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 It is now well-established that Human Papilloma Viruses (HPV) are responsible for 
causing >90% of cervical cancers.  Existing evidences have also demonstrated a key role for 
HPV in a portion of Head and Neck cancers as well as carcinomas of Vulva, Vagina, Penis and 
Anus.  Therefore studies aiming at developing highly sensitive diagnostic methods have become 
high-priority in the recent years. To date, an estimated 202 types of HPV have been identified, of 
which only a small percentage viruses are involved in carcinogenesis.  Among the carcinogenic 
HPV, the most predominant ones are HPV 16 and HPV 18.  The other high risk types are  31, 
33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 70.  In general, HPV is detected by polymerase 
chain reaction (PCR) and hybrid capture (HC) methods.  However, the existing PCR methods 
specifically identify only HPV 16 and HPV 18, but not the other types.  More over, the PCR 
protocols are known for errors, and are not suitable for on-field screening procedures, hence, 
a suitable much quicker and sensitive method is required at the earliest.  More over, the PCR 
and HC methods are expensive, hence, require more funds to conduct public health screening 
campaigns.  Therefore, in this book chapter we have made an attempt to address the recent 
developments in HPV screening methods, and covered various advanced procedures available 
in the literature to identify HPV in patient specimens.  For example, a section is dedicated to 
cover the “Biosensors”, which have been developed in detecting the HPV DNA in body fluids.   
These devices are much simpler compared to sequencing technologies and likely to be the 
next-generation detection devices for HPV
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 Cancer is an uncontrolled growth of 
cells. Morphologically, cancer cells differ from 
normal cells in that they are poorly differentiated 
and possess abnormal membrane structures1-3. 
Other features of cancer cells include: (a) Self 

sufficiency in growth signals; (b) Non-responsive 
to inhibitory signals; (c) Loss of contact inhibition 
and anchorage dependence; (d) Evasion of 
apoptosis; (e) Pluri-potency; (f) Angiogenesis; 
(g) Ability to invade tissues, cell migration and 



1684 Devi et al., Biomed. & Pharmacol. J,  vol. 12(4), 1683-1700 (2019)

metastasis. In general, cancers are caused by (a) 
genetic mutations; (b) consumption of alcohol; 
(c) Smoking; (d) Obesity; (e) Prolonged exposure 
to sun; (f) Poor dietary practices; (g) Lack of 
exercise; (h) Presence of toxic food additives; (i) 
Drugs, pesticides and viral infections. Cervical 
cancer caused by infection with HPV is one best 
example for virus infection-induced cancer types. 
In this section, a summary on the cancers caused 
by viruses is made and for more information the 
readers can refer4-7

Viruses causing cancer
 Viruses are small subcellular organisms 
which posess either DNA or RNA as genetic 
material8, 9. Viruses infect only one type of cell 
and use the cells own machinery for replication. 
Infections with some of the viruses cause cancers 
(Table -1)10-14.
Cancers caused by HPV infections
 Human papilloma viruses are a group 
of double stranded DNA viruses belonging to the 
family Papovaviridae15, 16. HPVs are responsible 
for causing genital warts, non-cancerous lesions 
and tumors5, 17; and are implicated in about 98% 
of cervical cancers and 30 to 50% of Head and 
Neck cancers6, 18. Apart from these tumors, about 
56 % of vaginal cancers and a small percentage of 
anal, penile and vulval cancers are also attributed 
to HPV infections19-21. However, all HPV infections 
do not result in cancer22. But, infection with HPV 
is necessary to transform precancerous lesions in 
to cancerous ones. In addition, the virulence due 
to HPV infection vary from one type to another 
type. Therefore, based on the virulence, HPVs 
are classified into “Low Risk” and “High Risk” 
types23, 24. To date, although about 202 types 
of HPVs have been discovered, however, only 
very few were involved in carcinogenesis25. The 
most predominant oncogenic HPVs reported are 
HPV16 and HPV1826, 27. The other high-risk types 
are 31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 
68, and 70 (6).  Now, brief summary on the HPV 
genome structure and organization is provided in 
the following sections, which helps the reader to 
better understand the recent developments in the 
detection methods.
Structure of HPV genome
 HPV genome is made up of double 
stranded circular DNA of about 8 kb (Figure-1A 
&B). The whole genome is broadly divided into 3 

