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• High acceptability of cervico-vaginal self collection (CVSC) in women living in the Tapajós region, Amazon, Brazil
• CVSC had significant agreement for any HPV and hrHPV detection when compared to cervical scraping (CS).
• HIV-uninfected women without cervical lesions have high prevalence of any HPV, HPV16 and HPV18.
• HIV-infected women with or without cervical lesions have high prevalence of any HPV, HPV16, HPV51 and HPV59.
• HIV-infected women with lower CD4+ T-cell counts carried a significantly higher number of distinct hrHPV types.
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Objective.Weevaluated acceptability of cervico-vaginal self-collection (CVSC) and prevalence of human pap-
illomavirus (HPV) in Human immunodeficiency virus (HIV)-infected and HIV-uninfected women living in the Ta-
pajós region, Amazon, Brazil.

Methods. Cross-sectional study recruited 153 non-indigenous women (HIV-uninfected, n=112 and HIV-in-
fected, n=41) who voluntarily sought assistance in health services. Peripheral blood for HIV screening and cer-
vical scraping (CS) for HPV detection were collected. Women who accepted to perform CVSC received
instructions and individual collection kits. Risk factors for high-risk HPV genotypes (hrHPV) were identified by
uni- and multivariate analyses.

Results. The overall acceptability of CVSC was 87%. Only HIV-infected women had cytological abnormalities
(12.2%). Prevalence of any HPV and hrHPV infection was 42.9% and 47.9% for HIV-uninfected and 97.6% and
77.5% for HIV-infected women, respectively. There was significant agreement in the detection of HPV (88%,
0.76, 95% confidence interval [CI], 0.65–0.87) and hrHPV (79.7%, 0.56, 95% CI, 0.41–0.71) between self-collected
and clinician-collected samples. Themost prevalent hrHPV types were HPV16 and HPV18 in HIV-uninfected and
HPV16, HPV51 and HPV59 in HIV-infected women. HIV-infected women with hrHPV infection had multiple
hrHPV infections (p = 0.005) and lower CD4 count (p = 0.018). Risk factors for hrHPV infection included
being HIV-infected and having five or more sexual partners.
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Fig. 1. Representative map of the Tapajós region, within
Santarém and the 22 municipalities in the Tapajós region
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Conclusions. CVSC had high acceptability and high prevalence of hrHPV types in women living in the Tapajós
region, Amazon, Brazil.
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1. Introduction

The World Health Organization (WHO) estimates that N290 million
womenworldwide have a HPV infection [1]. Sexually transmitted infec-
tions (STIs) continue to be a health problem worldwide, as they can
cause a wide range of acute clinical conditions in addition to severe
complications and long-term consequences such as cervical cancer
and AIDS [2]. Despite numerous prevention strategies, cervical cancer
incidence and mortality remains high, especially in resource-limited
settings [3].

In Brazil, the National Cancer Institute estimates an annual cervical
cancer incidence rate of 24.91 per 100,000 inhabitants for the Northern
region by 2018, which is the most common incident cancer in the Am-
azon region [4]. The Tapajós region,which is the focus of our study, is lo-
cated in Northern Brazil and is comprised of two mesoregions of the
state of Pará, the Lower Amazon and the Southwest (Fig. 1). It encom-
passes part of the Amazon rainforest in a territory of 281,082 mi2 [5].
Traveling to access health services at Santarém, the city that has the
best infrastructure in the region, tends to be arduous and challenging,
located approximately 48,622,296 mi by highway from one of the
most remote municipalities of the region or 93,2057 up to 178,334 mi
the state of Pará, Northern Brazil. Ge
.
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by river from onemunicipality not so far. [6]. Santarém receives people
from 22municipalities who are looking formedical care throughout the
Tapajós region [5], as depicted in Fig. 1.

In this context, the implementation of a CVSC method, to facilitate
widespread hrHPV-DNA testing, andwhichwould yield comparable re-
sults as obtained with the clinician-collected cervical samples [7,8] is an
important strategy to encourage women to participate in the cervical
cancer screening program and increase coverage and uptake of HPV
testing in the Tapajós region. The aim of this study was to evaluate the
acceptability of CVSC and prevalence of HPV in HIV-infected and HIV-
uninfected women living in the Tapajós region, Amazon, Brazil.

