Acta Biomed 2024; Vol. 95, N. 2: e2024068

DOI: 10.23750/abm.v95i2.15405 © Mattioli 1885

ORIGINAL ARTICLE

Analysis of L1 gene sequence variations in high-risk and
low-risk Human Papillomavirus (HPV) serotypes among

Indian women: Implications for cervical cancer research

Ganesh Kumar Sarvesan™?, Krupakar Parﬂmsamz‘/]y], Chirayu Padhbiar’,
Vimala Devi Subramanian’

!Centre for Drug Discovery and Development, Sathyabama Institute of Science and Technology, Chennai, Tamilnadu, India;
?LifeCell International Pvt. Ltd, Keelakottiyur, Tamilnadu, India

Abstract. Background and Aim: Cervical cancer, ranking fourth globally and second in India among prevalent
malignancies affecting women, poses a significant health challenge. Human Papillomavirus (HPV') infection,
contributing significantly to cervical cancer, impacts about 5% of women worldwide annually. This study aims
to comprehensively analyze sequence variations in L1 genes of high-risk (16, 18, 53, 58, 66, 73) and low-risk
(6,11, 70, 71, 84) HPV serotypes among Indian women. Mezhods: Liquid-Based Cytology (LBC) samples
were systematically collected from diverse Indian regions. L1 variants were meticulously examined through
Polymerase Chain Reaction (PCR) and DNA sequencing. Multalin software analyzed gene sequences, iden-
tifying alterations by comparing them with the NCBI Genebank’s known HPV L1 sequences. Resu/ts: Muta-
tion analysis revealed distinct alterations in various HPV serotypes, notably in HPV 6, 11, 16, 18, 31, 53, 58,
66, 70, 71, 73, and 84. High-risk serotypes 16 and 18, and low-risk serotypes 70 and 71, exhibited the highest
number of mutations in the L1 region. Conclusions: This study provides crucial insights into genetic variations
of prevalent HPV serotypes among Indian women. Identified mutations, particularly in high-risk HPV 16
and 18, and low-risk HPV 70 and 71, form a foundation for ongoing research in HPV-related cancers. These
findings also open avenues for developing targeted HPV vaccines, promising advancements in cervical cancer
prevention strategies. (www.acta biomedica.it)

Key words: Human Papillomavirus, L1 variants, cervical cancer, liquid based cytology

Introduction

Cervical cancer poses a significant global burden,
with India contributing to more than one-third of the
total cases (1,2). Human Papillomavirus (HPV) is a
circular double-stranded DNA virus with a genome
size of approximately 8,000 base pairs (3). The viral
genome is encapsulated within a capsid protein and
comprises three main functional regions: early pro-
teins (E1-E7), late proteins (L1 and L2), and the
Long Control Region (LCR). Notably, all developed

vaccines target the major L1 capsid protein (4). From

the observed 100 known HPV types, 30 to 40 are
transmitted through sexual contact, primarily affect-
ing the anogenital region and oropharynx. HPV se-
rotypes 16 and 18 are responsible for about 66% of
cervical cancer cases, while serotypes 31, 33, 45, 52,
and 58 contribute to an additional 15% (5). High-risk
HPV 16 and 18 account for approximately 70% of cer-
vical cancers, while low-risk HPV strains like HPV
6 and 11 are responsible for around 90% of genital
warts, which rarely progress to cancer (6). The HPV
genome is functionally divided into three regions: the
Long Control Region (LCR), which regulates DNA
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replication by controlling the transcription of the
Open Reading Frames (ORFs); the early region, en-
compassing ORFs E1, E2, E4, E5, E6, and E7, which
play crucial roles in viral replication and oncogenesis;
and the late region, encoding the L1 and L2 structural
proteins responsible for viral capsid formation (7).

Epidemiological studies have demonstrated that
the risk of contracting genital HPV infection and cer-
vical cancer is influenced by sexual behaviors, parity,
marital status and age (8,9). Individuals with multi-
ple sexual partners and those engaged in early sexual
activity are at greater risk. Additionally, individuals
with a history of sexually transmitted diseases, geni-
tal warts, abnormal Pap smears, or cervical or penile
cancer are predisposed to HPV infection. Preventive
measures include HPV vaccination and cervical cancer
screening (10). Vaccines such as Gardasil®, Gardasil®
9, and Cervarix™ have been developed to target spe-
cific HPV types. Cervarix™ protects against types 16
and 18, while Gardasil® protects against types 6, 11,
16, and 18 (11,12). The World Health Organization
(WHO) recommends one or two doses of HPV vac-
cination for girls and women aged 9 to 20 years, with a
two-dose regimen and a 6-month interval for women
aged 21 years and older. It is recommended to admin-
ister the HPV vaccine at an early age, between 9 and
14 years (13).

