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Abstract

Objective

Indigenous women from the Amazon regions have some of the highest rates of cervical
cancer in the world. This study evaluated cervical cytology and human papillomavirus
(HPV) in native women that differ by lifestyle and interaction with western society. Yano-
mami women are isolated deep in the Amazon with a hunter/gatherer lifestyle. Macuxi and
Wapishana women live in proximity to western society.

Methods

To select a representative group of women from each district, random cluster sampling was
used, considering each registered village as a cluster. Cervical samples were collected for
cytology and HPV detection and typing by PCR amplification and next generation sequenc-
ing. The study was approved by the National IRB and by tribal leaders.

Results

664 native women were enrolled from 13 indigenous villages (76% participation rate). Yano-
mami women had higher rates of abnormal cytology (5.1% vs. 1.8%, p = 0.04) and prevalent
HR-HPV (34.1% vs. 19.2%, p<0.001). Yanomami women >35y of age were significantly
more likely to have HR-HPV, whereas women <35y did not significantly differ between
groups. Prevalence of HPV was significantly different amongst geographically clustered
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Yanomami women (p<0.004). The most prevalent HPV types in the entire group were
HPV31 (8.7%), HPV16 (5.9%) and HPV 18 (4.4%).

Conclusion

Isolated endogenous Yanomami women were more likely to be HPV+ and rates increased
with age. Study of HPV in isolated hunter-gather peoples suggests that long-term persis-
tence is a characteristic of prehistoric humans and patterns reflecting decreased prevalence
with age in western society represents recent change. These studies have implications for
cervical cancer prevention and viral-host relationships.

Introduction

Among the nearly 500,000 new cases of cervical cancer (CC) estimated annually worldwide,
80% occur in middle or low income countries such as Brazil[1], where 15,900 new cases of cer-
vical cancer occur each year (19/100,000)[2]. In the Brazilian Amazon region, CC is a major
public health problem. A population-based study[3] conducted in 2010 revealed an annual
incidence rate of 46/100.000 in the Amazonian region, which is the highest incidence rate in
Brazil. Demographicaly approximately 15% of the Brazilian Amazonian population is consti-
tuted by indigenous peoples[4]. However, 23% of cervical cancer cases in this region are
reported in native women[3], suggesting a higher risk of CC (estimate incidence rate 110/
100,000) which is amongst the highest rates reported in the world([5].

Despite improving the health of indigenous populations being identified as a priority for
Healthcare Organizations[6], the health and epidemiological profile of indigenous women
remains unknown, due, in part, to the lack of research and the precariousness of information
systems on morbidity and mortality in these groups[7]. In South America, few studies have
assessed the prevalence of HPV and cervical intraepithelial lesions in indigenous women in the
jungle, whereas many studies have investigated indigenous groups from the most urbanized
regions of the continent[8-10]. In indigenous groups in South America with permanent inter-
actions with western society, the reported prevalence of HPV in asymptomatic women ranged
from 14 to 60%. A study that analyzed the HPV16 variants in Quechua indigenous women (an
ethnic group integrated within the surrounding society) that inhabit the border region between
Argentina and Brazil reported that 69% of HPV16 genotypes detected were European variants,
reflecting the possible influence of Portuguese—Spanish colonization of the Inca and their
descendants of that region[11].

Currently most isolated indigenous groups in the Americas are inhabitants of the Amazo-
nian rainforest, with high rates of cervical cancer and little knowledge of the HPV within these
groups. A study by Ong et al.[12] investigated HPV infection in women of three isolated
indigenous tribes from the Brazilian Amazon twenty years ago (Tiriyo, Waiapi and Mundur-
ukt1). They reported a HPV prevalence of 14.4% but only evaluated 19 types of genital HPV.
Genetic sequencing of not typed samples revealed more than 10% nucleotide variability in rela-
tion to the nearest genotype, and it was suggested that these isolates were possibly novel types,
endemic to native Amazonian population.

Different populations, especially isolated indigenous people, may exhibit distinct character-
istics of HPV infections, related to their ancestry, lifestyle and sexual behavior. Moreover,
knowledge about the epidemiology of HPV is necessary to understand the etiologic role of dif-
terent HPV types and variants in these populations in order to develop effective preventative

PLOS ONE | DOI:10.1371/journal.pone.0133635 July 24,2015 2/18



@’PLOS ‘ ONE

HPV Infection in Amazonian Indigenous Women

strategies against CC. Isolated indigenous groups (Yanomami) and groups with permanent
interaction with the surrounding society (Macuxi and Wapishana) inhabit the extreme north
of the Brazilian Amazon, presenting an ecological difference that can be used to investigate the
influence of isolation and prehistoric living conditions on HPV diversity and associated cervi-
cal disease. To date, the prevalence and diversity of cervical HPV in these groups have not been
studied. The objective of this investigation was to evaluate the prevalence of cervical intrae-
pithelial lesions and HPV in indigenous groups from the Amazon region, before the vaccina-
tion against HPV.

