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Abstract

Human Immunodeficiency Virus (HIV)-seropositive women are more likely to have anogen-
ital cancer, and high risk-HPV (HR-HPV) infection is the main associated factor. Between
August 2013 and December 2015, we conducted a descriptive study to determine the HPV
genotypes and HPV16 variants in cervical and anal samples of HIV-seropositive women
with a normal Pap test. The viral DNA was amplified by PCR using the PGMY09/11 set of
primers. Reverse line blot (RLB), restriction fragment length polymorphism (RFLP) and
sequencing assays were used to determine the HPV genotypes. HPV16 variants were iden-
tified by gene sequencing. We found a high frequency of HR-HPV (60.3%; 76/126) at the
anogenital site among HIV-seropositive women and without association with anal inter-
course. HPV16 and European variant predominated among the HR-HPV. Mixed infections
with at least three different HPV types were common, particularly at the anal site. CD4+ T-
cell counts below 500 cells/mm?, a HIV viral load above 50 copies/mL and an age of 18 to
35 years old were all related to HPV anal infection. Our study showed a high frequency of
HR-HPV in both cervical and anal sites of women with negative cytology belonging to a risk
group for the development of anogenital cancer.

Introduction

Human papillomavirus (HPV) is the most common sexually transmitted infection (STT)
worldwide, and it is associated with development of anogenital cancers [1]. Over 200 different
HPV genotypes have been identified [2]. Approximately 40 of them have tropism for the ano-
genital site. HPV strains are classified as low-risk (LR-HPV) and high-risk (HR-HPV) geno-
types, according to risk of oncogenic progression [3]. Among HR-HPV strains, meta-analysis
studies described HPV16 in approximately 50% of cervical cancers [4] and 70% of anal cancers
[5]. Variations in the nucleotide sequence of this genotype classifies it as European (E) and
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non-European (NE) (African, Asian, Asian-American, North American), according to its geo-
graphical distribution. These variants differ in their biological properties and oncogenic poten-
tial, with a higher incidence of progression to malignancy conferred by the NE variants [6, 7].

Cervical cancers, the fourth most common cancer in women, are a serious problem of pub-
lic health worldwide, with approximately 500,000 new cases annually, 85% of them in develop-
ing countries [8]. In turn, the incidence of anal cancer is rare in the general population (1/
100,000), with an annual estimate of 27,000 new cases. However, a particularly high incidence
occurs among men who have sex with men (MSM), women with a history of cervical cancer or
vulvar cancer, and immunosuppressed populations [9]. Exposure to other STIs, especially
HIV, increases the risk of both cervical cancer and anal cancer development [10]. According
to Frisch et al. (2000) [11], HIV-infected women present a risk of 5.4-fold and 6.8 fold higher
than HIV-seronegative women, for cervical and anal cancer development, respectively.

The control procedure for cervical cancer is mainly based on the detection of precursor
lesions by cervical cytology, a practice adopted by many countries, and the World Health Orga-
nization (WHO) recommends cervical cancer screening every three years after a normal Pap test
in HIV-seropositive women [12-14]. However, in developing countries, the incidence and mor-
tality rates remain high [8], mainly due to screening coverage and methodological limitations
[15]. On one hand, cytology has been associated with false negative results [16], and on the
other, molecular screening test significantly reduces the mortality in cervical cancer cases, even
in countries with limited resources [17]. Concerning anal cancer, there are no guidelines or ran-
domized clinical trials to provide suitable screening of evidence-based recommendations [18].
The Brazilian Ministry of Health recommends annual Pap tests for HIV-seropositive women
with receptive anal intercourse, HPV infection or cervical/vulvar abnormal histology [19].

In this context, molecular tests have emerged as useful tools for HPV genotyping beyond
detection, providing an early indication of cervical and anal potential lesions, especially in
HIV-seropositive women, who are at particularly high risk for HPV-related malignancies [12].
Therefore, this study aimed to probe the HPV genotypes and HPV16 variants in cervical and
anal samples of HIV-seropositive women with a normal Pap test.

Materials and methods
Study design, population and ethical aspects

This study is a case series study in HIV-seropositive sexually active women, aged 18 to 65 years
old who attended a STI/AIDS Reference Clinic in Vitoria, southeastern Brazil, from August
2013 to December 2015. Cervical and anal samples collected using a cytobrush were stored in
Tris-EDTA buffer and maintained in a freezer at -70°C. A 20-minute face-to-face interview
was conducted with the use of a standardized questionnaire, which included demographic
(age, schooling, and marital status) and behavioural data (tobacco use, illicit drug use and his-
tory of anal intercourse). The CD4+ T-cell count and HIV viral load were measured in the
Public Health Specialized Laboratory of Espirito Santo State, and the Pap test samples were
probed in the Pathology Laboratory of Espirito Santo. Pap tests within the normal limits and
benign cellular changes [20] were used as inclusion criteria and considered normal for the pur-
pose of this study. Pregnancy was an exclusion criteria. This research obtained approval by the
Ethical Research Council of the Center of Health Sciences of the Federal University of Espirito
Santo, Brazil. All the participants signed an informed consent agreement.