2. Methods

2.1. Ethical issues

Womenwere invited to participate in the study after signing a writ-
ten informed consent form, followed by an epidemiological interview.
Written informed consent was obtained from all participants in strict
compliance with the Brazilian ethical guidelines involving human sub-
jects (protocol numbers 1.099.852 and 1.059.253).
ographic demarcation of Northern Brazil and the Brazilian legal Amazon. Highlighted are
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2.2. Study design and population

A cross-sectional study was conducted from August 2015 to August
2016 that included a total 186 women were approached and invited to
participate and 153 of those accepted to enter the study. The 153 sub-
jects were consisting of non-indigenous HIV-infected and HIV-unin-
fected women living in the Tapajós region. The women were recruited
in nine public health units strategically spread out between the center,
semi-periphery and periphery of Santarém, making the study group
representative of the population of the Tapajós region. The HIV-infected
women being followed up at the Santarém counseling and testing cen-
ter were also invited. This is the only referral center for the care and fol-
low up of people living with HIV in this region. All women were first
screened for HIV infection by HIV rapid diagnostic testing (Alere Deter-
mine™ HIV-1/2 Kit, Chiba, Japan). For those with reactive results, we
further collected intravenous blood samples to prepare aliquots of
serum and plasma, for conventional HIV serology confirmatory testing
(4th-generation ARCHITECT assay, Abbott, Germany) and HIV viral
load determination (Abbott Real Time HIV-1® kit, Abbott, Germany;
limit of detection 40 copies/mL) and of whole blood samples for CD4
+ T-lymphocytes (Alere™ PIMA CD4 Test, Jena, Germany), according
to the manufacturer's instructions.

2.3. Cervical samples collection

All women underwent a gynecological evaluation for cytology (Pap
smear). The sample was collected with an endocervical brush by the
health unit personnel and preserved in ThinPrep Pap Test (Hologic,
Inc., San Diego, California, USA) preservative vials, constituting the CS.
Soon after the women were invited to perform the CVSC, and those
who agreed received an individual collection kit and specimen collec-
tion instructions with the aid of an illustrated, self-explanatory pam-
phlet, with step-by-step procedures [7,9]. CVSC was done immediately
after the PAP smear. The procedure was done in a separate officewithin
the health care providers office, where the patientwas alone to perform
it. After the procedure those women handed the CVSC sample immedi-
ately to the health care provider for identification and storage. All col-
lected samples were locally labelled and stored at 5°C up to 5 h,
transported to the Federal University of Western Pará, in Santarém,
PA, for storage until sending to the Aids and Molecular Immunology
Laboratory at the Oswaldo Cruz Foundation, Rio de Janeiro, Brazil and,
later on, to the University of Southern California, Los Angeles, CA, USA.

2.4. DNA extraction and HPV DNA detection

DNA extraction from the cervical samples was performed with the
QIAamp DNA Mini Kit (Qiagen, Valencia, California, USA), according to
the manufacturer's protocol, and quantified by spectrophotometry on
Nanodrop (ND 1000, Fisher Scientific, Wilmington, USA). Nested PCR
was performed to detect HPV DNA targeting the L1 gene. In the first
round PGMY09 and PGMY11 primers were used to amplify a fragment
of 450 base pairs (bp) and the second round GP5+ and GP6+ primers
were used for amplification of 110 bp, as previously described [10,11],
in an automatic thermocycler (GeneAmp PCR System 9700 - Applied
Biosystems). PCR for theβ-globin genewas performed onHPV-negative
samples as a control of DNA extraction and viability.