Material and Methods
Ethical Aspects

The study was approved by the IRB of the Tropical Medicine Foundation of the Universidade
do Estado do Amazonas. As indigenous peoples are considered vulnerable by the Brazilian gov-
ernment, the study was also reviewed and approved and by the National Committee for Ethics
in Research involving Human Beings in Brasilia—DF (Document No. 325/2012; Protocol
CONEP 16,800). Tribal leaders agreed and formally authorized the execution of the study, but
some questions were not approved by them (considered cultural taboo) and were excluded
from the questionnaire (menarche, sexual debut, number of sexual partners, previous STD).
The Yanomami people have no written language, but only spoken language. So they can not be
considered illiterate. Consequently, the study considered the use of fingerprints in the consent
form, and this item was fully approved by both IRB. The female participants were widely
informed about the study aims and methods, and signed (or fingerprinted) the consent form.
Assistance from professional translators was used as necessary. All samples were coded and did
not have individual identifying information.

Study Design

A cross-sectional study was performed, which consisted of selecting a random sample of indig-
enous women in remote areas of the northern Amazon region of Brazil, to collect biological
samples (cervical swabs), between February and July 2013. The study was designed to evaluate
the prevalence of cervical intraepithelial lesions by cytology, and HPV infection by PCR ampli-
fication and next generation sequencing (NGS) in a pre-HPV vaccination population compar-
ing two groups of women defined below.

Study site and participants

Due to cultural, ethnic and anthropomorphic factors, the Federal Government of Brazil has
divided the indigenous groups from northern Amazonian region into two geographic regions
(i.e., Indigenous Health Districts): the Eastern Indigenous District (composed mainly by
Macuxi and Wapishana groups), and the Yanomami Indigenous Disctrict (Yanomami and
Yekuana groups) (Fig 1).

With an estimated population of 40,000 inhabitants[4], indigenous people from the Eastern
Indigenou District are mainly represented by Macuxi and Wapishana. They belong to the
Karib linguistic affiliation and the Pemon ethnic group. These groups are characterized by hav-
ing very tenuous ethnic borders with non-indigenous society[13]. The initial contact of Macuxi
with western civilization occured during the Portuguese colonial occupation in the mid eigh-
teenth century. Today most members of these ethnic groups are classified as having recent or
permanent interactions with the non-indigenous society[14]. They are usually fluent in
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Fig 1. Representative map of the northern Amazonian region of Brazil. Geographical demarcation of the Eastern and Yanomami Indigenous Districts,
Brazil, 2014. Location of the randomly selected villages, in order of visit. Yanomami District: 1-Auaris; 2-Maturaca; 3-Marari; 4-Eric6; 5-Surucucu; 6-Demini;
7-Palimi-u; 8-Alto Mucajai. Eastern District: A-Malacacheta; B-Camara; C- Vista Alegre; D-Pium; E-Boqueirdo. This figure is similar but not identical to the
original image, and is therefore for representative purposes only.

doi:10.1371/journal.pone.0133635.g001

Portuguese language, and partially adhering to Western culture, life styles and beliefs. Most
dwellings allow privacy and usually include running water and plumbing.

Also located in the northern Amazon, in the border region between Brazil and Venezuela,
the Yanomami people are made up of approximately 20,000 inhabitants in Brazil[4]. The
Yanomami belong to the Yanomamd ethnic unity, and have their own linguistic affiliation:
Yanomamam|[15]. They are a typical nomadic society of hunters, farmers and gatherers of the
Amazon rainforest, and their contact with non-indigenous people is only very recent in their
history[16, 17]. The Yanomami have remained geographically isolated until the early twentieth
century. In the decades between 1910 and 1940 the first contact with non-indigenous people
was recorded, mainly with military soldiers and anthropologists. Even today, the Yanomami
communities are characterized by living in small, isolated groups in the rainforest (accessable
only by air), keeping their customs, native languages, social structure and practices such as
infanticide, early sexual activity (debut) and multiparity[18]. They live in community thatched
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huts with dirt floors and neither running water nor plumbing. Geneticists and anthropologists
studying the Yanomami have concluded that the absence of genetic, anthropometric and lin-
guistic similarity with indigenous people from the Eastern District supports the view that the
Yanomami have been isolated since ancient times[15, 19-22].

Random sampling

The sample size needed to detect an adjusted Odds Ratio (aOR) higher than 1.5 (2-sided

alpha = 0.05) between groups was calculated estimating the prevalence of HPV infection at
20%, based on the results of studies in other indigenous Amazonian women[9, 12]. Consider-
ing a confidence interval of 95% and an acceptable error of 5%, a minimum sample size of 600
women was surveyed. As indigenous people are distributed in small villages spread in the Ama-
zon forest with difficult access, the sampling process consisted of random cluster sampling,
considering each registered village as a cluster. Forty-two villages in the Yanomami District
and 34 in the Eastern District have been currently registered by Brazilian Government. They
were numbered, and a random sequence was generated (http://www.random.org/) weighted by
the size of the villages. The random selected villages were visited in order of randomization
until the target sample size was achieved.

The access to the Eastern District was made by land or waterway, and the access to the
Yanomami District was by air (small plane and/or helicopter). Including both groups, 664
women were enrolled. Three women were excluded from the study who either declined sample
collection (n = 1) or did not have signs of prior sexual activity during the gynecological exami-
nation (n = 2). Among the 661 women included in the study, 18 did not have cytology speci-
mens obtained due to excessive menstrual flow (n = 15) or absence of a cervix and/or dry
vaginal swabs (n = 3). Among 643 cervical samples collected, 607 (93.5%) were considered
technically satisfactory for cytologic evaluation. The major causes of unsatisfactory samples
were desiccation artefacts (n = 13, 2.0%) and/or presence of more than 75% inflammatory cells
(n =20;3.1%).