Laboratory procedures

DNA was obtained using the QIAamp DNA Mini Kit (Qiagen, Valencia, CA, USA) according
to the manufacturer’s instructions. The HPV DNA was detected by amplification with the
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PGMY09/11 set of primers [21]. PCR for the B-globin [22] gene was performed in HPV nega-
tive samples as an extraction control and to assess the DNA integrity. All the HPV positive
samples were genotyped using a reverse line blot (RLB) assay [23]. A restriction fragment
length polymorphism (RFLP) [24] and sequencing assays using the BigDye Terminator v3.1
Kit (Applied Biosystems, Foster City, CA, USA) were used for samples that were not probed
using the RLB assay.

The HPV genotypes identified in this study were classified as high-risk (HR-HPV 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58 and 59), low-risk (LR-HPV 6, 11, 40, 42, 43, 44, 54, 61, 70, 72,
81 and 89) and undetermined-risk (UR-HPV HPV 2a, 3, 7, 10, 27, 28, 29, 30, 32, 34, 55, 57, 62,
67,69,71,74,77, 83, 84, 85, 86, 87, 90 and 91) [3]. The genotypes considered probable carcino-
genic (26, 53, 66, 68, 73 and 82) [3] were grouped with HR-HPV.

Samples identified as HPV16 were subjected to PCR with primers for the HPV16 LCR
region [25], which amplifies a common fragment of the variants of this genotype. To identify
the specific nucleotide changes of each variant, sequencing was performed using the BigDye
Terminator v3.1 kit (Applied Biosystems, Foster City, CA, USA). The sequences obtained were
edited using BioEdit software v7.2.5 [26] and then aligned with the reference sequences of
HPV16 for each sublineage [27] using the SeaView v4.5.4 program [28]. The construction of
the phylogenetic tree of all the aligned sequences by the neighbour-joining method was con-
ducted using the MEGA v6.0 software [29].

Statistical analyses

The possible associations between the variables were tested using a chi-squared test with a
Yates correction or Fisher’s exact test, as appropriate. The HPV frequency of paired samples
(cervical and anal) was compared using the McNemar test. The Odds Ratio (OR) and confi-
dence intervals were calculated using bivariate analysis to estimate the degree of association
between infection and demographic variables. Variables were considered significant when the
p value was < 0.05.

Results
Samples

In total, 126 HIV-seropositive women with a normal Pap test participated in this study. Demo-
graphic, behavioural and clinical data of the study population are shown in Table 1. The aver-
age age of the women was 41.4 years old (SD + 10.3), and the average length of schooling was
8.4 years (SD £ 3.7).

Detection and HPV genotyping

HPV DNA was observed in 71.4% (90/126) of women, 38.9% (49/126) in the cervical site and
60.3% (76/126) in the anal site (p = 0.001); cervical and anal infection was concomitant in
38.9% (35/90) of the positive cases. The presence of amplifiable DNA was confirmed by PCR
of the S-globin gene in all HPV negative samples. HR-HPV occurred in 60.3% (76/126) of the
cervical and anal samples of the women, with a higher frequency at the anal site of 46.8% vs.
32.5% (p = 0.0284).

Opverall, 34 distinct HPV genotypes were detected in both samples in the study population
(Fig 1). HPV16 was the most prevalent type at the cervical and anal sites (8.9% and 17.8%,
respectively), followed by types 45 (6.7%), 31, 35, 69, 44 (5.6% each), 18, 52, and 66 (4.4% each)
at the cervical site and types 44 (16.7%), 6 (14.4%) and 53 (12.2%) at the anal site (Fig 1).
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Table 1. Demographic, clinical and behavioural characteristics of HIV-seropositive women who
attended the STI/AIDS Reference Clinic in Vitoria from August 2013 to December 2015.
Characteristics® n (%)
Demographic

Marital status (n = 124)

Married 66 (53.2)
Single 38 (30.6)
Divorced/widow 20 (16.2)
Clinic

HAARTP use (n = 125) 102 (81.6)
HIV Viral load, copies/mL (n = 109)

<50 70 (64.2)
50-400 7 (6.4)
>400 32 (29.4)
CD4+ count, /mm? (n = 109)

<200 6 (5.5)
200-500 32 (29.4)
>500 71 (65.1)
Behavioral

Smokers (n=122) 23(18.9)
Receptive anal intercourse (n = 120) 82 (68.3)
lllicit drug (n = 120) 30 (25)

@Due to the lack of data for some variables in the study, the sample size varied for each analysis.
PHAART—Highly active antiretroviral therapy.

https://doi.org/10.1371/journal.pone.0176422.t001

Among the cases of concomitant cervical and anal infection, at least one concordant genotype
occurred in 48.6% (17/35).

At least three distinct types of all HPV occurred concomitantly in 78.6% of anal samples
and in 21.4% of cervical samples (OR = 2.9, 95% CI 1.09 to 7.83; p = 0.03) (Table 2). No more
than four or seven types were observed at the cervical and anal sites, respectively.

