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ABSTRACT
Human papillomavirus a double stranded non-enveloped DNA
virus has been well established as a cause of cervical cancer
since 1976 following the discovery of the nobel laureate Dr
Herald Zur Hansen. This virus infect immature squamous
epithelium at the squamocolumnal junction following
usually a squamous metaplasia or erosion of the epithelium.
This results in viral cytopathic changes which manifest
cyologically and histologically as premalignant lesion of
the cervix. These premalignant lesions eventully progress to
become cancer. Several molecular methods has been used to
detect human papillomavirus infection in the cervix. These
include Polymerase chain reaction, immunohistochemistry,
liquid hybridization, reverse hybridization and human
papillomavirus mRNA detection. It is possible to prevent the
infection through vaccination against human papillomavirus.
Also the unpleasant consequences of persistent human
papillomavirus infection of the cervix can be prevented
through effective cervical cancer screening programme.
Human papillomavirus is not just capable of infecting the
cervical epithelium but capable of causing premalignant and
eventual malignant transformation. Immunization of females
before the debut of sexual intercourse and an effective cervical
screening programmes would help in the eradication of
cervical cancer.
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INTRODUCTION
Human papillomavirus has been shown to be the most
important aetiologic agent in the development of cervical
carcinoma.1, 2, 3
Guiseppe Ciuffo in 1907, discovered that warts of skin
and genitalia were associated with human papillomavirus
infection.4 Peyton Rous and colleague in 1934 demonstrated
that HPV and tar together consistently induced squamous
cell carcinoma. The sources of tar include cigarette smoking
and smoke from coal or burning wood.4 The famous Dr
Harald Zur Hausen a German virologist and Mathias Durst
in 1976, established that HPV was the aetiologic agent in
cervical carcinoma. In 1983 Dr Harald Zur Hausen was able
to isolate the HPV type 16 and in 1984 he isolated the HPV
type 18.5 This led to the development of the vaccine in 2006.6
Since the discovery of HPV 16 and 18, several other high
risk HPV types such as 51, 52, 56, 58, 59, 66, 68 33, 34,
35, 39, 45,70 and 31.6,7These HPV type virus with a high
tendency of causing cervical cancer are referred to as high
risk human papillomavirus.
These viruses infect immature squamous epithelial cells

in the basal layer which could be easily found in areas of
squamous metaplasia in the squamocolumnar junction or
following erosion of the cervix.2, 7 Ninety percent of those
infected are cleared of the infection within two years.2 When
the infection persists it may result in atypical koilocytic
changes in the cervical epithelium.2, 8 At this stage, cervical
intraepithelial neoplasia which is a premalignant lesion is
said to have developed which could be detected with regular
Papanicolaou smear screening. When cervical intraepithelial
neoplasia is diagnosed, it could be managed/treated
accordingly thus preventing its progression into invasive
cervical cancer. Pap smear has been largely responsible for
the decline in the incidence of cervical cancer worldwide.9
Eighty percent of low grade squamous intraepithelial
lesion (LSIL) and hundred percent of high grade squamous
intraepithelial lesion (HSIL) are associated with high risk
HPV infections.2 About forty percent of those with high risk
HPV infection would develop HSIL and of these, ten percent
would progress to invasive cervical carcinoma within a
period of ten years.8
A study by Louie et.al in 2009 stated the cervical cancer
screening coverage in sub-Saharan Africa to be 0.4 to 20%.10,11
Also studies have shown an increase in the proportion of
adenocarcinoma of the cervix in many developed countries
with organised cervical cancer screening programme.9 If the
cervical cancer screening programme becomes available
in developing countries, eradicating cervical cancer would
still be difficult since it is mainly cervical squamous cell
carcinoma that could be readily prevented by Papanicolaou
smear test.9
The approval of the 9-valent HPV vaccine by the US food
and drug administration in Deceber 2014, has brought
a lot of hope to the medical communitee. There is now a
possibility of eliminating a significant proportion of cervical
cancer worldwide. A study by Zhai and Tumban showed that
the 9 –valent HPV vaccine would protect women against
HPV types responsible for 90.9% of cervical cancers in
Europe, 92% in North America, 86.5% in Australia, and
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89.9% worldwide.10 The vaccine is composed of viral like
proteins which are produced using recombinant technology.
This vaccine is capable of stimulating the immune system
against the human papillomavirus. Introducing this vaccine
into the immunization programmes in every country, would
make successful coverage feasible. It is expected that about
that 89.9% of invasive cervical cancer could be prevented if
this vaccine is incorporated into immunisation programmes
of every country and administered to females from 9 years
who had never been immunised before and are not sexually
active.2, 8

