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Genetic Diversity of HPV16 and HPV18 in Brazilian
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Cervical cancer is the fourth most common
cancer among women, and �70–80% of these
cancers are associated with two human papil-
lomavirus types: HPV16 and HPV18. Several
studies have reported that intra-type diversity
is associated with the progression of infec-
tion to invasive cancer. Herein, we report the
genetic diversity of HPV16 and HPV18 in a
cohort of 594 Brazilian women with invasive
cervical cancer and describe the prevalence
of lineages and intra-type diversity prior to
the implementation of the public immuniza-
tion program in Brazil. HPV detection and
genotyping were performed using PCR,
PGMY/GP primers, and DNA extracted from
fresh tumors. The HPV16 (378 women) and
HPV18 (80 women) lineages were identified
by PCR and sequencing of the LCR and E6
fragments, followed by SNV comparison and
phylogenetic analysis. In our cohort, was
found a higher frequency of the lineage A (in
217 women), followed by lineage D (in 97
women) and lineages B and C (in 10 women
each) for HPV16; and a higher frequency of
lineage A (in 56 women) followed by lineage
B (in 15 women) in HPV18. The genetic
diversity of HPV16 indicated a recent expan-
sion of specific variants or a selective advan-
tage that is associated with invasive cancer;
this pattern was not observed for HPV18. J.
Med. Virol. 88:1279–1287, 2016.
# 2015 Wiley Periodicals, Inc.
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INTRODUCTION

Cervical cancer (CC) is the fourth most common
cancer among women worldwide; 527,624 new cases
occur each year, and this cancer exhibits a mortality
rate of 265,672/year. In developing countries, this
cancer ranks second after breast cancer in women
(Globocan 2012, IARC, http://globocan.iarc.fr). In
Brazil, �15,590 new cases of invasive CC were
expected in 2014, with an estimated incidence of
15.33 cases per 100,000 women (INCA, 2014).
Human papillomavirus (Family: Papillomaviridae)

(HPV) presence is considered necessary but not
sufficient for cervical cancer development [Bosch
et al., 2002]. Papillomaviruses are classified based on
L1 gene divergence. More than 200 HPV genomes
have been completely sequenced (Human Papilloma-
virus Reference Center, http://www.hpvcenter.se/
html/refclones.html), and papillomavirus type is de-
fined by sequence differences in the L1 region of
greater than 10% [De Villiers, 2013]. Burk et al.
[2013] proposed a classification and a nomenclature
(adopted herein) for intratype diversity based on the
divergence of complete HPV genome sequences into
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lineages (with 1–10% divergence) and sublineages
(with 0.5–1% divergence).
An epidemiological classification has been proposed

based on the association of different HPV types with
the risk of cervical cancer development. This classifi-
cation groups HPVs as follows: (i) oncogenic (or high
risk HPV), including types that are more frequently
associated with cancer; (ii) probably/possibly onco-
genic (or low risk HPV), including types that are
more frequently associated with benign epithelial
proliferations in the genital area and less frequently
associated with cancer; and (iii) undefined risk HPV,
including viruses with incomplete epidemiological
data for defining risk with respect to association
with cervical cancer [Mu~noz et al., 2003]. Fifteen
genotypes are classified as oncogenic. Among these
types, HPV16 (Family: Pappilomaviridae; Genus:
Alphapapillomavirus; Species: 7) and HPV18 (Fam-
ily: Pappilomaviridae; Genus: Alphapapillomavirus;
Species: 9) are found in �70% of all cervical cancer
cases worldwide [Bosch et al., 2008]. Oncogenic HPV
types 16 and 18 are highly prevalent not only in cancer
patients but also in women with normal cervical
cytology and cervical lesions [Bruni et al., 2010].
A small proportion of oncogenic infections are persis-

