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Abstract. Viral factors, such as high‑risk human papilloma-
virus variants, can increase the risk of viral persistence and 
influence the progression to cancer. In the present study, the 
long control region (LCR) of human papillomavirus (HPV)‑16 
and HPV‑52, and the L1 region of HPV‑16 and HPV‑18, iden-
tified from subjects belonging to both general and high‑risk 
populations (migrants, HIV+ subjects and adolescent/young 
people) residing in Italy, were characterized using molecular 
and phylogenetic techniques. To the best of our knowledge, this 
is the first Italian study to analyze a large number of sequences 
(n=458) and report phylogenetic data on the HPV‑52 variants. 
The phylogenetic analysis showed that 90% of the LCR variants 
of HPV‑16 and HPV‑52 clustered within lineage A (European 
lineage) and only sequences identified from subjects belonging 
to high‑risk populations fell into the non‑European lineages. 
Analysis of the LCRs revealed a high genomic diversity with 
a large number of changes. Several mutations in the binding 
sites for viral and cellular transcription factors characterized 
the HPV‑16 LCR variants belonging to the African lineages B 
and C, were observed in subjects with cytological abnormali-
ties (high squamous intraepithelial lesions). The HPV‑16 and 
HPV‑18 L1 molecular characterization identified 30% of 
changes in the immune‑dominant epitope loops. These data 
give a clear picture of the situation in Italy, and a starting point 
for understanding the molecular pathogenesis and developing 

molecular diagnostics for HPV, vaccines and other therapeutic 
approaches in order to control and/or eliminate virus‑induced 
diseases.

Introduction

Human papillomavirus (HPV) infection is one of the main 
causes of infection‑related cancer in both men and women (1). 
Among >200 types of HPVs, high‑risk HPV (HR‑HPV‑16, ‑18, 
‑31, ‑33, ‑35, ‑39, ‑45, ‑51, ‑52, ‑56, ‑58 and ‑59) infections are 
responsible for almost all cervical cancer cases and there is 
growing evidence that they can cause other anogenital cancers, 
including anal, vulval, vaginal and penile, and head and neck 
cancers (1,2). However, only a relatively small number of lesions 
associated with HR‑HPV infections evolve into high‑grade 
lesions or cancer. In addition to genetic and immunological 
factors, viral factors, such as HR‑HPV variants, viral load and 
viral integration, can increase the risk of viral persistence and 
influence progression to cancer (3,4). In particular, it is impor-
tant to monitor the genetic variability of HR‑HPVs over time 
in order to estimate the clinical course of HR‑HPV infections, 
predict the prognosis of benign and malignant lesions and 
define treatment strategies, as genetic diversity can influence the 
long‑term efficacy of current HPV vaccines.

The α‑HPV types have a circular, double‑stranded DNA 
genome of ~7,900 bp consisting of eight protein‑coding genes 
(L1, L2, E1, E2, E4, E5, E6 and E7), a non‑coding region (NCR) 
and a long control region (LCR) (5). The LCR of HPVs contain 
the highest degree of genomic diversity and is usually used to 
classify HPV variants into lineages and sublineages, previously 
described as geographic origin lineages (4,6‑8). In particular, 
HPV‑16 LCR variants were grouped into four major lineages 
and nine sublineages: i) Lineage A, including A1, A2, A3 
(previously known as European) and A4 (Asian) sublineages; 
ii) lineage B, including B1 (African‑1a) and B2 (African‑1b) 
sublineages; iii)  lineage C (African‑2); and iv)  lineage D, 
including D1 (North American, NA1), D2 (Asian‑American, 
AA2) and D3 (Asian‑American, AA1) sublineages  (4,7). 
HPV‑52 variants were grouped into four major lineages and 
6 sublineages: i) Lineage A, including A1 and A2 (European) 
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sublineages; ii)  lineage B, including B1 (African‑1a) and 
B2 (African‑1b) sublineages; iii)  lineage C, including C1 
(African‑2a) and C2 (African‑2b) sublineages; and iv) lineage D 
(Asian‑American) (4). Moreover, the LCR contains the early 
promoter and various transcriptional regulatory sites for both 
viral and cellular proteins, such as E2, yin‑yang 1 (YY1), acti-
vator protein 1 (AP‑1), octamer 1 (Oct‑1), nuclear factor 1 (NF‑1) 
and transcriptional enhancer factor 1 (TEF‑1) (9). The L1 gene, 
encoding the major capsid protein, is a conserved region that is 
used to classify HPVs into species and types. Furthermore, the 
L1 protein can self‑assemble into virus‑like particles (VLPs), 
which are used for producing prophylactic vaccines (10). In 
total, five hypervariable immune‑dominant regions (BC, DE, 
EF, FG and HI) show high levels of polymorphism in and 
among HPV types, resulting in the generation of neutralizing 
antibodies of different binding affinities (11). The phylogenetic 
analysis of the LCR and L1 regions, and the study of single 
nucleotide polymorphisms (SNPs) and amino acid mutations 
allows the identification of the HR‑HPV variants circulating in 
the population. The description and understanding of HR‑HPV 
genetic variants is an important area for molecular pathogen-
esis, and for the development of molecular diagnostics for HPV, 
vaccines and other therapeutic approaches aimed at controlling 
and/or eliminating virus‑induced diseases.

