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Abstract

Human papillomavirus (HPV) is a prevalent
sexually transmitted infection with over 200
distinct strains, most of which are benign.
However, persistent infection with high-risk HPV
types, particularly HPV 16 and 18, is a leading
cause of various cancers, including cervical, anal,
vulvar, vaginal, penile, and oropharyngeal
cancers. HPV infects the skin and mucosal
membranes, and in some cases, high-risk strains
can lead to malignancies by interfering with cell
cycle regulation and inhibiting tumor suppressor
proteins. The development of the HPV vaccine
has been a significant advancement in preventing
HPV-related cancers. Current vaccines, such as
Gardasil and Cervarix, target both high-risk and

low-risk HPV types, protecting against strains

linked to cancer and genital warts. Vaccination is
most effective when administered before
exposure to the virus, typically recommended for
boys and girls between the ages of 9 and 15.
Screening methods, including Pap smears and
HPV testing, play a crucial role in the early
detection of precancerous changes, particularly in
cervical cancer. While the immune system
usually clears HPV infections, those with
weakened immunity are at higher risk of
persistent infections and subsequent cancers. The
combination of vaccination and regular screening
can significantly reduce the burden of HPV-
related diseases. Ongoing public health
campaigns promoting vaccination and screening

are essential for decreasing the incidence of

Address for correspondence: Ergita Nelaj*, Department of Internal Medicine, University Hospital Center “Mother
Teresa”, Tirana, Albania. Address: Dibra’s Street, No 370, Tirana, Albania. Email: dr_ergi@yahoo.com



Gica et al., Human Papillomavirus: A Comprehensive Overview of Infection, 2
Cancer Risks, and Prevention Through Vaccination

preventable cancers worldwide. This article
explores the characteristics, infection
mechanism, and cancer association of HPV,
emphasizing the importance of vaccination and

early detection.
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INTRODUCTION

Human papillomavirus (HPV) is a widespread
sexually transmitted infection with over 200
different strains, most of which are harmless (1).
It's estimated that nearly everyone will be
exposed to HPV during their lifetime. More than
42 million people in the United States are living
with HPV types known to cause health issues, and
around 13 million new infections occur annually,
including in teenagers (2). HPV affects the skin
and mucous membranes, commonly targeting
areas such as the genital region, mouth, throat,
and oropharyngeal areas. While most HPV
infections are symptomless and resolve without
treatment, persistent infections with high-risk
HPV strains can lead to serious health
complications, including several types of cancer
(3). The development of the HPV vaccine has
significantly contributed to preventing these
infections and the cancers they may cause.

This article explores the characteristics of HPV
infection, its association with cancer, and the
importance of vaccination in preventing these

risks.

HPV INFECTION: MECHANISM AND
TYPES

HPV is a non-enveloped virus with a double-
stranded DNA genome, belonging to the
Papillomaviridae family. The virus features an
icosahedral capsid structure, which is a
symmetrical arrangement of protein subunits.
The HPV genome comprises approximately

8,000 base pairs and encodes six early proteins

Online publication ahead of print, AIMHS Vol 68, 2025

Cancer Risks, and Prevention Through Vaccination

(E1 to E7) along with two late proteins (L1 and
L2) (4).
* E1 and E2 proteins help the virus replicate
inside the host cell (5).
» E4, ES5, E6, and E7 proteins play roles in
viral replication and can interfere with the
host cell’s normal function, potentially
leading to cancer in the case of high-risk
strains (6). Elevated activity of E6 and E7
can promote cell proliferation, block cellular
differentiation, and trigger chromosomal
instability, ultimately leading to tumor
development (7).
The L1 protein is the major capsid protein
responsible for the formation of the viral capsid,
while L2 assists in the virus’s entry into the host
cell (8).
Out of approximately 200 distinct HPV
genotypes, 40 specifically target the anogenital
region through direct skin-to-skin or mucosal
contact. These strains are categorized as either
low-risk or high-risk (HR) based on their
potential to cause cancer (9).
Low-risk HPV: These are typically associated
with benign conditions like genital warts or warts
in other parts of the body (e.g., hands or feet), and
are called non-oncogenic types (10). The most
common low-risk types are HPV 6 and HPV 11
(11). These types are not linked to cancer but can
cause discomfort or cosmetic issues, such as
genital warts.
High-risk HPV: These are associated with cancer
development and are called oncogenic types. The

most common high-risk types are HPV 16 and
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HPV 18, which are responsible for approximately
70% of cervical cancers worldwide (12). Other
high-risk types include HPV 31, HPV 33, HPV
45, HPV 52, and HPV 58 (13). Infections with
high-risk HPV strains can lead to persistent
cellular changes and, if left untreated, progression
to cancer, especially in the cervix, anus,
oropharynx, and genital areas.

HPV infects keratinocytes, the predominant cells
in the skin and mucosal membranes. The virus
typically enters the body through small cuts,
abrasions, or mucosal disruptions.

HPV is estimated to be responsible for greater
than 99% of cervical, 90% of anal, 69% of vulvar,
75% of vaginal, 40% of penile, and 70% of
oropharyngeal cancers (1). Cervical cancer is the
fourth most common cancer in women
worldwide, with an estimated 604,000 new cases
globally in 2020.

Here’s how the infection process unfolds:

Entry: The HPV virus binds to specific receptors
on the surface of basal epithelial cells (the deepest
layer of the skin or mucosa). The L1 protein of
the virus facilitates binding and the initial entry
into the cell (14).

