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Abstract

Background The purpose of this study was to investigate the genetic variations in the E6 and E7 oncogenes of
HPV31 and HPV35, and to explore their potential role in cervical cancer risk among women in Taizhou, China.

Methods Cervical exfoliated cells were collected for HPV genotyping, and only patients with a single infection of
either HPV31 or HPV35 were selected for this study. The ABI 3730xI sequencer was utilized to sequence the £6 and £7
genes, followed by subsequent sequence alignment, analysis of genetic heterogeneity, and construction of maximum
likelihood phylogenetic trees for the sequences of HPV31 and HPV35 using BioEdit and MEGA softwares.

Results From 2013 to 2023, 148 HPV31 E6/E7 gene sequences and 121 HPV35 E6/E7 gene sequences were
successfully obtained. We identified 16 distinct HPV31 E6/E7 variants and 5 distinct HPV35 E6/E7 variants, which have
been deposited in GenBank under accession numbers OR540563-OR540578 and OR540579-OR540583, respectively.
Phylogenetic analysis revealed that most of the HPV31 variants belonged to sublineage A2 (57.4%), followed by
sublineages C2 (26.4%), C3 (14.2%) and B1 (2.0%). The proportion of CIN2 + patients in sublineage A2 was greater than
that in other HPV31 sublineages, but the difference was not statistically significant (69.2% vs. 30.8%, P> 0.05). The most
common variant in A2 was 31CNTZ07, which has a greater risk of CIN2 +than other A2 variants (OR=3.5, 95% Cl=1.31
t0 9.36; P<0.05). In addition, all the HPV35 variants belonged to lineage A, of which 99.2% belonged to sublineage Al.
35CNTZ01 and 35CNTZ03 were the two most common HPV35 variants in our population, but no significant difference
in their carcinogenic ability was observed (P<0.05).

Conclusion These data provides a deeper insight into the distribution of geographic/ethnical HPV31 and HPV35
variants, which contribute to the development of multivalent HPV vaccines and diagnostic assays that are suitable for
Chinese women.
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Background

Cervical cancer remains a significant threat to women’s
health. Approximately 660,000 new cases were diag-
nosed and 350,000 deaths occurred globally in 2022 [1].
In China, the incidence and mortality rates of cervical
cancer are increasing, particularly in rural areas [2]. Per-
sistent infection with high-risk human papillomavirus
(HR-HPV) is a principal aetiologic factor for the develop-
ment of cervical cancer. HPV is a small, double-stranded
DNA virus with a genome consisting of approximately
8,000 nucleotides. The early genes E6 and E7 encode the
primary oncogenic proteins in HPV genotypes and play
pivotal roles in tumour initiation and progression [3]. The
nomenclature of HPV is established by the International
Committee on Taxonomy of Virus (ICTV), but no stan-
dards below the species level [4]. A “type” is established
when the nucleotide sequence of the LI gene differs from
that of any other characterized types by >10%. For exam-
ple, HPV16 is a type within species Alphapapillomavi-
ruses 9 of the genus Alphapapillomaviruses.

HPV can be classified into high-risk and low-risk
types on the basis of the degree of potential carcinoge-
nicity. Among these, 14 types of HPV (16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 66, 68) are more likely to cause
cervical cancer than other HPV types and are defined
as “HR-HPV”. Each HPV type can be further classified
into variant lineages and sublineages using empirically
defined genetic differences of 1.0-10% and 0.5-1.0%,
respectively [4, 5]. Notably, our previous studies revealed
differences in carcinogenic risk between different genetic
variations in HPV genome [6, 7]. Our results showed that
the sublineage A4 (Asia) variants of HPV16 carried a sig-
nificantly increased risk for CIN2 + compared to the A1-3
(European) variants [6]. In particular, the oncogenicity of
E6 T178G (D32E), T350G (L90V) and E7 A647G (N29S)
variations was associated with the persistent viral infec-
tion and cervical cancer risk. Our results showed that
the sublineage A3 variants with T20I/G63S substitutions
at E7 oncoprotein carried a significantly higher risk for
CIN2 + compared to other HPV58 variants [7]. More-
over, our previous epidemiological survey suggested that
HPV31 and HPV35 may also cause cervical cancer [8, 9,
10]. However, there are few studies on HPV31-related
and HPV35-related genetic variations and their carci-
nogenicity. Therefore, the purpose of this study was to
investigate the genetic variations in the E6/E7 genes of
HPV31 and HPV35, conduct an epidemiological analysis
of the HPV31 and HPV35 types prevalent in the Taizhou
region, and assess their correlation with cervical lesions.