Among HR‑HPVs, HPV‑16 and HPV‑18 are responsible 
for approximately 70% of cervical cancers worldwide (1). The 
HPV‑16 and HPV‑18 L1 regions are the targets of the HPV 
vaccine and, therefore, the study of their variants is a high 
priority. HPV‑16 is the most common HPV type worldwide, 
while other HR‑HPVs, such as HPV‑52 in HIV‑positive 
subjects (12), are particularly prevalent among high‑risk popu-
lations. These types can develop persistent HPV infections and 
put the patients at risk of progression to cancer, and so these 
patients should be closely monitored.

The aim of the present study was to retrospectively describe 
the genetic variability of the LCR region in the HPV‑16 and 
HPV‑52 types, and of the L1 region of the HPV‑16 and HPV‑18 
types. In the present study, HPV sequences identified from 
subjects enrolled in previous studies (13‑17) were analyzed.

Materials and methods

Study sequences. The LCR sequences of HPV‑16 and HPV‑52 
(n=221 and n=41, respectively), and L1 sequences of HPV‑16 
and HPV‑18 (n=148 and n=48, respectively) were analyzed. The 
sequences were obtained from 375 cervical and 83 anal swabs 
positive for HPV‑16, HPV‑18 and HPV‑52 in our previous 
studies (13‑17). No patients were enrolled in the present study.

In total, 95 of the 458 sequences analyzed were identified 
from the general population [54 women; median age, 34 years; 
interquartile range (IQR)=29‑41], whereas 363 were identi-
fied in high‑risk groups for the acquisition of HPV infection, 
as adolescents/young people (36 girls; median age, 22 years; 
IQR=21‑25), HIV positive subjects (114 women, median age 
43 years, IQR=37‑47; 69 men, median age 35 years, IQR=30‑42) 
and migrants (37 women, median age 29 years, IQR=25‑40). 
Upon informed consent of the participants, all the samples were 
collected at the clinical centers that collaborated in the previous 
studies  (13‑17). The approval of the ethics committee was 
obtained for each of the previous studies (13‑17).

Nucleic acid extraction and sequencing amplification. Nucleic 
acids were extracted from the biological samples using the 
NucliSENS® easyMAG™ automated platform (BioMérieux 
Benelux B.V.), according to the off‑board lysis protocol 
(https://www.biomerieux‑diagnostics.com/nuclisensr‑easy-
magr). HPV‑16 LCR fragments were obtained using a 
previously described in‑house PCR (17) and HPV‑52 LCR was 
amplified using nested‑PCR, as previously described (18). L1 
genetic characterization was performed by sequence analysis 
of a 1,488 bp L1 gene amplicon for HPV‑16 and a 1,489 bp 
L1 gene amplicon for HPV‑18 obtained by two partially over-
lapping fragments amplified using degenerate primers (19). 
The primer sequences used in the amplification protocols are 
presented in Table SI.

Each PCR run included both negative (water) and positive 
controls (DNA extracted from HPV‑16, HPV‑18 and HPV‑52 
positive samples); each sample was tested three times to 
confirm the mutations detected.

Following PCR amplification, the amplicons were 
purified using the NucleoSpin® Extract II purification kit 
(Macherey‑Nagel GmbH) and the nucleotide sequences were 
obtained using automated DNA sequencing with an ABI 
PRISM 3100 genetic analyzer (Applied Biosystem; Thermo 
Fisher Scientific, Inc.).

