HPV screening and monitoring for both HPV-related cervical and anal disease.
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Distribution of genotypes in HIV+ women
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Fig. 1.

Distribution of cervical and anal human papilloma-virus (HPV) genotypes (percentage
detected) among the women from the San Francisco Bay Area, Chicago, and Brooklyn
Women’s Interagency HIV Study, stratified by HIV serostatus.
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Distribution of genotypes in HIV+ women with CD4* cell count <200
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Fig. 2.

Distribution of cervical and anal human papilloma-virus (HPV) genotypes (percentage
detected) among the HIV-infected women from the San Francisco Bay Area, Chicago, and
Brooklyn Women’s Interagency HIV Study, stratified by CD4* cell count group (<200 vs.
>200).
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