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a b s t r a c t
Background: Certain human papillomaviruses (HPVs) are the causative agents of cervical carcinomas in
humans. The identiﬁcation of the link between infection and cancer has resulted in the successful establishment of clinical strategies such as screening or vaccination programs, aiming to prevent this pathology. More than 150 different HPVs have been described and classiﬁed and the large majority of them are
not related to cancer. The genus Alphapapillomavirus encompasses many PVs, some of which are identiﬁed in humans as oncogenic, according to the epidemiological connection between infection and cervical
cancer. Variants of some of these ‘‘high-risk’’ HPVs may have an increased involvement in cervical cancer,
although deﬁnitive data are still wanting. The aim of the present work was to analyze the presence of
HPV33, HPV45 and HPV58 variants in cases of cervical cancer.
Methods: Samples from cervical lesions in the context of different cervical cancer surveys were analyzed
for presence of HPV DNA. Samples positive for HPV33, HPV45 or HPV58 DNA were selected and the E6/E7
genes were ampliﬁed and sequenced. The phylogenetic relationships of these sequences were inferred
using an evolutionary placement algorithm and accordingly classiﬁed at the variant level.
Results: All viral E6/E7 sequences were successfully placed in the classiﬁcation schemes of the corresponding viruses. For HPV33 (n = 23), 45 (n = 61) or 58 (n = 29), the distribution of variants found in cases
of cervical cancer is not a random sample of the corresponding diversity. In all three HPVs, the respective
A variants were more prevalent in the viral DNA-positive cases of cervical cancer analyzed. This is the ﬁrst
study trying to discern the phylogenetic connection between variants of the oncogenic HPV33, 45 and 58,
and squamous cell carcinoma of the cervix.
Ó 2012 Elsevier B.V. All rights reserved.