tent and progress to invasive cancer; however, the
factors associated with progression are poorly under-
stood. One important hypothesis suggested by several
studies relates to intra-type diversity [Sichero et al.,
2007; Gheit et al., 2011; Smith et al., 2011; Arroyo
et al., 2012; Cornet et al., 2013; Chen et al., 2014].
These studies suggested that intra-type lineages differ
in their biological characteristics and pathogenicity.
For example, the sublineage B2 of HPV45 is associated
with a higher risk for cervical cancer development
than other sublineages [Chen et al., 2014].
Previous studies have suggested the existence of

four major lineages of HPV16 and HPV18, which were
initially named based on their frequencies in different
human populations [Ho et al., 1993; Ong et al., 1993;
Yamada et al., 1997]. Burk et al. [2013] modified this
nomenclature by grouping HPV16 variants into four
major lineages: A, formerly named the European and
Asian (EAS) lineage; B, formerly named the African 1
(AF1) lineage; C, formerly named the African 2 (AF2)
lineage; and D, encompassing the formerly named
North-American and Asian-American (NA and AA,
respectively) lineages. Burk et al. [2013] grouped
HPV18 variants into three lineages: A, encompassing
the previously named Asian-American and European
lineages; and B, and C (both including the formerly
African lineage, Af).
Few Brazilian studies have studied HPV16 and

HPV18 intra-type variants [Villa et al., 2000; Cruz
et al., 2004; Sichero et al., 2007; Cerqueira et al.,
2008; Junes-Gill et al., 2008; Sichero et al., 2012;
Freitas et al., 2014], and almost no studies have
investigated samples obtained from invasive cancer
[Junes-Gill et al., 2008]. Interest in HPV16 and
HPV18 intra-type diversity has been increasing in

recent years due to reports suggesting an interaction
between host and viral characteristics influencing the
natural history of infection and the prognosis of
lesions at different stages [de Araujo Souza et al.,
2008, 2009; Lopera et al., 2014].
It is important to underline that the papillomavi-

ruses are a double-strand DNA viruses with a lower
mutation rate when compared to RNA viruses, which
makes the occurrence of vaccine escape mutations
improbable [Schiller and Lowy, 2012]. Additionally,
Harari et al. [2015], in a study carried out in Costa
Rica, did not found differences in the bivalent vaccine
efficacy in respect to different lineages of HPV16 and
HPV18. However, the same authors ponder that this
conclusion did not take into account the presence of
rare variants and the HPV diversity found in other
populations. Based on this perspective and the ad-
vent of prophylactic vaccines against HPV16/18 and
cervical cancer, it has become necessary to identify
the HPV genetic variants that are present in popula-
tions of interest to verify in the coming years if
vaccination will be effective against all lineages and
variants of HPV16 and HPV18. This is particularly
true in developing countries, where cervical cancer is
a serious public health problem, and limited data are
available regarding HPV genetic intra-type diversity.
Here, we studied the genetic diversity of HPV16

and HPV18 associated with invasive cervical cancer.
We describe the prevalence of lineages and intra-type
diversity based on the genetic variability of two
genomic regions: E6 and the long control region
(LCR). The study examined a cohort of 594 women
who were diagnosed with cervical cancer and enrolled
between July 2011 and April 2014 for treatment at
the Instituto Nacional de Cancer (Brazil) before the
implementation of the HPV vaccination program by
the Brazilian Public Health System in March 2014.

METHODS

Subjects and Samples

This study was approved by the local Ethics
Committee, and all participants signed an informed
consent form. Patients included in this study com-
prised a cohort of 594 women who were diagnosed
with invasive cervical cancer and enrolled consecu-
tively at the Instituto Nacional de Cancer, Rio de
Janeiro, Brazil, between July 2011 and March 2014.
Of these women, 456 (76%) were identified as being
infected with HPV16 and HPV18. In the HPV16þ
group, 37% of the patients were residents of the City
of Rio de Janeiro and 63% lived in adjacent regions
within the state; the mean age of the patients was
48 years (range 19–93 years). In the HPV18þ group,
31.6% were residents of the City of Rio de Janeiro
and 68.4% lived in adjacent regions; the mean age
was 46 years (range 21–77 years).
Fresh tumor biopsies (stages 1B to 4) were stored in

RNA-Later at �80˚C. Total DNA was isolated using
the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany)
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according to the manufacturer’s instructions, eluted in
200ml AE buffer, and stored at �80˚C.