HPV16 variants

Twenty-four samples from 20 women had the HPV16 partial genome (LCR region) character-
ized: four from both cervical and anal sites, 12 from solely the anal site and four from solely
the cervical site. The nucleotide sequences obtained were compared with the HPV16 prototype
of each HPV16 variant lineage and sublineage, and each one was assigned to a specific lineage
based on the phylogeny (Fig 2). Phylogenetic analysis classified 70.8% (17/24) of the samples
as HPV16 European (E, A lineage) and 29.2% (7/24) as non-European variants (NE, lineages
B, C, and D). The non-European variants were represented by six African 2a (lineages C) vari-
ants and one Asian American (lineages D3) variant. The four cases of concomitant infection
showed the same variants between both anatomical sites (3 European and 1 African 2a).

Factors associated with cervical and anal HPV

The presence of cervical HPV was a factor associated with the presence of anal HPV, with
71.4% (35/49) of positive cases of cervical HPV also present at the anal site (OR = 2.92; 95%
CI = 1.56-5.81; p< 0.01) (Table 3).
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Fig 1. The frequency of HPV genotypes. The frequency of HPV genotypes at the cervical and anal sites of HIV-
seropositive women with a normal Pap test. X axis: frequency of positive cases for each HPV genotype; Y axis: HPV
genotypes (classified by risk).

https://doi.org/10.1371/journal.pone.0176422.9001

Among the variables investigated with HPV occurrence, anal infection was significantly
associated with women younger than 35 years (p = 0.01), a CD4+ T-cell count below 500 cells/
mm?> (p =0.01) and a HIV viral load above 50 copies/mL (p = 0.001) (Table 4).

Discussion

The HPV test, a useful tool for monitoring women with equivocal or normal cytological results
[30, 31], was applied in this study to investigate HR-HPV in HIV-seropositive women with

Table 2. The distribution of multiple infections at the cervical and anal sites of HPV positive women

(n=90).

# of types Cervical Anal Total
n (%) n (%) n (%)

< 2types 43 (44.3) 54 (55.7) 97 (100)

> 3 types® 6(21.4) 22 (78.6) 28 (100)

Total 49 76 125

%p =0.03

https://doi.org/10.1371/journal.pone.0176422.t1002
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Fig 2. Tree topology. The phylogenetic tree created using the neighbour-joining method from the global
alignment of full and partial sequences of the HPV16 genome. E-European variants (sublineages A1-A4); NE-
non-European variants (sublineages B1-D3). The reference sequences of each HPV16 lineage was obtained
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https://doi.org/10.1371/journal.pone.0176422.g002
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Table 3. The frequency of positive and negative cases of HPV at the cervical and anal sites of HIV-
seropositive women with normal Pap test results who attended the STI/AIDS Reference Clinic in Vito-
ria from August 2013 to December 2015.

Cervical HPV Anal HPV Total
n (%)
Positive Negative
Positive 35(71.4) 14 (28.6) 49 (100)
Negative 41(53.2) 36 (46.8) 77 (100)
Total 76 50 126

https://doi.org/10.1371/journal.pone.0176422.1003

normal cervical Pap tests. We first demonstrated a high prevalence of HPV infection in this
population, similar to the overall prevalence observed by Clifford et al. (2006) [32] in a meta-
analysis evaluating the HPV types in HIV-seropositive women with and without cervical
lesions. In the comparison between cervical and anal HPV infection, we showed greater fre-
quency at the anal site, which was also previously reported by Palefsky et al. (2001) [33] (79%
vs. 53%) in both HIV-seropositive and HIV-seronegative women, although less frequently in
the latter (43% vs. 24%). These data suggest that there may be a greater persistence in HPV
infection or in replication rate at the anal site than at the cervical site, which can be a source of
infection for the female genital tract.

The great diversity of HPV types was shown in our study using the RLB methodology com-
plemented by the RFLP method and sequencing, which was also shown by Gongalves et al.
(2008) [34] and Kojic et al. (2011) [35] in a similar population using RFLP and linear array as
typing methods. The cutaneous type HPV107 (Betapapillomavirus genus) we observed in the
genital samples suggests possible transmission during sexual contact. This finding is not
exactly unexpected since Torres et al. (2015) [36] found HPV107 among the most prevalent
cutaneous types (B and y-papillomavirus) at the anal site of HIV-positive MSM.

We highlighted the high frequency of HR-HPV at both cervical and anal sites, which was
significant in the latter site, similar to previous reports [34, 35]. This result is worrying because
it is in relation to HIV-seropositive women with normal Pap test and the inherent risk for
high-grade lesion development, as noted by Keller et al. (2015), who observed a 5-year cumula-
tive risk for CIN-2+ in 16% of the cytological cases that were previously normal [37]. HPV16
was the most prevalent type at both cervix and anal sites, which is in contrast with other studies
[34, 35, 38]. Once again, this result has important implications regarding the risk of anal can-
cer and also the 3-year risk of CIN-2+ of 29% and 13-fold greater risk of CIN-3+ compared to
those not infected with HR-HPV [37].