It is worth noting that the HPV vaccine, par-
ticularly the 9-valent vaccine, is produced using the
yeast Saccharomyces cerevisiae. Individuals with a his-
tory of immediate hypersensitivity to yeast may expe-
rience allergic reactions and should avoid the vaccine.
Additionally, HPV vaccination is not recommended
during pregnancy, but it can be administered after
childbirth. Overall, HPV vaccines have been proven
to be safe, although some individuals may experience
mild side effects, commonly localized reactions at the
injection site (14).

Recognizing the importance of HPV vaccination
in preventing cervical cancer, the Indian Ministry of
Health and Family Welfare issued a circular in January
2023, urging seven state governments to include the
HPV vaccine in their routine immunization programs.
The initiative aims to start vaccinating girls aged 9 to
14 years, with subsequent expansion to cover other
states and union territories within two years (WHO,

2022) (15). By 2025, it is projected that 68 million
girls in India will be vaccinated against HPV, targeting
approximately 11.2 million 9-year-old girls annually
(16). In addition to vaccination, implementing pri-
mary prevention (vaccination) and secondary preven-
tion (screening and treatment) strategies is crucial in
reducing the incidence and mortality of cervical cancer
(17). These combined efforts play a significant role in
promoting women’s health and well-being. In recent
years, extensive research has focused on understand-
ing the genetic variations within the L1 gene of HPV
(18). The L1 gene encodes the major capsid protein,
which is critical for viral entry, assembly, and immune
recognition. Investigating the sequence variations in
the L1 gene provides valuable insights into the poten-
tial impact on HPV infectivity, virulence, and immune
evasion (19).

Materials and methods

The study was conducted on Liquid-Based Cytol-
ogy (LBC) samples, and tissue biopsies were procured
from individual patients at the diagnostic facility of
LifeCell International Pvt Ltd, situated in Chennai,
India. A total of 334 samples were (October-December
2021) randomly collected from diverse age groups of
Indian women across different regions of the country.
The region-wise distribution of samples is outlined in
Table 1. Participants were included based on the fol-
lowing criteria: women of all age groups from diverse
regions across India. Exclusion criteria comprised
individuals who had previously undergone antibiotic
treatment and those who expressed unwillingness to
participate in the study. This sampling approach aimed
to capture a representative population for the study

Table 1. Distribution of samples from various regions of India.

No. of No. of Percentage of
Region Sample Positive Positive
North 223 16 7.1
West 48 1 2.1
South 45 1 2.2
East 18 0 0
Over All 334 18 5
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and enhance the generalizability of the findings. By
incorporating samples from various geographic re-
gions and age groups, the study sought to provide a
comprehensive analysis of HPV sequence variations in
Indian women.

Ethical considerations

This study received approval from the Institu-
tional Review Board (IRB) of Sathyabama University,
with reference number 141/IRB-IBSEC/SIST dated
10th August 2021. The approved study duration was
one year (12th August 2021-11th August 2022). The
study was developed in accordance with the Helsinki
declaration (www.wma.net) and written informed
consent was obtained from all the subjects included in
the study.

Methods

The collected samples underwent a series of test-
ing procedures to assess their characteristics. Firstly,
Pap smear tests were performed to examine the cel-
lular morphology and identify any abnormal changes
indicative of potential HPV infection or cervical ab-
normalities. Subsequently, Polymerase Chain Reaction
(PCR) analysis was conducted to detect the presence
of HPV DNA in the samples.

For the samples that tested positive for HPV
infection through PCR, genotyping sequencing was
conducted. This sequencing process aimed to identify
and classify the specific HPV serotypes present in the
positive samples. By genotyping the HPV strains, the
study could distinguish between high-risk and low-
risk serotypes and further analyze the sequence varia-
tions within the L1 genes of these different serotypes.

PAP smear examination

To collect the LBC samples, the BD SurePath
kit was utilized following the recommended instruc-
tions for conducting a Pap smear test. The Pap smear
samples were then subjected to the universal staining
method known as the Papanicolaou stain. This stain-
ing technique allows for the differentiation of cells

based on their maturity and metabolic activity. The
Papanicolaou stain consists of three different stains,
each serving a specific purpose. Harris’ hematoxylin
stain was used to color the cell nuclei by binding with
the DNA present in the cells. Acid orange dye, on the
other hand, reacts with mature squamous cells by bind-
ing with keratin. Eosin stain was employed to interact
with immature squamous cells (basal and intermediate
cells), glandular cells, and erythrocytes.