STRUCTURE OF THE VIRUS
The human papillomaviruses (HPV) have a diameter of 55nm
and contain an 8kbps DNA genome. It is a non-enveloped
viruses which possess icosahedral symmetry, 72 capsomeres
and double-stranded DNA genome. The viral genome
possess an early region which is involved in oncogenesis and
the late region. The open reading frames include E1 to E8
(early region) and the late region which include L1 and L2.

HOW HUMAN PAPILLOMAVIRUS
CERVICAL CANCER

CAUSE

The high risk oncogenic HPV is responsible for this
malignant transformation in cervical epithelium. The virus
infects immature squamous epithelium and integrates the
DNA into the DNA of the cell. The HPV produce the E6 and
E7 proteins which is responsible for the oncogenic process in
the cervical epithelium.8
E6 Oncoprotein binds to p53 and stimulates ubiquitin dependent proteolytic degradation of p53, thus interrupting
the death pathway. E6 also up regulates telomerase, preventing
replicative senescence. Also E7 binds to hypophosphorylated
Rb protein, promoting its proteolytic degradation thus
allowing E2F to freely stimulate transcription. E6 and E7
induce centromere duplication and genomic instability.2,8
These two Oncoproteins promote deoxyribonucleic acid
(DNA) synthesis and interrupt p53 mediated apoptosis or
cell growth arrest in mutant cells. These effects of these
Oncoproteins result in malignant transformation of cells.
The integration of HPV virus into host DNA enables the
expression of the genes in the HPV genome.8,9
HPV infections are sexually transmitted and commonly seen
in young women.2 Within 2 years of acquiring the infection
it is usually cleared in most persons. Persistent infection by
this oncogenic virus results in malignant transformation of
the infected cells.12 Persistent infection is associated with
immunosuppression, multiple sexual partners, low socioeconomic status, cigarette smoking and early debut of sexual
intercourse.8

CERVICAL
LESIONS

SQUAMOUS

INTRAEPITHELIAL

Morphological changes characteristic of a given infecting
virus can often be observed in the infected cell. The effects
seen in virally infected cell cultures are well-known and are
designated by the term “cytopathic effect” (CPE). These
effects can also be exploited for diagnostic purposes.13,14
2

In cervical squamous intraepithelial lesion, there are
obvious atypic changes in the epithelium but with no
evidence of breach of the basement membrane. They are
graded into two low grade squamous cervical intraepithelial
lesion(LSIL), and high grade squamous intraepithelial lesion
(HSIL).

HUMAN PAPILLOMAVIRUS (HPV) VACCINATION
The HPV vaccine that has been produced following the
isolation of the HPV type 16 and 18 by Prof Harald Zur
Hausen is the HPV 16 and 18 vaccine.5,6
The vaccines are a recombinant vaccine composed of
recombinant proteins which are viral like particles. There
are three types of vaccine that has been developed against
cervical cancer. These vaccines include include cervarix
(bivalent vaccine), Gardasil (quadrivalent vaccine) and
Gardasil 9 (9-valent vaccine).
Cervarix ingredients include insect cell and viral protein,
water, aluminium hydroxide, sodium chloride and
bacterial protein. It stimulates the production of anti-L1
immunoglobulins against HPV 16 and 18. It is recommended
for females at 9 years and given at 0, one and six months.
12,15,16,17

