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Abstract
HPV (Human papillomavirus) infects epithelial cells, and their replication cycle is intimately linked to epithelial
differentiation. A subset of mucosal-infective HPVs, also known as ‘high risk’ (HR) HPVs, causes cervical disease
and could be classified as low or high grade. The HR-HPVs related infection can affect at any stage of life, or
several individuals may experience during their lifetime. Our robust immune system plays a crucial role in
recognizing and clearing the virus, but sometimes we need potent therapy to eliminate or prevent it. This review
deals with the prevention of HPV from attacking host cells, and the methods may include vaccination or acute
treatment. The short overview also enlightens the pathogenesis, mode of infection, and evidence-based
prevention strategies of the HPV and associated cancer.
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Introduction
Human papillomavirus (HPV) causes epithelial differentiation. There are around 200 plus different HPV
genotypes that are identified to date, and each one of them displays strict tissue specificity for infection.
Human papillomavirus infection can result in a range of benign lesions, like verrucas on the feet,
common warts on the hands, or genital warts. HPV infects the multiplying basal epithelial cells where its
dsDNA enters the nuclei. According to the World Health Organization (WHO), approximately 561,200
new cancer cases (around 5.2% of all new cancers) are due to HPV infection. Upon basal cell division, an
infected daughter cell begins the process of keratinocyte differentiation that triggers a tightly
orchestrated pattern of viral gene expression to accomplish a productive infection [1]. A subset of
mucosal-infective HPVs, also known as ‘High Risk’ (HR) HPVs, causes cervical disease, categorized as low
or high grade [2].
Human papillomavirus is a type of viral infection that tends to transmit from skin to skin contact,
through sexual contact, and they can affect genitals, mouth, or throat. Many papillomaviruses are
known to reduce the risk of immune clearance by causing chronic asymptomatic infections accompanied
by long-term virion production with only limited viral gene expression [3]. According to the Centre for
Disease Control and Prevention (CDC), HPV is the most common Sexually Transmitted Infection (STI). It’s
so common that most sexually active people will get some variety of it at a certain point in time, even if
they have few sexual partners. Some cases of genital HPV infection may not result in any health
problems [4,5]. In the majority of cases, infected cells are eliminated by the immune system.
Occasionally, elimination fails, and HPV infection becomes chronic. Replication of HPVs in multiplying
epithelial cells is due to the increased expression of the E6 and E7 oncoproteins. These oncoproteins are
responsible for the genomic instability, disruption of the cell cycle, cell proliferation, immortalization,
and malignant transformation of HPV-infected cells [6]. The infection with certain HPV types also results
in a certain variety of cancers like the anus, vulva, vagina, penis, and oropharynx, which are preventable
by using similar primary prevention strategies like those for cervical cancer. Cancer continuance is due
to persistent infection with an HR-HPV [7]. HR-HPV disease is responsible for more than 99.7% cervical
cancers in women, and a subset of oropharyngeal cancers, predominantly in men. HPV16 (HR-HPV
genotype-16) is the most prevalent worldwide and the primary cause of HPV-associated cancers. The
objective of this review paper is to highlight the prevention of this virus to cause cancer and how it
invades the host body [8].

Biology of HPV
Two products of HPV, i.e., E6 and E7, contribute to the pathogenesis of cancer [9]. HPV virus tends to
get integrated with the DNA of the host nucleus further E6 combine with p53 (responsible for arresting
the cell cycle in the G1 phase), which leads to degradation of p53 activity. Control over the cell cycle is
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lost when E7 binds to the cyclin-dependent kinase inhibitor [10].

Mode of Infection
HPV commonly spread through sexual contact, but transmission through non-sexual contact (through
fomites) has been known to occur [11]. There are several risk factors which can contribute to HPV
infection like early onset of sexual activity, multiple sexual partners, and use of oral contraceptives
(more than ten years). Smoking and low social-economic status have reported increasing the risk of HPV
infection in individuals. Usually, the virus is cleared by the action of the immune system, but
oncogenesis is linked to the persistence of infection [12].

Pathogenesis
The HPV infects the squamous epithelial cells, which have a tendency to proliferate and quickly get
access to the basal cell during injury or trauma. In basal cells, HPV induces the expression of genes (viral)
that help in the viral replication. This interaction of host cells and HPV occurs via heparin sulfate
proteoglycans and alpha-6-integrins. For initiation of the replication, the early proteins, i.e., E1 and E2,
are responsible. The E2 is the transcriptional repressor of the E6 and E7 that controls the expression of
E6 and E7. The mechanism of replication is a rolling circle in which the viral genome gets integrated with
the human genome. This integration disturbs the E2, which results in the higher expression of both E6
and E7 and leads to cell transformation. After the replication of the virus, L1 and L2 gene are responsible
for the formation of the capsid of the virus, and the virus gets released with the help of E4 protein [1315].

Evidence-Based HPV Prevention
The easiest way to prevent HPV is to practice safe sex. Bivalent and quadrivalent vaccines for HPV are
available for use. Both of them are directed toward the HPV 16 and HPV 18 type of HPV. Quadrivalent
vaccination is also effective against HPV 6 and HPV 11, which are responsible for the anogenital wart. So
far, these vaccines are available to prevent cervical cancer, but nowadays, it is useful to prevent a large
number of cancer cases, which include the vulva, vaginal, penis, anus, oropharynx cancer [Figure 1]
[16,17].

Figure 1: Cancer linked to HPV infection.
These vaccines are available for prophylactic use or treatment bsssut not for cure or treatment and also
do not prevent the progression of the disease. The two HPV vaccines, i.e., Cervarix and Gardasil, are
approved for the use in cervical prevention by FDA [18]. Gardasil is now approved to be used as a
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preventive treatment for genital warts and HPV associated lesions of the anogenital region. Advisory
Committee on Immunization Practice suggests that girls and boys must be routinely vaccinated at the
age of 11or 12 with two doses of vaccination with six months gap. People with the age group of 15 to 26
are also esssligible to have the HPV vaccination with a three-dose schedule. This committee also
suggests that bisexual, gay men be vaccinated by the age of 26. People above age 45 are now also
eligible for the vaccination [17,19,20].

Strategies to Prevent HPV
Vaccination coverage is very important to reduce the load of the cancer burden associated with the
HPV. Strategies must be developed to promote the HPV vaccination, which includes the recall or
reminder system, standing order for vaccination, education to the community, to provide more
vaccination sites. Schools and colleges can be a target as HPV vaccination sites as it will cover most of
the eligible age groups [21].

Conclusion
HPV is the most common sexually transmitted infection, mainly causes cervical cancer and genital warts.
The quadrivalent HPV vaccine is 99% effective at preventing the high-grade cervical lesions caused by
HPV types 16 and 18 that are precursors to cervical cancer and is equally effective at preventing HPV 6
and 11-related genital warts when given to HPV-naive individuals. It can be given to patients prior to
HPV exposure. The debate is currently ongoing with regard to whether the vaccine will become a part of
the mandatory vaccination schedule. The burden and cost of HPV-associated disease and cancer remain
an important public health problem. Reducing the burden of HPV-associated cancer and disease through
vaccination requires an integrated approach that includes clinical medicine, public health, and public
policy.
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