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Abstract

Article History

Mucous membrane infections are brought on by the double-standard DNA virus known as human
papillomavirus (HPV). Cervix cell alterations are caused by a sexually transmitted illness. E6 and
E7 oncogenes play a critical role in HPV infection. Finding these genes to identify HPV strains,
particularly the HPV16 strain, will have a significant impact due to its exceptional sensitivity, the
dielectric electrochemical biosensor stands out among other pathogen detection methods. Recent
evidence suggests that E6 and E7 are also important in inhibiting the innate immune response of
the host cell to HPV. Viral replication is mediated by the E1 and E2 proteins in conjunction with
other biological stimuli. E2 has also been linked to viral and cellular transcriptional regulation.
Despite decades of research, the function of other viral proteins still remains unclear. Therefore,
analysis of Human Papilloma Virus (HPV) characteristics, pathogenicity, transmission and
diagnosis were reviewed. We concluded that we now have the tools and methodologies necessary
to answer this critical question about viral tropism. The discovery of efficient treatments to cure
or prevent HPV-induced illness is just as vital as studying the underlying mechanisms of HPV
pathogenesis. The identification of drugs specifically to treat HPV infection has not been highly
successful due to the complexities of the HPV life cycle and the limited number of enzymatic
activities identified for HPV proteins. The development of drug treatments for existing HPV disease
is an important undertaking that deserves further attention. In this regard, the development of
therapeutic vaccines and self-protection are promising area of investigation and needs to be further
supported.
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1.0 Introduction

One of the most common health issues for females
globally is HPV infection, which has a global
prevalence of 11.7 percent and is linked to the
development of cervical cancer. A total of more than
100 HPV genotypes have been identified and
described; 40 of them infect the mucosal epithelium,
with an annual incidence of 6.2 million cases. In Sub-
Saharan Africa, the prevalence rate is 24 percent (Li et
al., 2020). Cervical cancer cases in Nigeria have been
estimated at 25 cases per 100,000 people, with
prevalence rates of HPV in women at 23.3% (Yahaya

et al., 2019), 24.0% (Jing et al., 2019), and 44.9%
(Maria et al., 2017). During sexual intercourse, a virus
belonging to the papillomaviridae family infects the
cervical epithelium (Yahaya et al., 2019).

It is now well accepted that HPV infection is the
primary cause of cervical cancer and a significant
number of other anogenital neoplasms in many parts
of the world (anal, vaginal, vulvar, and penile cancer).
Several additional malignancies, such as head and
neck (oral cavity, pharynx, larynx) cancer and non-
melanoma skin cancer, have been linked to HPV, and
it is also considered to have a role in the genesis of
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several other tumors, such as prostate cancer (Komatsu
et al., 2018). The virus spreads mostly through sex and
is difficult to detect in the early stages (Palma et al.,
2018). Aside from sexual transmission, HPV infection
can also spread through other means. Nonsexual
transmission of genital HPV is conceivable, such as
through a mother's milk or changes in cervical tissue
during pregnancy. Warts may become larger or
proliferate during pregnancy due to hormonal changes,
which may lead to bleeding (Maria et al., 2017).
Mucosal human papilloma virus (HPV) epidemiology
has been widely investigated in recent years,
particularly cervicovaginal HPV infection in young
women, and additional epidemiologic data are also
available for older women, men, and children. The
HPV virus is responsible for the majority of all
sexually transmitted illnesses. Sexual contact is the
primary mode of transmission, however vertical and
horizontal transmissions are also possible.

1.1 General Characteristics

1.2 Classification of Human Papilloma Virus

The phylogenetic classification of HPV genotypes has
so far yielded more than 100 taxa and species (De
Villiers et al., 2004) (Table 1). Among all HPV
genotypes, the L1 protein has a high degree of
conservation and is thus employed for taxonomical
purposes. More than 60 percent nucleotide sequence
similarity in the L1 protein of different genera of
Papillomaviridae (Alpha, Beta, etc.) is shared by the
species within the same genus. When the L1 gene
nucleotide sequence changes by more than 10% from
the genotype with which it has the most DNA
sequence similarity, a novel HPV isolate is identified
as a new genotype (Table 1).

A papillomavirus's tissue tropism (mucosal or
cutaneous) and carcinogenic potential can also be used
to categorize it (De Villiers et al., 2004). Although
these genotypes may be found in both mucosal and
cutaneous tissue, they are grouped together based on
the tissues in which they occur (Table 1). Based on
their relationship with cervical cancer and other
anogenital malignancies, 13-25 HPV genotypes have
been classified as probable or confirmed high-
oncogenic risk (HR-HPV) (review in Wei et al., 2021;
IARC, 2011).

According to the World Health Organization's
International Agency for Research on Cancer (IARC)
classification, HPV-16, 18, 31, 33, 35 and 39 are HR-
HPVs (IARC, 2011). Other HPV genotypes classified
as possibly carcinogenic included in this
categorization were: 26, 30, 34, 53, 66-67, 68, 69, 70-
73-82-85-97. Condylomata acuminate (genital warts),
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a substantial percentage of low-grade squamous
intraepithelial lesions (LSIL) in the cervical cavity,
oral papillomas, and conjunctival papillomas can all be
caused by infection with low-oncogenic risk HPVs
(LR-HPVs), such as HPV-6 and 11. Recurrent
respiratory papillomatosis may also be caused by
HPV-6 or 11 in rare cases, which in newborns and
young children can be highly morbid and generally
perinatally transferred, although in adults it is usually
sexually transmitted and less severe than in children
(Armstrong et al., 2000).

