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Abstract

Objective—We sought to investigate the progression of human papillomaviruses (HPV)
infection in HIVV-positive women after cryotherapy.

Methods—We examined changes in detection of high-risk HPV (hrHPV) cervical infections
among HIV-infected women over a 12-week period following cryotherapy using stored specimens
from a cohort study conducted between June 2009 and March 2011 in Lusaka, Zambia. Samples
from visits at baseline and weeks 4, 8, and 12 were tested using the Roche Linear Array assay.

Results—A total of 89 women were included in the analysis. The median age was 32 years
(interquartile range [IQR]: 28-36 years). The median CD4+ cell count was 350 cells/uL (IQR:
214-470 cells/uL) and 66% of women were receiving antiretroviral therapy. At baseline, the
prevalence of hrHPV was 91% (95% confidence interval [CI]: 83-95%). HPV45 was the most
common HPV type, present in (30%) women, followed by HPV16 (27%), HPV18 (27%), HPV51
(20%), and HPV58 (22%). Among women with valid results both at baseline and 12 weeks, 17/67
(25%) cleared their initial hrHPV infection within 12 weeks of treatment, though 65% (11/17) had
new hrHPV types detected.
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Conclusions—Cryotherapy led to clearance of 25% of hrHPV infections within 12 weeks of
treatment. However, hrHPV infection remained persistent in most women and new hrHPV types
were detected often, explaining the high rate of persistence and recurrence of cervical disease in
this population. Continued efforts to scale-up HPV vaccination and cervical screening should
remain a priority in high HIV burden settings such as Zambia.
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Introduction

Cervical cancer is among the most common cancers and causes of cancer-related death in
women worldwide. Zambia has one of the highest cervical cancer incidence and mortality
rates in the world, with an estimated 2,330 new diagnoses and 1,380 deaths in the adult
population in 2012 [1].

Human papillomaviruses (HPVs) are grouped into oncogenic (high-risk) and non-oncogenic
(low-risk) groups based on their association with precancer and invasive cervical cancer.
Persistent infection of the cervix with any of the 13 high-risk (hrHPV) types (HPV16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68) [2] is a necessary precursor to cervical cancer

[3].

The prevalence and persistence of cervical HPV infection in HIV-negative women has been
reported to vary widely [4, 5]. Among these immunocompetent women, the majority of
HPV infections regress spontaneously [6] and do not commonly result in the development of
invasive cervical cancer. By contrast, HIV-positive women have a greater prevalence of
persistent HPV infection and infection with multiple hrHPV types, contributing to an
increased incidence of precancerous lesions and faster disease progression to invasive
cervical cancer [7-9]. Therefore, in many countries, it is recommended that HIV-positive
women be screened for cervical cancer annually, compared with screening every 3-5 years
for HIV-negative women [10].

Many studies have reported the effect of cryotherapy (a treatment for precancer) on HPV
prevalence and clearance among HIV-negative women, with several demonstrating a
decreased prevalence and frequency of multiple HPV infections following cryotherapy [11,
12]. However, few studies have investigated the impact of cryotherapy on the clearance of
HPV infections in women infected with HIV. A randomized controlled study in Thailand of
60 women with precancer reported that cryotherapy was not associated with increased
clearance of prevalent HPV infections within a 12 month follow-up period compared with
no therapy [13], but this study included only five HIV-positive women.

As “single visit approach” cervical cancer prevention initiatives using visual inspection with
acetic acid (VIA) and cryotherapy are scaled up across the African continent, [14, 15] it is
important to understand the possible impact of cryotherapy on the clearance of hrHPV
infection in populations with a high HIV prevalence. In this study, we examined cervical
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hrHPV clearance among HIV-positive women over a 12-week period following cryotherapy
for VIA positive lesions.

We used data and stored specimens from a prospective cohort study entitled “Factors
associated with post-cryotherapy wound healing among HIV-infected women in a low-
resource sub-Saharan African setting”. The parent study was conducted between June 2009
and March 2011 in Lusaka, Zambia, and enrolled 101 HIV-positive women with acetowhite
cervical lesions detected by VIA. The primary objective of the parent study was to compare
the accuracy of three tests (naked eye assessment, digital cervicography, and cervicovaginal
lavage for assessment of biomarkers of inflammation and cervicovaginal HIV shedding) to
assess the adequacy of post-cryotherapy wound healing. Cervicovaginal lavage (CVL)
samples and blood were collected at the time of cryotherapy (baseline) and each subsequent
study visit (scheduled 4, 8 and 12 weeks after treatment). In the current study, we examined
HPV DNA in cervical specimens from women who were enrolled in the parent study.