2.5. HPV genotyping and multiple HPV types

Nested PCR products were purified with Wizard® SV Gel and PCR
Clean-up System (Promega Madison, WI, USA), and sequenced using
the ABI Prism™ BigDye Terminator Cycle Sequencing kit on an ABI
3730xl automatic DNA sequencer (Applied Biosystems, Foster City, CA,
USA). Nucleotide sequences analysis was done using Molecular Evolu-
tionary Genetics Analysis (MEGA) software version 7.0.18. Sequence
characterization was performed in the Basic Local Alignment Search
Please cite this article as: L.L.S. Rodrigues, et al., Cervico-vaginal self-col
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Tool using nucleotide (BLASTn) (https://blast.ncbi.nlm.nih.gov). Sam-
ples presenting DNA sequencing electropherograms with double or
multiple peaks were subject to detection of multiple HPV infections
using the Novaplex™ II HPV28 Detection Assay (Seegene, Seoul, South
Korea) in the CFX96™ Real-time PCR System (Bio-Rad, Hercules, Cali-
fornia, USA) [12]. HPV samples were grouped into three groups consid-
ering the oncogenic risk classification: high-risk, ” or ” carcinogenic and
low-risk [13].

2.6. Statistical analysis

Descriptive statistics of the qualitative variables was determined by
frequency distribution and quantitative variables bymedians and inter-
quartile ranges (IQR) or mean and standard deviation (SD). Chi-square
test was used for categorical variables and Mann-Whitney U test for
continuous variables, both at 95% CI and p value ≤0.05. For the identifi-
cation of risk factors, we initially used univariate analysis and Odds Ra-
tios (OR) were calculated. Variables with p value ≤0.20were used in the
multivariate analysis. In the last model of themultivariate analysis only
the variableswith p value ≤0.05 remained in themodel and the adjusted
Odds Ratios (aOR) were calculated. Spearman's ρ test was performed to
evaluate the linear relationship between CD4+ T-cell count (as a proxy
of immunosuppression levels) and number of hrHPV.We considered 39
copies/mL for the viral load below limit of detection (40 copies/mL) for
statistical purposes. The agreement rate between CVSC and CSwas per-
formed using the Kappa testwith 95% CI and p value ≤0.05. All statistical
analyzes were performed using the Statistical Package for Social Sci-
ences (SPSS) software version 19.0 (IBM Corp., Armonk, USA).

3. Results

3.1. Sociodemographic characteristics of the study groups

A total of 287 cervical and cervico-vaginal specimens were obtained
from 153 women who agreed to participate in the study. Participants
were divided into two groups: HIV-uninfected women (N = 112) and
HIV-infected women (N = 41). The mean age of participants was 36.9
(±12.9) years, ranging from 17 to 75 years. Compared to HIV-unin-
fected women, HIV-infected women were more likely to be single (p
= 0.006), to live outside the main city of Tapajós region (Santarém)
(p = 0.005), have higher number of pregnancies (p = 0.050), more
likely to report regular use of condom (p=0.010) and less likely to re-
port use of hormonal contraception (p = 0.004) (Table 1).

3.2. Cytological results

All 153 CS were submitted to cytology. Self-collection samples were
not submitted to this analysis. None of thewomen included in the study
had been HPV tested or had received the HPV quadrivalent vaccine. All
HIV-uninfected women had negative cytology. Among HIV-infected
women, 12.2% (5/41) had cytological abnormalities, of which three
cases (7.3%) of low grade squamous intraepithelial lesion (LSIL) and
two cases (4.8%) of high grade squamous intraepithelial lesion (HSIL).
Women diagnosed with HSIL were referred for colposcopy and biopsy
for confirmation and medical care follow up.

3.3. Acceptability of CVSC

The overall acceptability of CVSCwas 87% (133/153). The remaining
women (20/153) did not accept performing an additional assay. There
was no statistically significant difference in the education level between
the women who accepted and those who did not take part in the self-
collection option (p=0.760). Roughly 84% (94/112) of HIV-uninfected
women and 95% (39/41) of HIV-infected women agreed to perform the
CVSC, demonstrating a high acceptability in both groups.
lection in HIV-infected and uninfected women from Tapajós region,
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Table 1
Sociodemographic characteristics of HIV-infected andHIV-uninfectedwomen living in the
Tapajos region in the Northern Brazil.