Specimen collection and DNA extraction

Two visits to each indigenous village were necessary. The first to obtain the consent of tribal
leaders by explaining the purpose of the study, and to visit families of the village, in order to
invite women to participate. During the second visit, interviews, gynecological examination
and cervical sample collections were performed in basic health units maintained by the Federal
Government of Brazil, located strategically near indigenous villages in remote areas, after for-
mal informed consent of volunteer women, translated to their native language, was obtained.
Interpreters speaking the native dialects were used throughout the study. Sexually active
women who responded to the invitation were enrolled including women of all ages, pregnant
women and postpartum women. Women without prior sexual activity, and those who could
not understand the purposes of the study were excluded.

A structured individual interview collected demographic and clinical information, after
which the participants underwent a gynecological examination including speculum examina-
tion with collection of cervical cells by a phisician, using a cervical brush and wooden spatula,
according to the recommendations of the World Health Organization (WHO)[23]. The cells
were applied to slides, fixed in the field and analyzed by two senior pathologists. A second cer-
vical sample was collected into specimen transport medium (STM; Qiagen, CA) and DNA was
isolated using QIAamp DNA kits (Qiagen, CA) following the recommended protocol. All sam-
ples were eluted in an equal volume of TE buffer. All samples were processed in a BioSafety
Cabinet in a laboratory physically separated from where the PCR amplification was performed.
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NGS primer design and sample sources

Since the spectrum of HPV types present in this isolated population was unknown, we utilized
a novel next-gen sequencing assay recently developed in the Burk laboratory (manuscript in
preparation). Briefly, two targeted regions were used for HPV genotyping (see S1 Fig). For
each assay, several degenerate primers specific to different HPV genera, species or types were
pooled and a unique 8-bp Hamming DNA barcode was appended to the 5" terminal end of
each primer. Each barcode was at least 2-bp different from all other primers[24].

Next-Gen PCR amplification and sequencing. An aliquot of each DNA was amplified
using 8-bp barcoded oligonucleotide primers for each NGS assay. For all samples, a unique bar-
code was introduced to the PCR amplicon by the forward and reverse primers. In brief, 1pl
DNA sample in a 25l reaction with an equal amount of AmpliTaq Gold DNA Polymerase
(Life Technologies, CA) and HotStart-IT FideliTaq DNA Polymerase (Affymetrix, CA). The
PCR conditions included an initial 5 min denaturation at 95°C followed by 15 cycles at 95°C
for 1 min, 55°C for 1 min, and 68°C for 1 min, 25 cycles at 95°C for 1 min, 60°C for 1 min, and
68°C for 1 min, and a final extension at 68°C for 10 min. The annealing temperatures of the
assay fapR were adjusted to 57°C for the first 15 cycles and 62°C for the second 25 cycles.

Successful amplification of the predicted HPV fragment was estimated for each amplicon by
relative band intensity in an ethidium gel compared to a control; barcoded PCR products from
all samples were pooled adjusting for DNA concentration of the PCR produtcs by adding less
for samples with abudant PCR product. If no amplicon was observed by ethidium bromide
staining, 20l of reaction was added into the pooled mixture. The PCR product mixtures were
purified with QIAquick Gel Extraction Kit (Qiagen, CA); an aliquot of purified DNA ampli-
cons was prepared using the Illumina TruSeq DNA Sample Preparation Kit and sequenced on
an Illumina HiSeq (Illumina Inc., San Diego, CA) at the Albert Einstein Epigenomics Shared
Facility using 150bp paired-end reads.

Bioinformatics pipeline and taxonomic classification. The paired-end short Illumina
reads were demultiplexed according to their sample-specific barcodes using Novobarcode
v1.00 (http://www.novocraft.com/), filtered for low quality reads (Q20) and short length (50
bp) using prinseq-lite v0.20.4 [25], and merged to single reads using FLASh v1.2.7 [26]. The
single-end reads that failed to merge were appended. These sequences were then subjected to
cull the chimeras using UChime [27] in USEARCH v 7.0.1001 [28] against a “gold” PV refer-
ence database. All reads passing the QC filter were then clustered into 95% identity operation
taxonomic units (OTUs) and assigned an HPV taxonomy using USEARCH and a training PV
dataset. A table of counts for the number of times each HPV type was observed in each sample
was created; the taxonomy was classified at the type level (Fig 2).

We created a training PV dataset for taxonomic assignments using the UPARSE algorithm
[29]. In brief, all of merged reads were sorted by abundance to discard the singletons in order
to improve specificity. The sequence abundances were then OTU clustered within the 95%
identify threshold. After chimeric sequences were culled from the data sets, the clustered
OTUs were classified using UPARSE-REF algorithm and a PV reference database. Note that
the reference sequences were trimmed to only include the region amplified by each NGS assay.
If OTUs hitting the reference database had 60%- 90% identities to an exiting PV type, they rep-
resented potential novel PV types. A representative OTU set was then assigned with a novel
virus (NV) ID and added to the training PV dataset using the most abundant OTU from each
bin. The OTUs with less than 60% identities to an exiting PV type were assigned to be non-PV
sequences. Several scripts, consisting of a combination of publicly available software and those
developed in-house using R v3.0.2, python v2.7.5, perl v5.12.4 and shell to handle the different
data and formats were used to assist the reads assignment.
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Fig 2. Detailed workflow of bioinformatics pipeline and taxonomic classification of HPV.
doi:10.1371/journal.pone.0133635.9002
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OTU cutoff and definition of HPV positivity. Cutoff values were set to remove “low fre-
quency clusters”. Depending on the total number of sequences, we pruned rare OTUs by each
NGS assay, each illumina library, or each sequencing lane. For each sample, the taxon (HPV
type) was considered negative if the number of reads in the sample was less than 0.5% of the
maximum read number of this type in another sample. A sample was considered negative if
the total number of HPV reads was less than a defined threshold for each assay. Within each
positive sample, for a given HPV type to be considered present, the number of reads had to be
greater than 1% of the total number of HPV reads in the sample.