HPV Detection and Genotyping

HPV DNA presence was detected using the polymer-
ase chain reaction (PCR) with the primer set PGMY
09/11 [Gravitt et al., 2000]. When this reaction yielded
negative results, HPV DNA presence was detected
using nested PCR with the primer sets PGMY09/11
(first round PCR) and GP5þ/GP6þ (second round
PCR, Fuessel Haws et al. [2004]); these primers
amplify a segment of the L1 gene. DNA samples from
Caski and HeLa cells were used as positive controls.
PCR products amplified using PGMY09/11 or GP5þ/
GP6þ were purified using the GFX PCR and DNA
Band Purification kit (GE Healthcare), labeled using
the Big Dye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, Foster City, CA), and ana-
lyzed using an ABI Prism 3130XL Genetic Analyzer
(Applied Biosystems). All sequences were edited and
analyzed using 4Peaks Software (Nucleobytes, Amster-
dam, Netherlands). HPV genotypes were identified
using the BLASTn (Basic Local Alignment Search
Tool, http://blast.ncbi.nlm.nih.gov/).

LCR and E6 Amplification and DNA Sequencing

To characterize the HPV16 and HPV18 lineages, the
contiguous LCR and E6 genomic regions of the HPV
genome were analyzed using overlapping PCR prod-
ucts along a region of �1,300bp. DNA samples were
subjected to PCR amplification of the LCR and E6
regions using HPV type-specific primers for each
region (Table I). PCR reactions were performed in
25ml mixtures containing 1�PCR buffer, 2.5mM
MgCl2, 0.25mM of each DNTP, 100pmol/l of each
primer, 50–100ng of DNA, and 2.5U of Platinum Taq
DNA Polymerase (Life-Technologies). Amplifications
were performed as follows: 95˚C for 10min; followed by
40 cycles of 1min at 95˚C, 1min at the annealing
temperature (Tm, see Table I), and 1min at 72˚C;
followed by a final extension at 72˚C for 15min. The
resulting PCR products were subsequently purified
and sequenced as described above. The consensus
sequences were assembled using Geneious software
(Biomatters Ltd.), and all sequences were aligned with
lineage-specific reference sequences [Burk et al.,

2013] using MEGA (version 6: www.megasoftware.
net). All sequences were deposited in GenBank under
accession numbers KP965018–KP965162 for HPV16
and KP965163–KP965195 for HPV18.

Lineage Identification, Phylogenetic Analysis,
and Haplotype Characterization

The HPV16 and HPV18 lineages were identified
based on sequences obtained from high-quality LCR
and E6 electropherograms. Two strategies were em-
ployed. First, HPV16 lineages were identified based
on single nucleotide variants (SNVs) at specific LCR
and E6 sites according to the method of Cornet et al.
[2012], and HPV18 lineages were characterized by
identifying lineage-distinctive SNVs [Arias-Pulido
et al., 2005; Arroyo et al., 2012]. Second, a phyloge-
netic reconstruction was performed using a dataset of
1,300 bp LCRþE6 sequences, including the reference
sequences proposed by Burk et al. [2013]. Haplotype
identification was performed using DNAsp version 5,
maximum likelihood analysis was carried out using
PHYML 3.0 [Guindon et al., 2010], and the general time
reversible model GTRþ IþG was inferred using the
software package ModelGenerator v.0.85 [Keane et al.,
2006]. Group support was estimated by bootstrap esti-
mates based on 10,000 replicates. The reference sequen-
ces were as follows: K02718 (REF SEQ, lineage A),
AF536179 (lineage A), HQ644236 (lineage A), AF534061
(lineage A), AF536180 (lineage B), HQ644298 (lineage
B), AF472509 (lineageC), HQ644257 (lineage D),
AY686579 (lineage D), and AF402678 (lineage D) for
HPV16; and AY262282 (REF-SEQ, lineage A),
EF202146 (lineage A), EF202147 (lineage A), EF202151
(lineage A), GQ180787 (lineage A), EF202152 (lineage
B), EF202155 (lineage B), KC470225 (lineage B), and
KC470229 (lineageC) for HPV18.
Median-joining (MJ) network topologies were con-