Study participants

To be eligible for the parent study, women were =18 years, HIV-1-positive, and had an
acetowhite cervical lesion detected by VIA and/or digital cervicography that was eligible for
cryotherapy (i.e., an acetowhite lesion involving less than 75% of the transformation zone,
with no cervical canal involvement and no evidence of invasive cancer). Women were
excluded from participation if they had a history of hysterectomy with removal of the cervix,
evidence of acute or chronic infection of the cervix, or a cervical lesion deemed too
extensive for treatment with cryotherapy. Pregnant women and those less than 6 months
post-partum were also excluded.

To be eligible for inclusion in the current analysis, participants had to have a CVL sample
with a valid HPV DNA result at baseline (n = 89). (We deemed HPV test results invalid
when the #-globin control was negative after three repeats.) For inclusion in the analysis of
hrHPV clearance, incidence, and persistence, women had to have valid HPV test results for
both the baseline and 12 week visits (n = 68).

Study procedures

The baseline study visit included interviews about the participants’ medical, sexual, and
reproductive histories, demographic characteristics, and pelvic examinations. CVL samples
were collected at baseline and at each study visit by directing 10mL of sterile phosphate-
buffered saline solution (contained in a sterile plastic syringe) at the cervix. The fluid was
then aspirated from the vaginal vault, placed into sterile 2mL sample collection tubes, and
transported to the Centre for Infectious Disease Research in Zambia (CIDRZ) Central
Laboratory for storage at —80°C until processing. Blood was collected for HIV viral load
testing and a CD4+ cell count. Women with CD4+ cell counts <200cells/uL were eligible
for combination antiretroviral treatment (CART) based on the Zambian national HIV
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treatment guidelines at the time of the study. Cryotherapy was performed using a freeze-
thaw-freeze method (3 minute freeze, 5 minute thaw, 3 minute freeze) with nitrous oxide.

HPV DNA processing

Cervicovaginal lavage specimens were tested for hrHPV DNA using the Roche Linear
Array HPV test (LA; Roche Molecular, Pleasanton, CA, USA). This test uses biotinylated
PGMY primers to amplify a 450-bp fragment within the polymorphic L1 region of the HPV
genome and allows for the identification of 37 anogenital HPV types [6, 11, 16, 18, 26, 31,
33, 35, 39, 40, 42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73
(MM9), 81, 82 (MM4), 83 (MMT7), 84 (MM8), 1S39, and CP6108]. The HPV52 detected by
the LA test could represent concurrently present HPV33, HPV35 and HPV58, because the
probe for HPV52 is a mixed probe that cross-reacts with these 3 types [16]. The LA HPV
test also amplifies a 265-bp region of the human £-globin gene that serves as an internal
control for DNA extraction and amplification. Cervicovaginal lavage specimens, as well as
HPV positive and negative controls, were processed in parallel using the AmpliLute liquid
media kit (Roche Molecular Systems) on a QIAvac 24 plus vacuum system, according to the
manufacturer’s instructions. (The results for the LA positive and negative controls were as
expected for every run.) Extracted DNA was eluted into 120uL of buffer AVE, and purified
DNA was immediately used for PCR amplification.

HPV DNA Amplification (PCR), Hybridization, and HPV typing

To 50pL of eluted DNA, 50uL of LA PCR mastermix was added, and amplification was
performed on an Applied Biosystems Gold-plated 96-well GeneAmp PCR System 9700
(Applied Biosystems, Foster City, CA, USA) using the following thermal profile: 2 minutes
at 50°C; 9 minutes at 95°C; 40 cycles of 30 seconds at 95°C, 1 minute at 55°C, and 1 minute
at 72°C with a ramp rate set at 50%; 5 minutes at 72°C; and a final hold at 72°C for not
more than 4 hours.

Following amplification, PCR amplicons were immediately denatured by the addition of
100uL of LA denaturation reagent, and hybridization for HPV typing analysis was
performed immediately. Hybridization and HPV typing were performed according to the
manufacturer’s instructions, and the strips were manually interpreted within 24 hours using
the LA HPV reference guide.

Statistical Analysis

The primary outcome was clearance of type-specific hrHPV infection at 12 weeks after
cryotherapy. HPV clearance was defined as not detecting the same hrHPV type(s) at 12
weeks among women who were positive for at least one hrHPV at baseline.