Variables Total HIV-uninfected HIV-infected p
value

Sample size (n) 153 (%) 112 (%) 41 (%) –
Age (years) 36.9

(±12.9)
36.9 (±13.1) 36.9

(±12.4)
0.995

Housekeeper 84 (54.9) 60 (53.6) 24 (58.5) 0.855
Marital status 0.006

Single 59 (39.3) 36 (32.7) 23 (57.5)
Married/living together 91 (60.7) 74 (67.3) 17 (42.5)

Education up to high school 129 (84.9) 91 (82) 38 (92.7) 0.102
City of birth 0.191

Santarém, Pará 103 (67.3) 78 (69.6) 25 (61.0)
Other municipalities
in the Tapajós region

27 (17.6) 16 (14.3) 11 (26.8)

Outside the Tapajós region 23 (15.0) 18 (16.1) 05 (12.2)
City of residence 0.005

Santarém, Pará 146 (96.1) 111 (99.1) 35 (87.5)
Other municipalities in
the Tapajos region

06 (3.9) 01 (0.9) 05 (12.5)

Number of pregnancies 3.4 (±3.5) 3.0 (±2.3) 4.3 (±5.7) 0.050
Hormonal contraception 46 (30.1) 39 (34.8) 07 (17.1) 0.004
History of cancer 26 (19.7) 15 (16.5) 11 (26.8) 0.167
Alcohol use 46 (30.3) 32 (28.6) 14 (35.0) 0.447
Use of cigarettes 22 (14.5) 16 (14.4) 06 (14.6) 0.973
Illicit drug use 05 (3.3) 02 (1.8) 03 (7.3) 0.124
Age of first sexual
intercourse

16.7 (±2.9) 16.9 (±3.2) 16.1 (±1.9) 0.091

Number of sexual partners 7.4 (±14.8) 6.6 (±15.7) 9.9 (±11.5) 0.230
Regular use of condoms 25 (16.4) 13 (11.7) 12 (29.3) 0.010

Table 2
Prevalence of HPV types in HIV-uninfected and HIV-infected women.

HPV types HIV-uninfected women HIV-infected women

CVSCHPV+ CS HPV+ CVSC HPV+ CS HPV+

N % N % N % N %

Mono infection 37 100.0 37 100.0 38 100.0 39 100.0
33 89.2 36 97.3 6 15.8 6 15.4

High-risk 15 45.4 22 61.1 0 2 33.3
16 3 9.1 7 19.4
18 5 15.2 4 11.1
31 1 3.0 4 11.1
33 1 3.0 3 8.3
45 1 3.0 1 2.8
52 1 3.0 0
56 1 3.0 1 2.8
58 2 6.1 2 5.6

Probable or
possible
carcinogenic

5 15.2 6 16.7 4 66.7 1 16.7

Low-risk 13 39.4 8 22.2 2 33.3 3 50.0
Total HPV 33 100.0 36 100.0 6 100.0 6 100.0
Multiple infections 4 10.8 1 2.7 32 84.2 33 84.6

High-risk 4 44.4 1 50.0 69 43.4 69 41.1
16 1 11.1 0 7 4.4 7 4.2
18 1 11.1 0 4 2.5 3 1.8
31 0 0 6 3.8 5 3.0
33 1 11.1 0 4 2.5 4 2.4
35 0 0 4 2.5 5 3.0
39 0 0 3 1.9 1 0.6
45 0 0 5 3.1 4 2.4
51 0 0 13 8.2 13 7.7
52 0 0 2 1.3 2 1.2
56 0 0 5 3.1 6 3.6
58 0 1 50.0 6 3.8 6 3.6
59 0 0 10 6.3 8 4.8

Probable or
possible
carcinogenic

4 44.4 1 50.0 31 19.5 40 23.8

Low-risk 1 11.1 0 59 37.1 59 35.1
Total HPV 9 100.0 2 100.0 159 100.0 168 100.0

Abbreviations: CVSC: Cervico-vaginal self-collection, CS: Cervical scraping.
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3.4. HPV infection in CVSC and CS specimen

The overall prevalence of HPV infection was 42.9% (48/112) and
97.6% (40/41) for HIV-uninfected and infected women, respectively,
when considering positivity in at least one of the two clinical sample
type specimens (Table S1).