structed using NETWORK 4.6.1.1 [Bandelt et al.,
1999]. Molecular diversity indices (haplotype diver-
sity and nucleotide diversity) estimates and Fu’s Fs
test for selective neutrality were performed using
Arlequin 3.5 [Excoffier and Lischer, 2010].

RESULTS

The study population comprised 594 women who
were diagnosed with invasive cervical carcinoma and

TABLE I. Primers Used for PCR Amplification of LCR and E6 Regions of HPV16 and HPV18, the Respective Annealing
Temperatures, and Annealing Positions at the Genomic Reference Sequences

Primer Sequence (50-30) Tm Ref. Seq Genomic position

LCR F HPV 16 CACCCACCACCTCATCTACC 56˚C K02718.1 HPV16 7100–7120
LCR R HPV 16 CACACACCCATGTGCAGTTT 7835–7855
E6 F HPV 16 CACATATTTTTGGCTTGTT 50˚C 7701–7720
E6 R HPV 16 GGAGATACACCTACATTGCATGAA 570–592
LCR F HPV 18 TCTAAACCTGCCAAGCGTGT 56˚C AY262282 HPV18 7095–7115
LCR R HPV 18 ATGTGATGCCCAACCTATTT 7825–7845
E6 F HPV 18 GTTGCCTTTGGCTTATGTCTG 56˚C 7468–7488
E6 R HPV 18 TTGCCTTTAGGTCCATGCATAC 587–607
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attending the Department of Gynecology of the Instituto
Nacional de Cancer, Rio de Janeiro, Brazil, between
June 2011 and March 2014. After the patients signed
informed consent forms and answered an epidemiologi-
cal questionnaire, tumoral biopsies were collected and
identified with respect to HPV type using PCR and L1
genomic region sequencing. HPV16 was the most
frequent viral genotype and was identified in 378
samples (63.6%); the next most frequent genotype
was HPV18 (80 samples, 13.4%). HPV45, HPV35,
HPV58, HPV52, HPV73, HPV31, HPV33, HPV59,
HPV39, HPV26, HPV51, HPV56, HPV68, and HPV83
were also identified in the cohort. Multiple infections
were detected in 4% of cases, being 13 samples co-
infected with both HPV16 and HPV18. These samples
were not used in the present study and these data will
be published elsewhere.

HPV16 Variant Characterization

To identify HPV16 variants, a 1,310 bp region of
the HPV16 genome was sequenced based on two
overlapping PCR products (from nucleotides 7,157 to
559) corresponding to LCR and E6. The LCR and E6
regions were completely or partially sequenced in 334
samples. Coinfection by two HPV16 lineages was
detected by the overlapping of sequence peaks at
specific nucleotide positions (SNV signatures) in two
samples (both co-infected with lineages A and D), and
PCR amplification was unsuccessful for one or both
regions in 42 samples, probably due to failed primer
annealing or to a small proportion of HPV DNA in
the sample. Data from these 44 samples were
excluded from subsequent analyses.
Identification of the HPV16 lineages was based on

