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Abstract— Cervical cancer is one of the leading cancers in women worldwide especially in developing countries.

Various etiological factors are described, of which Human papillomavirus (HPV) is proved by various molecular epi-

demiological studies to play a major role. However, many co-factors are required and thought to facilitate the action

of HPV in cervical carcinogenesis. Here the role of various viruses in cervical cancer and its implication in screening

and diagnosis of cervical cancer is highlighted. In-depth knowledge of the role of different viruses helps in better

screening methods and probably in target therapy / development of an appropriate vaccine.

Keywords— Cervical Cancer, Herpes virus, Human Papillomavirus, Human immunodeficiency virus, Adeno-

associated virus, hepatitis C virus.

INTRODUCTION

Cervical cancer is the third common cancer in the
world in females and fourth leading cancer for death
in women. Every year 530,000 cases are diagnosed and
265, 653 deaths occur in the world due to cervical can-
cer. The incidence/prevalence is decreasing in devel-
oped countries due to health awareness and regu-
lar/systemic cervical cancer screening; some countries
using HPV DNA (Human Papilloma Virus) test in ad-
dition to Pap tests. This routine screening has reduced
the incidence to 70% in developed countries.
However, cervical cancer persists in developing coun-
tries that constitute 85% of total world cases, despite
only 5% global cancer resources in these countries.
The incidence in developing countries is 40 per
100,000 populations (Jean Anderson, 2012; Marinho-
Dias and Sousa, 2013; Ononogbu et al, 2013;
Sinayobye et al., 2014; Wright et al., 2007).

In India, it ranks as second common cancer in females
after oral cancer especially in rural and semi-urban
population constituting 17% of total female cancers.

However in metropolitan cities breast cancer is taking
the lead (Kalyani et al., 2010). Every year 122,844 cases
are diagnosed, and 64,477 deaths occur in India due to
cervical cancer (Kalyani et al., 2010).

Since 1990 many infectious agents are established as
the etiological agents in various cancers in humans
constituting approximately 15% of all cancers
(Marinho-Dias and Sousa, 2013). Human Papilloma
Virus (HPV) is the proved major etiological factor in
etiopathogenesis of cervical cancer. HPV is necessary
but alone is not sufficient to cause cervical cancer as
there is a long latent period between the infection, and
manifestation of cervical cancer and all women infect-
ed with HPV does not have cervical cancer. Hence,
there are some co-factors that have synergetic action
with HPV in causing cervical cancer. The co-factors
proved by epidemiological studies are smoking,
nicotine, long-term use of oral contraceptives, use of
intrauterine contraceptive device, lifestyle as early
initiation of sexual life/multiple sexual partners,
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young age at full term pregnancy, multiple full-term
pregnancy, low socioeconomic status, diet low in
antioxidants, genetic predisposition and decreased
immunity. In addition, the sexual transmitted diseases
like Chlamydia trachomatis, Gardenella vaginitis, etc.
has role in cervical cancer (Alibek et al., 2012;
Marinho-Dias and Sousa, 2013; NobelPrize, 2008). In
this article, the role of different viruses in the
pathogenesis of cervical cancer is highlighted.

It took nearly 140 years to prove that the virus is the
etiological factor in the pathogenesis of cervical can-
cer. In 1960 and 1970 Herpes Simplex Virus 2 (HSV-2)
was thought to be the virus responsible for cervical
cancer. HPV was discovered in 1980, which was later
established as the primary etiological factor in cervical
cancer in 1990. The other viruses described in
literature are Human Immunodeficiency Virus (HIV),
Cytomegalovirus (CMV), Human Herpes Virus 6
(HHV 6), Epstein Barr Virus (EBV) and Hepatitis C
Virus (HCV) (Alibek et al, 2012; Krishnakumar
Duraisamy, 2011; Marinho-Dias and Sousa, 2013;
NobelPrize, 2008). In general the various mechanisms
of actions of these viruses on cervix are: direct action
by causing genetic alteration in host cells and giving
rise to abnormally increased proliferation of cells;
indirect action by decreasing apoptosis of altered cells
and synergetic action with various physical and
chemical carcinogens acting at cervix. These factors
mainly act at squamocolumnar junction or transfor-
mation zone of the cervix where the immature cells
have genetic imbalance are susceptible to malignant
transformation (Jones, 1995; Krishnakumar
Duraisamy, 2011).