Gardasil protects against HPV types 6, 11, 16 and 18
infections. This is similar to Gardasil 9 the 9-valent HPV
vaccine which protects against HPV types 6, 11, 16, 18, 31,
33, 45, 52 and 58. The vaccine ingredient include polysorbate
80, L- histidine, amorphous aluminium hydroxyphosphate
sulfate adjuvant, sodium borate, sodium chloride, water and
yeast protein. 12

DIAGNOSIS
OF
CERVICAL
PAPILLOMAVIRUS INFECTION

HUMAN

Conventional cytology

The commonest method of detecting high risk HPV infection
in the cervix is with Papanicolaou (Pap) smear. This method
of diagnosing HPV infection was introduced in 1949 and
named after George Papanicoloau before the cause of cervical
cancer was discovered in 1976. This has helped reduce
the incidence of cervical cancer significantly especially in
countries with well organised cervical screening programme
like the United States of America.18,19,20 The cytopathic
changes caused by high risk HPV infection in the cervical
epithelial cells like those in the transformation zone can be
detected using this tool.2,18,19
Monolayer cytology

This is a known method of processing specimen for
Papanicoloau smear. This method creates a uniform
monolayer and prevents drying artefacts, removes
contaminating mucus, bacteria, proteins, red blood cells and
yeast. The two methods of liquid based cytology are thinprep
and surepath system.
Two computerised systems

AutoPap which have been approved for primary screening
and rescreening and PapNet which have been approved for
rescreening. In these systems, abnormal cells are displayed
on the screen for review and analysis.
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Visual inspection with acetic acid

This is done for patients with abnormal Pap smear. This
involves the application of 3% acetic acid to the cervix and
viewing the cervix with a colposcope. A biopsy is obtained
from the acetowhite areas and the histology would show
dysplasia or carcinoma.
Immunohistochemical markers for human papillomavirus

Various immunohistochemistry markers have been used
for the detection of HPV infection. The markers include:
Immunohistochemistry could be used to detect HPV type16
E7 oncoprotein or HPV type18 E7 oncoproteins and cyclin
B1. The immunohistochemistry may involve the use of
polyclonal or monoclonal immunoglobulins.60
Reverse line probe hybridization assay

This is a molecular method of detecting human papillomavirus.
In this method extracted DNA is used to perform an SPF-10
Polymerase chain reaction using SPF-10 primers that target
the 65 base pair region of the HPV L1 open reading frame.
This enable the amplification of at least 54 HPV types. A
deoxyribonucleic acid (DNA) enzyme immunoassay (DEIA)
is performed on the amplified PCR products, using a probe
hybridization with a cocktail of conservative probes that can
recognise at least 54 mucosal HPV genotype in a microtiter
plate format for HPV DNA detection. The reverse primers
contain biotin label at the 5’ end, enabling the capture of the
reverse strand into the streptavidin-coated microtiter plates.
Captured amplimers are then denatured by alkaline treatment
and detected by a defined cocktail of digoxigenin – labelled
probes, allowing the detection of at least 54 HPV genotypes.
The optical densities (OD450) are read on a microtiter plate
reader and the samples are categorised as HPV DNA positive
or negative. HPV DNA positive samples were subsequently
analysed by LiPA25, a reverse hybridization line probe
assay technique that detects 25 high-risk and low-risk HPV
types. Specimens that are HPV DNA positive but did not
hybridize with any of the 25 probes were coded as HPV
type X (undetermined type). The SPF-10 amplimers were
used to identify HPV genotype by reverse hybridization
to the LiPA25 genotyping strip. The Positive hybridization
on the strips is visualized as a purple band by means of a
precipitating colour substrate on the probe site.
Liquid hybridization
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public health challenge. However the unpleasant long term
consequences of the infection like cervical cancer could be
prevented through public education, effective cervical cancer
screening programme and the introduction of effective
vaccination against the virus.

REFERENCES
1.

2.

3.

4.
5.

6.

7.

8.

9.

10.
11.

12.