nucleotide signatures resulting from single nucleotide
variants (SNVs) at 46 specific genomic sites as pro-
posed by Cornet et al. [2012]. Of the 334 samples, 306
fell within the nine 46-nucleotide signatures proposed
by Cornet et al. [2012]. However, 28 samples were not
strictly concordant with any nucleotide signature
proposed by these authors and exhibited a minimal
amount of discordance ranging from 1/46 to 6/46
positions. Despite these discordances, 334 samples
were allocated to one of the four HPV16 major lineages
based on the nucleotides present at the diagnostic
positions and on the overall similarity with any of the
nine signatures. Lineage A was the most frequent
lineage (217 samples, or �57% of the HPV16 samples),
followed by lineages D (97 samples, or �25%), and B
and C (10 samples each, or �5%) (Table II).
Patients sharing HPV16 haplotypes were identified

by haplotyping 314 of the 334 samples. HPV16
sequences from 20 patients were excluded because
data regarding the ends of LCR and/or E6 were
unreliable. A total of 125 haplotypes were identified
(Supplemental Table SIa), including 96 variants
present in single patients and 29 variants shared by
at least two patients. The four most frequent hap-
lotypes, which were present in approximately 40% of

the samples, were Hap09 (from lineage A; 68 pa-
tients), Hap11 (from lineage D; 40 patients), Hap47
(from lineage A; 12 patients), and Hap04 (from
lineage D; 11 patients) (Supplemental Table SIa).
A maximum likelihood (ML) topology tree was

constructed based on the 125 haplotypes (Supplemen-
tal Fig. S1a) and the reference sequences for each
lineage proposed by Burk et al. [2013]. Most haplo-
types were grouped consistently with their lineage
identification based on the SNV signatures proposed
by Cornet et al. [2012]; the exceptions were the
haplotypes allocated in lineages B and C. These 20
haplotypes do not formed two monophyletic groups
respective to lineages B and C.
The network arrangement (Fig. 1) was also in

agreement with the ML topology and SNV signatures
and showed that the three most frequent haplotypes
occupied a central position with a star-like pattern in
lineages A (Hap09 and Hap47) and D (Hap11). Most
of the other, less frequent haplotypes diverged from
these central haplotypes by one and two nucleotide
substitutions. Haplotypes from lineages B and C did
not exhibit a star-like pattern, indicating a larger
divergence between haplotypes. The molecular diver-
sity indices (haplotype diversity and nucleotide diver-
sity) and Fu’s Fs [Fu, 1997] test based on 314
samples are shown in Table III. The Fu’s Fs test
(�23.85, P¼ 0.004) suggests that the HPV16 viral
population associated with invasive cancer had un-
dergone a recent population expansion or that specific
haplotypes were subject to positive selection.
E6 contained 19 amino acid changes with respect

to the prototype sequence (Supplemental Table SIc),
seven of which have previously been described. The
twelve novel amino acid substitutions were D25G,
D25A, E29A, D56Y, D64N, S71C, D98H, H126P,
N127K, R131L, S138F, and R144T. The variant L83V
of HPV16 E6 was shared by all haplotypes of lineage
D and by 31 haplotypes of lineage A (14%).

HPV18 Variant Characterization

Of the 80 HPV18 samples, nine were excluded from
the analyses due to the unsuccessful PCR amplification
of LCR and/or E6. For the remaining 71 samples,

TABLE II. Number of Samples Identified for Lineages of
HPV16 and HPV18 in Respect to Tumor Histological Type

LINEAGES SCC ADC Others Total (%)

HPV16
A 175 24 18 217 (57.4)
B 10 0 0 10 (2.6)
C 9 1 0 10 (2.6)
D 78 15 4 97 (25.5)
ND 31 7 6 45 (11.9)

HPV18
A 33 17 5 55 (70)
B 7 5 4 16 (18.7)
ND 6 2 1 9 (11.3)