1. Introduction
Papillomaviridae are a family of epitheliotropic, non-enveloped
viruses with a circular double stranded DNA genome of around
8000 bp. Papillomaviruses (PVs) were initially described in mammals, but they have also been found in birds (Terai et al., 2002),
turtles (Herbst et al., 2009) and snakes (Lange et al., 2011), and
probably infect all amniotes (Bravo et al., 2010). The association
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between PVs and mammals is thus very ancient, and probably
the ancestral mammals were already the hosts to a number of
ancestral PVs (Gottschling et al., 2011b). Currently, more than
250 full-length PV genomes are available in the databases, and
most of them have been isolated from humans (PAvE, Papillomavirus Episteme Database, http://pave.niaid.nih.gov/). The 2004 ICTV
guidelines for PV classiﬁcation deﬁned clear-cut nucleotide identity values in the L1 gene for the deﬁnition of genera (more than
60% identity), species (between 60% and 70% identity), types (between 71% and 89% identity) and variants (more than 98% identity)
(de Villiers et al., 2004). However, the distribution of genetic distances across taxonomic categories is not the same for all genera,
e.g. distances between comparable categories are consistently larger for Alpha-PVs than for Beta-PVs (Bravo and Alonso, 2007). The
revised 2010 ICTV guidelines for PV classiﬁcation (Bernard et al.,
2010) have thus refrained from establishing absolute limits for
deﬁning taxonomic categories and have explicitly included the
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genealogy-driven biological classiﬁcation schemes advocated by
Darwin (1872), as proposed elsewhere for PVs (Bravo and Alonso,
2007; Bravo et al., 2010, 2011).
Virtually all humans are infected since early childhood by a
large number of different human PVs (HPVs) (Antonsson et al.,
2003b; Michael et al., 2008). Most of these infections are asymptomatic and the skin of healthy individuals is colonized by dozens
of different HPVs without apparent damage (Antonsson et al.,
2000, 2003a; de Koning et al., 2007; Hsu et al., 2009). However,
some infection generates conspicuous, hyperkeratotic, benign lesions, typically visible as warts in the hands, ﬁngers, feet, lips or
eyelids (Kashima et al., 1994; Keefe et al., 1994; Piecyk-Sidor
et al., 2009; Rudlinger et al., 1989; Sun et al., 2009). A limited number of HPVs are associated with malignant proliferative anogenital
lesions in humans (Munoz et al., 2003; zur Hausen, 2002). The link
between infection and human cancer has historically been the
main interest for the study of PVs, and this human medical focus
largely dominates the ﬁeld.
The vast majority of HPV types involved in anogenital infections
in humans belong to Alphapapillomavirus. This genus belongs to the
Alpha-Omicron-PV crowngroup (Gottschling et al., 2007, 2011b),
which gathers eminently mucosotropic PVs that cause anogenital
infections in different host species (Gottschling et al., 2011a;
Rector et al., 2008; Rehtanz et al., 2006). Epidemiological studies
analyzing the differential cancer risk associated to individual viral
infections have identiﬁed a number of HPVs as necessary albeit not
sufﬁcient cause of cervical cancer (Walboomers et al., 1999). The
most prominent among the so-called ‘‘high-risk’’ HPVs are HPV16
and HPV18, which together account for more than 70% of the cases
of cervical cancer worldwide (de Sanjose et al., 2010). All ‘‘highrisk’’ HPVs are paraphyletic, i.e. they all share a common ancestor,
but some of the descendants of this ancestor are not classiﬁed as
‘‘high-risk’’ (Bravo and Alonso, 2004; Schiffman et al., 2005). Thus,
phylogenetic relationships among HPVs roughly match the phenotypic characteristics of the infection but many questions remain
unclear (Bravo et al., 2010). We still do not understand what makes
HPV16 and HPV18 different from the rest of the members of the
AlphaPVs species (species 9 and 7, respectively), accounting for
their increased carcinogenic potential; we do not know why
HPV67 and HPV97, close relatives of HPV16 and HPV18 respectively, are only weakly associated to the development of cervical
cancer (Schiffman et al., 2009); ﬁnally, we have little information
about HPV54, a distant relative of both ‘‘high-risk’’ and ‘‘low-risk’’
that could help us understand the emergence of the transforming
abilities of oncogenic HPVs.
The oncogenic potential is not evenly distributed among types
within a PV species (Bravo and Alonso, 2004; Schiffman et al.,
2005, 2009), and the same may hold true for the differential oncogenicity among variants within a PV type. A number of studies,
mostly focusing on HPV16, have addressed the differential role of
speciﬁc variants in the persistence of infection and the subsequent
development of cervical lesions. Nevertheless, the potential differential carcinogenicity of variants in other HPVs is still largely unknown (Chan et al., 2002; Khouadri et al., 2006; Xin et al., 2001).
The availability of increasing numbers of full-length genomes of
many ‘‘high-risk’’ HPVs has allowed sampling the genotypic diversity around the genome sequences historically deﬁned as ‘‘references’’ (Chen et al., 2009, 2011). This deep description of genetic
variability is the prerequisite for more thorough analyses of the
differential association between PV variants and cancer.
In the present study we have addressed the description of variants of HPV33, HPV45 and HPV58 present in cervical cancer samples. These three viruses are among the eight most prevalent
types of HPV in cervical cancer, and account for 4%, 6% and 2%,
respectively, of the cases of cervical cancer worldwide (de Sanjose
et al., 2010). We have mapped the diversity of viral variants present
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in cases of cervical cancer onto the respective global diversity, described in the latter data from literature (Chan et al., 2011; Chen
et al., 2011) and have found that for all three analyzed PVs the repertoire of variants is not equally represented in cervical cancer.
2. Material and methods
2.1. Samples
Samples analyzed in the study were selected among those available from two different HPVs worldwide survey studies: the RIS
HPV TT project, coordinated by the Catalan Institute of Oncology
(ICO, Barcelona) (de Sanjose et al., 2010) and a case-control study
performed at the International Agency for the Research on Cancer
(IARC, Lyon) (Bosch et al., 1992; Hammouda et al., 2005). From the
RIS HPV TT project formalin-ﬁxed parafﬁn-embedded (FFPE) tissues were used, and from the IARC study both FFPE tissues and
