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Abstract
Objective—To determine the prevalence of HPV DNA in cervical specimens from treatment-naïve
women initiating highly active antiretroviral therapy (HAART) and explore the longitudinal
association of HPV DNA with CD4 count and HIV viral load (VL).

Methods—Women enrolled prior to HAART were evaluated at baseline, weeks 24, 48, and 96 with
CD4 count, VL, and cervical swab for HPV DNA.

Results—The 146 subjects had a median CD4 count of 238 cells/μL and VL of 13,894 copies/mL.
Ninety-seven (66%) subjects had HPV DNA detected in the baseline specimen including 90 subjects
(62%) positive for one or more high risk HPV types. HPV DNA detection declined to 49% at week
96, and that of a high risk HPV type to 39%. The duration of follow-up was associated with decreased
detection of HPV DNA of any type (p=0.045) and of high risk HPV types (p=0.003). There was at
most a marginal association between HAART response and loss of detection of cervical HPV DNA.

Conclusions—Women initiating HAART had a high prevalence of cervical HPV DNA that
declined over 96 weeks of HAART. The relationship of CD4 count and VL response to the decline
of cervical HPV DNA was not strong.
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Introduction
Human immunodeficiency virus type 1 (HIV 1) infection is a significant risk factor for human
papillomavirus (HPV) infection and the development of HPV-associated lesions in the female
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genital tract. Several large clinical studies have established that there are important differences
in the characteristics of genital tract HPV in women with and without HIV infection. HPV
DNA can be detected in genital specimens from HIV-infected women two to five times as
frequently as in similar specimens obtained from HIV-negative women 1-4 and the HPV
infection is more likely to persist 1, 5, 6, 7. HIV-infected women are three to five times as likely
to develop cervical dysplasia as HIV-negative women 8-10. These findings suggest that HIV
infection increases a woman's susceptibility to HPV infection, facilitates the ability of HPV to
persist, and/or alters the natural history of preexisting HPV infection.

Certain HPV types are closely associated with the development of high-grade intraepithelial
lesions and invasive carcinoma. There must be persistent genital tract infection with one or
more of the high-risk HPV types for neoplastic changes to occur 11. A substantial proportion
of HIV-negative women clear their HPV infection over time 12 while HIV-infected women are
more likely to have a persistent HPV infection 1, 5.

Treatment with highly-active antiretroviral therapy (HAART) has been shown to result in
significant increases in CD4 counts and partial reconstitution of the immune system 13, 14.
Lower CD4 counts have been associated with HPV persistence and cervical dysplasia in several
studies 3, 5, 6, 8, 15-17. It is not known whether treatment of HIV infection with potent
antiretroviral regimens could affect the persistence of HPV infection and progression of
cervical dysplasia. One study that evaluated changes in the incidence of AIDS-associated
cancers in the HAART era failed to show any change in cervical cancer, although the number
of cases was small 18. Several studies have attempted to evaluate the impact of HAART on
genital tract HPV infection and dysplasia. The conclusions have been mixed, with some studies
showing an effect and others showing no effect 19-26. These studies have generally been
retrospective observations, case control studies, or small studies of limited duration.

The primary objectives of this study were to determine the prevalence of HPV DNA in cervical
specimens from treatment-naïve women initiating HAART and to explore the trend of HPV
DNA prevalence over time, and its association with CD4 and HIV viral load response after
HAART. There were also a number of secondary objectives to examine the impact of HAART
on specific HPV types and on cervical dysplasia.

Subjects and methods
Subjects

Women were recruited and enrolled from 35 AIDS Clinical Trials Group (ACTG), Pediatric
ACTG, and NICHD Clinical Trials Network sites in the United States and Puerto Rico. The
enrollment period was from January 2001 to May 2003 and subject follow up ended in
September 2005. All study subjects (or guardians) provided informed consent using documents
and procedures approved by the ACTG and by each institution's Institutional Review Board
or ethics committee. Subjects were at least 13 years old (post menarche), had confirmed HIV
1 infection, and had no history of antiretroviral treatment. Subjects were enrolled when they
were about to begin HAART, either in a controlled clinical trial or (following a protocol
amendment in late 2001) by prescription. The specific treatment regimen was not mandated
by this study, but all regimens (or possible regimens) were reviewed and approved by the
protocol team. HAART was defined for this protocol as a three (or more) drug combination
therapy containing at least one protease inhibitor or non-nucleoside reverse transcriptase
inhibitor or a triple nucleoside regimen containing abacavir. Because some subjects were
participating in clinical treatment trials that included blinded antiretroviral regimens, the exact
drugs received were not known for all subjects at the time of enrollment, but all possible
regimens met the protocol definition of HAART. Women with a history of invasive cervical
cancer or a hysterectomy were excluded from the study.
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Evaluations on study
All women underwent a standard evaluation at baseline (within 14 days of beginning
antiretroviral therapy), week 24, 48, and 96. In addition to a medical history and pelvic
examination, the evaluation included CD4 count, HIV 1 plasma viral load, endocervical
secretions for genital tract HIV 1 viral load, cervical cytology, and collection of a cervical swab
specimen for HPV testing. The cytology specimens were read in a central laboratory and
categorized using the Bethesda system 27. Women with abnormal cytology results were
referred for clinical care. Behavioral information such as smoking and injecting drug use was
only collected at the baseline visit. Information about sexual activity (yes/no) was collected at
each visit.