SCC, squamous cell carcinoma; ADC, adenocarcinoma; Others,
other histological types; ND, lineages not determined.
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lineage identification was based on an approach simi-
lar to that used for HPV16; that is, based on sequenc-
ing a region encompassing LCR and E6 and
identifying nucleotide signatures based on the SNVs
described by Arias-Pulido et al. [2005] and Arroyo
et al. [2012]. Fifty-five samples (�70 % of the HPV18

samples) were identified as belonging to lineage A and
16 samples (�19 % of the HPV18 samples) were
identified as belonging to lineage B (Table II). The
HPV18-distinctive SNVs for lineages A, B, and C
affected nine nucleotide positions in LCR (A7152G,
C7161T, C7164G, C7185T, C7496G, G7512A, T7530C,
T7651C, and T7704C) and three nucleotide positions in
E6 (T251C, G374A, and A548G). Additionally, a 7-bp
deletion in the LCR region was shared by all haplo-
types of lineages B and C (Supplemental Table SIb).
Thirty-three haplotypes were identified among the

71 samples; of these, 15 occurred in at least two
patients (n¼ 53 patients) and 18 occurred in 18
patients. The most frequent haplotype was Hap22
(from HPV18 lineage A; 10 patients), followed by
Hap12 (from HPV18 lineage A; 6 patients), and
Hap33 (from HPV18 lineage B; 6 patients). These

Fig. 1. Network topology of the 125 HPV16 haplotypes.
Lineages are indicated using the following colors: orange, lineage
A; light green, lineage B; dark green, lineage C; and blue, lineage
D. Each circle corresponds to one of the 125 haplotypes, and the
circle diameter is proportional to the number of samples sharing
each haplotype. The lines connecting the circles indicate at least

one nucleotide substitution. Haplotypes that differ by more than
one substitution are indicated by a number (corresponding to the
number of substitutions) written beside the connecting line. The
three more frequent haplotypes are indicated: Hap09 (n¼68),
Hap11 (n¼40), and Hap47 (n¼12). All haplotypes from lineages
B and C were indicated.

TABLE III. Molecular Diversity Indexes Estimated for
HPV16 and HPV18

HPV16 HPV18

Number of samples 314 71
Number of haplotypes 125 33
Haplotype diversity 0.932 0.958
Nucleotyde diversity 0.084 0.01
Fu’s Fs test �23.86 (P¼ 0.004) �4.11 (P¼0.156)
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three haplotypes were present in �31% of the
patients (Supplemental Table SIb).
The ML phylogenetic analysis was consistent with

the identification based on SNV signatures and
showed haplotype groupings in two lineages (Supple-
mental Fig. S1b): lineages A and B. This analysis
indicated that lineages A and B formed two well-
supported groups, each showing a maximum diver-
gence of 2% between haplotypes.
The network median-joining topology (Fig. 2) showed

that the most frequent haplotypes occupied a central,
star-like position surrounded by less frequent haplo-
types, but in a configuration that was not as evident as
that observed for HPV16. The molecular diversity
indices (haplotype diversity and nucleotide diversity)
and Fu’s Fs test based on the 71 samples are shown in
Table III. The Fu’s Fs test was negative but not
significant (Fu’s Fs¼�4.11; P¼ 0.156) and provided

no evidence of recent viral population expansion or
positive selection.
E6 contained two previously described amino acid

substitutions with respect to the prototype sequence:
Y72H in one haplotype [Wang et al., 2009] and N129K in
all of the B and C haplotypes [De Boer et al., 2004].
Additionally, four previously undescribed amino acid
substitutions were found: H80Y (in one haplotype),
H133P (in two haplotypes), Y134F (in one haplotype),
and R144Q (in one haplotype) (Supplemental Table SId).