HUMAN PAPILLOMA VIRUS (HPV)

It was Harald Zur Hausen, a German scientist; in 1974
put forth the hypothesis that chronic infection of the
cervix by HPV is the cause of cervical cancer. Nearly
after ten years later in 1983 he isolated HPV 16 in cer-
vical cancer cells. Subsequently a year later Harald
isolated HPV 18. The role of HPV in cervical cancer
was established by various large-scale epidemiological
studies and molecular techniques in 1990. In 2008,
Harald received Noble prize for this discovery (Jean
Anderson, 2012; NobelPrize, 2008).

HPV is a non-enveloped, doubled stranded DNA vi-
rus. More than 100 subtypes are described, of which
40 subtypes infect cervix. There are 15 high-risk (HR
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HPV) types which are involved in cervical cancer are
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 and 82.
In persistent infection, the risk of precancerous lesion
is 10-15% in HPV 16/18 infection and 3% in other high-
risk types. HPV causes approximately 90% of all can-
cers in females. HR HPV causes 90-100% of cervical
cancer, HPV 16/18 causes 70% of cervical cancer and
HPV 16 alone causes 50% of cervical cancer. HPV 18
and 45 is more associated with adenocarcinoma of the
cervix. HR-HPV is detected in 88% of squamous cell
carcinoma, 95% of high-grade squamous intraepitheli-
al lesion, 75% of low-grade squamous intraepithelial
lesion, and 14% in normal smear. Multiple HPV
infection in invasive cervical cancer ranged between 0-
36% and HPV 33 is common element in multiple
infections because HPV 33 wusually occurs in
combination with phylogenetically closely related
types as HPV 16, 31, 35 and 58. The virus has early
genes (E1 to E7) that encode proteins that regulate
transcription, replication and maintenance and take an
important role in the early phase of cervical carcino-
genesis. The late capsid genes (L1 and L2) encode
structural proteins that are required to form viral
proteins and hence in replication of the virus (Abreu
et al., 2012; Grcee et al., 2004; Jones, 1995; Kahla et al.,
2012; Khenchouche et al., 2013; NobelPrize, 2008; Villa
and Denny, 2006).

HPV infection is a sexually transmitted disease. Vagi-
nal intercourse is usually associated with micro-
trauma of cervical epithelium by which HPV gains
entry into cervical epithelium, reaches and infects ba-
sal/parabasal cells where it persists as episomal, inte-
grated or mixed forms. Episomal forms are seen in
81.8% of benign cervical lesions and 37.5% in cervical
cancer. Integrated forms are seen in 18.15 in benign
lesions and 62.5% in cervical malignancy. HPV 16 is
present exclusively in episomal forms in 30-70% of
cervical cancer and HPV18 is reported to be mainly in
an integrated form, thus indicating different biological
characteristics of HPV. HPV 18 co-infection was more
likely linked to HPV 16 integrated forms. HPV 18 in-
fected patients show rapid progression through pre-
cancerous stages. Cancer with HPV 16 and 18 are
more aggressive. HPV 33 was found more frequently
associated with HPV 16 episomal forms than HPV 18.
HPV types other than 16 and 18 are an independent
predictor of better survival in patients with cervical
carcinoma. The virus subsequently replicates and also
causes cytological changes in the epithelial cells. The
virus remains in the epithelial cells as it matures into
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Figure 1. Shows natural history of HPV infection (http://www.virology.uct.ac.za/teachhpv.html).