Materials and methods

Study population and specimen collection

From February 2013 to June 2023, we collected exfoliated
cervical cells from women who visited Taizhou Hospital
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in Zhejiang Province for cervical cancer screening. To
ensure the accuracy of the experiment without inter-
ference from other HPV types, this study only selected
samples infected with HPV31 or HPV35 alone. A total
of 150 single HPV31-positive samples and 133 single
HPV35-positive samples were selected in this study. All
the samples in cell preservation medium were stored at
-80 C before DNA extraction.

HPV genotyping

Total DNA was extracted from the stored specimens
using a DNA Extraction Kit (#GK0122, GENEray). HPV
genotyping was performed using a bead-based multi-
plex bioGP5+/6 + PCR/MPG assay technology. In short,
the biotin-labeled PCR products were captured by HPV
type-specific probes attached to color-coded beads;
streptavidin-phycoerythrin was used as the reporter
that bound to the target; and the HPV genotypes were
analyzed using a Luminex200™ analyzer. This assay can
simultaneously detects DNA from 27 HPV genotypes
(high-risk HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
66, 68, and low-risk HPV6, 11, 26, 40, 42, 43, 44, 53, 55,
61, 81, 82, 83).

Primer design and PCR

Then, using the NCBI primer-BLAST tool, specific
primer pairs were designed for the entire E6/E7 regions
of HPV31 or HPV35. The specific primer sequences for
HPV31 E6/E7 were 31E6E7F 5'-AGGGAGTGACCGAA
AGTGGT-3" and 31E6E7R 5'-ATGTTCCTCCGCTTCC
TGTG-3'. The specific primer sequences for HPV35 E6/
E7 were 35E6E7F 5'-AGTGACCGAAAACGGTCGTA-3’
and 35E6E7R 5'-GGATCCCCCGTACGTCTACT-3'. The
primers used were synthesized by BGI Company (Hang-
zhou, China).

Sequencing

Based on the reference sequence (GenBank accession
number: J04353 for HPV31), the size of the amplified
PCR product was 1066 bp, corresponding to nucleotide
positions [nt] 30—1095, containing the entire £6 gene (nt
108-557) and the entire E7 gene (nt 560—856). Similarly,
for HPV35 (GenBank accession number: HQ537708),
the size of the amplified PCR product was 944 bp, corre-
sponding to nucleotide sites [nt] 19-962, containing the
entire £6 gene (nt 110-559) and the entire E7 gene (nt
562-861). The techniques for PCR product purification,
visualization, and sequencing were routinely performed.
All the data were confirmed using at least two repeated
PCR amplifications and sequence analyses.

Phylogenetic analysis
All the obtained nucleotide sequences were aligned
using ClustalW multiple alignment (BioEdit Alignment
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Editor Software V7.0.9.0), with the prototype refer-
ence sequences (J04353 for HPV31 and HQ537708 for
HPV35) used as standards for the number of nucleotide
locations of HPV31 and HPV35. The phylogenetic tree of
HPV31 was generated using 16 complete HPV31 E6/E7
genes obtained in this study and 7 complete HPV31 E6/
E7 genes available from NCBI (J04353 (A1), HQ537675
(A2), HQ537676 (B1), HQ537680 (B2), HQ537682 (C1),
HQ537684 (C2), and HQ537685 (C3)). The phylogenetic
tree of HPV35 was generated using 5 complete HPV35
E6/E7 genes and 3 complete HPV35 E6/E7 genes avail-
able from NCBI (HQ537713 (A1), HQ537721 (A2), and
MT1217311 (B)). Maximum-Likelihood tree was con-
structed with the GTR model using MEGA-X software
V10.1.7. The data were bootstrap resampled 1000 repli-
cates for tree topology evaluation.

Statistical analysis

All data were analyzed by SPSS 25.0 software (SPSS Inc.,
Chicago, IL). The relationships between cervical lesion
risk and HPV31 or HPV35 variants were analysed using
the chi-square test or Fisher precision test. Using CIN2 or
worse (CIN2+) as outcome variable and normal histology
as control group. Odd ratios (ORs) and relative 95% con-
fidence intervals (95%CI) were calculated. A two-sided
Pvalue <0.05 was considered statistically significant.

