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ABSTRACT

Human Papillomavirus (HPV) infection plays a vital role in the development of various cancers and imposes a burden on the global
health. Detection of HPV infection is a challenge to the healthcare industry as they cannot be cultured and their fascinating life
cycle limits the accuracy of serological methods. Hence, molecular assays are the gold standard for the accurate viral detection
and genotyping. Currently, various methodologies are available with great sensitivity and specificity and are even clinically validated
as screening tools. However, there are only a few that are approved by the US Food and Drug Administration and much more
are suitable only for research. At present, the molecular methods available mainly depend on signal amplification, nucleic acid
amplification and hybridisation assays for detecting and genotyping HPV infection, all with their own advantages and drawbacks.
There is further scope for the development of more reliable, cost-effective diagnostic techniques that can harness the power of
next genome sequencing, mutation analysis and may further improve the chances of early detection and prevention of HPV related
cancers. This review summarises the present knowledge on currently available molecular diagnostic tests for the detection and

genotyping of HPV infection and their possible utility in a clinical setting.
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INTRODUCTION

HPV are a family of closely related, epitheliotropic, non-enveloped
DNA viruses. Of all the sexually transmitted diseases affecting both
men and women, HPV infection tops the chart around the globe
[1-4]. The viruses cause a wide range of disease in humans, such
as cervical cancer, anogenital cancer, head and neck cancer, skin
or genital warts and recurrent respiratory papillomatosis [5-7]. The
impact of the disease will rely upon HPV type and site of infection
including various host factors.

The HPV has a double-stranded, circular DNA genome of
approximately 7900bp and normally encodes two classes of genes:
Early (E) genes, E1, E2, E4, E5, E6 and E7, involved in viral replication
and cellular transformation and Late (L) genes encoding the L1
and L2: major and minor capsid proteins involved in assembly of
viral particles. At present, at least more than 200 HPV genotypes
have been currently identified and the whole genome sequence is
available in Genbank. These genotypes have been further classified
as either high risk or low risk based on their oncogenic potential.
The most common low risk subtypes are HPV-6 and 11 whereas
the most common high risk subtypes are HPV-16 and 18 [8,9].

Virtually, in all the cases of cervical cancer and 20-50% of the head
and neck cancers, HPV plays the central carcinogenic role [10]. The
malignancy of the uterine cervix is one of the widely recognised
cancers in women according to WHO Information Center on HPV
and Cervical Cancer report 2016. The yearly frequency of the
disease is practically a large portion of a million and the death pace
is roughly half of it. The occurrence pace of cervical cancer in India
is roughly 132,000 every year and positions as the second most
common malignancy among women in India [11].

Another cancer which is widely attributed to HPV infection is Head
and Neck Squamous Cell Carcinoma (HNSCC) especially the ones
developed in the oropharynx. HPV-HNSCC has been recognised in
the past 10 years as a distinct disease entity and is now responsible
for the overwhelming majority of HNSCC in the world. The
proportion of HNSCC attributable to HPV is rising substantially with
approximately 20-50% of the tumours being HPV positive [9]. Not
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only is the proportion of HNSCC that are HPV positive rising, but
the incidence of HNSCC is also rising. Currently, the incidence of
HNSCC (oral cavity, lip and pharynx) is 11.4 per 100,000 populations
in India [12].

The foremost important strategy concerning the healthcare system
is to put-forth an efficient screening programme for the early
detection of viral infection. There are still gaps in knowledge about
how HPV drives the cancer progression. Based on the available
data, a lot of validated biomarkers for diagnostic and prognostic
purposes are used in the clinical management of the subjects
suffering from HPV related ailment. With the attributes of efficiently
differentiating between various HPV strains with regard to their
oncogenic potential, molecular diagnosis has clearly taken over
the traditional histopathological and cytological evaluation. The two
main purposes served by molecular diagnosis of HPV infection are
to conduct a community based screening to identify the population
who are at the risk of developing HPV associated malignancy and to
follow-up epidemiological studies and vaccination trials [13]. In the
view of importance of HPV detection for diagnosis and screening,
this review summarises the current molecular tests available that
can be harnessed to detect and genotype HPV infection irrespective
its site.

Molecular Diagnostics for HPV Detection

Prevention of a disease is the primary goal of any screening
programs that continues to be refined as new evidences emerge.
Molecular diagnostics is the most effective approach for a cancer
control as it aids in the screening of individuals who are prone to that
particular cancer.