In a multicentric study, Cornet et al. (2013) [39] identified the European variant as the
most common in all regions of the world, except in sub-Saharan Africa and East Asia, while
the African variant predominated the northern sub-Saharan region of Africa and the Asian
variant in East Asia. Indeed, the worldwide distribution of variants varies according to the geo-
graphical area and correlates with the level of intrinsic admixture of each population and
recent patterns of human migration [40, 41]. In our country, the European HPV16 variant pre-
dominates, as shown by our analysis in this study and by others’ studies [40, 42]. These results
are, in part, a consequence of the European colonization of Brazil, the African slave trade dur-
ing the 16" to late 19" century and Asiatic immigration in the 20™ century. Although all
HPV16 variants are related to the development of precancerous lesions and cancer, the pre-
dominance of European variants in this study implies a lower risk for the development of
HSIL [40, 42].
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Table 4. The odds ratio (OR) and confidence interval of HPV infections that were exclusively cervical, anal, or concomitant cervical and anal,

according to the demographic, clinical, and behavioural characteristics of HIV-seropositive women with normal Pap test results obtained by the

STI/AIDS Reference Clinic in Vitéria from August 2013 to December 2015.

Characteristics? Cervical (n = 126)

Age (years)
<35

>35

CD4+count (cells/mm?)

<500

>500

HIV Viral load (copies/

mL)
<50

>50

Smoking
Yes

No

Drugs use
Yes

No

Receptive anal
intercourse
Yes

No

Schooling (years)
<5

>5

aThe number varies due to the lack of data for some variables.

Pos

13
(43%)
36
(38%)

19
(50%)
22
(31%)

24
(24%)
17 (44)

9 (39%)

37
(37%)

14
(47%)
32
(36%)

32
(39%)
14
(37%)

11
(37%)
34
(37%)

Neg
17
(57%)
60
(62%)

19
(50%)
49
(69%)

46
(66%)
22
(56%)

14
(61%)
62
(62%)

16
(53%)
58
(64%)

50
(61%)
24
(63%)

19
(63%)
57
(63%)

https://doi.org/10.1371/journal.pone.0176422.t1004

OR (95%IC)

0.78 (0.34—
1.80)

0.45 (0.20—
1.01)

1.48 (0.66—
3.30)

0.93 (0.37-
2.35)

0.63 (0.27-
1.46)

0.91 (0.41—
2.01)

1.03 (0.44—
2.42)

0.6

0.05

0.3

0.9

0.3

0.8

0.9

Pos
24
(80%)
52
(54%)

29
(76%)
37
(52%)

34
(49%)
32
(82%)

12
(52%)
62
(63%)

19
(63%)
55
(61%)

52
(63%)
22
(58%)

15
(50%)
58
(64%)

Anal (n = 126)
Neg OR (95% IC)
6(20%) | 0.29 (0.11—
0.79)
44
(46%)
9(24%) | 0.34(0.14—
0.81)
34
(48%)
36 4.8 (1.88—
(51%) 12.44)
7 (18%)
11 1.54 (0.62—
(48%) 3.83)
37
(37%)
11 0.91 (0.39-
(37%) 2.14)
35
(39%)
30 0.79 (0.36—
(37%) 1.74)
16
(42%)
15 1.76 (0.76—
(50%) 4.04)
33
(36%)

p
0.01

0.01

0.001

0.3

0.8

0.6

0.2

Pos
13
(54%)
22
(33%)

16
(50%)
13
(28%)

13
(29%)
16
(48%)

Neg
11
(46%)
44
(67%)

16
(50%)
33
(72%)

32
(71%)
17
(52%)

7 (50%) | 7 (50%)

26
(36%)

12
(57%)

23
(35%)

25
(42%)
8 (29%)

8 (44%)

24
(35%)

47
(64%)

9 (43%)

43
(65%)

34
(58%)
20
(71%)

10
(56%)
44
(65%)

Anal/Cervical (n = 90)

OR (95% IC)

2.36 (0.91—
6.12)

2.54 (0.99—
6.53)

0.43 (0.69-
1.10)

1.80 (0.57—
5.72)

2.49 (0.92—
6.79)

1.84 (0.70-
4.84)

1.47 (0.51—
4.21)

0.07

0.05

0.07

0.3

0.06

0.2

0.5

Infection with multiple HPV types was greater at the anal site in relation to the cervical site.
It is unclear whether this fact could increase the pathogenesis of intraepithelial lesions as previ-
ously suggested [33]. However, multiple HPV infections at the anal site would be associated
with the development of HSIL at this site [43] or even with an increased risk of subsequent
infection in adjacent anatomical sites [44]. Indeed, we demonstrated that half of the cervical-
anal concomitant infections was by the same HPV genotype. Likewise, the cervix could act as a
source for anal HPV infection, which is enhanced by the observation that hygiene habits
would facilitate the transmission to the anus and the contamination of the perineum with vagi-
nal discharge could happen [45]. Our results also showed that cervical HPV can be considered
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an associated factor with anal HPV infection (OR = 2.2) and anal intercourse was not statisti-
cally associated with the presence of HPV at the anal site, similar to previously observed results
[33, 35]. Therefore, we are seeing a population of women without cervical cytological abnor-
malities, some of them without history of anal intercourse, which is not included in the anal
cancer screening proposed by the Brazilian Ministry of Health for HIV-seropositive women
who recommends anal Pap tests for women with a history of receptive anal sex, HPV infection
or abnormal cervical or vulvar histology [19]. These recommendations, therefore, ignore the
high prevalence of HR-HPV and the inherent risk for high grade lesions in these women
beyond the dissociation between anal infection and anal intercourse. The presence of HPV
was significant at the anal site, especially in women younger than 35 years, similar to the results
described by Palefsky et al. (2001) [33]. Factors related to HIV infection, such as low CD4+ T-
cell counts (<500 cells/mm?>) and detectable viral load (>50 copies/mL), were also statistically
associated with the presence of HPV at the anal site. Indeed, previous studies have demon-
strated that a lower CD4+ count is associated with anal HPV [33, 35] and detectable HIV viral
load, with abnormal anal cytology [46].