regions: viz., (a) early genes E1 to E7; (b) late genes 
L1 and L2; and (c) a long control region (LCR) 
also called as non coding region (NCR) separated 
by two Poly A regions. The proteins produced 
from these genes perform variety of functions that 
help the virus to take-over the control of host cell 
machinery (Table-2)28.
Mechanism of HPV infection
 Human papilloma viruses can replicate 
only in the stratified epithelial keratinocytes of 
skin and mucosa29, 30. Recent studies have shown 
that HPV can enter into cells containing heparan 
sulfate, but not the cells lacking heparan sulfate31. 
Mechanistically, first, HPV binds to heparan sulfate 
present on the basal membrane of traumatised 
epithelial cells with the help of viral capsid protein 
L132. Next, the binding of L1 to Heparan sulfate 
results in a change in the conformation of L2, 
leading to the exposure of N terminal sequences 
of L2 to cellular Furin (a proteolytic enzyme), 
causing proteolysis33, 34. This opens a protected 
site on L1, which binds to a cell surface receptor 
on keratinocyte membrane, allowing it to move 
much closer to the site of wound. After binding to 
the cell surface receptor, the virus gains cellular 
entry by endocytosis.The virus removes the protein 
coat after a period of 12 hours in the late endosome 
releasing the viral genome L2 complex. This 
complex enters the nucleus. Next, in the nucleus 
the viral genome L2 complex copolymerises 
with Nuclear Domain 10 and initiates RNA 
transcription.
 Among different early-stage proteins, 
E6 and E7 are carcinogenic35. E6 contributes to 
HPV carcinpgenesis by triggering the degradation 
of p5336, 37. Mechanistically, the degradation of 
p53 by E6 begins when E3 ubiquitin ligase binds 
to p53 and proapoptotic proteins Bcl2 and Bak 
thereby marking these proteins for 26-proteosomal 
degradation38, 39. In addition, E6 proteins contribute 
to tumor cell immortalization by increasing the 
synthesis of h-TERT40, 41. H-TERT is a catalytic 
inducer of telomerase activity in cells42, 43. 
Telomerase is a reverse transcriptase, which 
adds new DNA nucleotides to the telomeres. 
Telomeres are made up of kilobases of TTAGGG 
nucleotide repeats that are located at the ends of 
chromosomes. Telomeres and associated protein 
complex, termed shelterin, protects chromosome 
ends from end-to-end fusions and degradation 
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by forming special t-loop like structures thereby 
masking the linear ends of chromosome from being 
recognized as single and/or double-strand DNA 
breaks. In normal cells, telomeres are progressively 
lost during (a) aging; (b) cell divisions; and (c) 
growth arrest. However, in cancer cells, this loss 
is much slower due to upregulation of telomerases. 
While telomerase does not drive the oncogenic 
process, it is required for the continuous growth 
of malignant cells44, 45. Targeted inhibition of 
telomerase is one of the viable strategies for 
treating cancers46. Therefore, studies are required 
to determine whether targeting E6 proteins reduce 
cervical cancers. In this regard, recent studies have 
isolated compounds from natural sources and tested 
their potential for inhibiting cell lines representing 
carcinomas of cervix such as HeLa etc47, 48. 
Additional studies evaluating these compounds in 
animals are immediately required.
 E7 is another oncogenic protein reported 
widely in literature. Mechanistically, E7 interacts 
with p27 family of proteins and inactivate their 
function49, 50. Since p27 family proteins negatively 
control cell cycle progression, and arrest cells 
in G1S and G2M transition phases, inactivating 
these proteins promote cell proliferation rates51. 
Therefore E7 is considered as another key 
oncogenic protein to target for effective inhibition 
of cervical cancers52, 53. Testing this possibility, a 
recent study by Jin, B.Y. et al 2018 developed a T 
cell receptor (TCR) based therapy as a promising 
cancer treatment modality54. Experimentally, first, 
an HPV-16 E7-specific TCR was identified from 
a uterine cervix biopsy of a woman with cervical 
intraepithelial neoplasia. Next, human T cells 
were transduced to express identified TCR to 
specifically recognize and kill HPV-16+ cervical 
and oropharyngeal cancer cell lines.
 In experimental animal models, these 
transduced T-cells have been shown to regress 
established HPV-16+ human cervical cancer 
tumors55. Based on this encouraging in vitro and 
in vivo data a clinical trial is currently testing 
E7 TCR gene therapy in patients with metastatic 
HPV+ cancers (NCT02858310). Many other recent 
studies have also reported the potential of targeting 
E7 for treating cervical cancers (Sato, N et al 2018; 
Sen, P et al., 2017)
 Another key protein involved in cervical 
carcinogenesis is E5. E5 contributes to oncogenesis 