intermediate and superficial keratinocytes and later
shed off at which point the women is infectious. The
natural history of HPV infection depends on persis-
tence or clearance of infection. 90% of infection usual-
ly clears in the early phase of infection in two to three
years usually in adolescence and young adults. If the
infection persists, HPV gives rise to cervical intraepi-
thelial lesion (CIN) which at any phase may regress or
progress to cervical cancer (Fig. 1). The latent period
reported for HPV detection to CIN3 is seven to eight
years, from CIN1 to CIN2 is two to three years and
from CIN3 to invasive carcinoma is five to seven
years. About 40 % of young women have latent infec-
tion of which only 1% is having HR-HPV in cervical
tissue develop cervical cancer. 12% of individuals with
persistent HPV infection develop pre-cancer and can-
cer of the cervix. About 99% of invasive cervical cancer
has been found to be HPV-positive. The peak age of
invasive cervical cancer is 40-50 years of age (Grce et
al, 2004; http://www.virology.uct.ac.za/teachhpv.html;
Jean Anderson, 2012; Kahla et al., 2012; Ononogbu et
al., 2013).

The molecular mechanism of HPV infection which
transforms the epithelial cells into dysplasia or cancer
cells begins with the integration of the viral genome to
host genome with decreased expression of L1/2
protein and increased expression of E1/2 & E6/7

protein. E2 has a crucial role in a viral life as a tran-
scription and a replication factor. E2 disruption is seen
in 62.5% cases of SCC and 18.1% cases of benign le-
sions. The affinity of HPV viral proteins for the prod-
ucts of tumour suppressor genes differs depending on
the oncogenic potential of HPV. E6 and E7 of HR-HPV
bind pRb and p53 respectively with high affinity. The
E6 protein caused the inactivation of P53 protein and
increased expression of P14 protein (tumour suppres-
sor genes). E7 protein caused the inactivation of Rb
protein and increased expression of P16 protein
(tumour suppressor genes). E7 protein of HR-HPV has
10 fold higher efficiency to bind Rb protein than E7 of
low-risk HPV. Hence, E6 and E7 together causes early
immortalization of epithelial cells, deregulation of cell
cycle, chromosomal instability and cervical carcino-
genesis. Inactivation of P53 protein causes decreased
apoptosis, and that of Rb protein causes increased pro-
liferation of cells. In addition, chronic cervicitis by
HPV causes production reactive oxygen species and
free radicals that cause oxidative stress followed by
the negative impact on genetic and cellular processes
(Jean Anderson, 2012; Jones, 1995; Kahla et al., 2012;
Prayitno, 2006).

The HPV cannot be cultured. The infection can be
detected by various methods as electron microscopy,
immunology, serology and molecular technology;
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Figure 2. Shows mechanism of action of HSV in association with HPV (Jones, 1995).

each method has different sensitivity and specificity
(Table 1). The nucleic acid probe methods are South-
ern & Northern blot, dot blot, in-situ hybridization,
signal amplification method as Hybrid capture-2 and
DNA sequencing. Viral capsid proteins (L1 &L2) are
expressed in only productive infection. The detection
of HPV E6 and E7 are more specific. HPV DNA sug-
gests only the presence of the viral genome whereas
Viral RNA assays suggest viral genome expression
and hence the viral activity in the infected cells. The
advantage of in-situ hybridization is, it can be used in
formalin fixed paraffin embedded tissue sections. Hy-
brid Capture (HC), PCR and RT-PCR methods have
high sensitivity and specificity which identifies differ-
ent types of HPV. HC2 is USA FDA approved method
and detects 13 HPV-HR and 5 low-risk types using
RNA probes (Villa and Denny, 2006). PCR detects
more than 48 types by hybridization using type-
specific probes. HPV DNA test is more sensitive (85%)
and has excellent negative predictive value (97%)
which is more important in women who undergo

screening 1-2 times in her lifetime; however it has
poor specificity (84%) and positive predictive value
compared with Pap test. In HPV-positive women, the
risk of developing cervical neoplasia is between 3-10
years. Hence, there is a suggestion to do HPV test first
and if positive followed by cytology test. The risk of
CIN II/IIT in HPV DNA positive and negative cytology
report is 3-7%. Following HPV DNA negative test, six-
year risk of CIN III was as low as 0.27%. HPV geno-
typing is better than HPV DNA test. In 2009, US FDA
approved genotyping test for HPV 16 and 18 (Cervista
HPV 16/18). The risk of CIN III is 10% over 1-4 years
and 2-5 years in women positive for HPV 16 and HPV
18 respectively (Jin et al., 2013; Villa and Denny, 2006).