Although a descriptive study is not the best model to determine risk factors, it was not our
main objective, and its application may be justified to assess the prevalence of factors associ-
ated with HPV infection at the cervical and anal sites of HIV-seropositive women.

The value of the implementation of molecular tests in cervical cancer screening for HIV-
seropositive women has been emphasized [37], and the cost-benefit analysis for developing
countries supports the implementation of molecular tests in cervical cancer screening [47].
Since that our study showed a high frequency of HR-HPV in both cervical and anal sites of
women with negative cytology belonging to a risk group for the development of anogenital
cancer, molecular tests could be an additional tool to improve the follow up of this population.

Author Contributions

Conceptualization: AEM LCS.

Formal analysis: LPBV AEM LCS.

Funding acquisition: AEM LCS.

Investigation: LPBV LBF NATB.

Methodology: LPBV LBF NATB.

Project administration: AEM LCS.

Resources: AEM LCS.

Writing - original draft: LPBV LCS.

Writing - review & editing: LPBV LBF AEM LCS.

References

1. Centers for Disease Control and Prevention. Genital HPV infection—CDC fact sheet. Atlanta, GA:
CDC; 2012. 1. CDC Fact Sheets 2014;1-2 [cited 2016 Dec 8]. Available from: http://www.cdc.gov/std/
hpv/stdfact-hpv.htm.

2. International Human Papillomavirus Reference Center [internet]. HPV Center [cited 2016 Dec 8]. Avail-
able from: http://www.hpvcenter.se/html/refclones.html.

3. Mufioz N, Castellsagué X, de Gonzalez AB, Gissmann L. Chapter 1: HPV in the etiology of human can-
cer. Vaccine. 2006; 24: 1-10.

PLOS ONE | https://doi.org/10.1371/journal.pone.0176422  April 20, 2017 9/12


http://www.cdc.gov/std/hpv/stdfact-hpv.htm
http://www.cdc.gov/std/hpv/stdfact-hpv.htm
http://www.hpvcenter.se/html/refclones.html
https://doi.org/10.1371/journal.pone.0176422

@° PLOS | ONE

HPV in HIV-seropositive women with normal Pap test

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

Li N, Franceschi S, Howell-Jones R, Snijders PJF, Clifford GM. Human papillomavirus type distribution
in 30,848 invasive cervical cancers worldwide: variation by geographical region, histological type and
year of publication. Int J Cancer. 2011; 128: 927-35. https://doi.org/10.1002/ijc.25396 PMID: 20473886

Hoots BE, Palefsky JM, Pimenta JM, Smith JS. Human papillomavirus type distribution in anal cancer
and anal intraepithelial lesions. Int J Cancer. 2009; 124: 2375-83. https://doi.org/10.1002/ijc.24215
PMID: 19189402

Ho L, Chan SY, Burk RD, Das BC, Fujinaga K, Icenogle JP, et al. The genetic drift of human papilloma-
virus type 16 is a means of reconstructing prehistoric viral spread and the movement of ancient human
populations. J Virol. 1993; 67: 6413—23. PMID: 8411343

Yamada T, Wheeler CM, Halpern AL, Stewart AC, Hildesheim A, Jenison SA. Human papillomavirus
type 16 variant lineages in United States populations characterized by nucleotide sequence analysis of
the E6, L2, and L1 coding segments. J Virol. 1995; 69: 7743-53. PMID: 7494284

International Agency for Research on Cancer [Internet]. GLOBOCAN 2012: estimated cancer inci-
dence, mortality and prevalence worldwide in 2012. [cited 2016 Dec 8]. Available from: http://globocan.
iarc.fr/Pages/fact_sheets_cancer.aspx?cancer=cervix.

Bruni L, Barrionuevo-Rosas L, Albero G, Aldea M, Serrano B, Valencia S, et al. ICO Information Centre
on HPV and Cancer (HPV Information Centre) [Internet]. Human papillomavirus and related diseases
report. 2016 [cited 2016 Dec 20]. Available from: http://www.hpvcentre.net/statistics/reports/XWX.pdf.

Palefsky JM, Holly EA. Chapter 6: Immunosuppression and co- infection with HIV. J Natl Cancer Inst
Monogr. 2003; 31: 41-6.