To prepare the samples for evaluation, the cells
obtained from individual samples were enriched us-
ing density gradient centrifugation. Subsequently, the
enriched cell suspension was transferred to a settling
chamber mounted on a pre-coated microscopic slide.
The cells settled within the chamber to form a thin
layer, which was then stained and subjected to evalu-
ation. For staining, a combination of hematoxylin and
the BD EA-OG combo stain was used. Following the
staining process, the slides were air-dried and mounted
using D.PX., a mounting medium commonly em-
ployed in histological preparations. The evaluation and
reporting of the Pap smear samples were carried out
based on the guidelines provided by The Bethesda Sys-
tem for Reporting Cervical Cytology specifically fol-
lowing the 3rd edition of the system (20). By employing
the BD SurePath kit and the Papanicolaou stain, along
with adherence to the standardized Bethesda System
guidelines, the study ensured accurate and consistent
evaluation of the cytological preparations obtained
from the LBC samples (21,22). This approach allowed
for the reliable assessment of the cellular morphology
and identification of any abnormal changes associated
with HPV infection or cervical abnormalities.

PCR and genotyping by sequencing
ViraL DNA exTrRACTION AND PCR

The extraction of viral DNA from the collected
samples was performed using the MN kit (DNA/
RNA Extraction) following the instructions provided
by the manufacturer. The extracted DNA was then
used as the template for PCR amplification. PCR was
conducted using a concentration of 5-30 ng of the
extracted DNA. To ensure the reliability of the PCR
results, human B-globin was utilized as an endogenous
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control. This internal control allowed for the verifica-
tion of successful DNA amplification and the assess-
ment of sample quality.

Specific primers targeting the L1 region of the
HPV virus were designed for the PCR reaction. The
sense primer PGMY09 (5-CGTCCMARRGG
AWACTGATC-3)and theantisense primer PGM Y11
(5-GCMCAGGGWCATAAYAATGG-3) were
employed to detect the presence of HPV DNA. The
PCR reaction was carried out under standard condi-
tions, with an annealing temperature of 56°C and an
extension temperature of 72°C. The amplification of
the target DNA sequence using these primers allowed
for the detection and identification of HPV infection
in the samples. The primer sequence details performed
in the assay is shown in Table 2.

To initiate the PCR amplification, a master mix
containing all the necessary components for the re-
action was prepared. The master mix included the
DNA template, primers, nucleotides, and PCR en-
zymes. Care was taken to ensure proper mixing and
accurate pipetting to maintain consistency across all
samples. The prepared PCR tubes containing the
master mix and the samples were securely placed
in the thermal cycler block. The thermal cycler
was programmed to initiate the activation program
at 95°C, which facilitated the denaturation of the
DNA template and the activation of the DNA poly-
merase enzyme.

Following the activation program, the amplifica-
tion program commenced. This program involved a
series of temperature cycles, including denaturation,
annealing, and extension, which facilitated the replica-
tion of the target DNA sequence. These temperature
cycles were repeated for a predetermined number of
cycles to ensure adequate amplification. Upon comple-
tion of the amplification program, the PCR products
were subjected to agarose gel electrophoresis. Follow-
ing electrophoresis, the agarose gel was visualized and

analyzed using a Gel Doc Quantity One Software. The

Table 2. Primer Sequences Used for HPV Amplification.

gel was placed on a UV transilluminator, which emit-
ted UV light at a wavelength of 254 nm.

Genotyping by sequencing

The respective L1 PCR (HPV-F and HPV-R)
products were isolated from agarose gel and DNA
was extracted. The sequencing reaction products were
then processed using a Genetic Analyzer, specifically
the ABI 3500 Dx instrument. This high-throughput
sequencing platform enabled the automated and ac-
curate determination of the DNA sequence.

The obtained sequencing data were further ana-
lyzed in silico, meaning the analysis was performed
using computational methods and software. The se-
quences were compared with known sequences avail-
able in the Genbank database, which is maintained
by the National Center for Biotechnology Informa-
tion (NCBI). For sequence comparison, the NCBI-
BLAST (Basic Local Alignment Search Tool) was
utilized. The results were then compared with the
sequences available in the Genbank database using
the National Center for Biotechnology Information

BLAST program (NCBI-BLAST).