Quality control of laboratory procedures. One hundred samples (15%) were randomly
selected for repeat amplification and NG sequencing. The assays were performed in a blinded
fashion. The concordance of the prevalence of HPV genotypes between the original data and
the quality control set was greater than 96% (kappa = 0.90). The following types were consid-
ered high-risk HPV (HR-HPV) types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66[30].

Methods of data analysis

Standard descriptive statistical analyzes were performed, including frequency distributions for
categorical variables, and medians and interquartile ranges (IQR) or means and standard devi-
ations (SD) for continuous variables with non-normal and normal distributions, respectively.
Prevalence and 95% confidence intervals (CIs) were estimated based on the binomial distribu-
tion. For comparison of sample means (variables with normal distribution and homogeneity of
variances) the Student's t test was used. Otherwise, the Mann-Whitney test was used. The -
square test was used to compare differences in proportions of categorical variables. Odds Ratios
(OR) and 95% ClIs were calculated in univariate analyzes and adjusted Odds Ratio (aOR) in
multivariate logistic regression analyzes. All variables were tested in multivariate analyzes. The
ecological diversity of HPV types was calculated using Shannon-Weiner diversity index, and
the Mann-Whitney test was used to compare the diversity between groups. Cohen’s kappa
coefficient was used to evaluate interobserver agreement. Data were tabulated and analyzed
using the software MedCalc version 12.7.0 (Ostend, Belgium).

Results

In order to study differences between indigenous people representing an ancient life style in
the jungle and a more western life style, we selected a random sample from 2 regions of north-
ern Brazil (Fig 1). Thirteen indigenous villages were visited between February and June 2013,
and 664 native women were enrolled, representing 76% of the sexually active women within
these locals, according to indigenous demographic census (SIASI). Among this sample, 359
(53.9%) women were Macuxi or Wapishana from 5 randomly selected villages in the Eastern
District (Malacacheta, Pium-Taiano, Camard, Boqueirdo and Vista Alegre), and 305 (46.1%)
women were from 8 Yanomami villages (Demini, Maturacd, Marari, Palimi-t, Surucucu, Alto
Mucajai, Awaris and Erico). The study was conducted before inclusion of the HPV vaccine in
the Brazilian immunization program, and therefore, no woman had been vaccinated.

The average age of participants was 35.8 (£14.5) years, and ranged from 12 to 92 years.
Nearly one third of the participants had between 3 and 5 children (n = 241, 36.4%) and 48
(7.2%) women were pregnant at the time of examination. Of 46 women without children
(6.9%), 27 had been pregnant at least 1 time. The mean age of the women at first child birth
was 18.6 years (+4.1). Most women were married or living with a man (n = 539, 80.9%).
Among these, the average age at marriage was 20.6 years (+7.9). Table 1 shows demographic
characteristics between the ethnic groups (Table 1). The Yanomami women were younger,

PLOS ONE | DOI:10.1371/journal.pone.0133635 July 24,2015 8/18



i@;"L‘)S;‘ONE

HPV Infection in Amazonian Indigenous Women

Table 1. Demographic and clinical features of native indigenous women from the northern Brazilian Amazonian region. (Brazil, 2013).

Total Yanomami District Eastern District p value
Sample size (n) 661 305 (46.1%) 359 (53.9%) -
Age (years) 35.8 (+14.5) 33.1 (x13.1) 38,1 (+14.6) 0,001
Number of children 4.2 (£2.5) 3.5 (£2.3) 4.6 (£2.9) Ns
Number of previous pregnancies 5.1 (£3.0) 4.5 (£2.8) 5.5 (£3.4) Ns
Currently pregnant 48 (7.2%) 32 (10.4%) 16 (4.4%) 0.004
Age by the birthdate of first child (years) 18.6 (+4.1) 16.0 (£3.1) 20.1 (+4.8) 0.004
Marital status
Single 91 (13.7%) 34 (11.1%) 57 (15.8%) Ns
Married/living together 539 (81.5%) 249 (81.6%) 290 (80.3%) Ns
Widow/divorced 34 (5.1%) 20 (6.5%) 14 (3.9%) Ns
Age at the marriage (years) (n = 573) 19.5 (+5.8) 17.1 (#5.1) 21.5 (+8.3) 0.001
Had undergone at least 1 Pap test within last 3 years (n = 631) 366 (58.0%) 118 (42.0%) 248 (70.6%) <0.0001
Had undergone at least 1 Pap test life long (>24 years old) (n = 517) 427 (82.5%) 158 (72.8%) 269 (89.6%) <0.0001
Had undergone at least 3 Pap test life long (>24 years old) (n = 517) 264 (51.0%) 75 (34.5%) 189 (63.0%) <0.0001
Previous hysterectomy 10 (1.5%) 2 (0.6%) 8 (2.2%) ns

Ns: not significative.

doi:10.1371/journal.pone.0133635.t001

married at an earlier age, had a first childbirth at a younger age and were more likely to be cur-
rently pregnant.