Molecular assays are the Gold standard for viral DNA detection and
necessary in the current scenario as it allows accurate detection
and genotyping. Since the link between HPV and cancers is known
and numerous large scale studies have proven the point, molecular
diagnostics have been introduced into screening algorithms.
Propagating HPV in cell culture requires a special model called
organotypic raft culture which provides the virus its native epithelial
differentiation environment [14,15]. HPV cannot be grown in basic,
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routine tissue culture and use of serological methods is limited by its
decreased accuracy which is not suitable for screening present and
past infection. Therefore, HPV detection relies on molecular assays
that allow its pinpoint detection and genotyping.

HPV detection and genotyping can be done in a plethora of samples
like cervical smears, plasma, saliva, fresh biopsy specimens and
FFPE tissue blocks using various molecular techniques. The
available molecular assays for HPV detection can be grouped as
follows: 1) Signal amplification assays; 2) Nucleic acid amplification
assays; and 3) Nucleic acid hybridisation assays.

Signal Amplification Assays

Signal amplification assay which is sometimes called branched
DNA assay can be used to facilitate the detection of low abundance
molecular targets either in-vivo or in-vitro. Currently, the most
reliable signal amplification assays for HPV detection are the FDA
approved Hybrid Capture® 2 (HC 2) technology and the Cervista®
HPV HR assay Kkit.

The HC 2 High-Risk HPV DNA Test™ (DNA with Pap™) using
Digene Hybrid Capture® 2 (HC 2) assay is an in-vitro nucleic acid
hybridisation assay kit [Table/Fig-1] which is capable of amplifying
and detecting 13 high risk subtypes of human papilloma virus DNA
in cervical specimens, based on the hybridisation of the target HPV-
DNA to labelled RNA probes in solution [16,17]. The HPV types
that can be detected by using this kit are the high risk HPV types 1
6,18,31,33,35,39,45,51,52,56,58,59 and 68. The test’s sensitivity
is phenomenal, since it can detect DNA of HPV type-16 down to
the concentration of 1 pg/mL which relates to 105 viral gene copy
numbers. This kit can distinguish between high risk and low risk
groups, but is not designed for genotyping single HPV. This is the
only drawback of this assay as it does not aid in genotyping of
single oncogenic subtype and fails to provide information regarding
risk stratification [18].

LD

2. Hybridize with HPV
RNA probe

1. Denature specimen 3. Capture hybrids using

mAb on microtiter plates
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5. ALP splits a chemiluminescent
substrate to produce light

[Table/Fig-1]: Representing the workflow of Digene Hybrid capture assay.

The Cervista® HPV HR test (Hologic, Inc., Marlborough, MA,
USA) specifically detects the presence of 14 high risk HPV types
comprising of 16,18,31,33,35,39,45,51,52,56,58,59,66 and 68.
The assay is based on Invader chemistry, a signal amplification
technique for the detection of specific sequences [19,20]. The
method represents two isothermal reactions: a) primary reaction
on the targeted DNA sequence; and b) secondary reaction that
develops a fluorescent signal.

When compared with HC 2, the Cervista® assay demonstrated
100% and 98% sensitivity in the detection of Cervical Intragpithelial
Neoplasia (CIN) Il and CIN II, respectively [21,22]. Furthermore, this
test showed high sensitivity and specificity and a lower false-positive
rate in genotyping HPV type-16 and type-18 [283,24].

www.jcdr.net

Nucleic Acid Amplification Assays

Nucleic acid amplification is a crucial process in amost all
the molecular biology experiments and has been widely used
in forensics, medicine, research and agriculture. Polymerase
Chain Reaction (PCR) was the first technique to use nucleic acid
amplification and is the preferred method for many application
oriented fields as it comes with simple methodology, validated SOP
and easier availability of reagents and equipment [25]. Detection of
HPV genotypes involves nearly a dozen of nucleic acid amplification
assays such as conventional PCR, gPCR, RT PCR, Multiplex PCR,
Microarray, PapilloCheck®, Abbott Real time, COBAS 4800 HPV
test, CLART HPV 2, INNO-LIPa, Genome sequencing, MCHA, Pre
Tect Proofer and APTIMA HPV assay [26].