Results

A total of 334 LBC samples obtained from In-
dian women were subjected to comprehensive analy-
sis to assess the presence of Human Papillomavirus
(HPV) infection and identify specific serotypes. The
mean values and standard deviations for 334 female
participants, categorized by age, are presented in
Table 3. Initial screening was performed using Pap
smear study, which revealed that none of the samples
exhibited intraepithelial lesion or cytological features
indicative of malignancy. To further investigate HPV
infection, PCR amplification targeting the L1 region
of HPV was conducted using consensus degenerate

Region Name Primer Name Primer Sequence Amplicon Size
HPV-F CGTCCMARRGGAWACTGATC

HPV L1 gene 450 bp
HPV-R GCMCAGGGWCATAAYAATGG
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Table 3. Mean age and standard deviation of age group for

Table 4. HPV positive distribution — serotype wise.

female patients.
HPV No. of
Female Participants (n=334) Risk Types | Serotype Positive % Positive

Age Range Mean SD LR 6 3 16.7
21-30 26.3 2.9 LR 84 2 11.1
31-40 35.5 3.0 HR 18, 58, 66 2 11.1
41-50 45.5 3.0 LR 11,70,71 1 5.6
51-60 55.5 3.0 HR 16,31,53,73 1 5.6
61-70 65.1 31 Abbreviations: LR - Low-risk serotypes; HR - High-risk serotypes.
71-80 72.5 2.1

81-90 85 7.8

primers. Among the samples, 18 (5.4%) were found
to be positive for HPV infection based on the detec-
tion of specific PCR amplicons. The positive samples
were subsequently subjected to Sanger sequencing for
serotype identification. The sequencing analysis re-
vealed the presence of both high-risk (Hr-HPV') and
low-risk (Lr-HPV') serotypes in the positive samples.
The high-risk serotypes detected included HPV-16,
HPV-18, HPV-31, HPV-53, HPV-58, HPV-66,
and HPV-73. The low-risk serotypes identified were
HPV-6, HPV-11, HPV-70, HPV-71, and HPV-84.
Among the positive cases, 16.7% were infected with
the low-risk type HPV-6, indicating its prevalence
in the studied population. The high-risk serotypes
HPV-18, HPV-58, HPV-66, and the low-risk sero-
type HPV-84 were detected in 11.1% of the positive
cases. Additionally, 5.6% of the positive cases were as-
sociated with the serotypes HPV-11, HPV-16, HPV-
31, HPV-53, HPV-70, HPV-71, and HPV-73. These
findings demonstrate the presence of HPV infection
in a subset of the studied Indian women population.
The detection of both high-risk and low-risk sero-
types emphasizes the potential risk for both cervical
cancer development and the occurrence of genital
warts. The identification of specific serotypes provides
important insights into the prevalent HPV strains in
the population under study.

Table 4. presents the HPV positive distribution.
Table 5. outlined the HPV serotype mutation data, in-
cluding the risk type associated with each serotype and
the number of base pair mutations observed. The table
provides a clear overview of the mutations identified in

Table 5. HPV serotype mutation data.

Number of Base
HPV Serotype Risk Type Pair Mutation

16 HR 0

18 HR 0
31 HR 0

70 LR 0

71 LR 4

73 HR 0
53 HR 0
58 HR 1
66 HR 2
84 LR 4

6 LR 2

11 LR 4

each HPV serotype. It shows that HPV serotypes 16,
18,31, 70 and 73 had no base pair mutations detected.
However, serotypes such as 71, 84, 11, and 58 exhib-
ited varying numbers of base pair mutations.

Discussion

Cervical cancer is the most frequent malignancy
in women worldwide accounting for 17% of all cancer
deaths among women aged between 30 and 69 years.
Although, the incidence of cervical cancer is steadily
declining in the developed world; it is most common in
developing countries (23). Cervical cancer still causes
more than 67,477 deaths annually in India due to the
lack of organized screening programs and intervention
approaches (24). Although, India is a diverse country
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with extensive ethnicity, and socio-cultural diversity,
the incidence of HPV infection may vary significantly
in different regions so, it is required to study preva-
lence of HPV and its genotypes in every part of the
country. The present study aimed to analyze sequence
variations in the L1 genes of high-risk and low-risk
serotypes of Human Papillomavirus (HPV) in Indian
women. The results obtained provide valuable insights
into the prevalence and mutation patterns of HPV se-
rotypes in the study population. Additionally, compar-
ing and correlating the findings with existing literature
helps to contextualize the significance of the study.

The analysis of Liquid Based Cytology (LBC)
samples using PCR and DNA sequencing revealed
that 5.4% of the samples tested positive for HPV in-
fection. This finding aligns with previous studies that
have reported a considerable burden of HPV infection
among women globally (25). The prevalence of HPV
infection in the current study is consistent with the
worldwide estimate of approximately 5% of women in
the general population being affected by HPV infec-
tion annually (26).