Secondary outcomes were type-specific persistent and new hrHPV infections at 12 weeks
post cryotherapy. Persistence was defined as detecting a type-specific hrHPV type at 12
weeks after detecting the same hrHPV type at baseline. New infections are termed
“incident,” defined as detection of a new hrHPV type at 12 weeks after not detecting that
specific hrHPV type at baseline. In addition to these analyses, the prevalence of low-risk (Ir)
HPV types (6, 11, 26, 40, 42, 53, 54, 55, 61, 62, 64, 66, 67, 69, 70, 71, 72, 73, 81, 82, 83, 84,
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I1S39 and CP6108) and other hrHPV types (31, 33, 35, 39, 52, 56, 59, and 68) was
calculated, as was the multiplicity of HPV infections. Proportions with 95% confidence
intervals were calculated. Data were analyzed with SAS™ version 9.2 (SAS Institute Inc.,
2010, Cary, NC, USA).

Ethical approval

Results

The protocol was approved by the local institutional review committee (University of
Zambia Biomedical Research Ethics Committee) and the Institutional Review Boards of the
University of Alabama at Birmingham and the University of North Carolina at Chapel Hill.

Study Population

Of the 101 HIV-positive women with acetowhite cervical lesions detected by VIA enrolled
in the cohort study, 89 women had a valid result for HPVV DNA analysis at baseline (Figure
1), while 10 did not have a CVL sample and two had an invalid result due to undetectable f-
globin after three repeats. The number of women with a valid HPV result at 4, 8 and 12
weeks was 63, 56, and 68, respectively (Figure 1).

Patient Characteristics

Demographic characteristics included a median age of 32 years [interquartile range (IQR):
28-36 years], with 63% married and 23% having completed high school (Table 1). A total
of 54% of women reported being on CART prior to the study; their median CD4 count was
350 cells/uL (IQR: 214-470 cells/uL) and 22% had a CD4+ cell count <200 cells/pL at
baseline. The median baseline HIV-1 viral load among women on cART was 1,332
copies/mL (IQR: 95-42,776 copies/mL), and among cART-naive women it was 28,987
copies/mL (IQR: 16,032-108,914 copies/mL).

HPV Infections at Baseline and Follow-Up Visits

Among 89 women included in this analysis, only two women were HPV negative at
baseline. The prevalence of any HPV infection was 98% (95% confidence interval [CI]: 92—
99%). The prevalence of hrHPV infection was 91% (95% CI: 83-95%), while the
prevalence of IrHPV was 86% (95% CI: 78-92%). HPV45 was the most common HPV
type, present in 30% (27/89) of women. Other common types included HPV16 (27%;
24/89), HPV18 (27%; 24/89), HPV51 (20%; 18/89), and HPV58 (23%; 20/89) (Figure 2).

At 4 weeks, the overall prevalence of HPV infection was 95% (95% CI. 87-98%) and the
prevalence of hrHPV was 89% (95% CI: 79-95%). At 8 weeks, the overall prevalence of
HPV infection was 91% (95% CI: 81-96%) and the prevalence of hrHPV was 88% (95%
Cl: 76-94%). At both of these visits, the most common HPV types were similar to the
baseline results (Figure 2).

At the 12-week visit, the overall prevalence of HPV infection was 97% (95% CI: 90-99%)
and the prevalence of hrHPV infection was 88% (95% CI: 79-94%), both very similar to the
other time points. The prevalence of the most common types also remained similar to
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previous study visits: HPV16 (27%; 18/68), HPV18 (24%; 16/68), HPV45 (32%; 22/68),
HPV51 (21%; 14/68), and HPV58 (21%; 14/68) (Figure 2).

Clearance, Incidence, and Persistence of hrHPV Infections

A total of 68 women had valid results both at baseline and 12 weeks and were included in
the analysis to examine hrHPV clearance, incidence, and persistence. One woman had no
hrHPV infection detected at baseline or at 12 weeks. Among the remaining 67 with at least
one hrHPV type detected at baseline, six women had no hrHPV types detected at 12 weeks,
11 women had new hrHPV types detected (incident detection), 28 had the same hrHPV
types detected at baseline that was detected at the 12-week visit (type-specific persistent
detection), and 23 participants had both type-specific incident and persistent hrHPV
detection. Women with only incident detection had cleared their initial infection(s) but new
hrHPV types were detected by the 12 week visit. Combining these 11 women with those
who cleared their initial hrHPV types (n=6) yields a 25% (17/67) type-specific clearance of
hrHPV at 12 weeks after cryotherapy. Among these 17 women, 65% (11/17) had new
hrHPV types detected.