2.0 Pathogenicity of Human Papilloma Virus
During HPV's life cycle, mature virion particles are
produced only in cells that have undergone
keratinocyte differentiation, such as the supra-basal
cells. Papillomaviruses are assumed to enter the
epithelium through micro-wounds in the basal layer of
the epithelium. Heparin sulfate facilitates the first
attachment of virions to cells, but the receptor for viral
penetration into cells is yet unclear (Figure 1 - 2).
(John et al., 2016). A constant supply of cells is
maintained in the suprabasal areas by stem cells and
transit-amplifying cells found in the basal layer
(Andrew et al., 2018). As these cells are infected with
HPV, a viral gene expression cascade results in the
generation of around 20 to 100 copies of
extrachromosomal viral DNA per cell. For
undifferentiated basal cells, the average copy number
stays the same during the infection. In the early stages
of viral replication, E1 and E2 are two of the first viral
proteins to be expressed. To facilitate viral replication,
this group of proteins binds to sequences near the viral
origin of replication and recruits cellular polymerases
and auxiliary proteins (John et al., 2016). The E1
protein is also a helicase, allowing the viral DNA
strands to be separated before the replication complex
arrives (Graham, 2017). To recruit E1 to the origin and
also to regulate viral transcription from the early
promoter, E2 serves as a site-specific DNA-binding
protein (Graham, 2017). Nearby transcription factors
that activate the early promoter, and binding sites for
E2 can be found (Klymenko et al., 2016). High
quantities of E2 repress transcription by inhibiting the
binding of cellular transcription factors, whereas low
levels of E2 activate the early promoter by binding to
its recognition sequences (Klymenko et al., 2016). It
is important to note that the capacity of E2 to activate
and repress expression helps in the regulation of viral
copy numbers in undifferentiated cells.
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Table.1.: Classifications of HPVs according to their tissue tropism and oncogenic potential

Tissue tropism Genotypes of HPV

Mucosal High-risk: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59
Low-risk (or probably carcinogenic): 6, 11, 13, 26, 30, 32, 34, 42, 44, 53,
54, 61, 62, 66, 67, 68, 69, 70, 71, 72, 73, 74, 81, 82, 83, 84, 85, 86, 87, 89, 90

Cutaneous 1,2,4,5,8,9, 12
48, 49, 50, 57, 60,

4,15,17,19, 20, 21, 22, 23, 25, 27, 36, 37, 38, 41, 47,
3

1
63, 65, 75, 76, 80, 88, 92, 93, 95, 96

Both (mixte) 3,7,10, 28, 29, 40, 43, 78, 91, 94

Adapted from De Villiers et al., 2004. Carcinogenic potential classification based on IARC monograph, Vol 100B,
20009.
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Figure 1: Map of the HPV genome. Early (E) and Late (L) genes are indicated. The arrow indicates the early promoter
(Moody and Laimins, 2010).
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Figure 2. Replication cycle of a papillomavirus (Moody and Laimins, 2010)
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High-risk HPV types' E6 and E7 proteins are viral
oncoproteins, although the homologous proteins from
low-risk HPV types have no such activities. Because
of its ability to form an E6AP trimeric complex with
the tumor-suppressor protein, E6AP, high-risk E6
causes p53 to be rapidly degraded (Andrew et al.,
2018). Rb family tumor suppressors and other proteins
involved in cell cycle control are all targets of E7
(Klymenko et al., 2016). When infected basal cells
divide, viral genomes are divided into daughter cells,
one of which migrates toward the stratum granulosum
and undergoes differentiation (Figure 1 - 2) (Graham,
2017). When cells depart the basal layer in normal
uninfected epithelia, they quit the cell cycle, which
frequently leads to nuclei being lost in suprabasal
cells. It is because of the function of the E7 protein that
infection cells continue in the cell cycle when they exit
the basal layer (Klymenko et al., 2016). When cells
have undergone significant differentiation, they rejoin
the S phase and begin to express viral replication
factors. When E7 is present, infected epithelia retain
their nuclei across all of their layers. E6 and E7 have
also been found to be essential for the preservation of
HPV extrachromosomal forms in undifferentiated
basal cells (Graham, 2017). Exact mechanisms are
unknown, however, checkpoint that inhibit long-term
storage extrachromosomal DNAs are likely to be
removed. Both the E4 and E5 proteins have been
postulated to be involved in the control of late viral
activities; however, their specific roles have not yet
been established (Graham, 2017). After a few days, the
icosahedral capsids of the L1 and L2 proteins are
formed. A mature virus is discharged from the highest
layers of the epithelium during virion assembly
(Klymenko et al., 2016).

HPV's productive life cycle cannot be activated by the
differentiation program of the host cell, for reasons
that remain unclear. For the viral replication proteins
E1 and E2 to be highly expressed as well as late genes,
it is most probable that the late viral promoter will be
activated, resulting in high levels of transcript
expression. Amplification of viral DNA occurs as a
result of increased expression of the late promoter,
which, in contrast to the early promoter, is not
inhibited by the E2 protein (John et al., 2016). When
there are more templates available, replication proteins
can replicate more efficiently. Cellular or other viral
factors may be increased during differentiation and
contribute to the activation of late activities, although
the discovery of these proteins is still in its early
stages. While the high-risk HPV genomes are present
as episomes in the early stages of infection, they have
commonly discovered integrated into host sequences
when lesions or carcinomas advance. Integrating into
the E2 ORF, the E2 repressive function is lost, and this
leads in greater amounts of E6, E7 mRNA production
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(Klymenko et al., 2016). In the sections that follow,
we go into great depth regarding the current level of
knowledge about how viral factors work during the
productive life cycle and development to malignancy.

3.0 Transmission of Human Papilloma Virus
Sexual contact is the most common means of
transmission. Sexual activity is strongly linked to HPV
infections of the mucosa (Schwarzer, 2018). One of
the most significant risk factors for both the prevalence
of infection and the acquisition of illness in adulthood
is the number of lifetimes and recent partners (So et
al., 2020). It has been shown that genital warts are
transmitted through sexual contact, that there is
concordance in genital infection with genotype-
specific HPV infection, that virgin women are
extremely unlikely to contract genital HPV infection,
and that there is an increased risk of contracting HPV
after having sex with new or recently sex partners (Di
et al., 2017). HPV detection in the anal canal is also
connected with anal intercourse in males who have sex
with men and to a lower degree for women
(Schwarzer, 2018).

Other sexual behaviors, such as oral sex, digital-
vaginal intercourse, and the use of protective sex
devices, can potentially transmit the virus (Alemany et
al., 2015). The oral sex of a woman with cervical
cancer may explain why her husband is more likely to
get upper aerodigestive tract cancer (Cuschieri et al.,
2016). Evidence suggests that sexually transmitted
diseases can be passed from one woman to another in
the case of genital HPV infection among sex partners
(Maria et al., 2017). More research has been done on
the transmission of HPV, and it is clear that this virus
is very contagious (Jing et al., 2019). For example,
Motevaseli et al. (2016) calculated that HPV-16's per-
partner male-to-female transmission rate was as high
as 60%.