Frisch M, Biggar RJ, Goedert JJ. Human papillomavirus-associated cancers in patients with human
immunodeficiency virus infection and acquired immunodeficiency syndrome. J Natl Cancer Inst. 2000;
92(18): 1500-10. PMID: 10995805

Anttila A, Ronco G. Description of the national situation of cervical cancer screening in the member
states of the European Union. Eur J Cancer. 2009; 45(15): 2685—2708. https://doi.org/10.1016/j.ejca.
2009.07.017 PMID: 19744852

Castle PE, de Sanjose S, Qiao YL, Belinson JL, Lazcano-Ponce E, Kinney W. Introduction of human
papillomavirus DNA screening in the world: 15 years of experience. Vaccine. 2012; 30 Suppl 5: F117—
22.

World Health Organization [Internet]. WHO guidelines for screening and treatment of precancerous
lesions for cervical cancer prevention. 2013 [cited 2016 Nov 10]. Available from: http://apps.who.int/iris/
bitstream/10665/94830/1/9789241548694_eng.pdf.

Kitchener HC, Castle PE, Cox JT. Chapter 7: Achievements and limitations of cervical cytology screen-
ing. Vaccine. 2006; 24 Suppl 3: S3/63-70.

Denny LA, Wright TC. Human papillomavirus testing and screening. Best Pract Res Clin Obstet Gynae-
col. 2005; 19(4): 501-15. https://doi.org/10.1016/j.bpobgyn.2005.02.004 PMID: 16150390

Sankaranarayanan R, Nene BM, Shastri SS, Jayant K, Muwonge R, Budurkh AM, et al. HPV screening
for cervical cancer in rural India. N Engl J Med. 2009; 360(14): 1385-94. https://doi.org/10.1056/
NEJMoa0808516 PMID: 19339719

Wells JS, Holstad MM, Thomas T, Bruner DW. An integrative review of guidelines for anal cancer
screening in HIV-infected persons. AIDS Patient Care STDS. 2014; 28: 350-7. https://doi.org/10.1089/
apc.2013.0358 PMID: 24936878

Brasil, Ministério da Saude [Internet]. Protocolo clinico e diretrizes terapéuticas para manejo da
infeccéo pelo HIV em adultos. 2015 [cited 2016 Jul 19]. Available from: http://www.aids.gov.br/sites/
default/files/anexos/publicacao/2013/55308/protocolofinal_31_7_2015_pdf_31327.pdf.

Brasil, Ministério da Saude/INCa. Nomenclatura brasileira para laudos cervicais e condutas preconiza-
das: recomendagdes para profissionais de saude. J Bras Patol Med Lab. 2006; 42(5): 351-73.

Gravitt PE, Peyton CL, Alessi TQ, Wheeler CM, Hildesheim A, Schiffman MH, et al. Improved amplifica-
tion of genital human papillomaviruses improved amplification of genital human papillomaviruses. J
ClinMicrobiol. 2000; 38: 357—61.

Huang SZ, Sheng M, Zhao JQ, Qiu XK, Zeng YT, Wang QS, et al. Detection of sickle cell gene by analy-
sis of amplified DNA sequences. Yi Chuan Xue Bao. 1989; 16(6): 475-82. PMID: 2640144

Estrade C, Menoud PA, Nardelli-Haefliger D, Sahli R. Validation of a low-cost human papillomavirus
genotyping assay based on PGMY PCR and reverse blotting hybridization with reusable membranes. J
ClinMicrobiol. 2011; 49: 3474-81.

Bernard HU, Chan SY, Manos MM, Ong CK, Villa LL, Delius H, et al. Assessment of known and novel
human papillomaviruses by polymerase chain reaction, restriction digest, nucleotide sequence, and
phylogenetic algorithms. J Inf Dis. 1994; 170: 1077-85.

PLOS ONE | https://doi.org/10.1371/journal.pone.0176422  April 20, 2017 10/12


https://doi.org/10.1002/ijc.25396
http://www.ncbi.nlm.nih.gov/pubmed/20473886
https://doi.org/10.1002/ijc.24215
http://www.ncbi.nlm.nih.gov/pubmed/19189402
http://www.ncbi.nlm.nih.gov/pubmed/8411343
http://www.ncbi.nlm.nih.gov/pubmed/7494284
http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx?cancer=cervix
http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx?cancer=cervix
http://www.hpvcentre.net/statistics/reports/XWX.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10995805
https://doi.org/10.1016/j.ejca.2009.07.017
https://doi.org/10.1016/j.ejca.2009.07.017
http://www.ncbi.nlm.nih.gov/pubmed/19744852
http://apps.who.int/iris/bitstream/10665/94830/1/9789241548694_eng.pdf
http://apps.who.int/iris/bitstream/10665/94830/1/9789241548694_eng.pdf
https://doi.org/10.1016/j.bpobgyn.2005.02.004
http://www.ncbi.nlm.nih.gov/pubmed/16150390
https://doi.org/10.1056/NEJMoa0808516
https://doi.org/10.1056/NEJMoa0808516
http://www.ncbi.nlm.nih.gov/pubmed/19339719
https://doi.org/10.1089/apc.2013.0358
https://doi.org/10.1089/apc.2013.0358
http://www.ncbi.nlm.nih.gov/pubmed/24936878
http://www.aids.gov.br/sites/default/files/anexos/publicacao/2013/55308/protocolofinal_31_7_2015_pdf_31327.pdf
http://www.aids.gov.br/sites/default/files/anexos/publicacao/2013/55308/protocolofinal_31_7_2015_pdf_31327.pdf
http://www.ncbi.nlm.nih.gov/pubmed/2640144
https://doi.org/10.1371/journal.pone.0176422

@° PLOS | ONE

HPV in HIV-seropositive women with normal Pap test

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Chen Z, Freitas LB, Burk RD. Evolution and classification of oncogenic human papillomavirus types and
variants associated with cervical cancer. Methods Mol Biol. 2015; 1249: 3—26. https://doi.org/10.1007/
978-1-4939-2013-6_1 PMID: 25348294

Hall TA. BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows
95/98/NT. Nucleic Acids Symp Ser. 1999; 41: 95-8.