by promoting anchorage independent growth ability 
of tumor cells56. In addition, E5 acts in coordination 
with epidermal growth factor to promote ERK and 
Akt signalling cascades56, 57. Elevated ERK and 
Akt signaling pathways leads to the activation of 
c-fos and c-jun, thereby promote the expression 
of vascular endothelial growth factor (VEGF) and 
cyclo oxygenase 2 (COX-2)58, 59. VEGF contributes 
to anchorage independent growth while decreasing 
the levels p21 and p2760, 61. A recent study by Liu, 
C., et al., 2015, has demonstrated that HPV16 E5 
transform normal cervix cells in to cancer cells 
by down-regulating miR196a62. However, it is 
unknown how this downregulation transform 
normal cells in to cancer cells. More over, recent 
studies have demonstrated elevated miR196a 
in cervical cancer patients’ serum as well as in 
tissues63. Hence, future studies should explore to 
address this discrepancy in findings.
 In summary, protein products of viral 
genes play key roles in transforming the infected 
cells in to tumor cells. Hence, approaches targeting 
these proteins using pharmacological agents, 
therapeutic T-cells and antibodies to inhibit infected 
cells growth are required.
Screening Methods for Cervical Cancer – Where 
We rre Now?
 Cervical cancer is a preventable disease, 
if detected early and abnormal cells treated 
timely64, 65. The detection of abnormal cervical 
cells, including precancerous cervical lesions, as 
well as early cervical cancers can be achieved by 
screening tests that include (a) cytology-based 
screening (known as the Pap test or Pap smear); 
and (b) molecular biology based HPV DNA/
RNA/Protein identification methods. In general 
HPVs are detected by hybrid capture-2 (HC-2) 
or PCR based methods66. However due to various 
limitations such as inability to detect all HPV 
subtypes and poor sensitivity, use of these methods 
in clinical diagnosis begins to fade67. Addressing 
some of the drawbacks associated with existing 
methods, recent technological developments 
have produced (a) a plat form to sequence the 
whole genome using next generation sequencing 
approach; and (b) high sensitivity biosensors to 
detect HPV DNA. However, further advancements 
are urgently warranted to (a) develop devices 
that can detect different high-risk HPVs using 
very small sample volume; (b) bring self-testing 
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devices so that infected individuals can easily 
test samples; (c) prepare low-cost easy to use 
detection devices, which can be used in various 
field studies. Therefore, in this book chapter, an 
attempt was made to provide key information about 
various HPV detection methods developed and the 
technological advancements warranted to improve 
existing devices for more efficient, and specific 
detection of all high-risk HPVs.
Tests Based on Visual Inspection
Pap test (Papanicolaou test)
 This test was invented by Dr. George 
Papanicolaou in 1928. It is the earliest method 
developed for cervical cancer screening. This 
involves the use of a brush or spatula,to collect 
cervical cells, which will be observed under a 
microscope for abnormal cytology. An individual is 
considered Pap test positive if any of the following 
cell types are present (a) Atypical squamous 
cells of undetermined significance (ASCUS); (b) 
Squamous intra epithelial lesions; (c) Atypical 
glandular cells or (d) Squamous cell cancer or 
adenocarcinoma cells. Screening with the Pap test 
not only detects abnormal cells (that may develop 
into cancer later) but also identify cancer cells. In 
addition to identifying abnormal and cancer cells, 
the Pap test can assist in the diagnosis of infections 
and inflammatory reactions. Hence, Pap test is 
considered as “Gold Standard”. “National Cervical 
Cancer Coalition”, a program of the American 
Sexual Health Association, recommends Pap test 
along with HPV test for women aged 30 and over. 
In general the Pap test is performed once in 5 years 
when it is combined with HPV testing. However, 
more frequent test is required if an individual is 
(a) having precancerous cells; (b) HIV infections; 
(c) weakened immune system and (d) exposed 
to diethystilbestrol (DES) before birth. DES is 
a synthetic organic compound similar to female 
hormone estrogen. Studies have demonstrated that 
prenatal exposure to DES can induce clear cell 
carcinoma in women (68-70).
Visual inspection with acetic acid
 This is an easy-to-execute method to 
detect cervical cabcer lesions. This method is 
developed based on the fact that application of 3% 
to 5% acetic acid promotes reversible coagulation 
of proteins in tissues with high amount of DNA 
(ie., such as in cancerous lesions), which turn 
these tissues in to white (acetowhite) compared 

to pink colored surrounding epithelium.  This 
method uses a scope for the observation of cervix 
treated wth 3 to 5% acetic acid, first, to identify 
whether the individual is “VIA-positive” or “VIA-
negative”.  Next, the VIA-positive individuals will 
be categorized in to “Precancerous” or “Cancerous” 
by (a) identifying the anatomy of cervix; (b) 
localizing the abnormal area – in contact or not in 
contact with transformation zone; (c) excluding a 
benign lesion. Even today VIA is widely used to 
detect cervical cancers. However, this procedure 
requires a well-trained medical staff member, and 
a laboratory set-up to conduct screening program. 
Hence, VIA is difficult to execute in community 
screening programs.
Visual inspection with Lugol’s iodine (VILI)
 Lugol’s iodine (5% iodine and 10% 
potassium iodide) is a glycophilic solution, which 
stains tissues dark brown if they contain high 
glycogen content. Since mature cervico-vaginal 
squamous (CVS) epithelium contain glycogen 
compared to normal columnar epithelium, a dark 
brown color is observed upon staining with Lugol’s 
iodine only in CVS epithelium. Tissues having 
low glycogen such as precancerous lesions appear 
yellow in color. Although VILI is simple and easy 
to execute, there are many drawbacks with this test. 
For example, moderate specificity, less accuracy 
especially in post-menopausal women, and require 
well-trained person and a separate clean room setup 
to execute this test.
Colposcopy
 Colposcopy involves the use of a 
scope to examine abnormal areas of cervix with 
illumination. It is usually conducted when the 
Pap test results are abnormal and need further 
confirmation. Procedurally, a doctor or nurse will 
insert a speculum to open the vagina, followed 
by which application of venegar like solution 
using a swab to wash the cervix. Then the doctor/
nurse will examine using a colposcope with brigh 
light to identify any abnormalities in the tissues. 
Colposcopy is easy to execute. However, it still 
require a doctor/nurse and an examination room, 
limiting this test to effectively use in community 
based screening programs.
Advancements in the Detection of Hpv – 
Integrating Molecular Biology Methods with 
Electromagnetic Detection Tools
 Inability of culturing HPV is the major 
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limiting factor, which made detection of HPV 
in clinical specimens a challenging task. The 
conventional methods for screening women with 
risk of cervical cancer are not fully effective 
enough to identify all women with cervical 
cancer64. More over, although the presence of 
HPV can be identified using serological, clinical 
and morphological examination methods, accurate 
detection and type confirmation can be achieved 
only through molecular biology based assays. 
Hence, the advent of molecular techniques such 
as Southern-, Northern- and Western blotting, 
Multiplex Polymerase reactions to detect all 13 
high risk HPVs in a single reaction and hybrid 
capture technology have made the detection of 
HPV feasible even with a very low quantity of 
sample. To date, there are three tests developed 
to detect and identify the type of HPV viz., (a) 
nucleic acid hybridization; (b) signal amplification; 
(c) target (nucleic acid) amplification procedure. 
Therefore, in this section, use and limitations of 
these techniques are discussed.
Nucleic acid hybridization methods
 These methods include (1) Southern 
blotting; (2) In situ hybridization; and (3) Dot blot 
hybridization. These methods are not widely used 
due to either protocol complexicity or the technical 
difficulties and cost71, 72.
The signal amplification methods
 Hybrid capture-2 (HC2) and Cervista HPV 