Sequence analysis. Multiple nucleotide sequences were 
aligned using ClustalX version 2.0  (20). SNPs and amino 
acid changes were determined by examining the sequence 
chromatograms using the MEGA 6.0 software package (21). 
BioEdit version 7.2.5 (22) was used to assess the effects of 
LCR and L1 variations on the binding sites for cellular tran-
scription factors and immune‑dominant epitopes, respectively. 
Site‑specific entropy was estimated using BioEdit to evaluate 
genetic diversity (22). A value of zero indicated site‑specific 
conservation and higher values indicated increasing degrees 
of site‑specific variation.

Phylogenetic analysis. Phylogenetic trees were constructed 
using the Neighbor‑Joining method  (23), the Kimura 
2‑Parameter model  (24) and the MEGA 6.0 software 
package  (21). A bootstrap re‑sampling analysis was performed 
(1,000 replicates) to test tree robustness. The reference viral 
strains used for constructing the phylogenetic trees, selected 
according to the classification used by Burk et al (4), were 
obtained from the NCBI GenBank Database (https://www.
ncbi.nlm.nih.gov/nucleotide/).

LCR sequences and cytology. In total, 117 (52.9%) of the 221 
HPV‑16 LCR sequences were obtained from cervical/anal 
samples with cytological abnormalities, 78 of which were 
low‑grade squamous intraepithelial lesions (LSIL) and 39 
were high‑grade squamous intraepithelial lesions (HSIL). 
With regard to the 41 HPV‑52 LCR sequences, 17 (41.5%) 
were obtained from samples with cytological abnormalities 
(13 LSIL and 4 HSIL).

L1 sequences and selective pressure. The partitioning 
approach to robust interference of selection method, available 
on the DataMonkey 2.0 server (www.datamonkey.org) (25), 
was used to detect whether a proportion of sites in the align-
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ment of HPV‑16 and HPV‑18 L1 gene sequences evolved with 
a positive selective pressure, shown by a dN/dS>1, which 
expresses the ratio of non‑synonymous to synonymous substi-
tutions. The integrative analyses of four different codon‑based 
maximum likelihood methods, single likelihood ancestor 
counting (SLAC), fixed effects likelihood (FEL), random 
effects likelihood (REL) and mixed effect model of evolution 
(MEME), all incorporating the HKY85 substitution model 
with phylogenetic trees, inferred using the Neighbor‑Joining 
method, were carried out in order to estimate the dN/dS ratio 
for all codon alignments.

Results

HPV‑16 and HPV‑52 LCR variants.

HPV‑16
Nucleotide polymorphisms analysis. A total of 221 HPV‑16 

partial LCRs were successfully sequenced and analyzed. In 
total 80 SNPs were identified in 73 nucleotide sites of the 735 
bases of HPV‑16 LCR (10.9% variable nucleotide positions), 
resulting in 62 unique variants identified in one or more of the 
study samples (variant IDs 1 to 62; Table I). On comparing 
the sequences analyzed with the reference sequence (acces-
sion number, K02718 A1), it was observed that >40 SNPs had 
previously been identified and reported, while 40 SNPs (40/80; 
50%; Table SII) were, to the best of our knowledge, identified 
for the first time in the present study.

The site‑specific variations in the LCR fragment varied 
from 0 (no variation) to 0.63. The most common LCR 
changes with entropy scores>0.4 were as follows: G7521A 
(168/221; 76%), C7764T (22/221; 9.9%), G7489A (21/221; 
9.5%), C7786T (21/221; 9.5%), A7485C (20/221; 9%), C7669T 
(19/221; 8.6%), C7689A (19/221; 8.6%), G7834T (14/221; 
6.3%), C14T/G (12/221; 5.4%), A7729C (11/221; 5.0%), C32T 
(10/221; 4.5%), A7837C (9/221; 4.1%), A7839G (9/221; 4.1%; 
Fig. S1). No insertion or deletion mutation sites were identi-
fied.