Due to the high diagnostic value of L1, and its
variability, L1 is often selected as a clinical diagnostic
target. Mutation of different types of HPV are identi-
fied as follows. HPV 6-1 base pair mutation (2/3) and
1 base pair mutation (1/3), HPV 11- 3 base pair muta-
tion (1/1), HPV16-22 base pair mutation (1/1), HPV
18- 24 base pair mutation (1/2) and 22 base pair muta-
tion (1/2), HPV 31-28 base pair mutation (1/2), HPV
53- 12 base pair mutation (2/2), HPV 58- 2 base pair
mutation (2/2), HPV 66-5 base pair mutation (2/2),
HPV 70-28 base pair mutation (1/1), HPV 71-22
base pair mutation (1/1), HPV 73-16 base pair muta-
tion (1/1), HPV 84-4 base pair mutation (2/2). Most
high numbers of mutations in the L1 region are seen
in HPV 16, 18, 70, 71 serotypes. An overall of 29 sin-
gle nucleotide changes were observed in HPV-16 L1
sequences with 16/29 non-synonymous mutations and
13/29 synonymous mutations (six in alpha-helix and
two in beta turns). 24 single nucleotide changes were
observed in HPV-58 L1 sequences with 10/24 non-
synonymous mutations and 14/24 synonymous muta-
tions. (Eight in alpha helix and four in beta turn) (27).
These findings are in line with previous studies indi-

cating that HPV-16 and HPV-18 are the predominant

high-risk serotypes associated with cervical cancer
(28-30). The presence of these high-risk serotypes em-
phasizes the importance of HPV vaccination and early
detection strategies for cervical cancer prevention in
the Indian population.

Regarding the low-risk serotypes, HPV-6, HPV-
11, HPV-70, HPV-71, and HPV-84 were identified in
the positive samples. HPV-6 was found to be the most
prevalent low-risk serotype, followed by HPV-84.
These serotypes are commonly associated with genital
warts and have a lower oncogenic potential compared
to high-risk serotypes (31-33). The detection of low-
risk serotypes highlights the need for comprehensive
HPV screening programs that address both high-risk
and low-risk infections to effectively manage and
prevent HPV-related diseases. In terms of mutation
analysis, the study identified specific nucleotide muta-
tions in different HPV serotypes. The analysis revealed
varying degrees of mutations in different serotypes,
with some serotypes showing no mutations while oth-
ers exhibited multiple mutations. Notably, high-risk
serotypes such as HPV-58 and HPV-66 demonstrated
one and two nucleotide mutations, respectively. These
findings are consistent with previous studies highlight-
ing the genetic diversity and mutation patterns within
different HPV serotypes (34).

Comparing the obtained results with existing lit-
erature, it is evident that the distribution of HPV sero-
types in the study population aligns with global trends.
The predominance of high-risk serotypes, particularly
HPV-16 and HPV-18, among the positive samples
corresponds to their well-established association with
cervical cancer (29). Furthermore, the identification of
low-risk serotypes such as HPV-6 and HPV-11 in the
positive samples is consistent with their known asso-
ciation with genital warts (35).

The mutation analysis provides valuable insights
into the genetic variations within different HPV se-
rotypes. While some serotypes exhibited no muta-
tions, others displayed a varying number of nucleotide
mutations. These findings are in line with previous
studies that have reported genetic diversity and mu-
tation patterns within HPV serotypes (36). The out-
comes of this study have important implications for
HPV-related cancer research and the development of
targeted HPV vaccines. The identification of specific
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serotypes and their mutation patterns can aid Vac-
cine targeting L1 only prevents infection by specific
HPV subtypes due to lack of cross-protective epitopes
in different HPV subtypes (37). Vaccination of young
age girls prior to sexual debut appeared to be the most
effective public health measure for the prevention of
cervical diseases and cancer. In contemporary research,
virus-like particles (VLPs) derived from L1 proteins
are widely recognized as the most promising candi-
dates for developing vaccines against HPV infections
(38). Continuous mutation of L1 region HPV sero-
types may lead to ineffective vaccines to the public.
In the development of more effective diagnostic tools,
therapeutic interventions, and HPV vaccines. The
high prevalence of HPV-16 and HPV-18, known to
be strongly associated with cervical cancer, underscores
the importance of targeted prevention strategies, in-
cluding vaccination against these specific serotypes.

The presence of multiple serotypes in the positive
samples indicates the complexity of HPV infection
and highlights the need for comprehensive screening
methods that can detect both high-risk and low-risk
serotypes. 'This finding is consistent with previous
studies reporting the co-infection of multiple HPV
serotypes in cervical samples (39). Co-infection with
multiple serotypes may have implications for disease
progression, treatment response, and the potential for
the development of more severe lesions.