The median CD4 count among women with no hrHPV types detected at 12 weeks was 499
cells/uL (IQR: 483-541 cells/uL), while women with prevalent infections had a median CD4
of 302 cells/uL (IQR: 172-447 cells/uL) and women with incident infections had a median
CD4 of 307 cells/uL (IQR: 232-395 cells/uL). Among those women included in the type-
specific clearance of hrHPV at 12 weeks (n=17), we did not have information for cCART for
one (6%) woman, one (6%) woman started CART during the study, seven (41%) women
started before study enrollment and eight (47%) were CART naive.

Multiplicity of HPV Infections

Multiple HPV infections were detected in 76/89 (85%) women at baseline, of which 12 were
positive for two HPV types and 64 were positive for three or more HPV types. The most
frequently detected hrHPV types in the 76 women with multiple HPV infections were
HPV16, 18, 45, 51, and 58. A similar distribution of HPV types was seen at the week 12
follow-up visit (Table 2).

Discussion

The aim of this study was to determine the effect of cryotherapy on cervical HPV infection
in HIV-positive women with acetowhite cervical lesions. We found that only 25% of women
with hrHPV infections at baseline cleared their infections by 12 weeks after cryotherapy,
indicating that the majority of women had persistent HPV infections. In addition, 11/17
(65%) of the women who cleared their baseline infections had a new hrHPV type detected
within 12 weeks of treatment. Lastly, cryotherapy did not decrease the high frequency of
multiple HPV infections.

Our study demonstrates a very high (85%) prevalence of multiple HPV infections in HIV-
positive women with acetowhite cervical lesions. Previously, studies have reported
prevalences of 36-80% [17-19]. Our results are consistent with those of Sahasrabuddhe et
al., who reported that among HIV-positive women seeking HIV/AIDS treatment and care at
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the University Teaching Hospital in Zambia who also attended cervical cancer screening,
87% of women were infected with multiple HPV types [20].

The effect of cryotherapy on HPV infections in HIVV-positive women has not been
definitively established. The rate of HPV clearance that we report (25%) is lower than
Elfgren et al. and Aerssens et al., who report 48% and 65% clearance of HPV infections at
the week 12 visit and at 6-months follow-up period, respectively [11, 12]. Our rate of
clearance is also much lower than the 90% reported by Chumworathayi et al., who studied
cryotherapy in predominantly HIV-negative women [13].

Schneider et al. demonstrated the volatility of HPV 16 infection in immunocompetent
women over a one-year span [19]. Our data indicate that while the majority (75%) of women
have persistent hrHPV infections at 12 weeks, acquisition of new hrHPV infections are also
relatively common. We think it more likely that newly detected infections are incident
infections, given the sensitivity of PCR, though we cannot rule out false negative type-
specific baseline assessments.

Strengths of our study include the prospective nature of the cohort and the collection of
cervical samples before cryotherapy. Limitations include the lack of histological diagnosis
results to confirm the presence of cervical disease and a short follow-up period of 12 weeks.
The majority of longitudinal studies had a mean follow-up time between 6 months and 16
months [11, 12]. It is possible that our relatively short follow-up period led to lower
clearance of HPV than that previously reported [11-13]. Lastly, we acknowledge that some
incident infections may have been persistent, but not detected at the baseline assessment,
either because they fell below the limit of detection (i.e., false negatives) and/or that newly
detected infections were reactivated infections that were latent at the baseline visit.

The high burden of HPV disease and multiplicity of hrHPV infections in HIV-positive
women in Zambia underscore a need for primary prevention. Bivalent and quadrivalent
vaccines are currently available in many countries around the world [21, 22], and a
nonavalent vaccine (including HPV6, 11, 16, 18, 31, 33, 45, 52, and 58) was approved by
the U.S. Food and Drug Administration in December 2014 [23]. The effectiveness of these
vaccines in preventing the acquisition of vaccine-related HPV types and cervical disease is
well documented [24-27]. Additionally, the immune response elicited by the quadrivalent
HPV vaccine also appears to be robust among HIV-positive women [28], and vaccine
recommendations are identical in both groups. Modeling studies estimate that, with adequate
coverage, vaccination with HPV16/18 vaccine could prevent 36-45% of invasive cervical
cancers in countries like Zambia [29]. The new nonavalent vaccine will likely protect many
more. With expanded access programs now accessible to many low-income countries, this
cervical cancer prevention strategy should be a high priority.