HR tests are the two known signal amplification 
procedures widely used in detecting cervical 
cancers.
 HC2 is one of the FDA approved tests 
to detect high-risk HPV in clinical samples73. 
The kit developed by Digene (Catalogue number 
5101-1296) uses hybrid capture technology to 
detect 13 high-risk (16,18, 31, 33, 35, 39, 45, 
51, 52, 56, 58, 59 and 68) and 5 low-risk HPV 
types74, 75. Experimentally, the procedure involves 
the hybridization of HPV DNA to a RNA probe 
that has complementary base pairs for 13 high 
risk and 5 low risk HPV DNA76. Once the hybrid 
is formed, the antibodies that recognize specific 
RNA-DNA hybrids (coated on to a micro titre 
plate) immobilize the products in the well. 
The immobilized products will be reacted with 
alkaline phosphatase conjugated antibodies that 
specifically recognize the RNA-DNA complexes. 
Next, luminescent substrate will be added, and 
the emitted light (luminescence) detected using 
a luminometer. Since many alkaline phosphatase 
molecules are conjugated to each antibody and 
multiple conjugated antibodies bind to each 
captured RNA-DNA hybrid, the signal gets 
amplified substatially and allow the detection of 
very low quantities of viral load77, 78(Figure-2).
 Cervista HPV HR along with Genfind 
DNA extraction kit is another FDA approved test, 
which relies on signal amplification principle79. 

Table 1. List of viruses that can induce cancers in humans\

Name of the virus Genetic material Primary infection Cancer caused due to infection

Human Papilloma  Double Stranded  Genital warts and  Cervical, Anal, Vaginal, Penile, Vulval 
Virus (HPV) DNA skin lesions and Head and Neck Cancers
Epstein-Barr  Double Stranded  Infectious  Predisposes to nasopharyngeal 
Virus (EBV)  DNA mononucleosis carcinoma and Burkitt’s lymphoma
Hepatitis-B  Double Stranded  Viral hepatitis Hepatic Cancer
Virus (HBV) DNA
Hepatitis-C  RNA Viral Hepatitis Hepatic cancer and Non Hodgkins 
Virus (HCV)   Lymphoma
Human Herpes  Double stranded  Herpes Kaposi’s Sarcoma and Lymphoma
Virus-8 (HHV-8) DNA
Human T-Lymphotrophic  RNA __ Lymphocytic Leukemia and Non 
Virus-1 (HTLV-1)   Hodgkins Lymphoma
Human Immunodeficiency  RNA AIDS Kaposis Sarcoma, Cervical Cancer. 
Virus (HIV)   Non Hodgkins Lymphoma and Hepatic 
   Cancer
Merkel Cell Polyoma  Double Stranded  — Skin cancer
Virus (MCPV) DNA
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Table 2. Functions of proteins coded by HPV genes

Gene Function

E1 DNA Helicase activity.  On binding to viral origin of replication, uses host cell machinery 
 for replication
E2 Guides E1 to viral origin of replication.
 Acts as a transcriptional activator or repressor depending on the region bound by LCR.
 Helps in DNA replication of virus and packaging
E3 Function(s) not conclusively established
E4 Viral DNA amplification and release
E5 Growth factor signalling of the virus and helps the virus to escape  the host immunity
E6 E6 combines with ubiquitin ligase and causes degradation of  tumor suppressor  protein p53.  
 Acts as an oncoprotein to escape from apoptosis
E7 Acts as an oncoprotein, and activates cellular proteosomal degradation  system to 
 decrease pRb tumor suppressor.
L1 Major component of viral capsid protein.  On over expression, assembles into virus like particles
L2 Minor component of viral capsid protein, but required for infectious process

Fig. 1 A. Schematic representation of HPV genome.1 A-Circular format, 1B-Linear format
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This test uses the Invader Call Reporter™ software 
to identify HPV DNA from 14 high-risk genital 
HPV types. Cervista HPV-HR uses sequence-
specific probe and invader oligonucleotides 
that cycle rapidly on and off the 14 HR-HPV 
target DNA sequences, creating substrate for the 
proprietary Cleavase enzyme (Hologic, Inc.). 
The action of the enzyme results in production 
of cleaved 5' oligonucleotide flaps80. These flaps 
bind to a universal hairpin fluorescence resonance 
energy transfer oligonucleotide, creating a second 
substrate for the Cleavase enzyme. Cleavage of 
the FRET oligonucleotide results in production of 
a fluorescent signal. Oligonucleotides specific for 
the human histone 2 gene act as an internal control 
in this test79.
Target amplification methods
 Unlike “Pap test”, HPV DNA testing 
detects the presence of high-risk HPV types in 