Results

Characteristics of the study population

The infection rates of the HPV31 and HPV35 types are
extremely low among Chinese women. HPV31 and
HPV35 infection rates were approximately 7.0% and
5.5%, respectively, either alone or in combination with
other types [8, 9, 10, 11]. Between 2013 and 2023, a single
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HPV31 infection was detected in 150 women (median
age 42.0 years; range 20—69 years) and a single HPV35
infection was detected in 133 women (median age 44.0
years; range 21-71 years) were selected in this study. The
specific clinical data are presented in Additional Files 1
and 2.

For HPV31, a total of 148 (98.7%) sequences of the
entire E6 and E7 genes from HPV31 were successfully
obtained. Among 148 women, 80 (54.1%) underwent col-
poscopy biopsy for histological diagnosis, including 46
with normal histology, 8 with CIN1, 14 with CIN2, 12
with CIN3, and no cases of cervical cancer. The charac-
teristics of the study population are shown in Table 1.

For HPV35, a total of 121 (91.0%) sequences of the
entire E6 and E7 genes from HPV35 were successfully
obtained. Among 121 women, 79 (65.3%) underwent col-
poscopy biopsy for histological diagnosis, including 61
with normal cervices, 6 with CIN1, 8 with CIN2, 4 with
CIN3, and no cases of cervical cancer. The characteristics
of the study population are shown in Table 2.

Variations in the HPV31 E6 and E7 genes

Compared with J04353, all the HPV31 samples presented
nucleotide variations. No premature termination codons
or frameshift mutations were identified. Figure 1 depicts
all the changes in the nucleotide and amino acid (AA)
sequences in the entire E6 and E7 regions of the HPV31
sublineages. In total, we obtained 16 different genetic
variants of HPV31, denoted 31CNTZ01-31CNTZ16,
which have been submitted to the GenBank data-
base under accession numbers OR540563-OR540578.
31CNTZ07 (27.7%, 41/148) was the most common
genetic variant, followed by 31CNTZ15 (25%, 37/148)
and 31CNTZ04 (19.6%, 29/148). Of which, the AA

Table 1 The frequency of HPV31 sublineages in histopathology grades

HPV31 sublineages Variants Normal CIN1 CIN2 CIN3 Cancer (n=0) Total (n=80)
(n=46) (n=8) (n=14) (n=12)

A2 24(52.2%) 4(50.0%) 10(71.4%) 8(66.7%) 0 46(57.5%)
31CNTZ01 2(4.3%) 0 0 0 0 2(2.5%)
31CNTZ02 1(2.2%) 2(25.0%) 0 0 0 3(3.8%)
31CNTZ04 9(19.6%) 0 2(14.2%) 2(16.7%) 0 13(16.3%)
31CNTZ05 1(2.2%) 0 0 0 0 1(1.3%)
31CNTZ06 0 1(12.5%) 0 0 0 1(1.3%)
31CNTZ07 11(23.9%) 1(12.5%) 7(50%) 6(50.0%) 0 25(31.3%)
31CNTZ10 0 0 1(7.1%) 0 0 1(1.3%)

B1 1(2.2%) 1(12.5%) 0 0 0 2(2.5%)
31CNTZ12 1(2.2%) 1(12.5%) 0 0 0 2(2.5%)

c2 14(30.4%) 3(37.5%) 4(28.6%) 3(25%) 0 24(30%)
31CNTZ15 14(30.4%) 3(37.5%) 4(28.6%) 2(16.7%) 0 23(28.8%)
31CNTZ16 0 0 0 1(8.3%) 0 1(1.3%)