material from cervical swabs were used. The RIS HPV TT study included only cancer cases. Therefore no cancer-risk associated to
viral variants could be explored because of the lack of proper control population.
For HPV58, the samples were selected from the RIS HPV TT
study according to the following criteria: cervical cancer cases with
HPV58 single infections and enough material in terms of DNA
available for the analyses. From the cases that met the criteria
(n = 192), a random sample of 50 cases was taken, including 49
squamous cell carcinoma (SCCs) and one neuroendocrine (NEC) tumor. Samples with HPV33 and/or 45 were obtained from tumor
biopsies or scrapes of the IARC case-control study. Twenty-three
HPV33 and 87 HPV45 single infections were selected, as well as
82 multiple infections with HPV33 and/or HPV45 were identiﬁed.
The quality of the material for processing was not sufﬁcient for
all these samples, so ﬁnally the number of invasive cervical cancer
(ICC) samples of adequate quality was: ten samples with single
infections and 13 with multiple infections of HPV33; 47 samples
with single infections and 14 with multiple infections of HPV45.
A description of the samples and the geographical origin is given in Supplementary material (Table S1).
2.2. DNA ampliﬁcation
Different protocols for DNA extraction and ampliﬁcation were
performed, according to the source and kind of the samples.
For HPV58 positive samples, parafﬁn tissue sections were treated with freshly prepared proteinase K solution to extract DNA as
established in the working protocol used in the original project
(de Sanjose et al., 2010). Brieﬂy, proteinase K (10 mg/mL) was
added to the digestion buffer (50 mM Tris–HCl pH 8.0, 1 mM EDTA,
0.5% Tween 20). Each sample was mixed with 250 lL of proteinase
K solution and incubated in a heating block for 18 h at 56 °C.
Speciﬁc primers used for the ampliﬁcation of 335 bp of the
HPV58 E7 gene were designed (Table S3). All manipulations were
carried out under conditions of pre- and post-PCR separation.
The primers were tested and validated on cervical specimen positives for HPV58. Ampliﬁcation was performed using HotStar Taq
Polymerase (Qiagen, Hilden, Germany) according to the manufacturer’s indications. The two strands of the PCR products were sequenced by the ﬂuorescent dye dideoxy termination method
using the ampliﬁcation primers.
For HPV33 and/or HPV45, DNA was isolated by high-pure PCR
template preparation kit (Roche, Mannheim, Germany) according to
the manufacturers’ instructions. Presence of HPV33 and/or HPV45
was veriﬁed by GP5 + /6 + PCR-EIA testing and subsequent reverse
line blot genotyping as described earlier (Snijders et al., 2005).
The E6–E7 region of either HPV33 or HPV45 was ampliﬁed by
PCR with speciﬁc primers generating overlapping amplicons with
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total lengths between 140 and 851 bp (Table S4; Table S5). The two
strands of the PCR products were sequenced by the ﬂuorescent dye
dideoxy termination method using the ampliﬁcation primers.
Accession numbers for sequences generated in this study (GenBank JQ976760-JQ976877) are given in Table S1 (Supplementary
material). Table S2 (Supplementary material) shows in detail the
genetic differences in the analyzed sequences.
2.3. Sequence analysis
Phylogenetic inference was performed using the Evolutionary
Placement Algorithm (EPA), originally designed for phylogenetic
assignment of short DNA sequences onto a previously computed
robust topology generated with a larger amount of information,
under a maximum likelihood framework (Berger and Stamatakis,
2011; Stark et al., 2010). This algorithm has successfully been
tested and applied to the phylogenetic placement of short PV sequences (Mengual-Chuliá et al., 2012).
The reference trees were computed using full-genome
sequences from HPV33 (Chen et al., 2011), HPV45 (Chen et al.,
2009) and HPV58 (Chan et al., 2011). Accession numbers and lineages for the reference sequences are given in Table 5 of the Supplementary material. The complete genomes were aligned at the
nucleotide level with MUSCLE 3.7 (Edgar, 2004). The ﬁnal sets contained 21 sequences, 7912 nucleotides and 137 alignment patterns
for HPV33; 13 sequences, 7858 nucleotides and 116 alignment patterns for HPV45; and 37 sequences, 7838 nucleotides and 87 alignment patterns for HPV58. The phylogenetic relationships were
inferred under a maximum likelihood framework using RAxML
v7.2.8 (http://www.exelixis-lab.org/) (Stamatakis, 2006), with the
GTR + C4 model and the number of required bootstrap cycles
was determined with the –autoMRE command (Pattengale et al.,
2010). The results for the reconstruction of the reference trees
are shown in Supplementary Text1.
Sequences generated in this study were added to the corresponding complete genome alignments using the –add command
in MAFFT (Katoh et al., 2005). These alignments were subsequently
chopped to the respective region common to all sequences. The ﬁnal alignments contained 36 sequences, 1050 nucleotide positions
and 34 alignment patterns for HPV33; 77 sequences, 1050 nucleotide positions and 35 alignment patterns for HPV45; and 66
sequences, 269 nucleotide positions and 34 alignment patterns
for HPV58. The EPA algorithm was performed as implemented in
RAxML v7.2.8 (option -f v) using the GTR + C4 model. The query sequences (i.e. those generated in this work) were launched onto the
corresponding reference tree (i.e. the one precalculated with the
complete genomes) and their positions were inferred without modifying the scaffold. The algorithm calculates the node/s for insertion
of new sequences in the reference trees together with the likelihood
value/s of these insertions (Berger and Stamatakis, 2011; Stark
et al., 2010). The algorithm does not compute the relationships
among the query sequences, and they would yield an apparent
polytomy if they were assigned to the same node. The likelihood
weights for the assignment of the sequences to each clade or subclade are shown in Table S6 of the Supplementary material.
The results of the variants distribution in cancers obtained in
the analyses of HPV58 variants were compared with the global distribution in the population based on available literature information (Chan et al., 2011; Chen et al., 2009, 2011) by means of the
Pearson’s Chi-squared Test for Count Data, as implemented in R.
3. Results and discussion
In the present study we have analyzed the diversity of HPV
types 33, 45 and 58 in cervical cancer samples, obtained from