Fig. 2. Schematic representation of HC2 assay principle

Scheme 1

cervical cells using Polymerase Chain Reaction 
(PCR)67, 81. PCR is a chain reaction conducted in 
the presence of a DNA polymerase to amplify the 
number of target sequences. It enables the detection 
of very low quantity of DNA (for example, 50-
250ng template DNA is sufficient for carrying 
out a PCR reaction with genomic DNA; however 
quantities as low as 1pg to 10ng are sufficient if 
the sample is a plasmid or viral DNA)82. Several 
different HPV tests that detect the DNA or RNA 
of high-risk HPV are currently available67. PCR 
relies on amplification of highly conserved 
sequences of HPV DNA such as L1 region83, 84.  
The amplified PCR products are usually identified 
using restriction fragment length polymorphisms 
(RFLP), blotting techniques, or gel electrophoresis.
 Although PCR-based methods are more 
useful in identifying the type of HPV, they suffer 
from contaminating DNA, which yield false 
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positive test results. Hence, HPV-DNA testing is 
used in concordance with abnormal Pap smears 
to conclusively report whether the individual has 
infection, if so which type. In this section of book 
chapter, emphasis is given to various PCR based 
target amplification methods
Detection of HPV DNA using microarray 
platform
 Microarray is a platform developed by 
spotting a set of DNA sequences (DNA microarray) 
representing the whole genome of an organism, in 
general, on to a solid support (usually a slide)85, 

86. DNA microarrays are used to measure the 
expression of a set of genes in single reaction. 
In HPV DNA microarray, first, the viral DNA is 
amplified using PCR87. The products of PCR are 
subsequently identified by hybridizing them to a 
DNA Chip, followed by scanning the chip with a 
DNA chip scanner. The advantage of this technique 
over other methods is that it can be automated 
and thus multiple HPV DNAs can be detected88. 
Microarray analysis is more sensitive and specific 
compared to gel electrophoresis89. However, this 
technology require expensive equipment and 
trained individuals to analyze the data
Using HPV RNA for detection of cervical 
carcinoma
 Detection of HPV RNA is of much 
better diagnostic value when compared to HPV 
DNA as it helps in analyzing the transcriptome 
compared to genome90, 91. Now, with the advent 
of transcriptome analysis, RNA sequencing and 
Bioinformatic softwares, it is feasible to detect the 
presence of HPV infections with great precision92. 
However, RNA is less stable compared to DNA, 
hence, require much more careful handling and 
processing93. In addition, analysis of transcriptome 
is expensive and require skilled individuals to 
interpret the data.
Biosensors for the detection of HPV infection
 Bio sensors are small probe based 
instruments that help in detecting HPV DNA94. 
Biosensors use oligonucleotide probes that 
hybridize to HPV DNA94. The hybridised products 
are converted to measurable signals. The signals 
will be amplified by amplifiers and detected by 
electrochemical or piezo electric detectors95. 
The detected signals are processed by analytical 
software and produce a read out. The advantage 
of Biosensors over other conventional methods is 

its’ simplicity, ease of use, decreased preparation 
and purification time, and high sensitivity.  Many 
types of Biosensors are available in market.
Biosensors using electro chemical detection 
units
 In these biosensors, the detection unit 
has a biological recognition domain, which is 
coupled to an electrochemical transducer capable 
of converting biological recognition into a 
measurable signal96, 97. The signals are measured 
by photometry,voltammetry, conductometry and 
amperometry. The electrodes used for measuring 
the signals are single carbon nanotubes, gold 
nanoparticles, graphene and graphene oxide 
nanoparticles.
Biosensors using optical systems
 The optical biosensors help differentiate 
positive and negative results making use of colour 
changes due to differential staining procedures 
and fluorescent labelling98. Methods using optical 
detection systems are fast, simple and can be 
automated. Flouroscent insitu hybridisation or 
FISH is one of the techniques utilised in optical 
biosensors99. Flouroscence label detects the 
specific DNA signal while examining the tissues 
simultaneously. However, optical biosensors or 
Optrodes are not sensitive enough compared to 
conventional PCR based methods100.
 Hence,  they are  combined wi th 
spectroscopy, and signals are measured using 
adsorption / Raman spectroscopy / dispersion 
spectroscopy101. Surface plasmon resonance (SPR) 
is another method of measuring the signals. SPR 
helps to detect changes in Refractive Index (RI) 
at the sensor surface, which is coated with gold 
nanoparticles. The binding of biomolecules at the 
surface of sensor changes the refractive index. This 
change is directly proportional to the number of 
biomolecules bound to the sensor. SPR measures 
the mass differences to detect HPV strains102.
 Recent ly,  f luoroscent ly  label led 
nanoparticles coupled with a specific biological 
interaction are also being used in the detection of 
different HPV strains.
Biosensors using piezo electric system
 These biosensors convert changes in 
pressure, temperature or force into electrical 
charges and measure the levels of different HPV 
strains103. For instance, a DNA-based quartz crystal 
microbalance integrated with isothermal DNA 
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amplification system has been developed recently 
to detect very low levels (< 100 copies) of HPV-
58 DNA(104).  Similarly, a DNA piezo electric 
biosensor was fabricated to detect HR-HPV types 
16, 18, 45, 33, 39, 51, 52, 56, 58, 59 and 68.  In 
this method, a Biotinylated detection probe will be 
attached on gold electrode 9 MHz Quartz crystal 
microbalance (QCM) using biotin-avidin linking 
system. Once the target DNA of 11 HR-HPV strains 
amplified with primers containing overhanging 
regions with detection probe sequence at their 
5’ end added to the developed QCM biosensor, 
the signals will be detected with great sensitivity. 
The QCM sensor sensitivity is comparable to the 
conventional agarose gel electrophoresis.
Magnetic Biosensors
 The use of magnetic materials has 
also been explored in HPV detection. The 
method involves anchoring of DNA probe on 
to the transducer, followed by hybridization of 
biotinylated complementary DNA to the probe, 
which subsequently detected by streptavidin coated 
magnetic particles. Variations in the magnetic field 
strength is measured to detect HPV DNA.
Current Perspectives in the Prevention and 
Treatment of Hpv Infections
 Although several screening programs 
have been conducted by public and private agencies 
across the globe, the incidence and mortality 
rates due to cervical cancers has not shown a 
huge improvement in the reduction of cases105. 
Probable factors contributing to the poor success 
of these programs include: (a) heavily populated 
very low and middle income countries; (b) cultural 
and social stigmas; (c) poor sanitary higene; and 
(d) low accessibility to various health programs 
implemented by government106, 107. Therefore, 
better approaches and technological advancements 
are immediately required to educate the public, and 
promote vaccination of young women. For instance 
development of an easy to execute, low-cost, self 
screening test helps to increase the number of 
women attending screening programs. However, 
development of such test is challenging and 
require extensive research. Likewise, developing 
a treatment agent, which can retard the tumor cells 
growth is urgently needed. But, to date, no single 
pharmacological agent showed success in treating 
malignant cervical tumors.
 Therefore, prevention of individuals from 