3.1 Vertical Transmission

Non-sexual transmission is thought to be significantly
less prevalent, but it is not completely excluded. In
1956, a case of juvenile laryngeal papillomatosis was
described in which HPV was transmitted from mother
to kid (Vriend, 2015). (JLP). Multiple studies have
confirmed the transfer of HPV from mother to kid in
various mucosa (genital, oral) but the method of
transmission is still a mystery (Brotman et al., 2014).
If the mother's membranes rupture early during
delivery, the virus can be transmitted directly to the
baby by the mother's semen or ascending infection
from the mother's genital canal during vaginal birth or
caesarean surgery (Schwarzer, 2018). Since HPV
DNA has been identified by PCR in the amniotic fluid
of pregnant women who are infected with the virus, the
virus might likely be transmitted across the placenta.
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Syrjanen et al., 2000, detected HPV 16 DNA in cord
blood cells (Yahaya et al., 2019).

3.2 Horizontal Transmission and other Route
Outside of sexual contact, the fingers and mouth,
fomites, and skin contact are also possible entry points
for an illness to spread. Self-inoculation, for example,
can spread the disease from the anogenital area to the
hands (Hernandez et al., 2008). Aside from sexual
contact, this non-sexual method of transmission is
thought to be significantly less prevalent, especially in
adulthood. However, among youngsters (excluding
those who have been sexually abused), the horizontal
route is clearly more essential than the sexual route.
For example, 19-35 per cent of healthy children aged
6-11 years have oral HPV DNA in their buccal canals
(Borgdorf et al., 2016). Since HPV infection does not
result in viremia, it cannot be transmitted through
blood or breast milk. (Di et al., 2017).

4.0 Diagnosis of Human Papilloma Virus

To accurately identify HPV, molecular biology
methods must be used in the majority of instances. The
Nucleic probe technique is the test of choice for
identifying HPV in clinical specimens because of the
genome's double-stranded DNA size of around 8000
base pairs (bp) and its well-known physical structure
and gene organization (Chao et al., 2020).

It is possible to determine the presence of HPV based
on morphological, serological, and clinical results
(Ilhan et al., 2019). However, molecular-biology
techniques are required for HPV diagnosis in order to
accurately identify and type the virus (Chao et al.,
2020).  Nucleic acid  hybridization,  signal
amplification, and nucleic acid amplification are now
accessible.

4.1 Nucleic acid-hybridization assays
Radio-labelled nucleic acid hybridization tests were
initially employed to identify HPV infection in
cervical samples in Southern blotting, in situ
hybridization, and dot-blot hybridization procedures.
Although these methods produced high-quality data,
they had several of drawbacks, including limited
sensitivity, the requirement for vast quantities of pure
DNA, and lengthy processes (Wei et al., 2021).

4.2 Signal-amplification assays

The FDA (Food and Drug Administration) has
approved only the Digene® HPV test employing hc2
technology and the Cervista® HPV HR assay for
diagnostic testing in the United States (Moody and
Laimonis, 2010).

For the non-radioactive amplification of signals, the
Hybrid Capture® 2 system (hc2, Digene Corp., USA)
uses tagged RNA probes in solution to hybridize target
HPV-DNA (Li et al., 2020). As a result, this test can
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identify 13 of the most common forms of HPV (-16
and 18, respectively) or five of the most common
forms of HPV (-6 and 11, respectively) (Kim et al.,
2015).

This test differentiates between the HR and LR groups,
although it was not designed to genotype single HPV
genotypes with this method (Fernandez-Duarte et al.,
2018). This is a remarkable result, as the probability of
a precancerous lesion with persistent infection is
between 10% and 15% for HPV types -16/18, and less
than 3% for all other HR types put together. As a
result, HPV genotyping is critical in the search for a
single carcinogenic strain of the virus (Kim et al.,
2015; Fernandez-Duarte et al., 2018). a better
understanding of infection persistence and risk
stratification (Fernandez-Duarte et al., 2018).

Among the 14 HR-HPV types detected by the Cervista
HPV (Hologic, Inc., Marlborough, MA) are the
following: 16, 18, 31; 33; 35; 39; 45; 51; 52; 56; 58;
59; 66; and 68. (Lu et al., 2021). For the identification
of particular nucleic acids, this assay also employs a
signal-amplification approach.

For CIN 111, the Cervista® test had a sensitivity of 100
per cent, whereas the hc2 assay had a sensitivity of 98
per cent (Kim et al., 2015; Motevaseli et al, 2016). A
decreased false-positive rate and good sensitivity and
specificity for genotyping HPV -16/18 were also
demonstrated by this test (Kim et al., 2015; Motevaseli
et al, 2016).

4.3 Nucleic acid-amplification methods

i.  Microarray analysis
It employs probe amplification, PCR (Polymerase
chain reaction) product hybridization, and a DNA chip
scanner to display hybridized signals (Jing et al.,
2019). Automated approaches based on microarrays
can analyze several DNA samples simultaneously.
Gene expression profiling and mutation analysis are
two of the most common uses of DNA microarrays
nowadays (Komatsu et al., 2018).
Several studies have shown that DNA microarray
analysis and PCR may be used to identify and
genotype HPV. The HPV DNA chip outperformed gel
electrophoresis in terms of sensitivity and specificity,
and it even outperformed direct DNA sequencing in
several circumstances (Komatsu et al., 2018; Jing et
al., 2019).
PapilloCheck®
Detects and genotypes 24 kinds of HPV in a single
response (HPV -6, -11, -16, -18, -31, -33, -35, -39, -
40, -42, -43, -44, -45, -51, -52, -53, -55, -56, -58, -59,
-66, -68, -70, -73, and -82). HPV E1 gene fragment
350 bp in length is amplified using a multiplex
polymerase chain reaction (PCR) using fluorescent
primers and 28 probes, each in five replicate locations,
on a DNA chip. Human ADAT1 co-amplification is
employed as an internal control. A microarray chip is
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used for the hybridization, and the CheckScannerTM
and Check-ReportTM software are used to scan and
analyze it automatically at 532 and 635 nm (Arbyn et
al., 2018)