HIV assays
The standard assays related to HIV infection (CD4 count and plasma HIV 1 viral load) were
performed in laboratories at the ACTG sites using standardized techniques. The lower detection
limit for plasma HIV 1 viral load was 50 copies per ml. All laboratories were certified by the
NIAID Division of AIDS virology and immunology quality assurance programs. Genital tract
HIV 1 viral load assays were performed on endocervical secretions collected on paper wicks
at baseline and at the follow up visits. These assays were performed at the University of
Washington Virology Laboratory as previously described 28. The lower limit of detection for
this assay was 1500 copies/mL.

HPV DNA detection and typing
DNA was extracted from the cervical swab specimens as previously described 29. The Roche
PCR/reverse blot strip assay was used to detect specific HPV types in the cervical swab
specimens 30, 31. This assay uses nondegenerate biotinylated primer pairs to amplify 27
individual genital HPV types, including types 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51,
52, 53, 54, 55, 56, 57, 58, 59, 66, 68, 73, 82, 83, and 84 and a β-globin target to determine
specimen adequacy. Reactions were performed and interpreted as previously described 29,
32. We separated HPV types according to cancer risk based on the epidemiologic associations
reported by Muñoz 11. Therefore, HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58,
59, 66, 68, 73, and 82 were considered to be high risk types and HPV types 6, 11, 40, 42, and
54 were considered low risk. HPV types 55, 83, and 84 were not included in the Muñoz report.
Based on phylogenetic relationships to HPV types included in the epidemiologic study, those
3 types were included in the low risk group.

Statistical methods
The analysis investigated the prevalence of HPV DNA over time. Additionally, the relationship
between HPV DNA, cervical cytological abnormalities, CD4 counts, HPV risk type and plasma
HIV RNA level was also explored. Cervical cytological readings of atypical squamous cells
of uncertain significance (ASCUS) were not counted as cervical cytological abnormalities.

Statistical significance was determined using Wilcoxon Rank Sum tests for continuous
outcomes, Fisher's exact tests for discrete outcomes, Kruskal-Wallis tests for comparison of
more than two groups and ordinal categories, ordered exact tests for ranked categories. No
adjustment for multiple comparisons was made. Age was analyzed as a grouped variable (<17,
17-21, 22-35, 36-45, 46-55, and >55). Some analyses were also performed using a
dichotomized age variable, above or below 35.

Missing data dropout pattern was examined through comparisons between the groups with vs.
without HPV data at weeks 24, 48 and 96. Subjects with all visits (weeks 0, 24, 48 and 96)
were also compared with subjects with at least 1 missing point. Baseline demographic (age,
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race/ethnicity and IV drug use at baseline) and health characteristics (baseline CD4 count and
HIV 1 RNA) were compared, as well as baseline HPV DNA prevalence (any type, high risk,
low risk, multiple types, multiple high risk types and multiple low risk types) and baseline
cervical cytological abnormality prevalence.

Logistic random-effect mixed models were fitted for the binary longitudinal data on detection
of DNA of HPV of any type, high risk HPV types, low risk HPV types, multiple HPV types
and multiple high risk HPV types. Duration of follow-up, age, sexual activity, the presence of
a cervical cytological abnormality, CD4 count and plasma HIV RNA at baseline as well as
current sexual activity were explored as independent variables. The SAS GLIMMIX procedure
was used. The correlation type was assumed unstructured in all models. Sensitivity analysis
was conducted and similar models were fitted on a subset of data including only subjects who
completed all visits.