Replication: Once inside, HPV begins to replicate
its DNA within the host cell’s nucleus. The early
HPV proteins (E1, E2) help with the replication
and maintenance of the viral genome, while E6
and E7 proteins can interfere with the host cell’s
normal function (9,15). In particular, E6 and E7
inhibit tumor suppressor proteins like p53 and

RB, allowing the infected cell to proliferate

uncontrollably, which may eventually lead to
cancer (7,9,16).

Latency: In most cases, the immune system clears
the infection within 1-2 years. However, in some
instances, the virus remains latent in the
epithelium, and persistent infection may occur,
particularly with high-risk HPV types.
Progression to Cancer: In cases of persistent
infection with high-risk HPV types, the
continuous expression of viral oncoproteins (E6
and E7) can disrupt normal cell function and lead
to precancerous lesions (7,9,16). Over time, these
lesions may evolve into invasive cancer if left
untreated. This progression can take years or even

decades.

HPV AND CANCER DEVELOPMENT
Persistent infection with high-risk HPV can cause
cellular changes that may eventually lead to
cancer. The virus integrates its DNA into the host
cell genome, producing oncoproteins E6 and E7,
which can disrupt normal cell cycle regulation
and prevent apoptosis (programmed cell death)
(7,9,16). Over time, these changes can result in
the development of malignancy.

Cervical cancer: Cervical cancer ranks as the
fourth most frequently diagnosed cancer and the
fourth leading cause of cancer-related deaths
among women (17). High-risk HPV infection is
the primary cause of cervical cancer, responsible
for over 99% of all cases (18). Persistent infection
with high-risk HPV strains—especially types 16

and 18—is the leading cause of most cervical
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cancer cases (9). While non-sexual transmission
has been reported, sexual contact remains the
primary route of infection. On average, a
persistent HPV infection can progress to high-
grade cervical intraepithelial neoplasia and
eventually invasive cervical cancer over 15 to 30
years (19). Regular screening through Pap smears
and HPV testing helps detect precancerous
changes early, reducing the incidence of cervical
cancer.

Other cancers: HPV infection is also implicated
in cancers of the anus, penis, vulva, vagina, and
oropharynx. Viral infections by HPV are a well-
known etiological factor for head and neck
cancers, as HPV accounts for approximately 25%
of all head and neck cancers (20). In
oropharyngeal cancer, HPV 16 is the
predominant strain, affecting the throat, tonsils,
and back of the mouth (21). The rising incidence
of HPV-related oropharyngeal cancer, especially
in men, has prompted further research and public
health efforts.

HPV infection is linked to a higher risk of penile
cancer in men, particularly those with multiple
sexual partners. Persistent infection with high-
risk HPV strains, especially in individuals with
compromised immune systems (e.g., HIV-
positive individuals), increases the risk of anal

cancer (22).

HPV VACCINATION: A PREVENTIVE
APPROACH
The immune system typically clears most HPV

infections within 1 to 2 years. However, in some
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cases, the virus can evade immune detection,
leading to persistent infection. People with
weakened immune systems, such as those with
HIV or those undergoing immunosuppressive
therapy, are more likely to develop persistent
infections and HPV-related cancers.

Vaccination against HPV has proven to be a
highly effective method for reducing the burden
of HPV-related cancers and genital warts. The
vaccines target the most common high-risk and
low-risk HPV types, offering protection against
strains that are most commonly associated with
cancer and genital warts.

Available Vaccines: The primary vaccines in use
are Gardasil (which protects against HPV types 6,
11, 16, and 18) (23) and Cervarix (which protects
against HPV types 16 and 18) (24). Gardasil 9,
the most recent version, protects against an
additional five HPV types (31, 33, 45, 52, and
58), further expanding its ability to prevent
cancer (25).

Efficacy and Safety: Clinical trials have shown
that the HPV wvaccine is highly effective in
preventing infections with the targeted HPV
types and associated cancers. Vaccination has
been shown to reduce the incidence of cervical
cancer precursors by more than 90% (26). The
vaccine is generally safe, with side effects
typically limited to mild reactions like pain at the
injection site, dizziness, or fever.

Vaccination Recommendations: The HPV
vaccine is most effective when administered
before any exposure to the virus, why vaccination

is recommended for both boys and girls between
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the ages of 9 and 15, ideally before they become
sexually active. Catch-up vaccination 1is
recommended for individuals up to age 26, and in
some cases, vaccination may be considered up to

age 45 (27).

SCREENING AND EARLY DETECTION

Despite the availability of the HPV wvaccine,
screening remains an essential tool in the early
detection of HPV-related cancers. Regular Pap
smears (cervical cytology) and HPV testing are
recommended for women starting at age 21, with
intervals varying based on age and previous test
results. Early detection of precancerous changes
can prevent the progression to full-blown cancer,

particularly cervical cancer.

CONCLUSION

HPV infection represents a significant public
health concern due to its association with various
cancers, including cervical, anal, and
oropharyngeal cancers. Vaccination provides an
effective preventive strategy against HPV
infection and its related cancers. When combined
with early detection through screening,
vaccination can greatly decrease the global
impact of HPV-related diseases. Continued
public health efforts to promote vaccination and
regular screening are crucial for lowering the

incidence of these preventable cancers.
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