two international survey studies in cervical cancer (Bosch et al.,
1992; de Sanjose et al., 2010; Hammouda et al., 2005), including
cervical smears and FFPE samples. DNA from all samples was obtained and tested for HPV detection in the context of these studies.
A total of 23, 61 and 29 samples positive for HPV33, HPV45 and
HPV58, respectively were initially selected for the study, on the basis of the presence of sufﬁcient left-over material for the proposed
analyses.
The analyses for the genetic variability of each genotype were
performed by sequencing targeted regions of the viral genome
(Fig. 1). For HPV58, a 269 bp region of the E7 gene was analyzed
in all samples (positions 602–870 bp in the HPV58 reference sequence, GenBank #D90400). For HPV33 and HPV45, the analyzed
region comprised 1050 bp and spanned the complete E6 and E7
genes (positions 1–1050 in the HPV33 reference sequence, GenBank #M12732; positions 1–1050 in the HPV45 reference sequence, GenBank #EF202167). The two strands of all amplicons
were sequenced and assembled, and those with enough quality
were used for the subsequent phylogenetic analyses.
An Evolutionary Placement Algorithm was used for phylogenetic
inference with the sequences obtained (Berger and Stamatakis,
2011; Stark et al., 2010; Mengual-Chuliá et al., 2012). For each of
the three viruses, a reference tree was assembled with the
full-length genomes of the respective genotypes (Figs. 2a, 3a and
5a; Table S1). Subsequently, the newly generated sequences were
added onto this reference tree. For all three HPV types studied the
phylogenetic relationships reconstructed matched the previous
descriptions (Chan et al., 2011; Chen et al., 2009, 2011).
The differential role of the diverse HPVs variants in the development of cervical cancer is a function of multiple factors, including
geographical criteria (Bernard et al., 2006), and is still poorly
understood. As in many other respects, the best documented HPVs
in the context of viral variants are HPV16 and HPV18. Relative risk
of cervical cancer for HPV16 African and Asian-American variants
is threefold greater than for the European ones (Burk et al., 2003;
Schlecht et al., 2005; Sichero et al., 2007). This risk is also higher
for the European variant of HPV18 than for the African or AsianAmerican variants (Burk et al., 2003; Schlecht et al., 2005; Sichero
et al., 2007). For other ‘‘high-risk’’ HPVs, the differential risk for
cancer development associated to viral variants is not well documented, with scarce data on HPV33, HPV45 or HPV58 variants. Recently published studies have explored in depth the variability of
these genotypes in different studies (Chan et al., 2011; Chen
et al., 2011), but no precise information on the prevalence of the
different variants either in lesions or in healthy tissue has been
provided. In the present study we have aimed to provide a description of variants for these viruses in cervical cancer cases. Historically, the yardstick for PV inter-type comparison has been the L1
gene (de Villiers et al., 2004). Although still commonly used as a
reference, the choice of this marker has been superseded by a global phylogenetic approach (Bernard et al., 2010). However, there is
no standard marker deﬁned for the description of PV intra-type
variation. For the best studied HPV16 and HPV18, intra-type
sequence variability has been assessed using either the LCR and/
or the E6 and L1 genes. For our analyses the E6–E7 region was
chosen to maximize the phylogenetic signal available for the
downstream evolutionary analyses (Bravo and Alonso, 2004, #58;
Garcia-Vallve et al., 2005).
3.1. Variant A predominates in HPV45-positive cases of cervical cancer
HPV45 is a close relative of HPV18 (Gottschling et al., 2011b),
belongs to the AlphaPVs species 7 (Bernard et al., 2010), and is epidemiologically considered as a ‘‘high-risk’’ type (Munoz et al.,
2003). This virus is the third most common genotype involved in
invasive cervical carcinoma, found in 6% of cervical cancers (de
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Fig. 1. Regions ampliﬁed for the analyses of each HPV genotype.