Phylogenetic analysis. Phylogenetic analysis showed 
that the 62 variants clustered into four main groups, corre-
sponding to lineages A, B, C and D (Fig. 1). In particular, 
45 of the variants identified in 200 of the 221 HPV‑16 
partial LCRs analyzed (200/221; 90.5%) clustered within 
lineage A (European lineage), 1 variant (1/221; 0.4%) within 
lineage B (African 1 lineage), 8 variants (9/221; 4.1%) within 
lineage C (African 2 lineage) and 8 variants (11/221; 4.9%) 
within lineage D (Asian‑American lineage). With regards 
to the samples in lineage D, 36.3% (4/11) belonged to the 
sub‑lineage D1 (North‑American sub‑lineages), 27.3% (3/11) 
to D2 (Asian‑American 2 sub‑lineages) and 36.3% (4/11) to 
D3 (Asian‑American 1 sub‑lineages). All of the 17 variants 
belonging to lineages B, C and D (Non‑European) were 
detected in the groups of people at higher risk for acquiring 
HPV infection, such as migrants, HIV+ subjects and adoles-
cent/young people.

SNPs in the transcription factor binding sites. Analysis of 
the SNPs revealed that 19 fell into the HPV‑16 LCR binding 
sites of transcription factors. In total, three SNPs were located 
in the TEF‑1 binding site, four SNPs were located in the NF‑1 
binding site, six were located in the YY1 binding site, one SNP 

fell into the AP‑1 binding site, one SNP fell into the Oct‑1 
binding site and four SNPs were located in the E2 binding site 
(Table II).

LCR variants and cytology. Overall, the 117 LCR 
sequences detected from subjects with cytological abnor-
malities clustered into the four main lineage groups A, B, C 
and D.

In total, 36.3% (4/11) of the LCR sequences belonging 
to lineage D (Asian‑American lineage) were identified in 
subjects with cytological abnormalities, all classified as 
LSIL. With respect to lineage A (European lineage), 51.5% 
(104/200) of the LCR sequences were from subjects with 
cytological lesions, 74 of which were LSIL and 30 were 
HSIL.

Almost all (9/10; 90%) of the African variants (lineages 
B and C) were detected in subjects with HSIL. The eight 
sequences belonging to lineage C were characterized by 
nine mutations in the transcription factor binding sites (one 
in the TEF‑1 site, six in YY1 sites, one in Oct‑1 and one in 
E2), whereas the single sequence clustering within lineage B 
showed four mutations in the transcription factor binding sites 
(one in the TEF‑1 site, two in YY1 sites and one in E2).

HPV‑52 
Nucleotide polymorphisms analysis. In total, 41 HPV‑52 

partial LCR regions were successfully sequenced. On 
comparing the analyzed sequences with the reference sequence 
(accession number, X74481 A1), 21 SNPs were identified in the 
19 nucleotide sites among the 726 bases of the HPV‑52 LCR 
(2.9% variable nucleotide positions), resulting in 10 unique 
variants identified in one or more of the study samples (variant 
IDs 1 to 10; Table I). In total, 13 SNPs had already been identi-
fied and reported, while 6 SNPs (6/19; 31.6%, Table SIII) were 
identified, to the best of our knowledge, for the first time in the 
present study.

Site‑specific variation in the LCR fragment ranged from 0 
(no variation) to 1.0 (Fig. S2). The most common LCR changes, 
with entropy scores >0.4, were C7188A (4/41; 9.8%), G7354T 
(4/41; 9.8%), G7605A (9/41; 22%), T7607C (16/41; 39%), 
A7640C (4/41; 9.8%), T7642C (4/41; 9.8%), G7695C (4/41; 
9.8%), C7726T (10/41; 24.4%), T7727C (5/41; 12.2%), G7844A 
(4/41; 9.8%), A7848G (4/41; 9.8%). On comparing the analyzed 
sequences with the reference sequence (accession number, 
X74481 A1), four sequences with deletions were found. All 
of the variants showed deletion sites in position 7370‑7374; 
variant ID 9 presented a deletion site in position 7173‑7180, 
variant IDs 7 and 8 were characterized by a deletion in the 
nucleotide 7626, and variants IDs 7‑9 were characterized by 
deletion sites at position 7681‑7683. No insertion mutation sites 
were identified.

Phylogenetic analysis. Phylogenetic analysis showed that 
the 10 variants clustered into two main groups, corresponding 
to lineages A and B (Fig. 2). In total, eight variants identi-
fied in 37 of the 41 HPV‑52 partial LCRs analyzed (37/41; 
90.2%) clustered within lineage A (formerly European 
lineage) and 2 variants (4/41; 9.6%) clustered within lineage B 
(Asian‑American lineage).