When asked if they had at least one Pap test within the last three years, 366 (58%) of 631
women reported having had a Pap test. Amongst the women aged 25 years or older (n = 517),
427 (82.6%) women reported having been screened for cervical cancer one or more times with
264 (51.0%) women stating they had 3 or more Pap tests. Only 22 (3.3%) women were aware of
the results of their prior cytology, and all were from the Eastern District. Eight women from
the Eastern District (2.2%) had undergone prior hysterectomy of which 2 were for cervical can-
cer. Only 2 Yanomami women had undergone hysterectomy and were unaware of the reason
for surgery.

Among the 607 cytologic samples considered technically satisfactory, the prevalence of cyto-
logic abnormalities was 3.3% (95% CI: 2.1 to 5.1%). The abnormal smears included 10 cases of
ASC-US (1.6%), 7 cases of LSIL (1.15%), 2 cases of HSIL (0.33%) and 1 case of invasive carci-
noma (0.17%). The prevalence of abnormal cytology was higher in indigenous women from
the Yanomami District than from the Eastern District (5.1% vs 1.8%, respectively, p = 0.04).
There was no significant difference in inflammatory infiltrates in the specimens obtained from
the Yanomami and Eastern groups (68.0% vs 74.7%, respectively). Table 2 shows cytology and
HPYV results for each group. The participants diagnosed with HSIL and invasive carcinoma
were transferred to the city and subjected to colposcopy and biopsy. The diagnoses were con-
firmed by histopathology. The patient with invasive cancer was treated with radical hysterec-
tomy (stage Ib FIGO).

The overall prevalence of HPV was 39.7% (95% CI: 37.6% to 41.8%). HPV infection was
more common in Yanomami women than in Macuxi and Wapishana women (45.9% vs 34.5%,
respectively, p = 0.003). Among the positive cases, HPV multiples type infections were detected
in 45.1%, and ranged from 2 types (n = 58) to 11 types of HPV (n = 1), with a mean of 1.9 HPV
types per positive participant. The prevalence of multiple type infections was higher in women
from the Yanomami District than from the Eastern District (45.9% vs 34.5%, respectively;

p =0.02).
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Table 2. Cervical cell cytology and HPV results.

Yanomami District Eastern District p value
Satisfactory cytologic 275 (94.2%) 332 (94.5%) ns
samples
Any intraepithelial lesion 14 (5.1%) 6 (1.8%) 0.04
ASC-US 7 (2.5%) 3 (0.9%) Ns
LSIL 4 (1.5%) 3 (0.9%) Ns
HSIL 2 (0.7%) 0 Ns
Invasive cancer 1 (0.4%) 0 Ns
HPV positive (all ages) 140 (45.9%) 124 (34.5%) 0.003
<35 years old 88 (44.6%) 79 (44.1%) Ns
>35 years old 52 (49.0%) 45 (25.0%) <0.0001
High-Risk HPV positive (all 104 (34.1%) 69 (19.2%) <0.0001
ages)®
<85 years old 65 (32.9%) 50 (27.9%) Ns
>35 years old 39 (36.8%) 19 (10.5%) <0.0001
HPV16 positive (all ages) 29 (9.5%) 10 (2.8%) 0.001
<85 years old 17 (8.6%) 7 (3.9%) Ns
>35 years old 10 (9.4%) 3 (1.6%) 0.005
HPV18 positive (all ages) 22 (7.2%) 7 (1.9%) 0.003
<35 years old 14 (7.1%) 6 (3.5%) Ns
>35 years old 7 (6.6%) 1 (0.5%) 0.008
HPV multiple type positive 72 (23.6%) 47 (13.0%) <0.0001
(all ages)
<85 years old 49 (24.8%) 33 (18.4%) 0.02
>35 years old 23 (21.3%) 14 (7.7%) <0.0001
Cumulative HPV types 21 1.8 0.02
detected/woman (positive
samples)
HPV types detected* 16, 31, 18, 53, 62, 66, 58, 6, 90, 30, 59, 52, 81, 45,68, 31, 68, 53, 66, 6, 62, 59, 16, 58, 52, 30, 18, 81, 74, -

71, 39, 34, 102, 51, 56, 42, 61, 84, 86, 87,67, 101, 73, 71, 34, 54, 86, 89, 39, 101, 61, 87, 56, 45, 40, 67,

40, 43, 13, 74, 54, 89, 70, 85, 33, 35, 194, 103 42,90, 171, 84, 91, 33, 11, 44, 72, 26, 69, 70, 85,

35,79, 51, 103, 108

Diversity of HPV types in
positive woman

Number of HPV types 42 52 -
Ecological diversity index” 0.52 0.39 0.012

&High-risk HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66.

#Shannon-Wiener index (natural logarithms).

*In decreasing order of prevalence.