Burk RD, Harari A, Chen Z. Human papillomavirus genome variants. Virology. 2013; 445: 232—43.
https://doi.org/10.1016/j.virol.2013.07.018 PMID: 23998342

Gouy M, Guindon S, Gascuel O. SeaView version 4: A multiplatform graphical user interface for
sequence alignment and phylogenetic tree building. Mol Biol Evol. 2010; 27(2): 221—4. https://doi.org/
10.1093/molbev/msp259 PMID: 19854763

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGAG6: Molecular evolutionary genetics analy-
sis version 6.0. Mol Biol Evol. 2013; 30(12): 2725-9. https://doi.org/10.1093/molbev/mst197 PMID:
24132122

Cox T, Cuzick J. HPV DNA testing in cervical cancer screening: from evidence to policies. GynecolOn-
col. 2006; 103(1): 8-11.

Cuzick J, Szarewski A, Cubie H, Hulman G, Kitchener H, Luesley D, et al. Management of women who
test positive for high-risk types of human papillomavirus: the HART study. Lancet. 2003; 362: 1871-6.
https://doi.org/10.1016/S0140-6736(03)14955-0 PMID: 14667741

Clifford GM, Goncalves MAG, Franceschi S. Human papillomavirus types among women infected with
HIV: a meta-analysis. AIDS. 2006; 20: 2337—44. https://doi.org/10.1097/01.aids.0000253361.63578.14
PMID: 17117020

Palefsky JM, Holly EA, Ralston ML, Da Costa M, Greenblatt RM. Prevalence and risk factors for anal
human papillomavirus infection in human immunodeficiency virus (HIV)-positive and high-risk HIV-neg-
ative women. J Infect Dis. 2001; 183: 383-91. https://doi.org/10.1086/318071 PMID: 11133369

Gongalves MAG, Randi G, Arslan A, Villa LL, Burattini MN, Franceschi S, et al. HPV type infection in dif-
ferent anogenital sites among HIV-positive Brazilian women. Infect Agent Cancer. 2008; 3: 5. https://
doi.org/10.1186/1750-9378-3-5 PMID: 18341690

Kojic EM, Cu-Uvin S, Conley L, Bush T, Onyekwuluje J, Swan DC, et al. Human papillomavirus infection
and cytologic abnormalities of the anus and cervix among HIV-infected women in the study to under-
stand the natural history of HIV/AIDS in the era of effective therapy (the SUN study). Sex Transm Dis.
2011; 38: 253-9. https://doi.org/10.1097/0OLQ.0b013e3181f70253 PMID: 20966828

Torres M, Gheit T, McKay-Chopin S, Rodriguez C, Romero JD, Filotico R, et al. Prevalence of beta and
gamma human papillomaviruses in the anal canal of men who have sex with men is influenced by HIV
status. J ClinVirol. 2015; 67: 47-51.

Keller MJ, Burk RD, Massad LS, Eltoum IE, Hessol NA, Castle PE, et al. Cervical precancer risk in HIV-
infected women who test positive for oncogenic human papillomavirus despite a normal Pap test. Clin
Infect Dis. 2015; 61(10): 1573-81. https://doi.org/10.1093/cid/civ569 PMID: 26187020

Hessol N, Holly E, Efird JT, Minkoff H, Weber KM, Darragh TM, et al. Concomitant anal and cervical
human papillomavirusV infections and intraepithelial neoplasia in HIV-infected and uninfected women.
AIDS. 2013; 27: 1743-51. https://doi.org/10.1097/QAD.0b013e3283601b09 PMID: 23803793

Cornet |, Gheit T, lannacone MR, Vignat J, Sylla BS, Del Mistro A, et al. HPV16 genetic variation and
the development of cervical cancer worldwide. Br J Cancer. 2013; 108: 240—4. https://doi.org/10.1038/
bjc.2012.508 PMID: 23169278

Sichero L, Ferreira S, Trottier H, Duarte-Franco E, Ferenczy A, Franco EL, et al. High grade cervical
lesions are caused preferentially by non-European variants of HPVs 16 and 18. Int J Cancer. 2007; 120:
1763-8. https://doi.org/10.1002/ijc.22481 PMID: 17230525

Chen Z, Schiffman M, Herrero R, De Salle R, Anastos K, Segondy M, et al. Evolution and taxonomic
classification of human papillomavirus 16 (HPV16)-related variant genomes: HPV31, HPV33, HPV35,
HPV52, HPV58 and HPV67. PLoS One. 2011; 6(5): €20183. https://doi.org/10.1371/journal.pone.
0020183 PMID: 21673791