Pooled logistic regression models were fitted on the subset of subjects without a cervical
cytological abnormality at baseline and with at least one follow-up visit. In this population of
HIV infected women beginning antiretroviral therapy, detection of a cervical cytological
abnormality was defined if a squamous intraepithelial lesion was detected after a previous
cervical cytology result was read as normal or ASCUS. The models explored the effect of HPV
DNA status (any type positive, high risk type positive, low risk type positive, multiple types
positive and multiple high risk types positive, one at a time) at baseline on cervical cytological
abnormality detection, after adjusting for baseline CD4 count, age (above or below 35), sexual
activity at baseline and log plasma HIV RNA at baseline. Adjustments were also made for the
current CD4 count, current plasma HIV RNA (<50 or detectable), and current sexual activity.

Results
Demographics and baseline characteristics

A total of 147 subjects were enrolled in the study but baseline data were missing for 1 subject.
Characteristics for the 146 subjects included in the analysis are shown in Table 1. The majority
of study subjects were members of racial or ethnic minority groups. Slightly over half of the
subjects reported that they were sexually active at the time of enrollment. The group had a
median CD4 count of 238.

HPV DNA detection at baseline
Cervical swabs were collected at baseline and tested for HPV DNA by PCR. A total of 97
(66%) subjects had HPV DNA detected in the baseline specimen. The median CD4 count of
subjects with HPV DNA detected was 215 compared with a CD4 count of 311 among those
who were HPV DNA negative (p=0.042). There was no association between detection of HPV
DNA in the cervix and plasma HIV viral load (p=0.241). Ninety subjects (62%) were positive
for one or more high risk HPV types while 36 (25%) were positive for one or more low risk
HPV types. Sixty one (42%) subjects were positive for multiple HPV types including some
with both high and low risk types. The distribution of HPV types detected is shown in Figure
1a. DNA from 26 of the 27 HPV types detected by the assay used for this study was identified
in specimens from at least one subject. The most common type detected was HPV 58; at least
10 subjects had DNA from HPV types (in order of frequency) 53, 16, 52, 83, 18, 59, and 31
detected. The median number of HPV types detected was 2; 16 subjects had 4 or more HPV
types detected. Subjects with higher baseline CD4 counts were more likely to have a single
HPV type detected (as opposed to multiple types) than subjects with lower CD4 counts
(p=0.049). Among those with only one HPV type detected, the distribution of types was similar
to that of the overall population (Figure 1b), although HPV 16 was found as often as HPV 58.
There was no association of HPV DNA detection with age at baseline (p=0.480), race.ethnicity
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(p=0.753), history of injecting drug use (p=0.088), current sexual activity (p=0.992), or current
or previous cigarette smoking (p=0.253, p=0.383, respectively).

Antiretroviral treatment outcomes
Most subjects responded to antiretroviral therapy with an increase in CD4 count and a decrease
in HIV 1 viral load. The treatment results over the course of the study are shown in Table 2.
There was a steady rise in median CD4 count and over 60% of subjects had undetectable HIV
viral loads at all time points after baseline.

Genital tract HIV 1 viral loads also were measured in this study. At baseline, 53% of subjects
had detectable genital tract HIV 1 viral loads. The proportion of subjects with detectable genital
tract HIV 1 RNA dropped after initiation of HAART and was strongly correlated with plasma
HIV 1 RNA (p<0.001). The proportion of subjects with a detectable genital tract HIV 1 viral
load at weeks 24, 48, and 96 was 11%, 15%, and 18%, respectively. There was no significant
association between cervical HPV DNA detection and genital tract HIV 1 viral load (data not
shown).

Longitudinal HPV DNA detection
A summary of the HPV DNA detection results at baseline and at weeks 24, 48, and 96 is shown
in Table 3a for the entire study population and in Table 3b for the subset of subjects who had
specimens available from all time points. The prevalence of cervical HPV DNA detection
declined from 66% at baseline to 49% at week 96 and the prevalence of the DNA of a high
risk HPV type declined from 62% to 39% over the same time period.

Comparing subjects with or without HPV data at all visits, Hispanic subjects were much more
likely (p=0.004) to have all HPV data. There was no significant difference in other baseline
demographic and health characteristics. A higher rate of high risk HPV DNA detection at
baseline was marginally associated (p=0.089) with missing HPV data for at least one follow
up visit, whereas a higher rate of low risk HPV DNA detection at baseline was significantly
associated (p=0.030) with missing follow up data. Overall, it appeared that HPV-infected
women had less complete HPV data. This indicated that we could not assume the missing data
pattern as missing completely at random when assessing the trend of HPV prevalence over
time. Likelihood-based logistic random-effect mixed models for longitudinal exploration were
therefore chosen to take into account the correlation between the repeated measures over time
within one subject with appropriate assumptions.