SNPs in the transcription factor binding sites. On 
analyzing the SNPs, it was observed that none of them fell 
within the HPV‑52 LCR binding sites of transcription factors.
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Table  I. Frequencies and GenBank accession numbers of 
analyzed HPV‑16, HPV‑18 and HPV‑52 variants.

	 Variant		  GenBank
Target 	 name	 Frequency	 accession number

LCR HPV‑16	 Variant 1	 2	EU 650455
	 Variant 2	 62	 EU650473
	 Variant 3	 3	 EU650433
	 Variant 4	 1	 MH028439
	 Variant 5	 1	 EU650463
	 Variant 6	 2	 MH028440
	 Variant 7	 1	 MH028441
	 Variant 8	 1	 MH028442
	 Variant 9	 1	 MH028443
	 Variant 10	 1	 MH028444
	 Variant 11	 1	 MH028445
	 Variant 12	 4	EU 650446
	 Variant 13	 1	 MH028446
	 Variant 14	 2	 MH028447
	 Variant 15	 2	 MH028448
	 Variant 16	 1	 MH028449
	 Variant 17	 1	 MH028450
	 Variant 18	 1	 MH028451
	 Variant 19	 1	 MH028452
	 Variant 20	 3	 MH028453
	 Variant 21	 1	 MH028454
	 Variant 22	 1	 MH028455
	 Variant 23	 1	 MH028456
	 Variant 24	 6	EU 650442
	 Variant 25	 4	 MH028457
	 Variant 26	 31	 EU650481
	 Variant 27	 1	 MH028458
	 Variant 28	 1	 MH028459
	 Variant 29	 2	 MH028460
	 Variant 30	 3	 EU650465
	 Variant 31	 1	 MH028461
	 Variant 32	 1	 MH028462
	 Variant 33	 1	 MH028463
	 Variant 34	 2	 MH028464
	 Variant 35	 1	 MH028465
	 Variant 36	 1	 MH028466
	 Variant 37	 1	 MH028467
	 Variant 38	 1	 MH028468
	 Variant 39	 38	 EU650484
	 Variant 40	 3	 MH028469
	 Variant 41	 1	 MH028470
	 Variant 42	 1	 MH028471
	 Variant 43	 2	 MH028472
	 Variant 44	 1	 MH028473
	 Variant 45	 1	 MH028474
	 Variant 46	 1	 MH028475
	 Variant 47	 1	 MH028476
	 Variant 48	 1	 MH028477
	 Variant 49	 1	EU 650448
	 Variant 50	 1	 MH028478

Table I. Continued.

	 Variant		  GenBank
Target 	 name	 Frequency	 accession number

	 Variant 51	 1	 MH028479
	 Variant 52	 1	 MH028480
	 Variant 53	 1	 MH028481
	 Variant 54	 2	EU 650474
	 Variant 55	 2	 MH028482
	 Variant 56	 1	 MH028483
	 Variant 57	 1	 MH028484
	 Variant 58	 1	 MH028485
	 Variant 59	 1	 MH028486
	 Variant 60	 1	 MH028487
	 Variant 61	 1	 MH028488
	 Variant 62	 3	 MH028489
L1 HPV‑16	 Variant 1	 1	 JF728181
	 Variant 2	 2	 JF728156
	 Variant 3	 1	 JF728169
	 Variant 4	 3	 JF728175
	 Variant 5	 2	 JF728173
	 Variant 6	 3	 JF728162
	 Variant 7	 5	 JF728179
	 Variant 8	 1	 JF728168
	 Variant 9	 1	 JF728165
	 Variant 10	 21	 EU650438
	 Variant 11	 2	 JF728176
	 Variant 12	 1	 JF728167
	 Variant 13	 2	 JF728163
	 Variant 14	 1	 JF728172
	 Variant 15	 76	 JF728182
	 Variant 16	 1	 JF728161
	 Variant 17	 1	 EU650439
	 Variant 18	 1	 JF728180
	 Variant 19	 1	 JF728159
	 Variant 20	 1	 JF728170
	 Variant 21	 1	 JF728158
	 Variant 22	 1	 JF728164
	 Variant 23	 8	 JF728171
	 Variant 24	 1	 JF728177
	 Variant 25	 1	 JF728155
	 Variant 26	 1	 JF728166
	 Variant 27	 1	 JF728160
	 Variant 28	 1	 EU650483
	 Variant 29	 1	 JF728174
	 Variant 30	 2	 JF728183
	 Variant 31	 1	 JF728157
L1 HPV‑18	 Variant 1	 1	 MH028419
	 Variant 2	 1	 MH028420
	 Variant 3	 8	 MH028421
	 Variant 4	 1	 MH028422
	 Variant 5	 3	 MH028423
	 Variant 6	 1	 MH028424
	 Variant 7	 4	 MH028425
	 Variant 8	 1	 MH028426
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LCR variants and cytology. The 17 LCR sequences 
isolated from subjects with cytological abnormalities, 13 LSIL 
and 4 HSIL, clustered into lineage A.