Ns: not significative; ASC-US: atypical squamous cell of unknown significance; LSIL: low grade squamous cell intraepithelial lesion; HSIL: high grade
squamous cell intraepithelial lesion.

doi:10.1371/journal.pone.0133635.1002

Sixty different HPV types (representing 12 HPV species groups) were detected (Fig 3). In
the Yanomami women, 42 HPV types were detected, compared to 52 types in the Macuxi and
Wapishana women (Table 2). In addition, analysis of HPV type diversity using the Shannon-
Weiner diversity measure indicated there was greater HPV type diversity amongst the Yano-
mami women. Eight HPV types had sequence variability higher than 5% in relation to the clos-
est genotype in the amplified fragment, and were considered possible novel HPV types. The
majority (n = 7; 87.5%) were from the Eastern group. These samples were sequenced twice
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Fig 3. HPV prevalence by HPV species groups. *significative difference of prevalence of HPV between ethnic groups (p<0.05).

doi:10.1371/journal.pone.0133635.9003

using the NGS technique. The most prevalent types in Yanomami women were were HPV 16
(n=29;9.5%), HPV 31 (n = 27; 8.8%) and HPV 18 (n = 22; 7.2%). Whereas, HPV 31 (n = 17;
8.6%), HPV 68 (n = 14; 3.8%), HPV 53 (n = 11; 3.0%) were the most common in women

from the Eastern District. The prevalence of HR-HPV types was 26.5% (n = 173), and was
higher in Yanomami women (34.1% vs 19.2%, p <0.0001). The Yanomami women also had a
higher prevalence of HPV16 (9.5% vs 2.8%, p = 0.001) and HPV18 infections (7.2% vs 1.9%,

p =0.003) compared to Macuxi and Wapishana women. There was no difference in the preva-
lence of HPV (or high-risk HPV) between the ethnic groups for participants below 35 years of
age (Fig 4). However, considering women older than 35 years, the Yanomami group had a
higher prevalence of HPV infection, HR-HPV, HPV16 and HPV18 in relation to the Eastern
group (Table 2).

Three cases of HSIL and/or carcinoma were identified in Yanomami women over 45 years
infected with HR-HPV types (HPV 16, 16 and 31). The prevalence of HPV infection in the
cases of ASC-US and LSIL (n = 17) was 88%, and the most common types were HPV31 (N = 7;
41.1%), HPV16 (n = 3; 17.3%) and HPV 18 (n = 2; 11,7%).

Considering an abnormal cytological test (ASC-US, LSIL and HSIL), univariate analysis
revealed that belonging to the Yanomami group increased the chance of atypia (OR = 2.64;
IC95% = 1.5-7.1). Age younger than 35 years and/or pregnancy also significantly increased the
chance of cytologic abnormality. Ethnicity, age, pregnancy and previous Pap smear tests were
evaluated in multivariate analysis. Belonging to the Yanomami ethnic group remained a risk
factor, doubling the chance of having altered cervical cytology (aOR = 2.10; 95% CI = 1.1-5.5).
Being pregnant also significantly increased the chance of abnormal cytology (aOR = 5.82;
IC95% = 2.0-16.6). Age and previous Pap smear were risk factors for cytologic abnormalities
in this model. Using HR-HPYV infection as an outcome, belonging to the Yanomami group
doubled the chance of infection in relation to being Macuxi or Wapishana (OR = 1.98; IC95%
= 1.2-2.6). Being single, 35 years old or less, and reporting more than four pregnancies were
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Fig 4. Prevalence of high-risk HPV by age group.

doi:10.1371/journal.pone.0133635.g004

also significant risk factors. Multivariate analysis of HR-HPV infection identified 2 indepen-
dent risk factors: being Yanomami increased by 64% the chance of HR-HPV infection

(aOR = 1.64; CI 95% = 1.1-2.4), and being single almost doubled the chance of HR-HPV
(aOR = 2.22; CI 95% = 1.2-3.8) (Table 3).

Evaluation of HPV prevalence by village revealed a geographic clustering of regions with a
high HPV prevalences. In the Yanomami group, the villages located in the northeast of the
Yanomami District (Fig 1) and marked as 4, 7 and 8 presented a higher prevalence of HR-HPV
infection than the other dispersed Yanomami villages (50.0% vs 30.3%; p = 0.005; OR = 2.29;
CI95% = 1.2-4.0). There was no significant difference in the age (34,2 vs 32,8 years old; respec-
tively; p = 0,8) between the participants from the northeast villages (n = 80) and those from the
other Yanomami villages (n = 205). The Yanomami villages located in northeast also presented
a higher prevalence of HPV 31, HPV 16 and HPV 66 than other villages. Amongst the Eastern
group, the village marked as B (n = 70), located in the north of the Eastern District, had a
higher prevalence of HR-HPV infections compared to the other groups (30,0% vs 16,5%;

p =0,01; OR = 2.16; CI95% = 1.1-3.9), and also no significant difference of age between villages
were observed.

Discussion

Significant progress can be observed in recent decades regarding publications on women's
reproductive health in the Brazilian context. It is noted however that scientific progress has
developed mainly in the urban population[31] [32, 33], remaining an important gap in under-
standing the determinants of health and disease of indigenous women in Brazil.
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Table 3. Univariate and multivariate analyses of risk factors for HR-HPV-DNA detection in native indigenous women from northern Amazonian

region.