Generally, HPV detection by PCR can be performed either by
type specific primers, designed exclusively to amplify single HPV
subtype, or consensus primer pairs, that are designed to amplify a
broad spectrum of HPV subtypes. In the recent years, researchers
are extensively using the consensus primers such as PGMYQ09/
PGMY11 [27-29] which allows amplification of many types of HPV
DNA in a single reaction. These primers are designed to highly
conserved L1 region of the HPV genome, which code for major
capsid protein [30]. Other consensus primers such as GP5+/GP6+
can be used on the same target to enhance diagnostic sensitivity
[31]. General primers in the E1 region have also been described
and several other broad-spectrum PCR primers are also reported
in the literature [32]. The following are the PCR based nucleic acid
amplification assays which are employed in the detection of HPV.

Multiplex PCR is an extension of conventional PCR that involves
amplification of multiple targets in a single experiment. This method
allows amplification of many target sequences using multiple
primer pairs in a reaction mixture [33]. Multiplex Genotyping Kit
(Multimetrix, Heidelberg, Germany) is a quantitative and sensitive,
high-throughput procedure which involves a PCR-based fluorescent
bead array that can detect 24 low and high risks HPV subtypes. The
PCR reagents are blended in with the Multiplex HPV Genotyping
Kit bead mix. The kit consists of 26 different populations of beads
corresponding to 24 HPV probes, 1 B-globin probe and 1 control
probe. The resultant PCR products are hybridised onto the probes
which are labelled using R-phycoerythrin marked with streptavidin
before read on the Luminex analyser [34]. The individual signatures
of the beads can recognise the HPV subtypes 6, 11, 16, 18, 26, 31,
33, 35, 39, 42, 43, 44, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73
and 82. Currently, this kit is made available and used for research
purposes only. Since it seems to have high sensitivity, it could be
applied to large epidemiological studies and has a potential scope
in routine diagnostics of HPV [35,36].

Quantitative Real-time PCR (g-RT-PCR/gPCR)

In this post-genomic era, the key to success in viral detection is to
have asimple andreliable technology for high-throughput genotyping.
More recently, Real-time PCR has brought revolutionary change in
the way the clinical laboratories diagnose human pathogens [37,38].
Abbott Real-time High Risk HPV test is a novel method designed
to detect 14 (HR-HPV) high-risk human papilloma virus genotypes
and aids in distinguishing HPV-16 and HPV-18 from other HR-HPV
within a single test [39]. Poljak M et al., evaluated analytical specificity
and clinical sensitivity for cervical carcinoma and CING of the Abbott
Real-time test in comparison with the Digene Hybrid Capture® 2
Test. The Real-time assay showed excellent analytical specificity
and no cross-reactivity with low HPV genotypes that tested positive
with Hybrid Capture (HC) 2 and the clinical sensitivity using archived
routine cervical specimens was comparable to HC 2 [40].

Microarray Analysis

The microarray-based automated technique permits for parallel
detection of multiple DNA samples and is advantageous in gene-
expression profiling and mutation analysis [41]. Recently, microarray

Journal of Clinical and Diagnostic Research. 2020 Jul, Vol-14(7): BEO1-BEO6



www.jcdr.net

technology has caught a lot of eye and has been incorporated
into the clinical laboratory set-up for HPV detection [42,43]. This
technique uses probe amplification, wherein the specific PCR
product is hybridised onto a chip and after a washing step, the
hybridised signals will be visualised on a DNA chip scanner for
HPV DNA detection [44]. PapilloCheck® (Greiner Bio-One GmbH,
Germany) is a microarray-based assay, which can detect and
identify simultaneously 24 different types of HPV. The assay utilises
a multiplex PCR with fluorescent primers designed for the E1 gene
of HPV amplifying a 350bp region. Single assay includes 28 probes,
each in 5 replicate spots fixed on a DNA chip. Human ADAT1
(adenosine deaminase t RNA specific 1) gene is the internal control
and the hybridisation is performed on a microarray chip [45,46].
After hybridisation and repeated washing, the chip is automatically
scanned and analysed with the Check scanner™. The HPV types
currently detected by PapilloCheck® consists high risk types 16,
18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73, 82
and the low risk types 6, 11, 40, 42, 43 and 44 [46]. This assay
can be a reliable screening test as it can help in identification of
both high risk and low risk HPV and also detect multiple infections.
The comparison study between PapilloCheck® with FDA approved
Digene HC 2 HPV assay for the detection and identification of 13
High risk HPV types in cervical cancer specimen and anal scrapes
shows excellent agreement of 93.8% between two assays [47].