HPV‑16 and HPV‑18 L1
HPV‑18 L1 variants. In total, 48 HPV‑18 partial L1 regions 

were successfully sequenced. The phylogenetic analysis 
showed that 24 different variants were identified in one or 
more of the study samples (variant IDs 1 to 24; Table I).

These variants clustered into three main groups, corre-
sponding to lineages A, B, and C (Fig. 3). More specifically, 
19 variants, representing 43 samples (43/48; 89.6%), clustered 
into lineage A (European lineage), while four variants (4/48; 
8.3%) clustered into lineage B and one variant (1/48; 2.1%) 
clustered into lineage C (both African lineage). All except 
one of these non‑European HPV‑18 variants were detected in 
HIV+ subjects; the exception was detected in a subject in the 
adolescent/young people age group.

Amino acid changes in the immune‑dominant epitopes. 
A total of 148 HPV‑16 partial L1 open reading frames were 
successfully sequenced. On comparing the sequences analyzed 
with the reference sequence (accession number, K02718 A1), 

33 amino acidic changes were identified among the 330 amino 
acids of the HPV‑16 L1 protein (Table SIV), resulting in 31 
unique variants identified in one or more of the study samples 
(variant IDs 1 to 31; Table  I). In total, 10 of these amino 
acid changes (10/33; 30.3%) occurred in sequences encoding 
immune‑dominant loops. More specifically, the H76Y muta-
tion occurred in the BC loop, and the amino acid mutations 

Figure 1. Phylogenetic tree of the human papillomavirus‑16 variants based 
on the long control region sequences. The Neighbor‑Joining method and the 
Kimura 2‑Parameter model were adopted to construct the phylogenetic tree 
using the MEGA 6.0 software package.

Table I. Continued.

	 Variant		  GenBank
Target 	 name	 Frequency	 accession number

	 Variant 9	 1	 JF728186
	 Variant 10	 2	 JF728184
	 Variant 11	 1	 MH028427
	 Variant 12	 1	 MH028428
	 Variant 13	 10	 MH028429
	 Variant 14	 1	 MH028430
	 Variant 15	 1	 JF728185
	 Variant 16	 1	 MH028431
	 Variant 17	 1	 MH028432
	 Variant 18	 2	 MH028433
	 Variant 19	 1	 MH028434
	 Variant 20	 2	 MH028435
	 Variant 21	 1	 MH028436
	 Variant 22	 1	 MH028430
	 Variant 23	 1	 MH028437
	 Variant 24	 1	 MH028438
LCR HPV‑52	 Variant 1	 2	 MH028409
	 Variant 2	 20	 MH028410
	 Variant 3	 2	 MH028411
	 Variant 4	 1	 MH028412
	 Variant 5	 2	 MH028413
	 Variant 6	 5	 MH028414
	 Variant 7	 3	 MH028415
	 Variant 8	 2	 MH028416
	 Variant 9	 1	 MH028417
	 Variant 10	 3	 MH028418

HPV, human papillomavirus; LCR, long control region.
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A139E, T176N and N177T occurred in the DE loop, H202D 
and Q214H fell into the EF loop, while mutations A287T, 
P293S, T294S and Q314R were observed in the FG loop.

In total, 96.7% (30/31) of the identified variants (140 
sequences) showed >1  amino acid substitution in an 
immune‑dominant loop. In particular, 7 (variant IDs 2, 8, 
11, 16, 19 and 29) and 5 (variant IDs 4‑7 and 9) were char-
acterized by two and three amino acid substitutions in the 
immune‑dominant loop, respectively.