High-risk HPV infections*

Demographics and clinical features Total Yes (%) p value OR (95% Cl) Adjusted OR (95% Cl)
Yanomami District 305 104 (34.1%) <0.0001 2.01 (1.4-2.8) 1.64 (1.1-2.4)
Eastern District 332 69 (19.2%) 1 1

Pregnant during the test

Yes 44 17 (35.4%) Ns 1.32 (0.7-2.4) 1.24 (0.7-3.1)
No 563 176 (27.2%) 1 1

Age

Less than 35 years old 326 129 (35.2%) <0.001 1.84 (1.2-2.6) 1.33 (0.8-2.0)
Older than 35 years 279 64 (22.7%) 1 1

Had undergone at least 1 Pap test life long

Yes 471 136 (29.4%) Ns 0.74 (0.5-1.1) 1.11 (0.4-1.8)
No 136 54 (35.8%) 1 1

Marital status

Single 86 41 (49.9%) 0.0001 2.57 (1.6-4.1) 2.22 (1.2-3.8)
Married-living together 521 136 (27.5%) 1 1

Had undergone at least 1 Pap test within last 3 years

Yes 342 91 (26.8%) 0.01 0.64 (0.4—-0.9) 0.77 (0.4-1.3)
No 233 91 (36.4%) 1 1

Age at the birthdate of 1st child

< 20 years old 252 73 (28.9%) Ns 1.31 (0.3-3.6) 1.11 (0.2-5.4)
> 20 years old 141 35 (24.8%) 1 1

Number of pregnancies

>4 pregnancies 286 105 (36.8%) 0.002 1.75 (1.2-2.4) 1.52 (0.8-2.3)
<4 pregnancies 317 81 (25.0%) 1 1

* High-risk HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66

Ns: not significative (p<0.05). All variables were adjusted for all other variables in multivariate analysis.

doi:10.1371/journal.pone.0133635.t003

This study is the first random sampling of a difficult to access group of women and revealed
a high prevalence of HPV in indigenous groups from northern Brazilian Amazonian region,

reaching 45.9% in Yanomami women. Despite differences in laboratory methods, this seems to
be a higher prevalence than those usually reported in Brazil. Studies on the HPV prevalence are
generally concentrated in the more developed regions in the country (south and southeast),
ranging from 10.4 to 24.5% in asymptomatic (non-indigenous) women [34-36]. Two studies
were performed in Amazon regions. Rocha et al.[37] conducted a population-based study eval-
uating non-indigenous women of the Amazonian region of Brazil (rural and urban area). They
used a Sanger-based sequencing of HPV-DNA, and the prevalence of HPV was 29.1%, consid-
ered high by the authors. Similarly to our study, 97% of cytologies were normal. Castro et al.
[38] also assessed the HPV prevalence in urban women from the central Amazon region
(Brazil). Also using Sanger-based sequencing, they found a HPV prevalence of 25% among
asymptomatic women seeking the preventive service, lower than in our study. However it is
remarkable that in these studies evaluating urban women of Amazonia, the absolute prevalence
of HPV 16 was substantially higher than in the indigenous women. Rocha et al.[37] described
that almost 60% of HPV's detected were HPV16 (58.1%), an absolute HPV16 prevalence of
16,8%, while Castro et al.[38] reported an absolute HPV16 prevalence of 14,8%. In the
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Yanomami group, the HPV16 prevalence was 9,5%, and in Makushi and Wapishana group
only 2,8%. The opposite was found regarding the HPV18. The HPV18 has not been commonly
detected in Brazilian studies[36, 39], or it usually has a prevalence below 1% in asymptomatic
women[40, 41]. In the study of Rocha et al.[37] no participant was positive for HPV-18 as well
as in Castro’s study[38]. However, HPV18 was the third most common type in our study, pres-
ent in 7% of Yanomami women (15% of the positive samples), and 2% in the Eastern indigenou
group (5% of positive samples).

This study was performed in a non-vaccinated population. A high genotypic diversity of
HPYV in both indigenous groups was observed, mainly in Yanomami group. While Rocha et al.
[37] found 14 types of HPV (16, 33, 81, 6, 70, 31, 35, 45, 52, 53, 61, 68, 71, and 89) and Castro
et al.[38] described 7 types of HPV (16, 33, 66, 13, 33, 58, 68) in women from Amazonia, our
study detected more than 60 types of HPV. This diversity revealed a high prevalence of non-
vaccine HR-HPV, what does not reduce the importance of the vaccination against HPV 16/18
in the indigenous districts, since the majority of non-16/18 HPV infections are cleared by the
immune system and do not result in disease. In our study, most cytological alterations were
related to types 16, 18 and 31. Furthermore, cross-protection has been described[42] for
HPV45 and HPV31. Nevertheless, the development of a nanovalent HPV vaccine recently
FDA approved in the USA presents the possibility of better coverage for indigenous women.

The above results classify indigenous women, particularly the Yanomami women, at high
risk for HPV infection and cervical cancer. Our study also revealed a significant difference in
prevalence of cervical lesions between the two ethnic groups studied, which differed in 2 centu-
ries of interaction with the surrounding society, and that have been coexisting geographically
but historically and socially separated. The impact of environmental and socio-cultural changes
that take place in virtually all indigenous communities on women's health have pointed to an
epidemiologic transition in American indigenous peoples, due to increasing contact with west-
ern society and lifestyles[43, 44]. In this context, it was expected that the communities of East-
ern District would have a higher prevalence of HR-HPV and precursor lesions of cervical
cancer, since they have a longer interaction with the surrounding society in relation to the
Yanomami. However, the data consistently point to the opposite. Being a member of the most
isolated indigenous group was a risk factor for cervical intraepithelial lesions. This fact,
together with the high genotypic diversity, suggests that the Yanomami have sustained HPV
infections over a long historical period, preceding the arrival of European settlers in Americas.