After adjusting for age, sexual activity at baseline, cervical cytological abnormality at baseline,
CD4 count, and plasma HIV 1 viral load at baseline as well as current sexual activity, the
duration of follow-up was found to be significantly associated with decreased detection of HPV
DNA of any type (OR=0.87, 95%CI (0.77, 1.00), p=0.043); high risk HPV type (OR=0.83,
95%CI (0.74, 0.94), p=0.002); multiple HPV types (OR=0.87, 95%CI (0.78, 0.97), p=0.013));
and multiple high risk HPV types (OR=0.83, 95%CI (0.72, 0.95), p=0.009) (see Table 3a). The
odds of detecting HPV DNA of any type were estimated to decrease by 13% after every 24
weeks of follow up. The same model was applied to the subset of subjects who had specimens
available at each time point (n=72) and it yielded similar results except that the decrease for
HPV DNA of any type was no longer significant (p=0.113. Table 3b).

The frequency of detecting DNA of nearly all individual HPV types also decreased with time
of follow up. The longitudinal detection of DNA of each HPV type is shown in Figure 2a.
Because of the loss of subjects over time, these results are presented as the percentage of
available specimens that were positive for DNA of each HPV type. All types showed a decrease
in prevalence except for the high risk types HPV 39 and 68 and the low risk types HPV 42 and
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54 that showed no change or a marginal increase in prevalence. Figure 2b shows similar data
for the subset of subjects with specimens available at each time point. In this figure, the absolute
number of each type is shown because the number of available specimens is the same at each
time point. The result is similar, but the smaller numbers make detailed comparisons difficult.

Association of cervical cytological abnormalities with HPV and HAART response
Among the 106 subjects who did not have a cervical cytological abnormality at baseline and
who had at least one follow-up visit, 21 had a cervical cytological abnormality subsequently
detected. The pooled logistic models showed that the presence of HPV DNA of any type
(OR=6.74, 95%CI (2.09, 21.81), p=0.001) and HPV DNA from a high risk type (OR=10.69,
95% CI (3.40, 33.62), p<0.001) at baseline were positively associated with detection of a
cervical cytological abnormality, after controlling for CD4 count, age, sexual activity and
plasma HIV 1 viral load at baseline, as well as the current CD4 count, plasma HIV 1 viral load
and sexual activity. The presence of HPV DNA from a low risk type at baseline was found to
be inversely associated with the detection of a cervical cytological abnormality (OR=0.23, 95%
CI (0.08, 0.69), p=0.008). The presence of multiple HPV DNA types or multiple high risk types
at baseline was not found to be significantly associated with the detection of a cervical
cytological abnormality. After adjustment for sexual activity, HPV DNA status (any type),
CD4 count and plasma HIV 1 viral load at baseline, as well as the current plasma HIV RNA
and sexual activity, the model showed that the current CD4 count (OR 0.77 for every 50 cell
increase, 95% CI (0.65, 0.91) p=0.002) and age >35 (OR 0.35 95% CI (0.14, 0.85) p=0.020)
were inversely associated with the detection of a cervical cytological abnormality.

Discussion
Retrospective studies and small prospective studies have shown varying effects of HAART on
HPV infection and on HPV-associated dysplasia and cancer. This study was designed to
prospectively evaluate the impact of HAART on HPV infection and disease in previously
untreated women.

The 66% prevalence of HPV DNA detection at baseline was similar to that reported in previous
studies that used HPV DNA detection methods of similar sensitivity 1, 2, 33. The distribution
of HPV types detected also was similar to other reports in comparable populations 33, 34, 35,
although there were small differences of uncertain significance. Although HPV 16 and 18 cause
the majority of cervical cancers 11 and are targeted by current HPV vaccines 36, 37, there were
other HPV types that were detected more commonly than HPV 16 and 18. This could have
implications if HPV immunization is offered to HIV-infected women in the future or if women
who previously received an HPV vaccine are subsequently infected with HIV 38. However,
the purpose of the vaccine is to prevent high-grade dysplasia and cancer; the relative importance
of these additional HPV types compared to HPV 16 and 18 in advanced disease (especially
cancer) in this patient population has not been conclusively established. One study suggested
that even though types other than HPV 16 and 18 were commonly detected in HIV-infected
women, HPV 16 and 18 were associated with about 65% of invasive cervical cancer, a
prevalence similar to that of matched control subjects 39.

As with most persons initiating antiretroviral therapy, the subjects in this study responded well
to treatment with improvements in CD4 counts and declines in HIV 1 viral load. A variety of
different antiretroviral regimens were used but there was no adjustment for regimen. The
proportion of subjects with undetectable plasma HIV 1 viral loads at 48 and 96 weeks (67%
and 63%, respectively) was somewhat lower than expected. For example, some subjects in this
study were co-enrolled in ACTG protocol 5095 that had rates of undetectable viral loads of
approximately 80% at 48 and 96 weeks 40. However, many of the subjects in the current study
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were on treatment by prescription and women have been found to have somewhat higher failure
rates in non-clinical trial settings 41.