It's safe to claim that the PapilloCheck® assay
(Greiner Bio-One GmbH, Frickenhausen, Germany) is
a trustworthy screening test due to its ability to identify
HR/LR-HPV and to detect multiple infections (Mitra
et al., 2016). This assay, on the other hand, does not
amplify HPV-35 and -53, is still expensive and
necessitates specialized equipment (Brotman et al.,
2014; Mitra et al., 2016).

ii. Polymerase chain reaction (PCR)
There are several advantages to using PCR-based
procedures. Thermal DNA polymerase may identify
and expand oligonucleotides flanking the target area in
the traditional PCR. After 30 rounds of amplification,
the PCR may produce one billion copies of a single
double-stranded DNA molecule (Borgdorf et al.,
2016).
Many different HPV genotypes can be amplified in a
single reaction by using consensus primers such as
PGMY09/PGMY1 and GP5+/GP6+. For example, the
primers focus on the L1 capsid gene of HPV (llhan et
al., 2019). After amplification, HPV genotypes can be
identified using methods such as RFLP, linear probe
assays, direct sequencing, or genotype-specific
primers. The lengthy L1 control region and the E6/E7
promoter region have been amplified by a type-
specific PCR, which some researchers have exploited
(Wei et al., 2021).
As with any new technology, there is an inherent risk
of false-negative findings when multiple infections are
present in low-copy samples, due to a lack of
competition for reagents. HPV genotypes may not be
detected using the PCR approach because of this issue.
Another drawback is that it is fairly unusual to suffer
from repeated infections (llhan et al., 2019). Samples
having DNA from more than one HPV genotype might
result in a significantly more powerful amplification
for one sequence that would make it more difficult to
identify all HPV genotypes in the same sample.
Sequencing or type-specific PCR, both of which are
labor-intensive, may be necessary in some cases (Wei
etal., 2021).

iii. Polymerase Chain Reaction-Restriction
Fragment Length Polymorphisms (PCR-

RFLP)
By using PCR-RFLP, HPV genotyping may be done,
which makes it more convenient and less expensive
than sequencing (Brotman et al., 2014). The procedure
is easy and reliable, and it doesn't necessitate
expensive equipment. It's perfect for situations when
there aren't many resources available (Brotman et al.,
2014; Borgdorf et al., 2016). It is feasible to identify
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single or numerous infections using PCR-RFLP since
it has strong discriminating power when determining
if the virus is in HR or LR. Restrictive enzymes are
used to digest the amplified DNA, resulting in DNA
fragments of varying lengths, in this method. BamH],
Ddé6el, Haelll, Hinfl, Pstl, and Rsal are the most often
seen restriction enzymes (Borgdorf et al., 2016). A
single restriction enzyme (HpyCH4V) can be employ
for the detection of HPV genotypes 21 HR and 31 LR
(Schwarzer, 2018).

iv. Real-time PCR

For the identification and genotyping of HPV
genotypes in tissue specimens (Chao et al., 2020) and
cellular samples, this test is an excellent diagnostic
tool. With the use of different fluorochromes that emit
fluorescence as the PCR reaction proceeds, it is
possible to perform multiple PCR reactions and
amplify different nucleic-acid targets; (iii) nucleic
acids can be detected even in very low concentrations,
using a 7-log dynamic range to extrapolate the viral
load/concentration over a standard curve; and finally,
(iv) it is extremely reproducible (Mitra et al., 2016).

v.  Abbott real-time PCR

The Abbott Real time HPV assay uses PCR to generate
amplified product from the DNA genome of HPV in
clinical specimens. A DNA sequence that is unrelated
to the HPV target sequence is introduced into each
specimen at the beginning of sample preparation. This
unrelated DNA sequence is simultaneously amplified
by PCR and serves as an internal control (IC) to
demonstrate that the process has proceeded correctly
for each sample. The amount of HPV target sequence
that is present at each amplification cycle is measured
through the use of fluorescent-labeled oligonucleotide
specifically bound to the amplified product. The
amplification cycle at which fluorescent signal is
detected by the Abbott m2000rt is inversely
proportional to the log of the HPV DNA concentration
present in the original sample.

Individual genotyping for HPV-16/18 and pooled
detection of 12 HPV genotypes: -31, 33, 35, 39, 45, 51,
52 and 56 are used in the Abbott Real Time HR HPV
test (Mitra et al., 2016).

vi. COBAS® 4800 HPV test

Real-time PCR technique is used to identify 14 HR-
HPV in this test, which is automated. There is only one
PCR tube used for the amplification and detection of
HPV-16, 18 and 12 HR pools (-31, -33, -35, -39, -45,
-52, -56, -58, -59, -66 and -68) and one tube for
extracting and amplifying beta--globin as the quality
control (Chao et al., 2020).

COBAS® 4800 (Roche Molecular Systems) and Real-
time PCR (Roche Molecular Systems) were shown to
be wvery consistent in research assessing the
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reproducibility of a series of sequential procedures in
both intra and interlaboratory (Motevaseli et al.,
2016). Because it is designed for primary specimens,
the test is simple to perform, and results may be
provided in as little as 4 hours after receiving the
sample. COBAS® 4800 is clinically proven and
reliable in the detection of HR-HPV, according to the
worldwide criteria for screening. It has been clinically
proven to be useful for ASC-US triage using this
particular test (Komatsu et al., 2018).