getting cervical cancer is the only viable option 
currently available to reduce the disease incidence 
and burden. Hence, in this section of book chapter, 
we have discussed various recent advancements in 
developing prevention and treatment agents against 
cervical cancers. In addition, major milestones in 
the development of anti-cervical cancer agents is 
also addressed in this section.
Development of vaccines against HPV infections
 Vaccine is a biological preparation made 
upof an inactive or dead version of the organism 
which causes disease108-111. HPV vaccines are 
vaccines that help in preventing infection with 
HPV strains, especially the high-risk HPV-16 and 
HPV-18. HPV vaccines are composed of Virus 
Like Particles (VLP) containing major capsid 
protein L1112. These VLPs elicit the same antigenic 
response as the HPV virus, but fail to cause 
disease, due to the absence of HPV DNA. The L1 
antibodies are natural and 10 times more potent 
compared to original HPV virus as such113. Recent 
methods use recombinant DNA technology to 
prepare HPV vaccines.  Centers for Disease Control 
and Prevention (CDC), USA, have formulated 
guidelines for HPV vaccination. According to 
these guidelines, the Gardasil 9 vaccine should be 
given if a child is aged 11 or 12 years. The child 
should get two HPV vaccine shots 6 to 12 months 
apart. If the two shots are given less than 5 months 
apart, a third shot will be needed. There could be 
future changes in recommendations on dosing. 
Furthermore, HPV vaccine is recommended for 
young women through age 26, and young men 
through age 21. Adolescents who get their first 
dose at age 15 or older need three doses of vaccine 
given over 6 months.  Persons who have completed 
a valid series with any HPV vaccine do not need 
any additional doses114.
HPV Vaccines in market
 Currently there are three vaccines 
available for preventing further infections with 
HPV. They are (a) Cervarix; (b) Gardasil and (c) 
Gardasil 9. Characteristics of these vaccines are as 
follows.
Cervarix
 It is a bivalent vaccine developed by Glaxo 
SmithKline limited115. It is effective against highly 
oncogenic HPV-16 and HPV-18115.  The vaccine 
is administered intramuscularly. Cervarix contain 
recombinant c-terminally truncated L1 proteins 
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from HPV-16 and HPV-18. These recombinant 
proteins are assembled in to virus-like particles 
(VLPs). HPV-16 and HPV-18 antigens were 
prepared by recombinant DNA technology using 
a Baculovirus expression system in Trichoplusia 
ni (Hubner) insect cell line. Cervarix uses AS04 
adjuvant system, which comprises of Al(OH)3 and 
3-O-desacyl-4' monophosphoryl lipid-A. Since 
CERVARIX is prepared from VLPs of the major L1 
protein of HPV types 16 and 18, and VLPs contain 
no viral DNA, they cannot infect cells or reproduce. 
Prior studies using animal models suggested 
development of humoral immune response and 
cell-mediated immunity116. Further studies have 
demonstrated that transudation of anti-HPV IgG 
antibodies from the serum to the cervical mucosa 
is responsible for the protection against persistent 
oncogenic HPV infection117.
Gardasil
 This vaccine is a quadrivalent vaccine118.  
This offers protection against HPV strains 
6 and 11, which are responsible for causing 
genital warts, along with HPV 16 and HPV-
18. It uses recombinant particles developed 
using Saccharomyces cerevisiae. Gardasil uses 
amorphous aluminum hydroxyphosphate sulphate 
as adjuvant.
Gardasil
 This is a nonavalent HPV vaccine 
that protects against HPV strains 6,11.16, 18, 
31, 33, 45, 52, 58119. Like Gardasil, it also 
uses recombinant particles developed using 
Saccharomyces cerevisiae, and contain amorphous 
aluminum hydroxyphosphate sulphate as adjuvant.
Schedule of vaccination, and safety concerns
 In general, a dose of 0.5 ml vaccine is 
administered in the deltoid muscle to individuals 
at the age of 11 to 12 Years. The vaccination can be 
given upto the age of 26 years120. The schedule for 
Cervarix is 0,1 and 6 months with a minimum gap 
of 1 month between the first and the second dose 
and 3 months between second and the third dose121, 