The merits of HPV tests are; primary screening where
it detects the HPV infection caused by high-risk or
low-risk subtype alone or in combination with Pap
test, test is objective, reduces the frequency of cervical
cancer screening in routine as well as in repeat
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Table 1. Shows various methods used for detection of HPV and its sensitivity and specificity (Villa and Denny, 2006).

Method of detection

Analytical sensitivity/specificity in
detecting CIN 2/3 and cervical cancer.

1. Detection of HPV proteins

a. Immunocyto/histochemistry Low / High
b. Electron microscopy Low / High
c.  Western blots Low / High
2. Detection of HPV genomes
a. Direct method
- Southern blot Moderate / High
- In-situ hybridization Moderate / Moderate
- Dot blot Low / High
b. Signal amplification
- Hybrid capture High / High
c. Target amplification
- PCR High / High
- Real time PCR Very high / High
3. Detection of anti-HPV antibodies
a. Elisa peptides Low / Low
b. VLP Moderate / High
c. Fused E6/E7 High / Moderate

screening especially when combined with cytology
test, more useful in women of 30 years or more where
HPV infection persists, negative results gives greater
reassurance to women, discriminates lesions caused
by HR HPV which has high risk to progress to cancer,
follow-up of women with abnormal screening test but
negative with colposcopy/biopsy, indicates common
subtypes existing in the given population and thus
indicates the effectiveness of HPV vaccine which is a
primary prevention and vaccination against HPV
16/18 potentially prevents more than two-third of
cervical cancer worldwide, increases the quality of
cervical cancer screening as secondary prevention and
used to monitor post-treatment status to assess
recurrent/residual lesion (for 8 years). In post-
treatment cases, the sensitivity of cytology and HPV
tests are 48.8% and 92.7% respectively. HPV test is
also used for triage in ALTS and cases of atypical
glandular cells cytology results. Thus, HPV test helps
in diagnostic and prognostic use in clinical manage-
ment in women with HPV-related cervical disease.
The HPV test provides insight into the biology of
HPV-induced cervical cancer and hopefully leads to
the development of nonsurgical therapies. The
demerits are; the test is not useful in adolescent and

young adults to infection in this population is
transient, positive test leads to unnecessary anxiety in
the patients, due to low specificity there can be
under/over treatment of patients, indicates only
presence of virus in host cells (episomal/integrated)
which may/may not progress to immortalization and
abnormal proliferation of cells. The prevalence of HPV
16 and 18 reported is 10.7% in healthy cervix, 31.5% in
cervicitis, 46.7% in CIN and 83.3% in squamous cell
carcinoma. Hence the emergence of novel markers of
HPV infection and cervical cancer screening that
increase positive predictive value of current screening
methods (Abreu et al., 2012; Apgar et al., 2009; Jin et
al., 2013; Villa and Denny, 2006; Wright et al., 2007;
Zhao et al., 2012).

The novel markers in HPV infection and cervical
cancer screening are: L1/L2 proteins that are positive
in early phase of infection and expression decreases
with integration of viral genome to host genome; HR-
HPV E2 transcripts serve as an additional biomarker
of cervical diseases and is more sensitive indicator of
the genomic disruption than analysis of genomic
DNA; E6/E7 proteins are expressed once there is
integration of viral genome to host genome that has
increased chance of progression and has increased
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Table 2. Shows sensitivity, specificity, positive predictive value and negative predictive value of various novel markers (Villa

and Denny, 2006).