Freitas LB, Chen Z, Muqui EF, Boldrini NAT, Miranda AE, Spano LC, et al. Human papillomavirus 16
non-European variants are preferentially associated with high-grade cervical lesions. PLoS One. 2014;
9: e100746. https://doi.org/10.1371/journal.pone.0100746 PMID: 24983739

Palefsky JM, Holly EA, Ralston ML, Jay N, Berry JM, Darragh TM. High incidence of anal high-grade
squamous intra-epithelial lesions among HIV- positive and HIV-negative homosexual and bisexual
men. AIDS. 1998; 12: 495-503. PMID: 9543448

Goodman MT, McDuffie K, Hernandez BY, Wilkens LR, Zhu X, Thompson PJ, et al. The influence of
multiple human papillomavirus types on the risk of genotype-concordant incident infections of the anus

PLOS ONE | https://doi.org/10.1371/journal.pone.0176422  April 20, 2017 11/12


https://doi.org/10.1007/978-1-4939-2013-6_1
https://doi.org/10.1007/978-1-4939-2013-6_1
http://www.ncbi.nlm.nih.gov/pubmed/25348294
https://doi.org/10.1016/j.virol.2013.07.018
http://www.ncbi.nlm.nih.gov/pubmed/23998342
https://doi.org/10.1093/molbev/msp259
https://doi.org/10.1093/molbev/msp259
http://www.ncbi.nlm.nih.gov/pubmed/19854763
https://doi.org/10.1093/molbev/mst197
http://www.ncbi.nlm.nih.gov/pubmed/24132122
https://doi.org/10.1016/S0140-6736(03)14955-0
http://www.ncbi.nlm.nih.gov/pubmed/14667741
https://doi.org/10.1097/01.aids.0000253361.63578.14
http://www.ncbi.nlm.nih.gov/pubmed/17117020
https://doi.org/10.1086/318071
http://www.ncbi.nlm.nih.gov/pubmed/11133369
https://doi.org/10.1186/1750-9378-3-5
https://doi.org/10.1186/1750-9378-3-5
http://www.ncbi.nlm.nih.gov/pubmed/18341690
https://doi.org/10.1097/OLQ.0b013e3181f70253
http://www.ncbi.nlm.nih.gov/pubmed/20966828
https://doi.org/10.1093/cid/civ569
http://www.ncbi.nlm.nih.gov/pubmed/26187020
https://doi.org/10.1097/QAD.0b013e3283601b09
http://www.ncbi.nlm.nih.gov/pubmed/23803793
https://doi.org/10.1038/bjc.2012.508
https://doi.org/10.1038/bjc.2012.508
http://www.ncbi.nlm.nih.gov/pubmed/23169278
https://doi.org/10.1002/ijc.22481
http://www.ncbi.nlm.nih.gov/pubmed/17230525
https://doi.org/10.1371/journal.pone.0020183
https://doi.org/10.1371/journal.pone.0020183
http://www.ncbi.nlm.nih.gov/pubmed/21673791
https://doi.org/10.1371/journal.pone.0100746
http://www.ncbi.nlm.nih.gov/pubmed/24983739
http://www.ncbi.nlm.nih.gov/pubmed/9543448
https://doi.org/10.1371/journal.pone.0176422

@° PLOS | ONE

HPV in HIV-seropositive women with normal Pap test

45.

46.

47.

and cervix: the Hawaii HPV cohort study. J Infect Dis. 2011; 203: 335—40. https://doi.org/10.1093/infdis/
jiq058 PMID: 21208924

Moscicki A- B, Schiffman M, Burchell A, Albero G, Giuliano AR, Goodman MT, et al. Updating the natu-
ral history of human papillomavirus and anogenital cancers. Vaccine. 2012; 30 Suppl 5: F24-33.

Cambou MC, Luz PM, Lake JE, Levi JE, Coutinho JR, de Andrade A, et al. Anal human papillomavirus
(HPV) prevalences and factors associated with abnormal anal cytology in HIV-infected women in an
urban cohort from Rio de Janeiro, Brazil. AIDS Patient Care STDS. 2015; 29: 4—12. https://doi.org/10.
1089/apc.2014.0166 PMID: 25361401

Vanni T, Luz PM, Grinsztejn B, Veloso VG, Foss A, Mesa-Frias M, et al. Cervical cancer screening
among HIV-infected women: an economic evaluation in a middle-income country. Int J Cancer. 2012;
131: E96—-104. https://doi.org/10.1002/ijc.26472 PMID: 21964797

PLOS ONE | https://doi.org/10.1371/journal.pone.0176422  April 20, 2017 12/12


https://doi.org/10.1093/infdis/jiq058
https://doi.org/10.1093/infdis/jiq058
http://www.ncbi.nlm.nih.gov/pubmed/21208924
https://doi.org/10.1089/apc.2014.0166
https://doi.org/10.1089/apc.2014.0166
http://www.ncbi.nlm.nih.gov/pubmed/25361401
https://doi.org/10.1002/ijc.26472
http://www.ncbi.nlm.nih.gov/pubmed/21964797
https://doi.org/10.1371/journal.pone.0176422