Vii. HPV genome sequencing
It was more than 30 years ago that the dideoxy chain-
termination approach (Sanger technique) was
originally published for genome sequencing (Li et al.,
2020). The use of fluorescence-labeled nucleotides
into Sanger sequencing has contributed to the
extension and development of high-quality,
comprehensive sequencing (Kim et al., 2015; Li et al.,
2020). In spite of this, it hasn't been clinically proven.
Like dideoxy sequencing, pyrosequencing is suitable
for PCR-amplified DNA and RNA from any source
(blood, saliva, cell line, plasma, serum, tissue,
formalin-fixed paraffin-embedded samples, and whole
genome-amplified DNA). Many advantages over
dideoxy sequencing may be gained by using this
approach for short- to medium-sequence applications,
such as in the field of genetics and genomics. To begin
with, the readout sequence is obtained rather than a
fluorescent signal that has to be translated into a
sequence. As a second benefit, it is more efficient and
less expensive, thanks to the sequence-by-synthesis
approach in which a DNA sequence is read in real time
and synthesized by the addition of inexpensive,
unlabeled nucleotides. Finally, the technology is also
quantitatively unique (Fernandez-Duarte et al., 2018).

viii. CLART® human papillomavirus 2

To detect the HPV L1 area, the CLART® Human
Papillomavirus 2 (Genomica, Madrid, Spain)
approach makes use of biotinylated primers. A control
for adequate DNA extraction and PCR efficiency is
provided by co-amplifying an 892 bp portion of the
FTR gene with a 1.202 bp fragment of a modified
plasmid. By using a low-density microarray that
contains DNA probes specific for 35 HPV, amplicons
may be identified (-6, -11, -16, -18, -26, -31, -33, -35,
-39, -40, -42, -43, -44, -45, -51, -52, -53, -54, -56, -58,
-59, -61, -62, -66, -68, -70, -71, -72, -73, -81, -82, -83,
-84, -85 and -89). Accurate, precise, and repeatable
semi-quantitative data may be achieved using an
automated reader with very similar results (Lu et al.,
2021).

iX. INNO-LIPA
Real-time PCR genotypes all 14 HPV strains (Vriend
et al., 2015). Using SPF10 biotinylated primers and
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genotyping, INNO-LiPA (LIiPA HBV GT;
Innogenetics N.V., Ghent, Belgium) is based on the
co-amplification of the HPV L1 gene and the 270 bp
of the human HLA-DP1 gene (Di et al., 2017,
Borgogna et al., 2020). It was shown to be the least
effective approach for genotyping HPV-42/-59, which
included HPV-35, -39, -52, -56, and -66, as well as
HPV-42 (Di et al., 2017).

Only a few techniques of nucleic-acid amplification,
such as Real-time PCR, are suited for archival clinical
specimens because they target a very tiny fraction of
the HPV genome, although they can consistently
identify HPV in cervical-swab specimens (less than
160 bp). Consequently, the observed discrepancies in
internal control amplification efficiency between
Real-time and INNO-LiPA may be ascribed most
fairly to the differences in target amplicon length: 136
bp vs. 270 bp (Brotman et al., 2014). Swabs, brushes,
tampons, and lavage are all examples of sample types
that may be tested with this kit (Di et al., 2017;
Borgogna et al., 2020).

X. The Linear array®

HPV genotyping with the Linear Array® assay is
performed using reverse line blot hybridization (PCR),
and the results are sent to Roche Molecular
Diagnostics, located in Pleasanton, California, in the
United States. It is possible to differentiate between 36
HPV genotypes (-16, 18, 31, 33;-35; 39;-45; 51; 52;
56;58;59;68;73;82; -82), as well as 15 HR (-16, 18, 31,
33; 35; 39; 45; 51; 52; 56;58;59;68;73;82) and three
probable HR (-26, 53; and-66). It is also possible to
differentiate between 10 LR (-6;-11;-40;-42; -40; 61;
70; 72;81;-81;-CP6108) and nine genotypes for which
the risk is still undetermined (55; 62; 64; 65; 64; 65;
65) (Jing et al., 2019).

The polymorphic L1 region of the HPV genome is
amplified using biotinylated PGMY09/11 primers and
a 450 kb fragment. For accurate DNA extraction and
high PCR efficiency, the 268-bp region of the human
-globin gene is co-amplified. The Auto-LIPATM
device (Innogenetics, Ghent, Belgium) can process up
to 30 strips concurrently in a uniform manner for
hybridization and detection of the amplified result.
The Linear Array® reference guide is used to interpret
the color-coded signals on the strip. Cross-
hybridization probes can detect HPV-52 with
ambiguous findings when -33, -35, or -58 are also
present in the sample. Probes for HPV-33 and 35, but
not for HPV-52, are included on the test strip to
confirm the presence of HPV-33 and 35. (Motevaseli
et al., 2016).

Xi. Clinical arrays® HPV
HPV may be detected and genotyped using this kit
(Genomica SAU, Madrid, Spain). Absorption columns
are used in the DNA extraction process. It uses
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biotinylated PCR primers to identify a 451-nucleotide
sequence in the HPV genome's L1 region. The PCR
process and DNA integrity are both checked using a
human cystic-fibrosis transmembrane conductance
regulator (CFTR) gene and control plasmids (Palma et
al., 2018). As a result, it is possible to identify the 35
genotypes that have been found to be related with
either HR (genotypes 16, 18, 26, 31, 33 and 35), or
with the Long Rare (LR) HPV (genotypes 51 to 85). (-
6, -11, -40, -42, -43, -44, -54, -61, -62, -71, -72, -81, -
83, -84 and -89). Detection of uncomplicated
infections or co-infections is achievable (Jing et al.,
2019).

Xii. Microplate colorimetric hybridization
assay (MCHA)

It is based on the amplification by PCR of the 150-bp
fragment within the L1 region by consensus primers
GP5+/6+ followed by colorimetric hybridization to six
type-specific probes (ImmobilizerTM Amino Surface,
Nunc, Roskilde, Denmark) on microwell plates
(Immobilizer Amino Surface, Nunc, Roskilde,
Denmark) (Arbyn et al., 2018).
HPV-31, -33, -45, and -45 were all correctly identified
by the MCHA, while -39 was incorrectly identified by
PapilloCheck®. Probes for HPV-35, -52, -56, and -58
should be incorporated in MCHA to increase detection
of additional genotypes (Arbyn et al., 2018).

xiii. HPV-mRNA detection

Cell transformation by HR-HPV is primarily
facilitated by E6 and E7, which influence the activity
of cellular proteins that control the cell cycle (Arbyn
etal., 201). Precancerous lesions can be detected using
HPV and the presence of EG/E7 can serve as a
particular marker (Borgogna et al., 2020). As a result,
searching for transcripts of E6/E7 may improve the
specificity and sensitivity of tests for the diagnosis of
cervical lesions that have a larger likelihood of
developing than a simple detection of HPV-DNA
(Motevaseli et al., 2016; Arbyn et al., 2018; Borgogna
et al., 2020).