c 7(15.2%) 0 0 1(8.3%) 0 8(10.0%)
31CNTZ13 6(13.0%) 0 0 1(8.3%) 0 7(8.8%)
31CNTZ14 1(2.2%) 0 0 0 0 1(1.3%)
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Table 2 The frequency of HPV35 sublineages in histopathology grades
HPV35 sublineages Variants Normal CIN1 CIN2 CIN3 Cancer (n=0) Total (n=79)
(n=61) (n=6) (n=8) (n=4)
A1l 60(98.4%) 6(100.0%) 8(100.0%) 4(100.0%) 0 78(98.7%)
35CNTZ01 35(57.4%) 3(50.0%) 6(75.0%) 3(75.0%) 0 47(59.5%)
35CNTZ02 1(1.6%) 0 0 0 0 1(1.3%)
35CNTZ03 24(39.3%) 1(16.7%) 2(25.0%) 1(25.0%) 0 28(35.4%)
35CNTZ04 0 2(33.3%) 0 0 0 2(2.5%)
A2 1(1.6%) 0 0 0 0 1(1.3%)
31CNTZ05 1(1.6%) 0 0 0 0 1(1.3%)
112222 33444445 15(566¢6 77738 GenBank
3768992200247723|/8279 488 2| Total Sub- accession
46157 90647 86507|/0605 37 8 6](n=148)|lineages numbers
RefJO4353 |I TC ACAAAAGAAAACCIGCCGATCC
31CNTZ01 | . T G T 2 OR540563
31CNTZ02 (A T G . 4 OR540564
31CNTZ03 T G C 1 OR540565
31CNTZ04 T G 29 OR540566
31CNTZ05 . ) T G 2 OR540567
31CNTZ06 T G T G 1 A2 OR540568
31CNTZ07 T ) T G 41 OR540569
31CNTZ08 T G T G . 1 OR540570
31CNTZ09 T ) T G T 2 OR540571
31CNTZ10 T Cc T . G 1 OR540572
31CNTZ11 . . . - - TT .G 1 OR540573
31CNTZ12 C .G T . . GT . TAG 3 B1 OR540574
31CNTZ13 T T A . G T A TAG 20 c3 OR540575
31CNTZ14 T T . AGG T A TAG 1 OR540576
31CNTZ15 T TGA G T . |A.TAG 37 2 OR540577
31CNTZ16 . T. . TGA.G. . TGIA.TAG .. 2 OR540578
Ref aa PY I HTTSVLLQEKARITHVEKIRI
111111
aa position 2566677 9001234 23 467738
93204413907 3384737626739
aa mutation| . LY AA .. DRVG Y K E C
E6 E7

Note: novel HPV31 variants highlighted in bold, nowel nucleotide substitutions are highlighted in gray.

Fig. 1 Genetic variability of HPV31 £6 and £7 nucleotide sequences in Taizhou area, Southeast China. Numbering refers to the first nucleotide of the
HPV31 prototype reference sequence (GenBank: J04353). Each row indicates the variant identification and the nucleotide sequence alignment compared

to the reference

variant sequences of 31CNTZ04 were consistent with
that of 31CNTZ07. Seven (43.8%, 7/16) variants were
novel HPV31 E6/E7 variants, which are highlighted in
bold in Fig. 1.

Altogether, 24 single nucleotide substitutions were
identified in the HPV31 E6/E7 region, with 12 (50.0%,
12/24) nonsynonymous substitutions and 7 (29.2%, 7/24)
novel discovered substitutions. “Nonsynonymous sub-
stitution” refers to the substitution of encoded amino
acids caused by single nucleotide substitution in DNA
sequences. The nonsynonymous substitutions included
A261C (I52L), C285T (H60Y), A297G (T64A), A299G

(T64A), A446C (E113D), A475G (K123R), C520T
(A138V), and C537G (R144G) in the E6 sequence and
C626T (H23Y), G695A (E46K), A743G (K62E), and
C788T (R77C) in the E7 sequence. To the best of our
knowledge, the nucleotide substitutions A299G (T64A),
A320G, A446C (E113D), C537G (R144G), C670T, C788T
(R77C) and C826T have not been previously reported.

Variations in the HPV35 E6 and E7 genes

Compared with HQ537708, all the HPV35 samples pre-
sented nucleotide variations. No premature termination
codons or frameshift mutations were identified. Figure 2
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Note: novel HPV35 variants highlighted in bold, nowvel nucleotide
substitutions are highlighted in gray.

Fig. 2 Genetic variability of HPV35 E6 and E7 nucleotide sequences in Taizhou area, Southeast China. Numbering refers to the first nucleotide of the
HPV35 prototype reference sequence (GenBank: HQ537708). Each row indicates the variant identification and the nucleotide sequence alignment com-

pared to the reference

depicts all the changes in the nucleotide and amino acid
sequences in the entire E6 and E7 regions of the HPV35
sublineages. In total, we obtained 5 different genetic
variants of HPV35, denoted 35CNTZ01-35CNTZ05,
which have been submitted to the GenBank database
under accession numbers OR540579-OR540583. Nota-
bly, 35CNTZ01 (62.0%, 75/121) and 35CNTZ03 (33.1%,
40/121) were the two most common genetic variants,
but the AA variant sequences were consistent with each
other. One (20.0%, 1/5) belonged to the novel HPV35 E6/
E7 variants, which are highlighted in bold in Fig. 2.