Fig. 2. (a) Best known ML phylogenetic tree of HPV45 variants using the full-length genome sequences from Chen et al. (2011). The tree has been midpoint rooted. The HPV45
variants are classiﬁed into two clades (A and B); (b) projection of the E6/E7 HPV45 sequences generated in this study (labeled in red) onto the scaffold of the best-known
full-length ML tree. ‘‘Triangle’’: South-American samples; ‘‘Circle’’: Asian samples; ‘‘Star’’: African samples; ‘‘Square’’: European samples. (For interpretation of the references
to color in this ﬁgure legend, the reader is referred to the web version of this article.)

Sanjose et al., 2010), but in only 0.5% of women with normal cytology (Bruni et al., 2010).
For HPV45, most of the samples in our study (54 out of 61)
ﬁtted in clade A (48 samples in A1; six samples in A2) with only
seven samples belonging to clade B, subclade B2. (Table 1 and
Fig. 2). Thirty-two of the analyzed sequences (55.6%) were identical, most of them with Asian origin.
Phylogenetic diversity of HPV45 has recently been described
(Chen et al., 2009) with the deﬁnition of two clades and four subclades. A later study of the same group has addressed the cancer risk
associated to HPV45 variants, and found no differential connection

between infection with HPV45 variants A or B and risk of cancer,
although the number of cervical cancer cases analyzed was small
(n = 7) (Schiffman et al., 2010). In contrast, in the present study
we have analyzed 61 cervical cancer cases containing HPV45
DNA, and our results show an excess of A variants over B variants
in lesions (89% vs. 11%).
3.2. Variant A predominates in HPV33-positive cases of cervical cancer
HPV33 is a relative of HPV16 (Gottschling et al., 2011b) and is
classiﬁed into AlphaPVs species 9 (Bernard et al., 2010). It is found
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Fig. 3. (a) Best known ML phylogenetic tree of HPV33 variants using the full-length genome sequences from Chen et al. (2011). The tree has been midpoint rooted. The HPV33
variants are classiﬁed into two clades (A and B); (b) projection of the E6/E7 HPV33 sequences generated in this study (labeled in red) onto the scaffold of the best-known
full-length ML tree. ‘‘Triangle’’: South-American samples; ‘‘Circle’’: Asian samples; ‘‘Star’’: African samples; ‘‘Square’’: European samples. (For interpretation of the references
to color in this ﬁgure legend, the reader is referred to the web version of this article.)

in 0.5% of women with normal cytological ﬁndings (Bruni et al.,
2010) and accounts for approximately 4% of cervical cancer cases
worldwide (de Sanjose et al., 2010). All sequences generated from
HPV33-positive cervical cancer samples ﬁtted in the clusters that
describe the known diversity within HPV33 (Chen et al., 2011)
and belonged to clade A (15 samples in A1; 8 samples in A2) (Table
2 and Fig. 3). For the geographical distribution of the variants, the
only remarkable point is the appearance of all the three HPV33
African samples in clade A1.
A number of studies have addressed the description of HPV33
variants, analyzing the sequence in speciﬁc regions of the genome
and their relationship to cancer development (Khouadri et al.,
2006, 2007; Xin et al., 2001). A differential relation between cervical cancer and HPV variants is described in the work by Xin and
colleagues (Xin et al., 2001), where the authors report that nonprototype variants were associated more frequently with cervical
intraepithelial neoplasia (CIN) grade I/II diagnoses, while the prototype sequences were associated with CIN III/ICCs diagnoses.
Unfortunately the sequences generated and analyzed by these
authors were not deposited and are not available for phylogenetic
inference.
Finally, one further description of the differential involvement
of HPV33 variants in cervical cancer was reported from the Guanacaste Project (Schiffman et al., 2010). The authors referred variants in clades A and B to show a higher risk for cancer development
compared with C variants, based on the frequency of ﬁnding the
different variants in advanced CIN (Schiffman et al., 2010). Unfortunately, there was no description of the deﬁnition of such three
clades in the report, while in the full description of the HPV33
diversity only two clades were deﬁned (Chen et al., 2011). This