On comparing the analyzed sequences with the refer-
ence sequence (accession number, AY262282 A1), a total 
of 15 amino acidic substitutions were identified among the 
441 amino acids of the HPV‑18 L1 protein (Table SV). No 
insertion or deletion mutation sites were found. In total, four 
(4/15; 26.7%) of these amino acid substitutions occurred in 
sequences encoding immune‑dominant loops. More specifi-
cally, the R112K mutation occurred in the BC loop, while the 
amino acid mutations Q334P, I338L and R344P occurred in 
the FG loop.

In total, 29.2% (7/24) of the variants identified (14 
sequences) showed at>1  amino acid substitution in an 
immune‑dominant loop.

Selective pressure analysis. MEME found evidence of 
episodic positive selection at one site of HPV‑16 L1 (P<0.1), 
while there was no evidence for positive selection in the 
analyzed sequence alignment of HPV‑18. The integrative 
selection analysis (SLAC, P=0.1; FEL, P=0.1 and REL Bayes 

factor=50) identified eight negatively selected codons in 
HPV‑16 L1 sequences (55, 93, 109, 130, 145, 216, 308 and 351), 
none of which fell into the immune‑dominant loops, and 23 
negatively selected codons in HPV‑18 L1 sequences (85, 100, 
126, 135, 144, 165, 168, 171, 191, 196, 201, 234, 239, 252, 296, 
324, 369, 399, 405, 416, 430, 500 and 519), nine of which fell 
into four different immune‑dominant loops (loop BC, 126; 
loop DE, 171, 191, 196, 201; loop EF, 234 and 239; loop HI, 
416) but none caused amino acid changes.

Discussion

The present study identified and analyzed a large number of 
HPV‑16, HPV‑18 and HPV‑52 sequences (n=458) obtained 
from subjects belonging to both general and high‑risk popula-
tions in Italy. Furthermore, to the best of our knowledge, this 
is the first Italian study reporting phylogenetic data on HPV‑52 
variants.

The phylogenetic analysis showed that ~90% of HPV‑16 
(90.5%), HPV‑18 (89.6%) and HPV‑52 (90.2%) variants 
clustered into lineage A, previously defined as the European 
lineage, as expected for the geographical area under study.

Non‑European variants (belonging to lineages B, C 
and D) were only detected in populations at higher risk of 
HPV infection, such as migrants, HIV+ subjects and adoles-
cent/young people. In particular, 53% of the non‑European 
HPV‑16 sequences were detected in migrant women, 29% 
in HIV+ subjects and 18% in adolescent/young people. 
With regards to the five non‑European HPV‑18 sequences, 
four were detected in HIV+ subjects, while one was 
found in an adolescent. Non‑European HPV‑52 sequences 
were all identified in HIV+ subjects. The identification of 
non‑European variants in populations engaging in risky 
sexual behavior is associated with a high risk of contracting 
several HPV infections supported by different types/vari-
ants (13‑15,17,18,26).

The LCR region of HPV‑16 and HPV‑52 types showed 
high levels of genetic diversity (10.9 and 2.9%, respectively) 
and a large number of new non‑lineage‑specific SNPs (50 and 
31.6%, respectively) were identified in the sequences analyzed. 
Furthermore, HPV‑52 LCR sequences were characterized by 
various sequence deletion sites. However, at present, these 
SNPs and deletions have not shown evidence of determining 
phylogenetic groups, therefore, functional studies are required 
to clarify whether these changes can affect any HPV variant 
phenotype.

With regards to the HPV‑16 LCR sequences, 23.7% (n=19) 
of the identified SNPs fell within the binding sites for cellular 
and viral transcriptional factors, such as E2, YY1, AP‑1, Oct‑1, 
NF‑1, and TEF‑1. Sequence changes in these sites can alter 
carcinogenic potential by modulating virus replication and 
transcription (9,27). In particular, SNPs at E2 transcription 
factor sites may affect the repression of E6/E7 oncoproteins, 
known as landmarks in cancer progression, and multiple 
disruptions to YY1 binding sites, such as the six SNPs identi-
fied in the sequences analyzed in the present study, are required 
to significantly upregulate E6 promoter activity by three‑ to 
six‑fold  (27). The results of the present study showed that 
several mutations in transcription factor sites characterized 
variants belonging to the African lineages B and C isolated 

Table II. Single nucleotide polymorphisms in the human papil-
lomavirus‑16 long control region binding sites of transcription 
factors.