PreTect® Proofer and APTIMA® HPV Assay are the
two most often used commercial tests to detect MRNA
for E6/E7 oncogenes (Cuschieri et al., 2016). E6/E7
transcripts are amplified by transcription-mediated
amplification, which is pre-empted by target capture.
NorChip AS, Klokkarstua, Norway's Pretect® HPV-
Proofer test identifies E6/E7 mRNA from five HR-
HPVs (-16, -18, -31,-33, and -45). High sensitivity has
been demonstrated in clinical investigations. For the
identification of underlying high-grade squamous
intraepithelial lesions (HSIL), this technique is based
on Real-time multiplex PCR and is more specific than
HPV-PCR (Alemany et al., 2015).

It is possible to identify 14 HR-HPV E6/E7 mRNAs
with the APTIMA® HPV assay, which is
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manufactured by Gen-Probe in San Diego. The
Proofer test only identifies five HR HPV E6/E7s. The
APTIMA® HPV assay is more sensitive than the
Proofer test since it detects 14 HR HPV E6/E7 mRNAS
(Alemany et al., 2015). Among its many advantages
over other HPV tests, this one detects HPV E6/E7
mRNA, which may be a better indicator of advanced
disease than the more commonly used hc2; it has a
lower limit of detection than other tests; it does not
cross-react with the LR-HPV types examined in the
current study; and it can be processed by an automated
system (Alemany et al., 2015; Alemany et al., 2016).
Telomerase reverse transcriptase (TERT) expression
is also activated by oncoprotein E6, resulting in cell
immortalization (Cuschieri et al., 2016). There are two
types of catalytic subunits in the telomerase complex:
astructural RNA subunit (hTR) that acts as an example
during telomere extension, and a reverse transcriptase
subunit ("TERT) (Cuschieri et al., 2016). Quantitative
Real-Time PCR can identify high amounts of
telomerase in tumor cells, which are almost always the
consequence of dysregulated hTERT expression
(Cuschieri et al., 2016; Arbyn et al., 2018). hTERT
expression  often  increased during  cervical
carcinogenesis, suggesting that it might serve as a
useful marker for the progression of cervical lesions
(Cuschieri et al., 2016; Arbyn et al., 2018).

4.4 HPV viral load quantification and integration
i. HPV-DNA viral load

The link between the HPV viral load and cervical
lesions with malignant potential is not yet established.
Predicting whether or not a condition will advance or
worsen is an important aspect of many research on
HPV burden (Cuschieri et al., 2016; Motevaseli et al.,
2016; Arbyn et al., 2018; Borgogna et al., 2020).
Although few researchers, found changes in load
between CIN | and CIN I, they did not find any
differences between the two types of the disease when
comparing the two types of CIN (Borgogna et al.,
2020). As a result, both the histology and the cytology
of the load are in sync. Further clinical studies can be
conducted if the viral load decreases in response to
treatment, as described by Maria et al., 2017. Another
study found that viral load evaluation had no
additional benefit over cytology, and that testing for
high viral load levels may not be clinically beneficial,
especially in the case of HPV-16 (Alemany et al.,
2015; Alemany et al., 2016).

By using Real-time PCR methods, the HPV viral load
may be measured. The hc2 method may also be
utilized for the semi-quantification of clinical samples
using these technologies (Borgogna et al., 2020).

ii. HPV-DNA integration

Extra-chromosomal or episomal HPV-DNA is
commonly found in the earliest stages of cervical
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precursor lesions. Viral integration is common in
HSIL and CC, and both episomal and integrated HPV-
DNA can be found in the same lesions (Maria et al.,
2017). Integration of HPV-DNA into the host cell
often breaks at the E1 and/or E2 open reading frames
(ORFs), while the E6/E7 ORFs and lengthy regulatory
region are intact (Arbyn et al., 2018). Oncogenic
proteins E6 and E7 are over-expressed when the E2
gene function is lost. E6 and E7 expression is elevated
when HPV-DNA has a large copy number and HPV-
DNA integration is facilitated (Cuschieri et al., 2016).
The initiation of morphological alterations precedes
the viral integration, which happens far earlier. The
integration of molecular processes with morphological
characteristics does not necessarily correlate with a
high-grade lesion. The expression of viral E1 and/or
E2 after viral integration is not always guaranteed,
however (Maria et al., 2016).

PCR, fluorescence in situ hybridization, and Real-
Time PCR are the most often utilized techniques for
HPV integration detection. With the latter, it is
possible to calculate the ratio of E2 to E6/E7 HPV
gene levels. HPV integration results in a 1:1 ratio of
E2 and E6/E7 genes in the viral genome (llhan et al.,
2019).

Primers specific to the E2 type are often used in HPV
-16 and -18 PCR integration while primers specific to
the E1 type are only utilized for HPV 16. In contrast to
other methods that can discriminate between extra-
chromosomal and episomal forms, the PCR approach
can only detect the fully integrated form (Mitra et al.,
2016). If HPV integration isn't detected by PCR, a
complementary test, such as fluorescence in-situ
hybridization, can be employed to check for the
presence of HPV in the cervical cytology specimens
(Schwarzer, 2018).