The mutation analysis conducted in our inves-
tigation provided insights into the genetic variability
within HPV serotypes (40). The identified nucleotide
mutations in certain serotypes suggest the existence of
distinct viral strains with potential implications for viru-
lence, transmission dynamics, and the development of
more aggressive disease phenotypes. Understanding the
genetic variations within HPV serotypes can contribute
to a better understanding of the natural history of HPV
infection, its association with disease progression, and
the development of more targeted therapeutic strate-
gies. Comparing our findings with existing literature, it
is important to note that HPV serotype distribution and
mutation patterns can vary across different populations
and geographical regions. Factors such as population de-
mographics, sexual behavior, and regional variations in
HPYV vaccination coverage can influence the prevalence
and distribution of HPV serotypes. It is worth noting

that this study has limitations, such as the relatively
small sample size and the specific geographic region of
India from which the samples were obtained. Further
research involving larger sample sizes and diverse geo-
graphic regions would be beneficial to gain a more com-
prehensive understanding of HPV serotype distribution
in Indian women. Overall, these results contribute to the
existing knowledge on HPV prevalence and serotype
distribution in Indian women, laying the groundwork
for ongoing research in HPV-related cancer studies and
the development of targeted HPV vaccines.

Conclusion

In summary, this study offers valuable insights into
the prevalence, distribution, and mutation patterns of
HPYV serotypes within the Indian population. The detec-
tion of both high-risk and low-risk serotypes highlights
the need for comprehensive HPV screening and vacci-
nation programs to effectively prevent HPV-related dis-
eases. The identification of specific serotypes and their
mutation patterns contributes to our understanding of
HPYV diversity and can inform the development of tar-
geted interventions for improved diagnosis, treatment,
and prevention of HPV-associated cancers and other
related conditions. Further research is warranted to ex-
plore the clinical implications of specific serotypes and
genetic variations in HPV infection and to assess the
long-term effectiveness of HPV vaccination programs
in reducing the burden of HPV-related diseases.

Acknowledgements: The authors are thankful to Lifecell Inter-
national Pvt. Ltd, Chennai, India for the research facilities and
support.

Funding: This study was partially financially supported by grants
from Lifecell International Pvt. Ltd, Chennai, India.

Conflict of Interest: Each author declares that he or she has no
commercial associations (e.g. consultancies, stock ownership, eq-
uity interest, patent/licensing arrangement etc.) that might pose a
conflict of interest in connection with the submitted article. Each
author confirms that there are no conflicts of interest between Life-
cell International Pvt. Ltd. and the reported study.



Acta Biomed 2024; Vol. 95, N. 2: ¢2024068

Authors’ Contribution: GS and KP spearheaded the study’s de-
sign, actively participating in data collection, analysis, and inter-
pretation. They led the initial manuscript drafting, leveraging their
statistical expertise. CP and VS made key contributions, refining
content and ensuring clarity in presentation during the revision
process. All authors, CP, KP, GS, and VS, collaboratively reviewed
and approved the final manuscript, addressing critical tasks like
study design, analysis, drafting, statistical analysis, and editing.

References

1. Ferlay ], Soerjomataram I, Ervik M, et al. Cancer incidence
and mortality worldwide: sources, methods and major pat-
terns in GLOBOCAN 2012. Int J Cancer. 2015;136(5):
E359-86. doi: 10.1002/ijc.29210.

2.Bray F, Ren JS, Masuyer E, Ferlay J. Global estimates of
cancer prevalence for 27 sites in the adult population in
2008. Int J Cancer. 2013; 132(5):1133-45. doi: 10.1002
fijc.27711.

3. Van Doorslaer K, Chen Z, Bernard HU, et al. Ictv Report C
(2018) ICTV virus taxonomy profile: Papillomaviridae.
J Gen Virol. 2018 ;99(8):989-90. doi: 10.1099/jgv.0.001105.

4. Carter JR, Ding Z, Rose BR. HPV infection and cer-
vical disease: a review. Aust N Z J Obstet Gynaecol.
2011;1(2):103-8. doi: 10.1111/7.1479-828X.2010.01269.

5. Arbyn M, Tommasino M, Depuydt C, Dillner J. Are 20 hu-
man papillomavirus types causing cervical cancer? J Pathol.
2014;234(4):431-5. doi: 10.1002/path.4424.

6.Burd EM. Human papillomavirus and cervical cancer.
Clin Microbiol Rev. 2003;16(1):1-17. doi: 10.1128/CMR
.16.1.1-17.2003.

7.Zheng ZM, Baker CC. Papillomavirus genome struc-
ture, expression, and post-transcriptional regulation. Front
Biosci. 2006;11:2286-302. doi: 10.2741/1971.