Binding sites	 Variant ID	 Lineage

TEF‑1 T7469A	 41	A
TEF‑1 C7689A	 46, 47‑53, 55‑62	 B, C, D
TEF‑1 G7826A	 32, 33, 47‑54	 A, C
NF‑1 T7475G	 59	D
NF‑1 G7478A	 17	A
NF‑1 G7677A	 18, 19	A
NF‑1 C7748A	 59	D
YY1 A7485C	 47‑54, 55‑62	C , D
YY1 G7521A	 1‑32, 35, 45, 46, 	 A, B, C, D 
	 47‑54, 55‑62
YY1 C7786T	 46, 47‑54, 55‑62	 B, C, D
YY1 G7826A	 32‑33, 47‑54	 A, C
YY1 A7837C	 47‑54	 C
YY1 A7839G	 47‑54	 C
AP‑1 T7637A	 59	 D
Oct‑1 A7839G	 47‑54	 C
E2 G7869A	 25, 46, 51‑53	 A, B, C 
E2 G7869C	 50	C
E2 A35C	 6	 A
E2 C37T	 47, 48, 53	 C

TEF1, transcriptional enhancer factor 1; NF‑1, nuclear factor 1; YY1, 
yin‑yang 1; AP‑1, activator protein 1; Oct‑1, octamer 1.
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from subjects with HSIL. However, it is important to carry 
out a thorough transcriptional analysis of the HPV‑16 LCR in 
order to investigate the association between LCR SNPs and 
the carcinogenicity of HPV‑16 variants.

A sequence analysis of the HPV‑16 and HPV‑18 L1 proteins 
determined that ~30% of the amino acid mutations fell 
within the immune‑dominant epitope loops (30.3 and 26.7%, 
respectively). Although these mutations were neutral and not 
under positive selection, HR‑HPVs use this strategy to evade 
recognition by neutralizing antibodies. In fact, with respect to 
HPV‑16, six out of 10 identified amino acid mutations (A139E, 
N181S, A266T, G28 1W, S282P and T353P) were involved in 
the loss of reactivity of a specific monoclonal antibody (MAb), 
due to the loss of direct interactions with the MAb and for 
the conformational changes that indirectly disrupt interac-
tions with the Mab (28). Therefore, the real‑time monitoring 
of mutations is essential in this post‑vaccination era and it is 
important to highlight their ability to fix in the viral popula-
tion. In fact, L1 proteins self‑assemble into VLPs, which are 
components of prophylactic vaccines, and amino acid muta-
tions in the L1 protein may affect viral antigenicity and limit 
vaccine efficacy (3).

A limitation of the present study was that the HPV‑16, 
HPV‑18 and HPV‑52 genomes were only partially analyzed. 
Complete sequencing of the genome would provide better 
insights into the different HPV types, thus enhancing the 
phylogenetic classification of HPV in relation to oncogenic 
risk (29). However, the present study provided, to the best 
of our knowledge, the first data on the circulation and char-
acterization of HPV‑52 variants in Italy. Due to the ongoing 
implementation of vaccination programs with the 9vHPV 
vaccine, which also include the HPV‑52 type, it is important 
to monitor all HR‑HPV variants, especially in vaccinated 
populations. In fact, awareness of the viruses currently 
circulating in the population will facilitate the medium‑ to 

long‑term monitoring of genetic viral evolution, thus enabling 
predictions about the potential of evading the vaccine‑induced 
immune response.

Figure 2. Phylogenetic tree of the human papillomavirus‑52 variants based on the long control region sequences. The Neighbor‑Joining method and the Kimura 
2‑Parameter model were adopted to construct the phylogenetic tree using the MEGA 6.0 software package.

Figure 3. Phylogenetic tree of the human papillomavirus‑18 variants 
based on the L1 sequences. The Neighbor‑Joining method and the Kimura 
2‑Parameter model were used to construct the phylogenetic tree using the 
MEGA 6.0 software package.
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As the study of HR‑HPV variants is important for under-
standing the pathogenic role of the virus in malignant lesions, 
well‑designed and extensive epidemiological and clinical 
studies are required in order to better determine the strength of 
the correlation between the cytology and the identified SNPs, 
and between the amino acid mutations and the oncogenic risks.
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