unfortunate issue highlights the need of standardizing nomenclature using neutral naming, as has been put forward in the last
descriptions of HPVs variants diversity (Burk et al., 2011; Chan
et al., 2011; Chen et al., 2011).
3.3. Variant A predominates in HPV58-positive cases of cervical cancer
HPV58 is a close relative of HPV33 (Gottschling et al., 2011b)
and belongs to AlphaPVs species 9 (Bernard et al., 2010). It is considered as ‘‘high-risk’’ (Munoz et al., 2003), is found in 0.7% of women
with normal cervical cytology (Bruni et al., 2010) and accounts for
ca. 2% cases of cervical cancer worldwide (de Sanjose et al., 2010).
Concerning the viral diversity of HPV58, the 29 analyzed samples
ﬁtted in the clusters that describe the known diversity within the
type (Chen et al., 2011). Twenty-ﬁve out of 29 sequences belonged
to clade A (three samples in A1; 13 samples in A2; nine samples in
A3), while three sequences belonged to clade C and one sequence
belonged to clade D2 (Fig. 4b and Table 3).
The best description of the global diversity of HPV58 is that of
Chen and colleagues (Chen et al., 2011). We have reconstructed
the relationships among the variants that these authors communicated and have obtained a similar phylogenetic reconstruction
(Fig. 4a). However, there is an unfortunate nomenclature assignment in this reference work (Chen et al., 2011), because the
authors have described variant B as a lineage obviating that it is
clearly paraphyletic, as variants C and D are nested within variant
B (Fig. 4a and 6 in (Chen et al., 2011)). The ICTV does not provide
recommendations for classiﬁcation at shallow levels, beyond type.
The study group of the ICTV for Papillomaviridae has put forward
the need for explicitly introducing phylogeny in the deﬁnition of
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Table 1
Distribution of the new samples in the phylogenic clades HPV45.

Table 3
Distribution of the new samples in the phylogenic clades HPV58.

Clade

No. samples

%

Clade

No. samples

%

A
A1
A2
B
B1
B2
Total

54
48
6
7
0
7
61

88.52
78.69
9.83
11.48
0.00
11.48
100.00

A
A1
A2
A3
B
C
D
D1
D2
TOTAL

25
3
13
9
0
3
1
0
1
29

86.21
10.34
44.84
31.03
0.00
10.34
3.45
0.00
3.45
100.00

Table 2
Distribution of the new samples in the phylogenic clades HPV33.
Clade

No. samples

%

A
A1
A2
B
TOTAL

23
15
8
0
23

100.00
65.22
34.78
0.00
100.00

taxonomic categories, refraining from the use of absolute boundaries of sequence identity for deﬁning genera, species, types and
variants (Bernard et al., 2010). This switch reﬂects the need to
account for the differential pace of evolution in different PV crowngroups and the difﬁculty of dealing with overlapping distances between categories (Bravo and Alonso, 2007; Gottschling et al.,
2011b; Bernard et al., 2010). The systematic nomenclature of
HPV58 variants may require amendment.

A number of studies regarding HPV58 variants have been previously published, but most of them analyze the results in terms of a
signature of single nucleotide polymorphisms that could differentiate between variant lineages (Cento et al., 2011; Wu et al., 2009).
Indeed, some of these sequence patterns can be related to progression or appearance of a cervical pathology (Cento et al., 2011; Xin
et al., 2001). However, the absence of a phylogenetic framework for
interpreting the results prevents the comparison with our results.
Total variability of the genotype is shown in the work we used
as a reference for the trees reconstruction (Chen et al., 2011), but
not their frequencies in the population. Because of this, the comparison of our data can only offer us results on how our variants
are clustered in the known clades. We observed a high proportion
of A variants in our population when compared with the data published in (Chen et al., 2011) (86.2% of the lesions in our study presented these variants). Further, no precise information about the