Method Sensitivity Specificity PPV NPV
HC2 (Nucleic acid hybridiza- 87.2% 71.1% 13.7% 99.6%
tion probes)
PCR (Polymerase chain reac- 90.0% 70.5% 14.0% 99.7%
tion)
E6 / E7 (In situ hybridization) 83.7% 85.0% 78% --
P16 (Immunocytochemistry) 88.0% 80.0% - -
P16/Ki67 (Dual stain) 92.0% 80.0% -- --

sensitivity and specificity for cervical cancer
screening; P53, Rb protein, P16, P14, P21, P27, Cyclins
D/A/E markers are expressed following integration of
viral genome to host genome with deregulation of cell
cycle and immortalisation of epithelial cells which
result in increase cell proliferation and decrease in
apoptosis. The dual stains (cocktail markers) like
P16/Ki67, P16/HPV L1 and BD-ProEXC are used
which gives more information about molecular chang-
es in HPV infected epithelial cells. P16/Ki67 indicates
immortalization of HPV-infected cells and abnormal
proliferation of these immortalised cells. P16/HPV L1
indicates HPV infection and progression to immortali-
zation of these cells. BD-ProEXC is expressed when
viral DNA integrates host genome indicating in-
creased levels of E6 and E7 with aberration of S-phase
induction. Table 2. shows the sensitivity, specificity,
positive predictive value and negative predictive value
of some novel markers. The novel markers in HPV
infection play a greater role in cervical cancer screen-
ing (Jin et al., 2013; Kahla et al., 2012; Villa and Denny,
2006).

Human Immunodeficiency Virus (HIV)

It is an RNA virus having lipid envelope. About 33.3
million individuals worldwide are living with HIV of
which 50% are females. HIV and HPV have common
route of transmission, i.e., by sexual contact, and both
has synergetic role. There is increased risk of
CIN/cervical cancer in HIV-infected women as
evidenced in context with HPV infection by increased
prevalence (24-76%) and incidence of infection, greater

prevalence (3-5 times) of oncogenic subtype, persistent
infection, less clearance of infection, reactivation of
latent infection, acquisition of new HPV subtype
infection, multiple HPV subtype infection, increased
viral load and infection by less virulent subtypes
causing risk of cancer. The rate of oncogenic HPV
infection is high especially in cases with increasing
HIV viral load and decreasing CD count of less than
200 indicating impaired cell-mediated immunity
which is required for development of pre-cancerous
lesion and progression of the disease. Each 100
cell/mm? increase in CD4 cell count reduced the risk of
low-grade lesions by 13%, and high-grade lesions by
18% (Jean Anderson, 2012; Ononogbu et al., 2013;
Sinayobye et al., 2014).

Various evidences indicate that in HIV positive
women, there is three times increase in HPV infection,
tenfold higher rate of abnormal Pap smears, four to
five times increase in CIN and nine times increased
risk of cervical cancer. In addition CIN / cervical
cancer is more severe, has extensive/larger volume of
involvement of cervix, likely to involve other areas of
lower genital tract as vulva/vaginal/anal region and
the patients are usually 10-15 years younger than HIV-
negative cases. 20-60% HIV positive women show pre-
cancerous lesion in the cervix compared to 5% in HIV-
negative women. CIN among HIV-positive women
was 8.3 per 100 person-years, compared with 1.8 per
100 person-years among HIV-negative women. The
other facts of cervical cancer in HIV-infected women
are, the rate of metastasis is increased with metastasis
occurring in unusual locations (psoas muscle, clitoris,
meningeal involvement), poor response to standard
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Table 3. Shows the difference of cervical cancer screening in association with HIV infection (Apgar et al., 2009; Wright et al.,