8. Chelimo C, Wouldes TA, Cameron LD, Elwood JM.
Risk factors for and prevention of human papillomavi-
ruses (HPV), genital warts and cervical cancer. ] Infect.
2013;66(3):207-17. doi: 10.1016/}.jinf.2012.10.024.

9. Trottier H, Franco EL. The epidemiology of genital human
papillomavirus infection. Vaccine. 2006 30;24 Suppl 1:51-15.
doi: 10.1016/j.vaccine.2005.09.054. PMID: 16406226.

10. Okunade KS. Human papillomavirus and cervical cancer.
J Obstet Gynaecol. 2020;40(5):602-8. doi: 10.1080/0144
3615.2019.1634030.

11. Harper DM, DeMars LR. HPV vaccines - A review of the
first decade. Gynecol Oncol. 2017;146(1):196-204. doi:
10.1016/j.ygyn0.2017.04.004.

12. Gupta G, Glueck R, Patel PR. HPV vaccines: Global per-
spectives. Hum Vaccin Immunother. 2017;13(6):1-4. doi:
10.1080/21645515.2017.

13. Olsson SE, Restrepo JA, Reina JC, et al. Long-term immu-
nogenicity, effectiveness, and safety of nine-valent human
papillomavirus vaccine in girls and boys 9 to 15 years of age:
Interim analysis after 8 years of follow-up. Papillomavirus
Res. 2020;10:100203. doi: 10.1016/j.pvr.2020.100203.

14. Kapoor CS, Sharma M. Prevalence of HPV infection in
reproductive aged female in Delhi NCR region. Clin Epi-
demiol Glob Health. 2020;8(2):612-5.doi.org/10.1016
/j.cegh.2019.12.012.

15. World Health Organization. Strategic framework for the
comprehensive prevention and control of cervical cancer in
the Western Pacific Region 2023-2030:1-80.

16. Burki TK. India rolls out HPV vaccination. Lancet Oncol.
2023;24(4):e147. doi: 10.1016/S1470-2045(23)00118-3.

17. Viveros-Carrefio D, Fernandes A, Pareja R. Updates
on cervical cancer prevention. Int J Gynecol Cancer.
2023;33(3):394-402. doi: 10.1136/ijgc-2022-003703.

18. Bosch FX, Broker TR, Forman D, et al. Authors of the ICO
Monograph ‘Comprehensive Control of HPV Infections and
Related Diseases’ Vaccine Volume 30, Supplement 5, 2012.
Comprehensive control of human papillomavirus infections
and related diseases. Vaccine. 2013; 22;31 Suppl 8(0 8):11-31.
doi: 10.1016/j.vaccine.2013.07.026.

19. Shen-Gunther ], Cai H, Zhang H, Wang Y. Abundance of
HPV L1 Intra-Genotype Variants With Capsid Epitopic
Modifications Found Within Low- and High-Grade Pap
Smears With Potential Implications for Vaccinology. Front
Genet. 2019; 24;10:489. doi: 10.3389/fgene.2019.00489.

20. Pangarkar MA. The Bethesda System for reporting cervical
cytology. Cytojournal. 2022;19:28. doi: 10.25259/CMAS
_03_07_2021.

21.Ikenberg H, Bergeron C, Schmidt D, et al. PALMS Study
Group. Screening for cervical cancer precursors with p16/Ki-67
dual-stained cytology: results of the PALMS study. J Natl
Cancer Inst. 2013;105(20):1550-7. doi: 10.1093/jnci/d;jt235.

22. Concei¢io T, Braga C, Rosado L, Vasconcelos MJM.
A Review of Computational Methods for Cervical Cells
Segmentation and Abnormality Classification. Int ] Mol
Sci. 2019;20(20):5114. doi: 10.3390/ijms20205114.

23.Zhao M, Wu Q, Hao Y, Hu J, Gao Y, Zhou S, Han L.
Global, regional, and national burden of cervical cancer for
195 countries and territories, 2007-2017: findings from
the Global Burden of Disease Study 2017. BMC Womens
Health.2021;21(1):419.doi: 10.1186/512905-021-01571-3.

24. Sharma K, Kathait A, Jain A, et al. Higher prevalence of
human papillomavirus infection in adolescent and young
adult girls belonging to different Indian tribes with varied
socio-sexual lifestyle. PLoS One. 2015;10(5):¢0125693.
doi: 10.1371/journal.pone.0125693.

25.de Martel C, Georges D, Bray F, Ferlay J, Clifford GM.
Global burden of cancer attributable to infections in 2018:
a worldwide incidence analysis. Lancet Glob Health.
2020;8(2):¢180-€90. doi: 10.1016/S2214-109X(19)30488-7.