There was significant agreement in the detection of HPV-DNA and
hrHPV-DNA between the two sample collection methods. Comparing
both collection methods, the agreement rate between CVSC and CS
among in study participants was 88.0%, kappa = 0.76 (95% CI, 0.65–
0.87, p b 0.0001) for HPV detection and 79.7%, kappa = 0.56 (95% CI,
0.41–0.71, p b 0.0001) for hrHPV detection. The agreement rate for de-
tection HPV-DNA in HIV-uninfected women between the two methods
was 85.1%, kappa = 0.68 (95% CI, 0.52–0.83, p b 0.0001). Such calcula-
tions were not possible among HIV-infected women as there was no
concordant HPV-DNA negative samples in the two collection methods.
The agreement rate for detection of hrHPV-DNA between the two
methods was 81.9%, kappa = 0.40 (95% CI, 0.17–0.64, p = 0.0001) in
HIV-uninfected women and 74.4%, kappa = 0.28 (95% CI, −0.06–0.63,
p = 0.083) in HIV-infected women.

3.5. HPV types in HIV-uninfected and HIV-infected women

HPV genotyping revealed a high frequency and diversity of the HPV
types found in this study (Table 2; Fig. 2). Among the HIV-uninfected
women 89.2% (33/37) had single infections and 10.8% (4/37) multiple
infections in the CVSC, whereas 97.3% (36/37) had single infections
and 2.7% (1/37) had multiple infections detected in their CS (Table 2).
In HIV-infected women, however, multiple infections were much
more prevalent at 84.2% (32/38), and single infections accounted for
15.8% (6/38) in the CVSC, similar to the 15.4% (6/39) of single infection
and 84.6% (33/39) of multiple infections in CS (Table 2). The overall
prevalence of hrHPV was 47.9% (23/48) in HIV-uninfected women and
77.5% (31/40) in HIV-infected women considering positivity in at least
one of the two clinical sample type specimens. In HIV-uninfected
women high-risk HPV16 and HPV18 represented 24.3% of the
Please cite this article as: L.L.S. Rodrigues, et al., Cervico-vaginal self-col
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monoinfections in the CVSC and 30.5% in the CS. In HIV-infected
women, a greater diversity of HPV was identified, with high-risk
HPV16, HPV51 and HPV59 being the most frequent in CVSC (18.9%)
and CS (16.7%) (Table 2).

All five cases of HIV-infected women with pre-neoplastic lesion
were hrHPV positive.

In the two HSIL cases, high-risk HPV31 and HPV31-HPV35 co-infec-
tion were identified. In the three cases of LSIL the following high-risk
HPV types were identified: HPV56, hrHPV51-58 co-infection andmulti-
ple infection with HPV16-HPV18-HPV51-HPV56-HPV59 (Fig. 2).

No statistically significant difference was found between age range
and the two groups (p = 0.455). The hrHPV infection seems to be
more concentrated in the age groups encompassing 21–40 yo (35.3 ±
12.3) for HIV-uninfected and 31–50 yo (37.6 ± 12.5) for the HIV-in-
fected women.

All HIV-infectedwomenwere on combination antiretroviral therapy
(cART). No significant association was found betweenmedian HIV viral
load and hrHPV infection (p = 0.893). However, hrHPV infection was
significantly related to a lower median of CD4+ T-cell count (p =
0.018) (Table S2).

In addition, Spearman's correlation test showed that HIV-infected
women with lower CD4+ T-cell counts carried a significantly higher
number of distinct hrHPV types (rô = −0.432; p = 0.005) (Fig. 3).