INNO-LiPA (Innogenetics, Ghent, Belgium) is another microarray
based assay which detects 14 HPV subtypes. The assay is based
on co-amplification of 65bp region of HPV L1 gene and the 270 bp
of the human HLA-DPI gene using SPF10 biotinylated primers
followed by the hybridisation with specific HPV probes immobilised
on a nitrocellulose strip [Table/Fig-2] [48]. Comparative evaluation
of Abbott Real-Time and INNO-LiPA for detection of HPV showed
complete agreement in detection of 14 common HPV genotypes
and partial genotyping of HPV-type 16/18 [49].

CLART® HPV 2 (Genomica, Madrid, Spain) is based on low density
microarray that detects up to 35 HPV genotypes [50,51]. It uses
biotinylated primers that amplify a 450 bp fragment within the
conserved HPV L1 region to identify 21 high risk types (16, 18, 26,
31, 33, 35, 39, 43, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73, 85
and 89) and 12 low risk types (6, 11, 40, 42, 44, 54, 61, 62, 71,
81, 83 and 84). This assay allows detection of HPV in swabs, cell
suspensions and paraffin-wax embedded samples [52].

COBAS® 4800 HPV test is a clinically validated, FDA approved
assay that features automated sample preparation combined with
real time PCR technology to detect 14 high risk HPV types [53].
The test specifically identifies HPV 16 and 18 while additionally
detecting the rest of the high risk types (31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66 and 68) at clinically relevant infection levels [54]. B
globin gene is used as internal control for sample adequacy and
AmpErase enzyme to protect against PCR cross contamination.
HPV primary screening with COBAS® HPV test helps identify women
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at risk for disease. The landmark registrational ATHENA (Addressing
THE Need for Advanced HPV Diagnostics) Study has shown that
this test maintains screening efficiency and is better than a Pap
(Papanicolaou) test alone as it detects higher grade disease. This
test has also proven to be more sensitive than cytology alone for
detecting CIN2 and CINS [55].

The Linear Array® HPV Genotyping (Roche Molecular Diagnostics,
Pleasanton, CA, USA) is based on PCR principle coupled with
reverse line blot hybridisation. This assay allows the discrimination
of 36 HPV subtypes [56]. The test is directed towards consensus
L1 region of the HPV genome to amplify a 450 bp product by
using labelled PGMY09/11 primers [57]. To ensure DNA extraction
adequacy and PCR efficiency, co-amplification of B-globin gene
is used as an internal control. The hybridisation and detection of
the amplified product are performed with Auto-LipaTM instrument
(Innogenetics, Ghent, Belgium) which can process upto 30 strips
simultaneously. Coloured signals are read by the naked eye and the
Linear Array® reference guide can be used to interpret the results.
When compared with INNO-LIPA assay, this HPV test showed
80.6% agreement between the assays and were highly comparable
and reproducible [48].

Microplate Colorimetric Hybridisation Assay (MCHA) (Boehringer
Mannheim, Germany) identifies six high risk HPV subtypes 16, 18,
31, 33, 39 and 45 [58]. The assay is based on the amplification
by PCR of the 150bp fragment within the L1 region by consensus
primers GP5+/GP6+ (General Purpose (GP)), followed by colorimetric
hybridisation to six type specific probes on micro well ImmobiliserTM
plates [58]. When compared with PapilloCheck®, MCHA showed
good agreement for HPV 31, 33 & 45 and also higher sensitivity for
identifying HPV 16/18 [59].

HPV-mRNA Detection

Molecular testing of HPV usually involves detection of HPV DNA
which indicates the early phase of infection. Research suggests that
HPV persists only in a subset of the population which progresses
to cancer and hence, it is important to look for secondary markers
that have the potential to identify the ongoing transcriptional activity
of HPV infection within the population. The early genes E6 and E7 of
HPV are mainly responsible for cell transformation and they modulate
the activities of cellular proteins such as tumour suppressor proteins
P53 and retinoblastoma protein pRb that regulate the cell cycle
[60,61]. Therefore, detection of transcriptionally active E6/E7 can be
used as a specific marker for diagnosing the precancerous lesions
caused by HPV as it serves to be a better predictive marker [62,63].
This could increase the sensitivity and specificity of the screening
tests compared with simple detection of HPV-DNA.