Any prospective study relies on longitudinal data that are as complete as possible, so we were
concerned about subject loss. Our analysis suggested that subjects were not lost at random. A
logistic random effect mixed model accounts for the association of loss with covariates.
Although this is a valid approach, there is still some uncertainty because the exact nature of
the missing data is unknown. Using this model, we demonstrated a decline of detection of any
HPV type of 13% for every 24 weeks on study. The decline was most evident among the high
risk HPV types and was seen for nearly every individual HPV type detected. An analysis of
two large cohorts of HIV-infected women (WIHS and HERS) suggested that detection of HPV
16 was less closely related to immunosuppression as measured by CD4 count than was
detection of other HPV types 33. Based on that observation, the authors predicted that HAART
would have relatively less impact on HPV 16 detection than on detection of other HPV types.
Although the numbers in the current study are relatively small, there was no suggestion that
there was a differential effect of HAART on HPV 16 compared to other high risk HPV types.
There was no significant effect of HAART on the detection of low risk HPV types. The reasons
for this are not certain. It may be that our relatively small sample size and lower prevalence of
low risk HPV types were insufficient to detect a difference.

There are inherent methodologic limitations in this study design. Detection of HPV DNA at
two time points could reflect persistence of HPV or clearance and reinfection. Detection of
DNA of a new HPV type could reflect a new infection or reactivation of a previously acquired
HPV. Similarly, loss of detection could represent clearance, sampling variability, or other
technical problems. Despite these limitations, the steady decline of HPV detection after
initiation of HAART is consistent with a treatment effect. The impact of HAART on HPV
infection appears to be limited mostly to the high risk HPV types. In addition, the observation
that the detection of cervical cytological abnormalities was inversely associated with current
CD4 count at follow up visits also suggests a treatment effect.

Further studies will be needed to confirm and extend these observations. Few women in this
study developed high-grade dysplasia and there were no cases of cervical cancer. It will be
important to measure the impact of HAART on key endpoints of HPV infection, high-grade
dysplasia and cervical cancer. Some such studies have been initiated in developing countries
where cervical cancer is more prevalent 42.
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Figure 1.
Figure 1a – HPV DNA types detected at baseline among the 146 women. HPV types are
displayed on the horizontal axis and the frequency that each type was detected on the vertical
axis. The high cancer risk types (as defined by epidemiologic association 11) are displayed on
the left (types 16 through 82) and the low cancer risk types on the right (types 6 through 84).
Note that many subjects had multiple HPV types detected.
Figure 1b – Distribution of HPV types detected among the 36 subjects who had only one HPV
type detected at baseline. The orientation of the display is the same as in Figure 1a.
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Figure 2.
Figure 2a – Longitudinal HPV DNA detection. The HPV types are displayed on the horizontal
axis as in Figure 1. Each bar within a type represents a different time point after initiation of
HAART as indicated. The vertical axis shows the percentage of specimens collected at each
time point that were positive for that type. The number of specimens tested at each time point
was: week 0, n=146; week 24, n=119; week 48, n=104; week 96, n=94.
Figure 2b – Longitudinal HPV DNA detection in the subset of 72 subjects who had specimens
available at each follow up visit. The orientation of the display is the same as in Figure 2a
except that the vertical axis shows the number of specimens positive for each type (all 72
specimens were tested at each time point).
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Table 1
Baseline characteristics of study subjects

Total (n=146)

Age at baseline median (range) 35 (16,70)

Race/ethnicity Non-Hispanic White 24 (16%)

Non-Hispanic Black 64 (44%)

Hispanic 51 (35%)

Asian 5 (3%)

Native American 1 (<1%)

Other/unknown 1 (<1%)

Sexually active at baseline? Yes 84 (56%)

Cigarette smoker at baseline Ever 70 (48%)

Current 41 (28%)

IDU* at baseline Never 131 (90%)

Previously 15 (10%)

Baseline CD4 count median (Interquartile-range) 238 cells/mm3 (121, 339)

Baseline plasma HIV 1 viral load median (Interquartile-range) 13,894 copies/mL (1,378, 59,556)
*
Injecting drug use history
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Table 2
Results of antiretroviral therapy

#Subjects with data available Median CD4+ cells/mm3 % HIV 1 RNA <50 copies/mL

Baseline 141 238 4.1

Week 24 125 309 60.3

Week 48 107 380 66.7

Week 96 107 426 62.9
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