26. Ardekani A, Sepidarkish M, Mollalo A, et al. Worldwide
prevalence of human papillomavirus among pregnant
women: A systematic review and meta-analysis. Rev Med
Virol. 2023;33(1):€2374. doi: 10.1002/rmv.2374.

27.Yue Y, Yang H, Wu K, et al. Genetic variability in L1 and
L2 genes of HPV-16 and HPV-58 in Southwest China.
PLoS One. 2013;8(1):¢55204. doi: 10.1371/journal. pone.
0055204.



Acta Biomed 2024; Vol. 95, N. 2: ¢2024068

28.Chang CH, Chen TH, Hsu RC, Chou PH, Yang J]J,
Hwang GY. The prevalence of HPV-18 and variants of E6
gene isolated from cervical cancer patients in Taiwan. ] Clin
Virol. 2005;32(1):33-7. doi: 10.1016/}.jcv.2004.06.011.

29. St Laurent J, Luckett R, Feldman S. HPV vaccination and
the effects on rates of HPV-related cancers. Curr Probl
Cancer. 2018;42(5):493-506. doi: 10.1016/j. currproblcan-
cer. 2018.06.004.

30. Olivas AD, Barroeta JE, Lastra RR. Overview of Ancil-
lary Techniques in Cervical Cytology. Acta Cytol. 2023;
67(2):119-28. doi: 10.1159/000528931.

31. Orlando G, Beretta R, Fasolo MM, et al. Anal HPV geno-
types and related displasic lesions in Italian and foreign born
high-risk males. Vaccine. 2009;29;27 Suppl 1:A24-9. doi:
10.1016/j.vaccine.2008.12.026.

32. Garcfa-Martinez CM, Calle-Gémez I, Lépez-Hidalgo ],
et al, C. Role of Low-Risk HPV PCR Monoinfection
in Screening for HSIL and Anal Cancer in Men Who
Have Sex with Men Living with HIV. Int J Mol Sci.
2023;24(6):5642. doi: 10.3390/ijms24065642.

33. Bernard HU, Calleja-Macias IE, Dunn ST. Genome vari-
ation of human papillomavirus types: phylogenetic and
medical implications. Int J Cancer. 2006;118(5):1071-6.
doi: 10.1002/ijc.21655.

34. Chen Z, Schiffman M, Herrero R, et al, Evolution and taxo-
nomic classification of human papillomavirus 16 (HPV16)-
related variant genomes: HPV31, HPV33, HPV35,HPV52,
HPV58 and HPV67. PLoS One. 2011;6(5):e20183. doi:
10.1371/journal.pone.0020183.

35.Yu D, Chen Y, Wu S, Wang B, Tang YW, Li L. Simultane-
ous detection and differentiation of human papillomavirus
genotypes 6, 11, 16 and 18 by AllGlo quadruplex quanti-
tative PCR. PLoS One. 2012;7(11):e48972. doi: 10.1371
/journal. pone.0048972.

36.Loyo M, Li RJ, Bettegowda C, et al. Lessons learned from
next-generation sequencing in head and neck cancer. Head
Neck. 2013;35(3):454-63. doi: 10.1002/hed.23100.

37.Chen Z, Jing Y, Wen Q, et al. L1 and L2 gene polymor-
phisms in HPV-58 and HPV-33: implications for vaccine
design and diagnosis. Virol J. 2016;13(1):167. doi: 10.1186
/$12985-016-0629-9.

38. Namvar A, Bolhassani A, Javadi G, et al. In silico/In
vivo analysis of high-risk papillomavirus L1 and L2 con-
served sequences for development of cross-subtype pro-
phylactic vaccine. Sci Rep.2019; 9:15225. doi:10.1038
/$41598-019-51679-8.

39. Wentzensen N, Schiffman M, Dunn T, et al. Multiple
human papillomavirus genotype infections in cervical
cancer progression in the study to understand cervical
cancer early endpoints and determinants. Int J Cancer.
2009;125(9):2151-8. doi: 10.1002/ijc.24528.

40.Chen D, McKay JD, Clifford G, et al. Genome-wide
association study of HPV seropositivity. Hum. Mol. Genet.
2011;20(23):4714-23. doi:10.1038/ng.3685.

Correspondence:

Received: 14 November 2023

Accepted: 31 January 2024

Krupakar Parthasarathy

Centre for Drug Discovery and Development,
Sathyabama Institute of Science and Technology, Chennai,
Tamilnadu, India

Phone: +919176163111

E-mail: pkrupakar.cddd@sathyabama.ac.in