Parameter Without HIV With HIV
1 Age of onset of screening 21 years regardless of risk factors Onset of sexual activity
2 Age: 21 to 29 years Pap test every 3 years Annual
3 Age:>30 years Pap test + HPV every 5 years Annual
4  Discontinuation 65 years Never
5  ASCUS positive Repeat cytology or HPV test Colposcopy

therapy, high recurrence and death due to disease.
The recurrence/death occurs in a short interval com-
pared to HIV-negative women of similar stage. Ad-
vanced HIV infection results in increased HPV viral
load with increased frequency, severity and incidence
of cervical dysplasia. Following ART treatment, there
is enhanced clearance of HPV; however there is no
evidence of decreased risk of cervical cancer, no
regression in abnormal Pap test results but in fact due
to longer life span of these patients with ART therapy,
there is increased risk of CIN/cervical cancer in
absence of comprehensive screening and treatment.
ART has the effect on acute infection but not on ad-
vanced infection. Studies conducted in Rwanda,
Kenya, South Africa; Uganda and Zambia reported
prevalence of cervical pre-cancer and cancer in HIV-
positive women of 24.3%, 26.7%, 66.3%, 73.0% 76.0%
respectively (Jean Anderson, 2012; Ononogbu et al.,
2013; Sinayobye et al., 2014).

The proposed mechanism of action of HIV which
enhances the activity of HPV in cervix is by: (1)
increasing the penetration of HPV into target cells
(basal cells) by disrupting epithelial tight junction by
HIV tat protein and gp 120 protein, release of TNF-
alpha and gamma by infected cells; (2) increase
expression of E and L protein, increase transcription
and thus increase replication of HPV by HIV tat
protein; (3) immune escape of infected cells by shift in
polarisation from Thl to Th2, abnormal cytokine
expression and growth factor production. There are
also evidences that HPV infection increases the likeli-
hood of HIV infection and vice versa (Jean Anderson,
2012; Ononogbu et al., 2013; Sinayobye et al., 2014).

The screening pattern for cervical cancer is different in
HIV-positive women compared to HIV-negative
women (Table 3). Role of HPV test is limited to wom-
en with HIV (Moyer, 2012; Shaw, 2009).

Herpes Viridian group of virus

Herpes group of viruses are double-stranded DNA
viruses. These are the potential candidates and inter-
act with HPV in cervical carcinogenesis as bystand-
ers/cofactors. Four herpes viruses are involved; herpes
simplex virus 2, CMV/ HHV 6 and EBV of alpha, beta
and gamma herpes virus family respectively which
has synergetic action with HPV. These four viruses
share a high degree of genomic homology and,
therefore, share similar oncogene potential (Chan et
al., 2001).

Herpes Simplex Virus 2 (HSV-2)

HSV is an encapsulated double-stranded DNA virus.
It is the HSV-2 that is related with cervical cancer than
HSV1. It was the first virus thought as the primary
etiological factor for cervical cancer in 1960 and 1970.
It is transmitted by sexual contact and proved to have
synergetic role with HPV in causing CIN/cancer. Vari-
ous studies of HSV-2 regarding DNA study, viral
load, serological study and co-infection with HPV has
been done to reveal the role of HS5V-2 or synergetic
action with HPV in the cervix. The HSV-2 DNA, sero-
logical positivity and viral load increased from cervici-
tis to CIN to cancer (both squamous cell carcinoma
and adenocarcinoma). HSV-2 infection or co-infection
with HPV by seroepidemiological studies is strongly
higher in CIN and cervical cancer than in healthy
women. However PCR results of HSV-2 DNA in cer-
vical cancer is variable. However, still the issue is con-
troversial and unclear ranging from no association to
synergetic role with HPV in causing severe cervical
lesions. Some study also states that cervical cancer
may predispose to HSV-2 infection (Lehtinen et al.,
2002; Zhao et al., 2012).