3.6. Risk factors for hrHPV infection in women living in the Tapajós region

Univariate analysis showed the following variables as risk factors for
high risk oncogenic HPV infection (p ≤ 0.20): more likely to be HIV-in-
fected (OR = 18.0, 95% CI = 6.48–49.98), more likely to be single (OR
lection in HIV-infected and uninfected women from Tapajós region,
doi.org/10.1016/j.ygyno.2018.08.004
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Fig. 2.Diversity of HPV types isolated in cervico-vaginal self-collection and cervical scraping of HIV-uninfected andHIV-infectedwomen. The columns are not organized by paired samples from the samewomen, but according to the oncogenic risk for
both specimen types. The high-risk HPV types are in red, ” or ” carcinogenic are in yellow and low-risk are in blue. The samples of HIV-infectedwomenwith high grade squamous intraepithelial lesion (HSIL) arewith black borders and thosewith low
grade squamous intraepithelial lesion (LSIL) are with green borders. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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= 1.69, CI 95% = 0.87–3.28), more likely to live outside the main city of
Tapajós region (Santarém) (OR = 6.77, CI 95% = 0.77–59.44), have no
regular Pap smear screening (OR=1.95, 95%CI=0.74–5.13),more likely
no previous history of HPV such as warts, condylomas and cervical dys-
plasias (OR = 1.68, CI 95% = 0.74–5.13), more likely alcohol use (OR
= 2.34, CI 95% = 1.16–4.75), and have five or more sexual partners (OR
=2.07, 95%CI=1.07–4.00) (Table 3). In themultivariate analysis, all var-
iables were adjusted and in the last model the following variables
remained in the model as risk factors (p ≤ 0.05): being HIV-infected
(aOR = 17.06; 95% CI = 5.96–48.83); use of alcohol (aOR = 2.49; CI
95% = 1.09–5.71) and to have five or more sexual partners (aOR =
1.32, 95% CI = 0.60–2.90) (Table 3).

4. Discussion

In the present study we found a high acceptability rate (87%) of
womenwho agreed to perform CVSC, similar to that observed in studies
conducted in developed countries, where people are expected to have
higher educational levels [14,15]. This study was conducted in an eco-
nomically poor region of Brazil and with women who had a medium
to low level of education. Regardless, it was felt critically important to
have adequate explanations about the instructions on self-collection
to give her support to decide whether or not to perform it, as has been
seen in a study with women with low levels of education and socioeco-
nomic status in Mexico [16]. We also highlighted the advantage of edu-
cating women about the role of HPV in the etiology of cervical cancer
during the process of providing instructions for self-collection.

Some women reported having difficulties undergoing routine cervi-
cal cancer screening due to many issues, like the cost and time spent
traveling to the health service centers, the lack of collection kits at the
health unit, the long intervals between clinical consultation and collec-
tion, household duties such as having to take care of their children, the
partner not allowing the process of vaginal collection, or just because
they would feel embarrassed during collection. Others also confessed
that the only reason they perform the examination is to update their
registration in the Brazilian social program, to keep receiving financial
assistance by the government. Somewomen also felt unmotivated to re-
turn to the clinic to receive their results, because if the result showed ab-
normal cytology, they were not confident they would receive follow-up
medical care. Corroborating with the above mentioned issues, the same
barriers for acceptance were observed for the Pap smear screening in a
qualitative study with low-income indigenous women living in rural
areas of Mexico [17].

The CVSC showed a significant agreement rate in the detection of
HPV and hrHPV compared with CS on the HPV detection among all
study participants and also when restricted to HIV-uninfected women.
In addition, a gross similarity was observed in the rates of single- and
Fig. 3. Correlation between the type number of high-risk HPV and CD4+ T-cell counts. Spearm
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multiple HPV infections in both methods between the two women
groups. The slight difference between the HPV types detected in the
CVSC and CS can be explained by the possibility of collecting cells
from the epithelial lining of the vagina in addition to cervical cells in
the CVSC. New technologies in cervical cancer screening have been pro-
posed to directly benefit high-risk populations [18]. Several studies
showed the safety of self-collection compared to the clinician-collected
cervical samples [14–16,19–21] and the improved performance of a pri-
mary HPV test in early detection of HSIL compared with negative cytol-
ogy [22–26]. HPV-DNA molecular testing coupled with samples
obtained by CVSC is a valid alternative to be considered in the practice
of cervical cancer screening in the Tapajós region, because of the ease
and feasibility both for women who routinely attend clinics, such as
HIV-infected women, and those who undergo it for the first time or
less regularly, such as those from our study.