Overall, 7 single nucleotide substitutions were iden-
tified in the HPV35 E6/E7 region, with 2 (28.6%, 2/7)
nonsynonymous substitutions and 1 (14.3%, 1/7) novel
discovered substitution. The nonsynonymous substitu-
tions included T341C (W78R) in the E6 sequence and
G748A (E63K) in the E7 sequence. A743G was observed
in the E7 sequence of all the HPV31 variants obtained
in this study. To the best of our knowledge, the nucleo-
tide substitutions of A274G have not been previously
reported.

Phylogenetic construction

For HPV31, the phylogenetic tree was constructed from
16 HPV31 E6/E7 sequences obtained from this study,
along with 7 reference sequences from GenBank (Fig. 3).
According to the phylogenetic tree, we observed that
HPV31 variants belonged to sublineage A2, B1, C2, and
C3, but no sublineages Al, B2, or C1 in Taizhou. Sub-
lineage A2 (57.4%, 85/148) was the most commonly

detected, followed by C2 (26.4%, 39/148), C3 (14.2%,
21/148), and B1 (2.0%, 3/148), respectively. For HPV35,
the phylogenetic tree was constructed from 5 HPV35 E6/
E7 sequences obtained from this study, along with 3 ref-
erence sequences from GenBank (Fig. 4). All the HPV35
E6/E7 variants belonged to lineage A, of which 99.2%
belonged to sublineage A1 (120/121).

Risk association with cervical lesions

Our data suggested that the proportion of CIN2 + patients
in sublineage A2 was greater than that in other HPV31
sublineages, but this difference was not statistically sig-
nificant (69.2% vs. 30.8%, P>0.05). The most common
variant in A2 was 31CNTZ07 (48.2%, 41/85), which
was associated with a greater risk of CIN2 +than other
A2 variants (OR=3.5, 95% CI=1.31 to 9.36; P<0.05)
(Table 1). Moreover, 35CNTZ01 (62.0%, 75/121) and
35CNTZ03 (33.1%, 40/121) were the two most common
HPV35 variants in our population. However, no signifi-
cant difference in their carcinogenic ability was noted
(P<0.05) (Table 2). In addition, no significant trends were
observed between the nucleotide substitutions of the
HPV31 or HPV35 E6/E7 variants and the risk of cervical
lesions.

Discussion

Cervical cancer is the only type of tumour with a well-
defined aetiology that can be prevented through HPV
screening and vaccination. However, owing to pub-
lic issues such as the lack of national immunization
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Fig. 3 Phylogenetic tree of the HPV31 E6/E7 variants. Maximum-likelihood analysis (with MEGA-X) of £6 and £7 nucleotide sequences was inferred from
16 obtained HPV31 variants and 7 reference sequences. Numbers below branches indicate bootstrap values
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Fig. 4 Phylogenetic tree of the HPV35 E6/E7 variants. Maximum-likelihood analysis (with MEGA-X) of £6 and £7 nucleotide sequences was inferred from
5 obtained HPV35 variants and 3 reference sequences. Numbers below branches indicate bootstrap values

programs and insufficient supply of HPV vaccines in
China, HPV screening remains the main measure for
cancer prevention. Moreover, the 9-valent HPV vaccine
(9vHPV) might not provide protection against all HPV-
related infections beyond the nine types covered by the
vaccine [12]. The current 9vHPV (Gardasil 9) contains
HPV31 type but not cover HPV35 type. In the postvac-
cination era, we need to focus on cervical lesions and cer-
vical cancer caused by nonvaccine HPV types. Notably,

owing to the extremely low infection rates of HPV31
(0.7%) and HPV35 (0.5%) in the general population [9],
little is known about the genetic variation of these two
high-risk HPV types in China. In this study, we investi-
gated the genetic variations in the E6/E7 oncogenes of
HPV31 and HPV35, constructed phylogenetic trees of
HPV31 and HPV35 variants in the Taizhou region, and
explored their relationship between genetic variants and
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the risk for cervical cancer among the Taizhou-based
population.