Secondary prevention is also a critical component of cervical cancer prevention and control;
this is the approach that will have the strongest public health impact over the short term.
Cervical screening programs across sub-Saharan Africa need to be expanded and
strengthened to ensure that all women have access to this life-saving service. It is estimated
that fewer than 20% of Zambian women have ever had a pelvic examination and far fewer
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have ever been screened with VIA or a Pap smear [30]. Improving the coverage of cervical
screening and treatment for precancer and invasive cervical cancer, particularly among HIV-
positive Zambian women, will certainly reduce the incidence of this cancer, as it has in high-
income nations.

Conclusion

Approximately one-fourth of women with hrHPV clear their infections within 12 weeks of
cryotherapy treatment, yet the majority of these women are found to have new hrHPV
infections within a relatively short period of time. Our study confirms that there is a high
prevalence of HPV infection and that infection with multiple hrHPV types is common
among HIV-positive Zambian women who screen positive by VIA. Given the high burden
of HPV and cervical disease in this population, primary prevention through vaccination and
secondary prevention through cervical screening should be scaled-up more rapidly in
counties with generalized HIV epidemics.
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101 VIA positive women > 18 years
enrolled in parent study

89 women with HPV DNA results at baseline

63 women with HPV DNA results at week 4

56 women with HPV DNA results at week 8
(including 9 who had no samples at week 4)

68 women with HPV DNA results at week 12
(including 17 who had no samples at week 4 and/or week 8)
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Proportions and 95% confidence intervals of all valid tests with individual HPV genotypes
and genotype groupings by visit
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Table 1

Characteristics of the study population

Variable N (%)
Age (years), n=89

Median, IQR 3228, 36]
18-30 yrs 34 (38%)
31-40 yrs 44 (49%)
>40 yrs 11 (12%)
Age at sexual debut (years), n=89

Median, IQR 18 [17-20]
Number of pregnancies, n=89

Median, IQR 3[2-4]
Marital status, n=86

Not married 32 (37%)
Married 54 (63%)
Condom use with regular partner, n=83

Always 9 (11%)
Never 34 (41%)
Sometimes 40 (48%)
Number of lifetime partners, n=89

1-2 26 (29%)
3-5 55 (62%)
>5 8 (9%)
Education, n=87

High school not completed 67 (77%)
High school completed 20 (23%)
Employment, n=86

Not employed outside the home 29 (34%)
Employed in the formal sector 24 (28%)
Employed in the informal sector 26 (30%)
Other 7 (8%)
CD4+ cell count at baseline, n=87

Median, IQR 350 [214-470]
<200 cells/uL 19 (22%)
200-350 cells/pL 24 (28%)
>350 cells/pL 44 (51%)
Variable N (%)
HIV-1viral load at baseline, n=31

Median, IQR 19,250 [1,023-64,898]
Below limit of detection (< 20 copies/mL) | 11 (36%)
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Variable N (%)
20-5,000 copies/mL 8 (26%)
>5,000 copies/mL 12 (39%)

HIV-1viral load at 12 weeks, n=42

Median, IQR

12,389 [3,402-72,082]

Below limit of detection (< 20 copies/mL)

19 (45%)

20-5,000 copies/mL 6 (14%)
>5,000 copies/mL 17 (41%)
CART", n=85

CART-naive 29 (34%)
CART started during study 10 (12%)
CART started prior to study 46 (54%)

*
CART: combination antiretroviral therapy
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Number of single and multiple infections at baseline and 12 weeks after cryotherapy treatment.

Table 2

Baselinevisit, n (%) (total N = 89)

12 week visit, n (%) (total N = 68)

hrHPV | Singleinfection | Multipleinfections | Singleinfection | Multipleinfections
16 1(1%) 23 (26%) 1 (2%) 17 (25%)
18 1(1%) 23 (26%) 0 16 (24%)
31 0 4 (5%) 0 6 (9%)
33 0 10 (11%) 0 9 (13%)
35 2 (2%) 14 (16%) 0 9 (13%)
39 0 6 (7%) 0 3 (5%)
45 2 (2%) 25 (28%) 1 (2%) 21 (31%)
51 0 18 (20%) 0 14 (21%)
52 1(1%) 10 (11%) 1 (2%) 8 (12%)
56 0 8 (9%) 0 6 (9%)
58 1(1%) 19 (21%) 0 14 (21%)
59 0 10 (11%) 0 7 (10%)
68 0 12 (14%) 0 9 (13%)

IrHPV
6 0 11 (12%) 0 9 (13%)
11 0 3 (3%) 0 3 (5%)
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