4.5 Immunological Techniques for Detection of
Human Papilloma Virus Infection
Antigens and antibodies may be detected in a wide
range of biological samples using the ELISA (enzyme-
linked immunosorbent assay), also known as the
enzyme immunoassay (EIA). A labelled antibody is
used to detect an antigen that has been immobilized in
this method. Direct adsorption onto the test plate or
indirect immobilization via a capture antibody already
attached to the solid phase can both be used to achieve
immobilization. If the primary antibody is labelled,
then the secondary antibody can be used to accomplish
the detection. When the antibody is tagged, it
combines with a colorless substrate and creates a
colorant. The Sandwich ELISA technology is the most
extensively utilized for identifying antigens in ELISA
tests (Jing et al., 2019). The antigen is sandwiched
between two antibodies, one of which has previously
been bound to the solid phase and the other of which
iS enzyme-conjugated, in this setup. Visual
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observation or spectrophotometer measurement were
both possible when the enzyme interacted with the
substrate and produced a color response. The enzyme
activity is proportional to the quantity of the test
antigen. In situations when the antigen concentration
is low or contaminated protein is present, sandwich
ELISA provides a higher level of sensitivity than other
Elisa methods (Jing et al., 2019). For this test, no
purification of the antigen is required, making it very
specific and straightforward. Monoclonal antibodies,
on the other hand, can only be utilized as matched
pairs. Without interfering with each other's ability to
attach to the antigen, they detect a variety of epitopes
(Komatsu et al., 2018). "Indirect" and "competitive"”
techniques are the most often utilized ELISA systems
for antibody detection. When using the indirect
technique, the antigen is directly adsorbed onto a solid
phase, and the primary and conjugate antibodies are
added sequentially. The amount of antigen present is
indicated by the intensity of the color development
between substrate-conjugate enzymes. Using an
indirect ELISA, more enzymes may be identified since
there are more antibody binding sites. Commercially
available enzyme-linked secondary antibodies provide
a wide range of options. The approach is adaptable and
responsive. Multiple primary antibodies can be
detected using the same enzyme-linked secondary
antibody from a single species. If the secondary
antibody has cross-reactivity with the primary
antibody, an additional incubation phase may be
necessary to avoid a non-specific signal. Both antigen
and antibody detection and quantification may be
accomplished using the "Competitive"technology.
After incubating the antigen in the presence of the
unlabeled antibody, the complex is transferred to an
antigen-coated plate.  Antibody-antigen-substrate
complexes produce color in inverse proportion to the
quantity of antigen present in the sample. Competition
between the main antibody's antigen and the secondary
antibody's antigen occurs in ELISA. The fewer
antibodies are retained in the plate and the lower the
signal, the more antigens there are in the sample. The
test is precise, quick, accurate, and repeatable, even
with impure samples (Li et al., 2020), and it is
conceivable to employ impure samples (Motevaseli et
al., 2016). Because monoclonal antibodies are more
difficult to get and more expensive, their usage is not
recommended. The sandwich assay has a low
sensitivity and specificity than this method (Maria et
al., 2017).

HPV antigens may be detected using the ELISA
technique (Alemany et al., 2015). HPV16L1 capsid
protein antibody and HPV16E6 and HPV16E7
oncoprotein antibodies are the topics of many studies.
In terms of total viral proteins, L1 accounts for
between 80% and 90% of the total (Palma et al., 2018).
The L1 antigen is the target of the majority of
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antibody-mediated immune responses (Rocha et al.,
2004). Patients with high-risk HPV-associated LSIL
and cervical cancer had elevated levels of anti-16L1
antibodies. While women with low-risk HPV-
associated LSIL had a poor antibody response, those
with no evidence of HPV infection had a high antibody
response (Palma et al., 2018). In addition, the L1
capsid protein epitopes can be used to separate high-
risk HPV types from low-risk HPV kinds. Oncogenes
E6 and E7 are linked to cancer because they alter the
cell cycle to promote viral genome replication and
subsequent late gene expression, which is essential for
cancer progression. E6 and E7 are expressed in the
majority of HPV-positive cancer cells (Komatsu et al.,
2018). Patients with cervical cancer had a greater level
of HPV16E6 and HPV16E7 seropositivity compared
to healthy individuals or those with early signs of
cervical disease (de Villiers, 2014). To monitor
affected women at the very end of the illness, E6 and
E7 oncoproteins might be employed. Biomarker
identification for early cervical cancer stages was the
subject of several researches, which allowed for an
early diagnosis of women at risk of infection. The
identification of viral HPV16E2 and HPV16E5
proteins was investigated as a result. Cellular
differentiation status influences the expression of the
HPVEA4 protein, which plays a key role in the viral life
cycle (Schwarzer, 2018). This is the first time that
HPVE2 has ever been expressed. E6 and E7
oncoprotein expression is repressed by high E2 levels.
Because of the disruption of E2 activities caused by
HPV genome integration, suppression of E6/E7 is not
possible (Di et al., 2017). There are competing views
on the expression of HPV16E2 and HPV16EA4.
Patients with cervical cancer have increased responses
to the E2 antigen, according to certain studies. Anti-E2
antibodies have been found in healthy women and
those with CIN lesions (Mitra et al., 2016). Pre-
malignant and cancerous lesions, as well as healthy
persons, all showed greater levels of E4 seropositivity
(Vriend et al., 2015), whereas other research reported
that cancer patients had higher levels of E4 antibodies
than healthy controls (Vriend et al., 2015; Di et al.,
2016). The E4 protein was also shown to be expressed
in individuals with HPV-associated high-risk and low-
risk HPV, but not in those with cervical cancer (Chao
et al., 2020). Weakly carcinogenic HPVV16E5 (Lu et
al., 2021) protein enhances E7's transforming activity,
but nothing else is known about HPV16ES5's function
in the body. The HPV-16 E5 protein was identified to
be expressed in the bottom third of the epithelium in
LSIL by Chang et al. (IARC, 2011).

Because of its speed, portability, and high precision,
ELISA tests are widely used. High sensitivity and
specificity may be achieved with this approach,
making it a good match for other radio-immunoassays
(Brotman et al., 2014). The Benefit of this method is
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that it may be done in a small laboratory with the help
of automation and multiplexing (So et al., 2020).
There is no need for radioisotopes or a piece of
expensive radiation equipment with ELISA tests,
which also require a minimal volume of blood. It can
accommodate a big number of animals. An
enzyme/substrate reaction that requires a quick
readout may provide false positive findings if the
blocking solution is inefficient. It's a time-consuming
procedure that requires chilled chemicals and a
complicated probe design, although several kits are
available. When compared to PCR, ELISA approaches
are less sensitive (81.8%, 53.0%, 72.2% vs. 100%) but
more specific (100%, 99.0%, 92.20% vs. 78.2%) for
invasive cervical cancer (Wei et al., 2021). PCR is the
gold standard in cervical cancer detection.