Currently, two commercial kits are available to detect the presence of
HPV E6/E7 oncogenes: PreTect® Proofer and APTIMA® HPV assay.
PreTect® Proofer HPV Assay (NorChip AS, Klok-karstua, Norway) is
based on Real-Time multiplex PCR and detects E6/E7 mRNA of 5 high
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risk HPV subtypes 16, 18, 31, 33 and 45 [64]. The reproducibility of
the assay with regard to a positive result was found to be between
96 and 100%. The clinical performance of the kit was analysed with
Digene Hybrid Capture® 2 and the PreTect assay showed more
specificity in identifying women with CIN2 [65]. APTIMA® HPV assay
(Gen-Probe, San Diego, CA, USA) provides better sensitivity than the
Proofer assay and is also advantageous as it detects E6/E7 mRNA
of 14 high risk HPV subtypes 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66 and 68 [66]. When compared with Hybrid Capture 2
test, APTIMA HPV assay showed similar clinical sensitivity but higher
clinical specificity for disease detection which may improve patient
management and reduce the cost of care [67,68].

Hybridisation Assays

Hybridisation assays to detect HPV DNA includes Southern blot
hybridisation, Dot blot hybridisation and In-situ hybridisation.
The first two are old school techniques now, as they come with
disadvantages like low sensitivity, time consuming and requiring
large amounts of purified DNA [69,70] whereas, in-situ hybridisation
allows for precise localisation of specific sequence of nucleic acid
within a histologic section. GenPointTM Tyramide Signal amplification
system (DAKO, Carpinteria, CA) allows detection as few as 1 or 2
copies of HPV DNA of 13 high risk HPV subtypes (types 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59 and 68). Kelesidis T et al., used it
to correlate with the cytological changes and PCR HPV detection,
and found that the concordance between In-Situ Hybridization (ISH)
and PCR for HPV detection was 78.2% [71]. They also suggested
that DNA ISH can detect HPV in cases that may be missed by PCR
especially from the formalin fixed paraffin embedded tissues.

As discussed earlier, detection of E6/E7 mRNA transcripts verifies
the active viral transcription. RNAscope® HR-HPV assay (Advanced
cell diagnostics, Hayward, CA, USA) allows the analysis of RNA on
formalin fixed paraffin embedded tissues by utilising oligonucleotide
probes for specific for each subtype of high risk HPV E6/E7 mRNA.
Dreyer JH et al., evaluated the RNAscope technology by comparing
with p16 immunohistochemistry, which is considered surrogate
marker for HPV positivity and found a strong correlation between
them suggesting the practical evidence of the method [72]. Although
commercial kits are marketed for the above methods; the processes
are entirely laboratory-based, with access to appropriate reagents
and skilled personnel.

Other Emerging Molecular Methods with a Potential
to Improvise Current Detection Algorithm

Most of the methodologies discussed above are clinically validated
and made commercially available [Table/Fig-3]. Even though these
methods show excellent sensitivity and specificity for the detection
of HPV infection, there is still need for better molecular methods and
biomarkers to identify persistent infections and prevent HPV related
cancers. Following are some aspects which are emphasised for the
future researchers to consider adding to the existing conventional
methods to make the later more sensitive and efficient.