122. The dose for Gardasil is 0, 2 and 6 months. Since 
the available vaccines do not provide protection 
against all HPV strains, regular screening is 
necessary even after vaccination123. HPV is also 
responsible for causing anogenital cancers in men, 
hence, it is advised to vaccinate young boys at the 
age of 11 and 12 years124. The vaccine does not 
cause any serious reactions, however, might cause 

adverse reactions such as pain and inflammation in 
the injected area. Vaccines are not advised to girls 
less than 9 years of age125. More over, although 
no serious reactions are observed in animals 
and clinical trials, vaccination is not advised for 
pregnant women. Further, it is contraindicated in 
people with acute illnesses and those who are prone 
to immediate hypersensitivity reactions114.
Limitations of the vaccines
 The screening should continue in women 
who are over 26 years of age. More over, the 
vaccine does not provide protection against all 
oncogenic HPV viruses. High cost of vaccines 
is another factor limiting its use in economically 
challenged countries.
Recent Advances in the Treatment of Cervical 
Cancer
Advances in Surgery
 Use of laproscopic surgery, in contrast to 
traditional hysterectomy, is one of the advancement 
made in surgical procedures. Laproscopic surgery 
is minimally invasive compared to conventional 
abdominal hysterectomy.
Lapro hysterectomy
 It has many advantages over conventional 
hysterectomy. For example, post operative 
complicationsl duration of surgery and hospital 
stay are considerably less in lapro-hysterectomy. 
In addition, the pain is relatively less and cause a 
minimal blood loss.
Nerve sparing radical hysterectomy
 Conventional hysterectomy results in the 
removal of the sympathetic and parasympathetic 
innervations, leading to dysfunction of the bladder, 
dysfunction of sexual organs, and mobiliyy 
defects in the anorectal regions. To avoid these 
complications, a team of surgeons in Japan 
performed less radical hysterectomy sparing the 
autonomic innervations to the pelvis but with same 
surgical oncologic outcomes as that of total radical 
hysterectomy. This is one of the key advancements 
in surgical procedures.
Robotic surgery
 Robotic radical hysterectomy and robotic 
radical trachealoctomy are two other methods 
being used in the treatment of cervical cancer126. 
Radical trachelectomy results in the removal 
of cervix, upper part of the vagina and pelvic 
lymphnodes. Robotic radical trachelectomy is safe 
and involves minimal invasive procedures.  This is 
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often used in the treatment of early stage cervical 
cancer. Although radical trachelectomy can be 
performed through the abdomen or vagina, vaginal 
trachelectomy is the preferred route.
Pelvic exenteration
 (Removal of the entire contents of the 
pelvis including uterus, cervix, vagina, bladder, 
and rectum). It is the preferred treatment for 
recurrent cervical cancers treated earlier by 
surgery, chemotherapy or radiotherapy127. PE is 
performed with the help of Robotics, as it is more 
advantageous compared to conventional surgery 
and laproscopy. It uses continous 3D visualisation 
with minimal invasions and instruments.
Advances in radiation therapy
 Radiation therapy, in short radiotherapy, 
is a procedure of killing cancer cells using high 
intensity ionizing radiation128. Mechanistically, 
radiation damages the cancer cell DNA thereby 
promotes the destruction of cells. In general, 
it takes about weeks to months to induce DNA 
damage in cancer cells using radiation treatment. 
Conventionally external beam radiation therapy 
or internal beam therapy have been used in the 
treatment of cervical cancers. Now, these methods 
are being combined with newer techniques for 
better prognosis.
Brachy therapy
 This is a technique where a radiation 
emitting device is implanted in the tissue129.  
Devices providing low dose (4-20 Gy/h), medium 
dose (20-120 Gy/h) and high dose (>120 Gy/h) 
radiation are currently available in the market 
(Note: 1Gy = 1 Joule of energy deposited in to 
1kg body mass). The radionucleides used in the 
treatment of gynarcological cancer are Americium 
241 (241A) and Californium 225 (225Cf).  Low 
dose remote loading devices are preferred due to 
low radiation exposure to the hospital personnel.
Intraoperative electron beam radiation therapy
 In this technique electron beam is applied 
to the residual tumor during surgery. This is used 
to decrease the rate of tumor recurrence.
Intensity modulated radiation therapy and 
proton therapy
 Intensity modulated radiation therapy is 
used to intensify radiation exposure to the affected 
tissue and spare the normal tissue130. This offers 
better tumor control as it delivers high dosage of 
radiation to tumor tissues sparing the normal tissues 