The 1gG Antibody to Human Papillomavirus Antibody
1gG (PV-IgG) in human blood, plasma, or other bodily
fluids may be qualitatively determined using ELISA
Kit, a sandwich enzyme-linked immunosorbent test
(ELISA) (Borgdorf et al., 2016). Microtitre plates are
used as the solid substrate for an unlabeled probe,
which captures the sample's target for testing.
Following the detection of this duplex, a second probe
is used to look for a different part of the sequence. To
reduce non-specific reactions and boost specificity,
sandwiching the target between two probes might be
difficult because of the larger number of processing
and washing steps required (Yahaya et al., 2019).

5.0 Prevention

HPV is a group of more than 150 viruses, around 40 of
which are generally transmitted from person to person
during intimate, or sexual, contact. HPV infections
spread through sexual contact are fairly frequent and
can affect both men and women. According to the
Centers for Disease Control and Prevention, more than
79 million Americans are already infected with HPV,
with another 14 million becoming infected each year.
HPV is usually harmless and will go away on its own.
However, because some HPV types can cause genital
warts and others might trigger alterations in cells that
can lead to cancer, it's critical to employ the following
HPV prevention strategies to protect yourself from
HPV transmission (Alex et al., 2022).

5.1 Abstinence from Sexual Activity.

Abstinence from any sexual intercourse, including
oral, anal, and vaginal sex, is the only approach to
completely avoid HPV transmission. If you're not in a
committed relationship, if you're in a relationship but
don't feel ready to have sex, or for any other reason,
you may choose to forego sex (Alex et al., 2022).

5.2 Limit the Number of Sexual Partners.

Limiting the number of sexual partners is another HPV
prevention approach. The more sexual partners you
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have, the more HPV you may be exposed to. However,
simply one sexual partner who has been exposed to
HPV is enough to cause HPV infection (Alex et al.,
2022).

5.3 Get an HPV Vaccine.

Gardasil, an HPV vaccination, protects against the
kinds of HPV that cause the majority of cervical
cancers, as well as HPV-related anal, vaginal, vulvar,
penile, and oropharyngeal cancers, which include
malignancies of the soft palate, base of the tongue, and
tonsils. Gardasil also guards against the majority of
genital warts (Alex et al., 2022).

The CDC recommends that all boys and girls get
vaccinated at the age of 11 or 12, before they are likely
to be exposed to sexually transmitted HPV strains. The
vaccine, on the other hand, is safe for girls, boys,
women, and men aged 9 to 45 (Centres for Disease
Control, 2020).

5.4 Use of Condoms During Sex.

Condoms can help reduce the risk of HPV
transmission if you are sexually active. Every sexual
action should begin with the use of a condom and end
with the use of a condom. Condoms do not completely
protect you from HPV infection, however they do aid
in HPV prevention (Centres for Disease Control,
2020).

5.5 Keep a Fit and Healthy Lifestyle.

While no one diet has been proven to prevent HPV
infection or HPV-related malignancies, there is
evidence that eating healthy, plant-based diet rich in
naturally occurring vitamins and minerals boosts the
immune system and may protect against the
development of at least some cancers (Centres for
Disease Control, 2020).

5.6 Regular Pap Smear:

A Pap smear, also known as a Pap test, is a procedure
that includes collecting cells from the vagina and
cervix, which is the lower, thin end of the uterus that
sits at the top of the vagina. It's frequently combined
with a pelvic examination. Pap smears are used to
detect aberrant cell changes that could develop to
cancer, as well as to screen for precancers. HPV is a
common cause of precancers (Rebecca et al., 2022).
The American Cancer Society (ACS) recommends
that all sexually active women aged 21 to 29 get a Pap
test every three years without an HPV test. If a
woman's Pap test results are abnormal, HPV testing
may be recommended (Rebecca et al., 2022).

6.0 Conclusion

The field of HPV pathogenesis is expanding quickly.
Many of the high-risk E6 and E7 proteins' biological
targets have been discovered. Though each of these
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interactions must have a physiological significance, it
is crucial that they do so. Low-risk E6 and E7 proteins,
in contrast to those with a high prognosis, remain a
mystery, even though that they must play a crucial part
in the viral life cycle, and therefore further research is
needed in this area. E6 and E7 protein structural
studies by themselves or in conjunction with their
substrates are equally relevant.

An understanding of their methods of action might be
aided by this knowledge, which could then be used to
improve medication development. Analysis of the
crystal structures reveals a great deal of information
about the actions of viral replication proteins E1 and
E2. Researchers have gained insight into basic
principles of replication regulation by studying the
molecular interactions between these proteins and
other cellular replication proteins.

This protein's involvement in plasmid segregation and
chromatin modification during viral pathogenesis
merits further research.

Also, under investigation is the role of the E4 and E5
proteins in modifying the late stages of the viral life
cycle. It has been challenging to research HPV's
differentiation-dependent life cycle because of a
paucity of genetic systems and ways to differentiate
epithelial cells in tissue cultures. Such assessments
may now be easily carried out because of the
development of new techniques. An examination of
viral protein activities must be conducted in the
context of whole viral genomes rather than using over-
expression tests on cell lines from other species. The
processes and variables that mediate viral entrance
will also be a prominent focus of research.

To have a better understanding of viral tropism, new
tools and methodologies are now accessible. An
equally important area for investigation is the analysis
of the innate and cellular immune responses to HPV
infection. The lack of a good mouse model for HPV
infection has hampered these studies, but these
questions remain highly important and need to be
addressed. Equally important as the investigation into
the basic mechanisms of HPV pathogenesis is the
development of effective therapeutics to treat or
prevent HPV-induced disease. A significant advance
in this area has been made through the use of virus-like
particle-based vaccines. Initial studies suggest that this
vaccine will be effective in blocking initial infection,
and it is anticipated that it will prevent the
development of HPV-induced malignancies. While
this seems likely, cervical cancers arise from single
transformed cells, and it will be important to
demonstrate the effectiveness of the vaccine in this
process. At the same time, it is unlikely that the
vaccine will benefit individuals already infected with
HPV.

The identification of drugs specifically to treat HPV
infection has not been highly successful due to the
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complexities of the HPV life cycle and the limited
number of enzymatic activities identified for HPV
proteins. The development of drug treatments for
existing HPV disease is an important undertaking that
deserves further attention. In this regard, the
development of therapeutic vaccines is a promising
area of investigation and needs to be further supported.
In summary, much has been accomplished in
expanding our knowledge of this important human
pathogen but, more needs to be done.
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