As is well known, the distribution of HPV variants
depends on geographical origin, ethnicity, and vaccina-
tion coverage [3, 4, 5, 8, 12]. In this study, we observed
that 57.4% of the HPV31 E6/E7 variants belonged to
sublineage A2, followed by C2 (26.4%), C3 (14.2%) and
B1 (2.0%), but no sublineages Al, B2, or C1 in Taizhou
region, Southeast China. In addition, Yu et al. [13]
reported that HPV31 lineage A (49.0%) was the most
commonly detected, followed by lineages C (47.0%) and B
(4.0%) in Northeast China. In Southwest China, Zhang et
al. [14] reported that the proportions of HPV31 lineages
A, B and C were 54.0%, 8.2%, and 37.8%, respectively.
The above data suggested that the distribution trend of
HPV31 variants was similar in various regions of China,
with sublineage A2 accounting for the majority [13, 14].
With respect to the distribution of sublineages HPV31
in other regions of East Asia, sublineage B2 (34.6%) was
the most commonly detected, followed by sublineages
A2 (26.9%), B1 (19.2%), A1 (9.6%). C1 (3.8%), C2 (3.8%),
and C3 (1.9%) in Japan [15]. In West Asia, sublineage Al
(57.1%) was the most commonly detected among Iranian
women, followed by sublineages C3 (14.3%), C1 (9.5%),
B2 (9.5%), A2 (4.8%), and B1 (4.8%) [16]. In northeastern
Brazil, the sublineage distribution of HPV31 (57.2% in
lineage A, 5.7% in lineage B and 37.1% in lineage C) was
similar to that in China [17]. In Italy, lineage C (65.8%)
was detected most frequently, followed by lineage B
(29.3%) and lineage A (4.9%) [18]. As mentioned above,
the distribution of HPV31 variants varies due to geo-
graphic variation and ethnic differences; sublineage A2 is
more common in China.

To further analyze the association between oncogenic
risk and HPV31 lineages, our data suggested that the pro-
portion of CIN2+in A2 was greater than that in other
HPV31 sublineages, and 31CNTZ07 was associated with
a greater risk of CIN2 + than other A2 variants (OR =3.5).
Previous studies reported that HPV31 sublineages Al
(OR=1.71), A2 (OR=2.48) and B2 (OR =1.89) were more
strongly associated with cervical cancer than sublineage
C3 [19, 20]. Therefore, these findings helps to explain in
part why some HPV31 infections regress spontaneously
and others lead to disease progression.

HPV35 is the most prevalent high-risk HPV type in
Africa [21], but it is not common in Asia, Europe and
North America [9, 22]. Previous study have shown that
HIV-positive women were more susceptible to HPV35
infection compared to HIV-negative women (OR=5.75,
95% CI 2.49-13.252.97, P<0.001) [23]. In this study, we
observed that all HPV35 E6/E7 variants belonged to
lineage A, of which 99.2% belonged to sublineage Al.
Several previous studies have also shown that the A1 sub-
lineage was a common variant in their countries, such
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as in Mexico, America, Norway, Belgium, Zimbabwe,
and Chad [24, 25, 26, 27, 28]. Pinheiro et al. [29] identi-
fied a new B lineage among Asian women, which is the
predominant prevalent variant in India, accounting for
62.5%. Although the A2 sublineage is not the predomi-
nant prevalent variant worldwide, it is significantly asso-
ciated with CIN3+among African-American women
[29]. African women infected with HPV35 present an up
to 10-fold increase in the prevalence of CIN3 [30]. There
was no significant correlation between HPV35 variants
and cervical lesion in Taizhou. Of note, HPV35 is not
covered by the current 9vHPV vaccine. However, the
inclusion of HPV35 in HPV vaccines would be very use-
ful in Africa.

To the best of our knowledge, this study was the first
comprehensive investigation examining the genetic
variation, phylogenetic relationships, and carcinogenic
potential of HPV31 and HPV35 in Taizhou, China. Sev-
eral limitations of the study should be addressed. First,
the present study was limited by the number of single
HPV31 or HPV35 positive samples, due to the extremely
low natural incidence of HPV31 and HPV35 in Taizhou
region. However, the number of HPV31 or HPV35 posi-
tive samples was by far the largest studied in Southeast
China. Second, HPV variants were defined based on par-
tial sequences (E6 and E7 oncogenes) rather than whole
genome. However, this does not appear to cause misclas-
sification of the variant lineages. Third, we did not have
longitudinal data to evaluate the relationship between
genetic variations and persistence throughout infection,
but we plan to assess this in our future studies.

Conclusions

In summary, the present study provides a useful data
about the geographic/ethnical distribution, genetic varia-
tions, phylogenetic relationships, and their carcinogenic
potential of in HPV31 and HPV35, which helpful to the
development of multivalent HPV vaccines and diagnostic
assays suitable for Chinese women.
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