This is referred to as the Hybrid capture assay which have
been widely studied but the Hybrid Capture II is now widely
used. This method uses chemilumnescence detection to
qualitatively detect the presence of HPV. 22

POLYMERASE CHAIN REACTION (PCR) FOR
HPV DNA DETECTION
General primer PCR: The primer is able to amplify a broad
spectrum of HPV subtypes in just one PCR amplification.
MY09 and MY11 target a 450bp in the L1 ORF. GP5+/GP6+
primer target a region within that of the MY09 target.

13.

14.

CONCLUSION
Human papillomavirus infection of the cervix is a big

15.

Anil KC. Beyond cervical cancer: Burden of other HPV
- related cancers among men and women. Journal of
Adolescent Health 2010; 46:20-26.
Ellenson LH, Pirong EC. Cervix: Premalignant and
malignant neoplasm. In: Kumar V, Abbas AK, Fausto
N, Aster JC (editors) Pathologic basis of disease. 8th
edition. Philadelphia: Elsevier 2010;1018-1024.
Xavier C. Natural history and epidemiology of HPV
infection and cervical cancer. Gynaecol Oncol 2008;
110: 4-7.
Kumar P, Murphy F. Who Is This Man? Francis Peyton
Rous. Emerg Infect Dis 2013;19: 660 – 663.
Hausen HZ. Papillomaviruses and cancer; from basic
studies to clinical application, Nat Rev Cancer 2012; 2:
342-350.
Hausen HZ. Papillomavirus causing cancer: Evasion
from host – control in early events in carcinogenesis. J
Natl Caner Inst 2000; 92: 690-8.
Mohammed A, Ahmed SA, Oluwole OP, Avidine S.
Malignant Tumours Of The Female Genital Tract in
Zaria, Nigeria: Analysis of 513 Cases, Ann of Afr Med
2006; 5: 93-96.
Witkiewicz AK, Wright TC, Ferenczy A, Ronnett BM,
Kuman RJ. Carcinoma and other tumours of the cervix
In: Kuman RJ, Ellenson LH, Ronnet BM. Blaustein
pathology of female genital tract. Sixth edition. New
York: Springer Science + Business media 2011; 194306.
Tavassoli FA, Devilee P. Tumour of the uterine cervix,
pathology and genetics: tumours of the breast and female
genital organs, World health organization classification
of tumours, Lyon, IARC Press 2003; 260-279
Zhai L, Tumban E. Gardasil-9: a global survey of
projected efficacy. Antiviral Res. 2016;130:101–109.
Louie KS, De Sanjose S, Diaz M Early age at first
sexual intercourse and early pregnancy are risk factors
for cervical cancer in developing countries. British
Journal of Cancer 2009; 100: 1191–1197
Food and Drug Administration. Highlights of prescribing
information. Gardasil 9 (Human Papillomavirus
9-Valent Vaccine, Recombinant). Silver Spring, MD:
US Department of Health and Human Services, Food
and Drug Administration; 2015. Available at http://
www.fda.gov/downloads/BiologicsBloodVaccines/
Vaccines/ApprovedProducts/UCM426457. Accessed
January 12, 2018
Huang FY, Kwok YK, Lau ET, Tanq MH, Nq TY, Ngan
HY. Genetic abnormalities and HPV status in cervical
cancer and vulvar squamous cell carcinoma. Cancer
Genet Cytogenet 2005;157: 42-8.
Kayser F H. Bienz KA, Eckert J, Zinkernagel
RM. Human Papillomavirus, Virology, Medical
MicrobiologyThieme 2005; Chapter 8: p412 – 414.
Clifford GM, Gallus S, Herrero R, Munoz N, Snijders

International Journal of Contemporary Medical Research
ISSN (Online): 2393-915X; (Print): 2454-7379 | ICV: 77.83 |

Volume 5 | Issue 1 | January 2018

3

Section: Pathology

Irabor, et al.