Relevant characteristics and cultural practices of reproductive health of Yanomami women
were highlighted by Early et al.[17] and may help explain their risk of HPV and CC. This
anthropological study reported that Yanomami girls reside in their parent’s house up to 2 years
after menarche (12.4 years on average), when they move into the house of the groom's parents
and start sexual activity. According to our study, Early reported an average maternal age at the
time of first birth of 16 years. In addition to early sexual exposure, they reported a short period
between pregnancies, multiparity (fertility rate = 8 children per woman), and multiple sexual
partners. The authors also highlighted that during the reproductive period (15 to 40 years), the
Yanomami women spend approximately 90% of their time pregnant and/or breastfeeding. An
important factor that may contribute to the higher prevalence of cervical intraepithelial lesions
among the Yanomami is their geographical isolation in the forest**. Difficulties of women’s
understanding and acceptance of the screening, infrastructure deficiencies and logistical barri-
ers related to access difficulties may explain the low inclusion of Yanomami women to com-
plete and effective prevention programs. The higher prevalence of Yanomami women who had
never had a cytological examination reported in the present study corroborate this notion.

A topic that deserves attention is the relation between HPV and age in these groups. The
prevalence of HPV in the Eastern indigenous District presented an L-shaped curve, similar to
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that described for non-indigenous Brazilian women[41]. However the Yanomami district pre-
sented a U-shaped curve. It emphasizes the high and increasing prevalence of HPV and
HR-HPV in Yanomami women from 35 years of age, reaching a prevalence of approximately
60% of HR-HPV infection (up to 80% of any type HPV infection) after 55 years. An interesting
study[45] described the profile of cervicovaginal cytology (more than 4 million tests) per-
formed in indigenous and non-indigenous women throughout Brazil (between 2008 and
2012). When ethnic groups were compared, the prevalence of HSIL was 2-3 times higher in
indigenous women than in non-indigenous women in the elderly group (> 64 year of age).
The high prevalence of HR-HPV demonstrated in our study may help explain this finding. A
similar curve shape has been observed in native women from rural Nigeria and other regions
of Sub-Saharan Africa. Clarke et al.[46] performed a population based study on HR-HPV prev-
alence in African women and, although they had a lower prevalence of HPV than our study,
the authors also described an increasing prevalence of HR-HPV infection after 35 years old.
The explanation for this high HR-HPV prevalence at older ages remains elusive. Cultural and
behavioral issues, leading to continuing sexual exposure at older ages, and a lower ability of
viral clearance among older indigenous women may be implicated in this process. The implica-
tion of long-term persistence of HPV infection in isolated hunter-gather peoples from Amazo-
nia and Africa suggests that it could be a characteristic of ancient man and that patterns
reflecting decreased prevalence with age in western society represents recent change. These
features of the natural history of HPV imply viral-host adaptation to the behaviors and charac-
teristics of the host population for continued viral fitness and success as a replicating symbiotic
organism.

This study has limitations. First, the cross-sectional design does not allow the use of tempo-
rality and causality criterion, since outcome and risk factors were measured synchronously, so
bias and reverse causality could not be eliminated. Second, most Yanomami women did not
know the Christian calendar, and they informed their age based on lunar cycles, making this
data relatively imprecise, mainly for the older participants, requiring caution in this analysis.
However, we have analysed age data using the standard IARC age categories, what strengthen
the credibility of the results. Third, data from indigenous census were used to adjust the sample
size calculation and to calculate the participation rate. Despite being the best data available,
these data can be inaccurate, due to the isolation of the Yanomami tribes.

Despite the identification of 8 novel HPV genomes, only 1 was identified in the most iso-
lated ethnic group. These types were rare, and we were unable to identify novel endemic papil-
lomaviruses in the Yanomami women that are supposed to have been socially isolated from
non-indigenous populations for at least 12,000 years. It seems more likely that most, if not all,
HPYV types evolved thousands of years ago in prehuman primates and took genomic forms
similar to those existing today. Nevertheless, future studies of the HPV variants in these
women should better disclose their origins.

Conclusion

Indigenous women from the extreme north of the Brazilian Amazon, especially the Yanomami
ethnic group, have increased risk of CC. The high prevalence of HR-HPV, in addition to their
geographic isolation and subsequent lower adherence to screening (and treatment) of intrae-
pithelial lesions may contribute to this vulnerability. Yanomami women have relatively higher
prevalence of HPV16/18/31 compared to Macushi and Wapishana women, the most oncon-
genic types. An increasing prevalence and persistence of HPV with age was observed in Yano-
mami women, which may represent a hunter-gatherer pattern. There was a lower relative and
absolute prevalence of HPV16 in relation to that described in non-indigenous women from
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Brazil, and the opposite was observed for HPV18. Despite the identification of 8 potential
novel HPV genomes, and we were unable to demonstrate the presence of novel endemic papil-
lomaviruses unique to the Yanomami women.

Supporting Information

S1 Fig. Primer desing for PCR amplification of HPV-DNA and next generation sequenc-
ing.
(TIFF)
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