DISCUSSION

Several reports have associated population origin,
persistence of infection, risk of cervical intraepithelial
neoplasia, and risk for cervical invasive cancer with
specific HPV16 and HPV18 lineages [Berumen et al.,
2001; Burk et al., 2003; Xi et al., 2006; Sichero et al.,

Fig. 2. Network topology of the 33 HPV18 haplotypes.
Lineages are indicated using the following colors: orange, lineage
A and green, lineage B. Each circle corresponds to one of the 33
haplotypes, and the circle diameter is proportional to the
number of samples sharing each haplotype. The lines connecting

the circles indicate at least one nucleotide substitution. Haplo-
types that differ by more than one substitution are indicated by
a number (corresponding to the number of substitutions) written
beside the connecting line. The three more frequent haplotypes
are indicated: Hap22 (n¼10), Hap12 (n¼6), and Hap33 (n¼6).
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2012], indicating different prevalences of these line-
ages among populations. In this study, HPV16 lineages
A and D and HPV18 lineage A were the most
prevalent. Previous reports showed that these HPV
lineages are the most prevalent lineages in European
populations (HPV16 lineage A and HPV18 lineage A)
and in populations of Amerindian ancestry (HPV16
lineage D), being lineages B and C from HPV16 and
HPV18 most prevalent in African continent [Ho et al.,
1993; Ong et al., 1993; Yamada et al., 1997]. The
genetic background of the Rio de Janeiro metropolitan
region population is highly mixed, mostly of European
and African ancestry (55% and 31%, respectively) with
a lower proportion of Amerindian ancestry (14% based
on autosomal genetic markers, Manta et al. [2013]).
Taking into account the contribution of these popula-
tion-groups to the formation of the current population
of the Rio de Janeiro metropolitan region, we expected
a larger prevalence of HPV16 B and C lineages and
HPV18 B and C lineages. However, it is important to
take into account that a direct association between the
human ancestry and HPV lineage is not necessarily
expected in a population with ethnic admixture and
with individuals having different proportions of genetic
ancestry. This fact was reported by Lopera et al.
[2014] analyzing women with cervical cancer that
presented an inverse correlation between infections by
HPV16 lineage D (common in Native American popula-
tion) with the higher proportion of informative genetic
markers (AIMs) from Native American ancestry.
To better understand this finding it is required to
analyze the prevalence of these lineages in women
without cancer, because the current prevalence in
invasive cancer might be associated with differences of
their carcinogenic potential in the studied population.
The prevalence of HPV16 lineages in invasive

cervical cancer in Brazil was also analyzed by Junes-
Gill et al. [2008] in 63 women from Bel�em in the
Brazilian Northern Region (Amazonia). These au-
thors found lineage D to be the most prevalent (46%),
followed by lineage A (41.3%) and B/C (3.2%), not
considering samples with co-infection (9.5%). The
higher prevalence of lineage D in this region than in
Rio de Janeiro (46% in Junes-Gill et al. vs. 29%
reported in the present work) might reflect the
influence of the Amerindian ethnic background in
Bel�em [Alves-Silva et al., 2000; Pereira et al., 2012].
The only other study reporting the prevalence of
HPV16 lineages in women with invasive cervical
cancer in Latin America (based on data from eight
countries, Yamada et al. [1997]) showed results
similar to those reported here; that is, a higher
prevalence of lineage A (77%), followed by lineages D
(19%) and B/C (�4%). Other studies performed in
Brazil focusing on HPV16 intra-type diversity ana-
lyzed the prevalence of lineages in women with pre-
cancerous lesions [Villa et al., 2000] or with lesions of
different grades (including invasive cancers) [Cruz
et al., 2004; Freitas et al., 2014]. These studies also
reported a higher prevalence of HPV16 lineage A,

ranging from 65.8% [Freitas et al., 2014] to 41%
[Cruz et al., 2004].
HPV18 lineage A was the most frequent in the