Fig. 4. (a) Best known ML phylogenetic tree of HPV58 variants using the full-length genome sequences from Chen et al. (2011). The tree has been midpoint rooted. The HPV58
variants are classiﬁed into four clades (A–D); (b) projection of the E7 HPV58 sequences generated in this study (labeled in red) onto the scaffold of the best-known full-length
ML tree. Most of new sequences cluster with conﬁdence in the A clade. ‘‘Triangle’’: South-American samples; ‘‘Circle’’: Asian samples; ‘‘Star’’: African samples; ‘‘Square’’:
European samples. (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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Fig. 5. Comparison of the HPV 58 variants distribution in this study (left) and in [43], (right). There are no statistically signiﬁcant differences between both distributions
(v2 p = 0.24).

composition of the study population is presented in the mentioned
work (Chen et al., 2011). The samples analyzed were generated
from the Guanacaste cohort and comprise both samples with lesions and HPV positive controls (Chen et al., 2011). Another HPV
variant study has previously been performed using this Guanacaste
cohort (Schiffman et al., 2010) and the authors presented data supporting a different relative risk for speciﬁc HPV58 variants, with
the variants in clade A being the only ones found in CIN2+ cases.
Our results show that not only A variants but also C and D variants
are found in cervical cancer. The sample size in the Guanacaste
study is larger than ours (57 CIN2+ vs 29 SCCs). It is therefore unlikely that the differences in variants distribution appear as an artifact due to sample size. We interpret that such differences reﬂect
rather the differences in genetic background of the two study populations: the Guanacaste cohort includes samples from patients
residing in Central-South America while our study population includes women from Asia, Europe, Central-South America and Africa
(Fig. 4b). It is remarkable that all three Italian samples ﬁt in clade C,
and all Asian samples in clade A. These results suggest a geographical component in the differential distribution of the HPV58
variants.
A more closely related population to the one in our work is the
study population by Chan and colleagues (Chan et al., 2011). Here,
the authors present the results of HPV58 variants distribution
worldwide, including both lesions and normal samples. In this
case, total and comparable data on HPV58 variants prevalence
are included (Fig. 5). As in our work, Chan and colleagues analyzed
a worldwide population with an important contribution of HPV58positive samples of Asian origin, namely 62.0% and 59.4% of the
total cases, respectively. This overrepresentation of Asian samples
reﬂects the increased prevalence of HPV58 in ICC cases in Asia,
where it is found to be involved in 4% of the cases, in contrast with
the described worldwide prevalence of 2% (de Sanjose et al., 2010;
Zuna et al., 2009). There is no statistically signiﬁcant difference between the variant distributions found by Chan and colleagues
(Chan et al., 2011) and in the present work (v2 p value = 0.24).
Finally, scarce information is available concerning the distribution of these HPV variants in women without cervical lesions.
The biggest control group is the one described in the work by
Schiffman et al. (2010). In this study, nested in the Guanacaste
cohort, women without lesions but positive for HPV infection are
used as control population. There, the authors grouped the different HPV variants according to a ‘‘theoretical cancer-risk’’, and compared intra-type variants. For HPV33 (n = 69), 89.8% of the variants

were type A or B and 10.2% were C; for HPV45 (n = 114), 47.4% A vs.
52.6% B; for HPV58 (n = 194), 93.8% A vs. 6.2% B/C/D.
No comparisons for cancer-risk associated to variants in case/
control samples could be performed between these data and ours.
The different classiﬁcation of variants (3 clades for HPV33 in
Schiffman’s work, 2 clades in HPV33 phylogenetic description;
the grouping of variants, which do not allow knowing the exact
number of each one) and our small sample size prevent any additional analyses in this way.

3.4. Conclusion
Our data suggest that the different variants of HPV 58, HPV33
and HPV45 are not equally present in cervical cancer samples.
These ﬁndings are important for our basic knowledge of PVs, as
they provide us with evidence on the different ways the PV infection can be involved in cancer development and suggest differential interaction between variability at the level of the host and at
the level of the viruses. The data we have presented here arise from
studies based on cancer samples and do not incorporate results
from control samples. Therefore, no data on the differential prevalence of viral variants in cervical cancer compared to normal tissue
can be established here. For the statement of a real risk associated
to variants, epidemiologic studies with proper case-control design
are needed. However, the low prevalence of these HPV genotypes
in normal population may limit the possibilities to obtain the necessary sample size for these studies. Finally, our results for HPV58
suggest that there may be an important interaction component between the geographical origin of the samples (which may be a
proxy for genetic background of the population) and the differential distribution of viral variants in cancer cases. Further research
is thus required for the study of such differential presence in control samples from various geographical locations.
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