like rectum, bladder and the small intestine.
Proton therapy
 Proton therapy uses protons generated 
with the help of a cyclotron for the treatmet of 
cervical cancer131. High speed protons get deeply 
embedded in the tissue compared to low speed 
protons. Unlike external beam radiation therapy, 
the radiation in proton therapy is cconfined to the 
tumor tissue and does not affect the normal tissue.
Recent advances in chemotherapy for cervical 
cancer
 Convent ional  chemotherapy for 
cervical carcinoma involves the use of platinum 
based drugs such as cisplatin and paclitaxel132. 
5-fluorouracil, gemcitabine are aso used in 
combination chemotherapy for treating cervical 
cancers. Concomittant use of radiotherapy and 
chemotherapy has improved survival rates and 
reduced the side effects133.
Angiogenesis inhibitors
 Angiogenesis is a process of producing 
new blood vessels around the tumor. Growth 
factors such as Vascular Endothelial Growth 
Factor (VEGF) are involved in the development 
of new blood vessels. Therefore, targeting VEGF 
using monoclonal antibody Bevacizumab alone 
or in combination with chemothrapy has shown 
promising results in the treatment amd prognosis 
of cervical cancer134.  Other antiangionesis agents 
like Sunitinib, pazopanib, and brivanib have been 
used but with minimum activity.  Recenly another 
angiogenesis inhibitor Cediranib has shown 
promising results 135. However, further studies 
are warranted to test the safety and efficacy of 
this angiogenesis inhibitor as a single agent 136. 
Recently Cediranib has been tested in combination 
with carboplatin and paclitaxel for treating 
cervical cancers137. Although this combination 
showed better efficacy in reducing metastatic and 
recurrent cervical cancers, it yielded severe toxicity 
(diarrohea, hypertension and febrile neutropenia).
Epidermal growth factor receptor inhibitors
 EGFR is a 170-kDa trans-membrane 
glycoprotein receptor encoded by the Her-1 proto-
oncogene138. Functionally active dimeric EGFR 
activates a tyrosine kinase domain to regulate 
cell growth, differentiation, gene expression, and 
development. Expression of EGFR is observed in 
many normal tissues as well as in a wide variety 
of solid tumors, including cervical cancer139. 
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Recent studies have identified the potential utility 
of targeting EGFR activity using monoclonal 
antibodies or pharmacological agents in treating 
cervical cancers. Therefore, several monoclonal 
antibodies targeting EGFR have been developed 
and being used in clinical trials140.  For instance 
erlotinib, lapatinib, cetuximab are some of 
the EGFR inhibitors tested in clinical trials, 
however, these inhibitors showed minimal 
activity {Scheipl, 2016 #309}{Sayar, 2014 #310}.  
Currently, Nimotuzumab, a monoclonal antibody 
which targets EGFR is found to be effective in 
combination with conventional chemotherapeutic 
agents like cisplatin or gemcitabine for treating 
cervical cancer141.
Poly-ADP-ribose polymerase (PARP) inhibitors
 Poly(adenosine diphosphate [ADP] 
ribose) polymerase (PARP) enzymes get activated 
by DNA damage and serve as a part of base 
excision repair (BER) pathway of DNA repair142. 
In general, the PARP-1 and closely related PARP-
2 gets activated by binding to broken DNA to 
cleave NAD+ and create long homopolymers of 
ADP ribose, which “flaggs” the damaged point. 
This causes the release of histones (to loosen 
the chromatin), and promote the recruitment of 
additional repair factors to restore intact DNA143. 
Therefore, targeting PARP is a viable approach for 
treating cervical cancers. Several inhibitors have 
been developed to target PARP144.
 For example, Veliparib, a PARP inhibitor 
reported to be effective in combination with 
cisplatin, paclitaxel or topothecan145. It was 
found to be 34% effective at all doses, however, 
at maximal tolerated dose (MTD) an about 60% 
efficacy has been reported for this combination145.
Immunotherapy
 The major obstacle to cancer therapy is the 
development of drug resistance146. Drug resistance 
is usually reduced by the use of immunotherapty147.
 Adoptive T cell therapy, which involves 
infusion of cytotoxic T cells (infiltrating T-cells) 
developed against a specific target into a cancer 
patient to destruct tumor tissue, helps in killing 
tumor cells with more efficacy. Recent studies 
have demonstrated that tumor infiltrating T-cells 
developed against HPV E6 and E7 proteins showed 
better prognosis148.
What We Need – Areas Requiring Research and 
Development

 Despite extensive research and awareness 
created by public and private sectors, progress 
in preventing / treating cervical cancers is still 
lagging. Poor reach of awareness campaigns to 
rural public, lack of education, and social and 
family associated stigmas are the major hindering 
factors, which needs to be addressed immediately. 
In addition, lack of low cost self-testing devices and 
appropriate biomarkers for disease monitoring are 
other factors contributing to the failure of cervical 
cancer prevention programs. Therefore, research 
should focus on identifying appropriate biomarkers 
and developing low cost devices for self testing of 
cervical cancers.  Further, patient education and 
guidance through mobile phones (m-Health) should 
be implemented for better reach and monitoring. 
Research is also required to develop drug-gene 
alert systems to caution clinicians about the drug 
resistance and suggest appropriate drug/drug 
combination(s).
 The methods used for screening and 
prevention of HPV related cancers; particularly 
cervical cancer has advanced tremendously. The 
early detection will provide a better prognosis 
and treatment. Despite this many lacunas exist 
namely lack of awareness and ignorance among the 
general public about the use of screening programs 
and vaccination which must be addressed. This 
is particularly needed in low and middle income 
countries as it is both a socioeconomic burden 
affecting women in their productive years.
 In conclusion, many unaddressed areas 
still exist in cervical cancer prevention and 
treatment. Hence, future studies should focus on 
these areas and help in developing better tools for 
preventing and treating cervical cancers
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