studied cohort, followed by lineage B; lineage C was
not detected. The paucity of studies on HPV18
lineages makes the drawing of comparisons difficult.
Most studies included mainly women with normal
cervical cells, LSIL, and HSIL, including two studies
performed in Brazil [Villa et al., 2000; Sichero et al.,
2007] that showed a higher prevalence of lineage A
(80–90%) and a lower prevalence of lineage B.
Lineage C was reported by only Sichero et al. [2007],
at a frequency of 6.6%. Studies performed in other
countries also reported a higher frequency of HPV18
lineage A. Xi et al. [2006] found HPV18 lineage A in
71.4% of women with normal cervical cells, LSIL, and
HSIL followed by lineages B/C (28.6%) in the US. In
Spain, studies performed by Arroyo et al. [2012] and
P�erez et al. [2014] based on normal cervical cells,
cervical lesions, and invasive cancer also found a
higher frequency of HPV18 lineage A, followed by
lineage B; lineage C was only reported by Arroyo
et al. [2012] at a frequency of �11%. In Costa Rica,
Schiffman et al. [2010] evaluated women with normal
cervical cells and women with cervical lesions of
various grades and showed a lower frequency of
HPV18 lineage B (22.6%) than that of lineages A and
C (77.4%).
Hap09, Hap11, Hap47, and Hap04 were the most

frequent HPV16 haplotypes in the 314 samples ana-
lyzed, altogether accounting for 41% of the total. The
network arrangement showed that three of these
haplotypes (Hap09, Hap11, and Hap47) were associ-
ated with less frequent haplotypes in a star-like
configuration, most of which differed by one nucleotide
substitution. This pattern suggests a rapid population
expansion of HPV16 haplotypes associated with inva-
sive cancer due to historical-neutral events or exposure
to selective factors favoring specific haplotypes, with
selection acting over LCR or E6 regions or over
another HPV genomic region resulting in genetic-
hitchhiking. These possibilities were supported by the
negative and significant value obtained using Fu’s Fs
test (�23.86; P¼ 0.004). This result might also indicate
the association of specific variants with a higher risk of
cervical cancer, similar to what was observed for
HPV45 sub-lineage B2 variants [Chen et al., 2014].
Analysis of the prevalence of HPV16 variants in
women without cervical lesions might enable us to
evaluate these proposals. The Fu’s Fs test result
(�4.11; P¼ 0.156) was not significant for HPV18,
suggesting a different evolutionary history. The non-
significance found, indicating that the Fs value did not
differ from 0 (zero), implies that the HPV18 genomes
in the studied population are evolving in accord to a
selective neutral model, and that no recent event
affecting viral population size (and consequently
HPV18 diversity) occurred.
It is necessary to underline that the haplotypes

placed in lineage B of HPV16 by SNV analysis did
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not form a monophyletic group in the ML topology
(Supplemental Fig. S1) and in the Network arrange-
ment (Fig. 1), in spite of the two reference sequences
of lineage B were grouped together in the ML
topology. The arrangement observed for these haplo-
types in the ML topology were low supported by the
boostrap analysis, pointing to the requirement of a
larger genomic region to be analyzed to increase the
support for the presented topology or for an alterna-
tive topology.
In conclusion, the results obtained here show that

women diagnosed with invasive cervical cancer asso-
ciated with HPV16 and HPV18 in the Brazilian
Southwestern Region showed a higher frequency of
the HPV lineages that are most prevalent in Europe
and North America (HPV16 lineage A and HPV18
lineage A). The genetic diversity of HPV16 indicated
a recent expansion of specific variants or a selective
advantage associated with invasive cancer; this pat-
tern was not observed for HPV18. HPV diversity data
are important for the development of HPV diagnos-
tics, vaccines, and therapeutic approaches to monitor-
ing virus-induced diseases. The major limitation of
this study was the absence of a control group with
women infected with HPV but without invasive
cancer. This is the largest study to investigate the
genetic diversity of HPV16 and HPV18 related to
invasive cervical cancer conducted in Brazil prior to
the implementation of the immunization program
against cervical cancer by the Brazilian Public
Health System (initiated in March 2014). All patients
included between July 2011 and March 2014 resided
in the second largest metropolitan region of the
country (Rio de Janeiro State); this population is
economically and educationally diverse. These data
provide a baseline for future studies evaluating the
genetic diversity of these HPV lineages after imple-
mentation of the immunization program.
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