To the best of our knowledge, this is the first study that has evalu-
ated CVSC in women from the Tapajós region, Amazon. In fact, there
are few data on HPV infection in Northern Brazil, using conventional
cervical scraping. Most of the prevalence surveys in Pará were con-
ducted with women recruited in Eastern and Northeast Pará, with re-
ported ranges in non-indigenous women between 10.5% to 22.8% for
HPV [27–29]. A study conducted inManaus, Amazonas reported a prev-
alence rate of 61.6% of hrHPV infection in non-indigenouswomen living
with HIV/AIDS [30]. In contrast, much higher prevalence of HPV and
hrHPV infections were found in our study conducted in the Tapajós re-
gion, including both in HIV-uninfected with normal cytology and HIV-
infected women who had abnormal cytology or not.

Themost prevalent hrHPV typeswere HPV16 and HPV18 in HIV-un-
infectedwomen,whereas, in HIV-infectedwomen there was greater di-
versity andmultiplicity of HPV types, including those not covered by the
quadrivalent or bivalent HPV vaccines, HPV16, HPV51 and HPV59 being
themost frequent. In a study of socially isolated and non-isolated indig-
enous women living in the Amazon forest, 39.7% prevalence of HPV in-
fection and 26.5% of hrHPV were identified, where HPV16 (9.5%),
HPV18 (7.2%), HPV31 (8.8%), HPV53 (3.0%) and HPV 68 (3.8%) were
the most frequent [31]. The general population of women living in the
Tapajós region has different types of circulating hrHPV.

Our findings and other evidence [28,31] make us speculate that high
prevalence and long-term persistence of HPV infection is a hereditary
characteristic of the prehistoric peoples of the Amazon and it seems
that those living farther away from the urban centers of the Amazon
are more likely to be infected by hrHPV. Social factors such as difficult
access to communities and lack of access to basic public health services
have a higher impact on the consequences of long-termpersistenceHPV
infection for women. Cultural and behavioral factors, such as low fre-
quency of condomusage and limited hygienic conditions,might explain
recurrent infections, which are associated with high HPV prevalence
an's correlation test; rô = −0.432; p = 0.005. P-value b 0.05 was considered significant.
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Table 3
Univariate and multivariate analyses of risk factors for hrHPV-DNA detection in HIV-uninfected and HIV-infected women.

High-risk HPV infections

Variables Total Yes (%) p value OR (95% CI) Adjusted OR (95% CI)

HIV-uninfected 112 32 (28.6) b0.0001 1.00 1.00
HIV-infected 41 36 (87.8) 18.0 (6.48–49.98) 17.06 (5.9–48.8)
Marital status 0.118

Single 59 31 (52.5) 1.69 (0.87–3.28) –
Married/living together 91 16 (39.6) 1.00 –
City of residence 0.088

Santarém, Pará 146 62 (42.5) 1.00 –
Other municipalities in the Tapajos region 06 05 (83.3) 6.77 (0.77–59.44) –

Pap smear regularly 0.171
No 20 12 (60.0) 1.95 (0.74–5.13) –
Yes 115 50 (43.5) 1.00 –

History of HPV infection 0.216
No 118 55 (46.6) 1.68 (0.74–3.76) –
Yes 32 11 (34.4) 1.00 –

Alcohol use 0.017
No 106 40 (37.7) 1.00 1.00
Yes 46 27 (58.7) 2.34 (1.16–4.75) 2.49 (1.09–5.7)

Number of sexual partners 0.029
≤04 87 32 (36.8) 1.00 1.00
≥05 64 35 (54.7) 2.07 (1.07–4.00) 1.32 (0.60–2.90)
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and diversity [32]. In addition, the high prevalence of HPV and hrHPV
found in this study may be related to the high sensitivity and specificity
of the laboratory techniques used here for HPV genotyping.