Biosensors for HPV Detection

The conventional methodologies used in the detection of HPV
genotypes provide robust and reproducible advantages. But, at
the same time they involve complex protocols that sometimes are
difficult to standardise. Rapid identification of viruses has important
implications in healthcare. An ideal instrument would be a hand held
biosensor gadget that aids in quantifying the viral particles in the
sample and give fast, reliable results [73]. Using these biosensors,
researchers can employ virus strains as models to evaluate the
interactions between the bio recognition element and the transducer.
The device includes immobilisation of antibodies, peptides, aptamers
or nucleic acids over the surface of a transducer, which will measure
the response signal proportional to the analyte concentration. The
signal will be then amplified and processed using computer software.
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Nucleic
Name of the acid HPV subtypes detected
assay Assay principle target (HR-High risk, LR-Low risk)
Digene hybrid | Signal amplification HR-
capture® 2 (microplate DNA 16,18,31,33,35,39,45,51,52,56,
(hc2) chemiluminesence) 58, 59 and 68.
Cervista® Signal amplification HR-
FPV HAR tost (m%ader Cﬁemist )| DNA|16,1831,33,35,39.4551,52,56,
i 58, 59, 66 and 68.
Abbott real Nucleic acid Detects 14 HR subtypes and
time high risk | amplification (real DNA distinguishes between -16 and
HPV test time PCR) -18 subtypes.
Nucleic acid HR- 16, 18, 31, 33, 35, 39, 45,
PapilloCheck® | amplification DNA 51,82, 53, 56, 58, 59, 66, €8,
. 70, 73 and 82.
(multiplex PCR) LR- 6, 11, 40, 42 and 44,
Nucleic acid
amplification 6,11, 16, 18, 26, 31, 33, 35,
" (multiplex PCR 39, 40, 43, 44, 45, 51, 52, 53,
INNO-LIPA coupled with DNA 54, 56, 58, 59, 66, 68, 69, 70,
reverse line blot 78, 74 and 82.
hybridisation)
HR- 16, 18,26, 31, 33, 35, 39,
CLART® Nucleic acid 43, 45, 51, 52, 53, 56, 58, 59,
HPV2 amplification (Low DNA 66, 68, 70, 73, 85 & 89.
density microarray) LR-6, 11, 40, 42, 44, 54, 61,
62,71, 81, 83 and 84.
COBAS® Nucleic acid
e HR- 16, 18, 31, 33, 35, 39, 45,
4800 HPV gmphﬂcatlon (real DNA 51,52, 56, 58, 59, 66 and 68.
test time PCR)
Linear gnuqdﬁflii :t%?w PCR 6, 11,16, 18, 26, 31, 33, 35,
array® HPV Coup oo with Dna | 3940, 42, 45,51, 52,53, 54,
genotyping reveﬁ’se i biot 55, 56, 58, 59, 61, 62, 64, 66,
assay S 67, 68, 69, 70, 71, 72 and 73.
hybridisation)
° ) .
PreTect Real time multiplex MRNA | HR- 16, 18, 31, 33 and 45.
proofer PCR
APTIMA® Real time multiplex mMARNA HR- 16, 18, 31, 33, 35, 39, 45,
HPV assay PCR 51, 52, 56, 58, 59, 66 and 68.

[Table/Fig-3]: Commercially available assays for HPV detection and genotyping.

Optical, piezoelectric and electrochemical are the three main types
of signal transduction used in biosensors for HPV genotyping [74].
It is essential to evaluate the sensitivity and detection limit of these
bio-detection technologies, however, it is also important to consider
other parameters such as the specificity, experimental simplicity and
cost. Application of biosensors in detection and genotyping of HPV
needs further validation in the diagnostics using real samples as
blood and other body fluids.

Human Telomerase RNA Component (hTERC)

Gene Amplification

It is widely accepted that one of the hallmarks of progressive
carcinogenesis is accumulation of chromosomal abnormalities.
Gain of function mutation of 3926 is frequently seen in mucosal
originated squamous cell carcinomas. The 3026 region on the
chromosome encodes hTERC gene, whose amplification is believed
to be a common event in the progression of cervical cancer through
different stages [75]. Liu Y et al., identified amplification of hTERC
is important in the development of squamous cell carcinoma of
the larynx and suggested it could very well be used as predictive
biomarker [76]. The only limitation to this assay is amplification of
hTERC is usually identified using techniques such as Fluorescent In-
Situ Hybridisation (FISH) and FISH requires highly trained personnel
to interpret the staining.

Methylation Profile

DNA methylation plays a vital role in the epigenetic regulation of
genes involved in the development of various cancers. Methylation
of CpG (C and G trough phosphodiester bond) islands in a gene
promoter can essentially lead to silencing of that gene expression.
A review by Wentzensen N et al., identified half a dozen of highly
heterogeneous genes that promised to be methylation marker
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candidates for the early detection of cervical cancer [77]. Methylation
has been identified in many precancerous stages suggesting it can
be used in molecular assay development and over the past years
many new high throughput genome wide methylation profiling
platforms have been developed.

CONCLUSION(S)
With the advancement in Molecular Biology, there is scope for
rapid growth in the technological improvements to come up with
simple, cost-effective and accurate diagnostic tests for diagnosing
the viral infection. The molecular assays discussed above show
high sensitivity and specificity in detecting and distinguishing high/
low risk HPV subtypes and can be used to identify subjects at
risk of developing HPV associated cancers in a community based
screening program or a clinical setting. However, some of the
above described assays are validated only for the use with cervical
samples, which could very well applied to obtain knowledge on
HPV infection associated with the cancer of the head and neck in a
defined population.
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