Section: Pathology

Irabor, et al.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

4

Human Papillomavirus in the Aetiology of Cervical Cancer

PJ, Vaccarella S et al. Worldwide distribution of human
papillomavirus types in cytologically normal women in
the international agency for research on cancer; human
papillomavirus prevalence surveys: A pooled analysis.
Lancet 2005; 336: 991-998.
Centre For Disease Control and Prevention (CDC).
Human papillomavirus vaccine, communicable disease
control immunization programme, Section VIIIBiological products 2014.
Human papillomavirus vaccine, vaccine ingredients
and manufacturers information, ProCon.Org available
through http://vaccines.procon.org (cited on 20/03/14).
Saraiya M, Steben M, Watson M, Markowitz L.
Evolution of cervical screening and prevention in the
United States and Canada: Implication for public health
practitioners and clinician. Preventive Medicine 2013;
57: 426–433.
Gaje JC. The age specific prevalence of human
papillomavirus and of cytological abnormalities in rural
Nigeria: implication for screening and treat-strategy. Int
J cancer 2011; 130: 211-7.
Wright TC Jr, Cox JT, Massad LS, Twiggs LB, Wilkinson.
2001 consensus guidelines for the management of
women with cervical cytological abnormalities and
cervical cancer precursors. JAMA 2002; 287: 2120-9.
Sharbatadaran M. Sensitivity and specificity of p16
immunohistochemistry in diagnosis of dysplastic
neoplastic changes in cervix. Babol Univ Med Sci 2009;
11:1-12.
Eileen MB. Human papillomavirus and cervical cancer.
Clin Microbiol Rev 2003; 16: 1-17.
Stoler MH, Mills ES, Gersell DJ, Walker AN. Small
cell neuroendocrine carcinoma of the cervix. A human
papillomavirus type-18 associated cancer. Am J Surg
Pathol. J 1991;15: 28-32.
Ciaponi A, Bardach A, Glujovsky D, Gibbons L,
Alejandra M. Type specific Human papillomavirus
prevalence in cervical cancer and high-grade lesions
in latin America and Caribeans: Systematic review and
meta-analysis. PLOS/one 2011.
Chichareon S, Herrero R, Muñoz N, Bosch FX, Jacobs
MV, Deacon J et al. Risk factors for cervical cancer in
Thailand: a case control. J Natl Cancer Inst 1998;90:
50-7.
Sitas F, Parkin M, Chirenje Z, Stein L, Mqoqi N,
Wabinga H. Cancers. In: Jamison DT, Feachem RG,
Makgoba MW, editors, Disease and Mortality in SubSaharan Africa. 2nd edition. Washington (DC): World
Bank; 2006. Chapter 20. Available from: http://www.
ncbi.nlm.nih.gov/books/NBK2293 (cited on 12/06/14).
Mohan H. Cervix: Female genital tract, Pathology quick
review and MCQ. Third edition Indian: Jaypee 2000;
603 – 627.
Berois N, De Cremoux P, Mazal D. Prevalence
and distribution of high risk human papillomavirus
genotypes in invasive carcinoma of the cervix in
Uruguay. Int J Gynaecol Cancer 2013; 23: 527-32.
Bray F, Loos AH, McCarron P, Weiderpass E, Arbyn M,
Moller H et al. Incidence trends of adenocarcinoma of
the cervix in 13 European countries, Cancer Epidemiol
Biom Prev 2005; 14: 2191-2199.

30. Smith HO. The rising incidence of adenocarcinoma
relative to squamous cell carcinoma of the cervix in
the united states-a-24year population-based study,
Gynaecol Oncol 2000; 78: 97- 98.
31. Romanowski MK. ASO4 – Adjuvanted human
papillomavirus (HPV) type 16 and 18 vaccine
(Cervarix): a review of its use in prevention of
premalignant cervical lesions and cervical cancer
causally related to certain oncogenic HPV types. Drugs
2011; 71: 465-88.
32. Zhai L, Tumban E. Gardasil-9: a global survey of
projected efficacy. Antiviral Res. 2016;130:101–109.
Source of Support: Nil; Conflict of Interest: None
Submitted: 18-12-2017; Accepted: 16-01-2018; Published: 28-01-2018

International Journal of Contemporary Medical Research
Volume 5 | Issue 1 | January 2018 | ICV: 77.83 |

ISSN (Online): 2393-915X; (Print): 2454-7379