CD4+ T-cell counts were shown to be a better marker for the detec-
tion of multiple hrHPV types than HIV viral load, similar to the ratio re-
ported in a study done with women in Senegal, West Africa [33].
Although it was not possible to perform a statistical analysis, 12.2% of
cases of cytological abnormalities in HIV-infected women were identi-
fied and all were positive for hrHPV-DNA, includingmultiple infections.
Combined antiretroviral therapy appears not to have fully protected
women from the development of pre-neoplastic lesions and multiple
hrHPV infections. In agreement with our data, a recent study developed
in Manaus found a high prevalence of hrHPV types among HIV infected
women, with high prevalence of multiple types [34]. Treatment for HIV
does not appear to impact the rate of hrHPV infection, it decreases viral
load and consequently delays immunosuppression. But coinfection by
HIV and hrHPV significantly impacts immunosuppression, and HIV-in-
fected women with lower CD4+ T-cell counts carried a significantly
higher number of distinct hrHPV types. The association of immunosup-
pression with a higher frequency of hrHPV, and still a higher risk of cer-
vical dysplasia, was also found in HIV seropositive women from
Johannesburg South Africa [35].

In this study, there was no significant difference between the preva-
lence of HPV and hrHPV infection by age in the two studied groups. Risk
factors identified were having HIV infection, being single, having five or
more sexual partners and alcohol use. It is well established in the liter-
ature that a set of factors are necessary for the development of cervical
cancer, and persistent infection with hrHPV is the main one but there
are other ones like HIV infection and herpes simplex virus type 2
(HSV-2) [3,36,37]. Further studies should be performed in the Tapajós
region for a better understanding of the relationship between age,
hrHPV infection and cancer risk.

Our study has some limitations. The cross-sectional epidemiological
design does not allow the temporal relationship between exposure and
effect to be established, whichmakes it difficult to establish a causal re-
lationship. The sample size, particularly of HIV-infected women, may
have been influenced by the difficulty of access and the infrastructure
of the health units in Santarém, as well as the lack of data in the litera-
ture on the prevalence of HIV and HPV infection in the population stud-
ied. In order to maintain homogeneity between the two groups of
women, we established the criterion of including only HIV-infected
women who had been diagnosed with HIV infection during the same
Please cite this article as: L.L.S. Rodrigues, et al., Cervico-vaginal self-col
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study period from August 2015 to August 2016 and in the same age
groups as HIV-uninfected women (36.9 ± 13.1).

As CVSC is a patient-centered method and is more inclusive and,
therefore, the reasons that women can't or did not want to go to health
centers to do Pap smear collection (CS) would be avoided. The woman
with hrHPV infection detected on self-collection should be referred for
medical follow-up that should follow the flow of care established by
the Brazilian cervical cancer screening guidelines, which is to perform
cytological screening by Pap smear and, if the result is abnormal, per-
form the colposcopy, and depending on the degree of cervical lesion ob-
served, perform the biopsy for confirmation. The gap that currently
exists in cervical cancer screening is that many women are still not
being reached or are not efficiently attained. CVSC is a new technology
for screening that can change this scenario.

The data in this study about CVSC andHPV infection inwomen living
in the Tapajós region reveal differences on the prevalence and diversity
of HPV and hrHPV and can add to the body of evidence on this topic and
inform global meta-analyses and systematic reviews to support evi-
dence-based policies of cervical cancer prevention and control. Self-col-
lection of specimens for use in cervical cancer screening programs will
be the appropriate approach for expanding cervical cancer screening
services for this population that lives in a limited-resource and geo-
graphical remote region in Northern Brazil with a high incidence and
mortality of cervical cancer.

5. Conclusions

CVSC had a high acceptability in HIV-negative and HIV-positive
women living in the Tapajós region. We identified a much higher prev-
alence rate of HPV and hrHPV than those reported in the literature in
our population and with different types of hrHPV that are not included
in the quadrivalent HPV vaccine. We encourage public health care offi-
cials to include CVSC along with hrHPV-DNA testing as a primary ap-
proach alternative in Northern Brazil, where cervical cancer persists
with the highest incidence and highest mortality.
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