The mechanism of action of HSV-2 in causing
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CIN/cancer are described in the literature; “Hit and
Run” hypothesis stating that the HSV-2 take part in
some phase of cervical carcinogenesis and does not
require retention of HSV viral genes, hence H5V-2 is
not detected consistently in all cervical biopsy of
CIN/cancer suggesting HSV is necessary for initial
transformation of cells and not for its progression.
HSV-2 infection in cervical cells with or without HPV
infection leads to mutation and genetic rearrange-
ments which has growth regulatory mechanism. In
HPV-infected cells, the HSV-2 mutation is more det-
rimental in which HPV E6 inactivates P53 protein,
causes increased abnormal proliferation of HSV-2 mu-
tagenized epithelial cells. Thus, HSV-2 acts as a co-
factor in the progression of CIN to cervical cancer by
inducing DNA damage and chromosomal abnormali-
ties in cervical epithelial cells that are latently infected
with HPV. The other mechanism described are; ulcer
caused by HSV-2 infection facilitates entry of HPV
and reach basal cells, herpetic inflammation interfere
with effective immune response against HPV infection
by suppressing T-helper cell-mediated immune
response, induce production of nitric acid that may
result in cellular DNA damage in HPV-infected cells
and increase risk of carcinogenesis, HSV-2 infection
increase integration of HPV DNA into infected host
cell genome, enhances replication of HPV and thus
facilitates progression of HPV infection to cervical
neoplasia (Fig. 2). HSV-2 is associated with squamous
cell carcinoma, adenocarcinoma and adenosquamous
carcinoma of the cervix (Jones, 1995; Lehtinen et al.,
2002; Smith et al., 2002; Zhao et al., 2012). HSV-2
infection is detected by RT-PCR, PCR, in-situ
hybridization techniques and serological methods of
which RT-PCR is more reliable. The use of immuno-
globulin A than immunoglobulin G as a marker for
the presence of HSV-2 correlates with various stages
of cervical cancer (Jones, 1995; Zhao et al., 2012).

Cytomegalovirus (CMYV)

CMV infection is reported in 50-85% of the worldwide
population in early adulthood. It is transmitted orally,
sexually, parental and by contact with infected body
fluids. There are evidences that it is associated with
some human malignancies. CMV frequently infect the
genital tract. Since early 1960s, CMV is documented to
be associated with cervical carcinoma. Worldwide the
crude frequency of CMV in cervix is 18.9% in all
cervical samples and it varies in different regions as
Africa 61.0%, Asia 26.9%, Europe 6.6%, North America

Biomed Res Ther 2015, 2(3): 220-230

12.8% and Oceania 6.29%. The crude frequency of
CMYV worldwide in cervix in HPV-positive women is
36.5%. However, it is 52.8% in Europe and 23.8% in
Asia. Hence, CMV infection frequency varied with
specific population distribution and reported more in
developing countries than developed. CMV is
reported in all types of cervical lesions; 17.4% in
normal/cervicitis, 28.0% in low-grade squamous
intraepithelial lesion, 19.7% of high-grade squamous
intraepithelial lesion, 44.4% in carcinoma in-
situ/invasive cervical carcinoma and the overall rate is
1.58 to 61.0% in cervical lesions. A case of CMV reacti-
vation is reported following chemo-radiation of inva-
sive cervical carcinoma (Marinho-Dias and Sousa,
2013; Schlumbrecht et al., 2011).

Its role in cervical cancer is still controversial. There
are evidences stating that there is no correlation be-
tween CMV and development of carcinoma cervix. On
the other hand, there are also evidences stating that
CMV infection has increased the risk of developing
cervical cancer. The role of CMV as a co-factor for
HPV or opportunistic infection is yet to be solved
completely. One of the explanations is, primary infec-
tion by CMV when it persists give rise to chronic cer-
vicitis and contributes to immunosuppression in cer-
vix that predispose cervix to acquire HPV infection
and induce HPV mediated cervical cancer. It also reac-
tivates latent HPV infection. The other explanation is
the immediate and early gene products of CMYV,
which transactivate the other viral/cellular genes, i.e.,
HPV and HIV. It also gives rise to concurrent infection
by HPV (Chan et al., 2001; Grce et al., 2004; Marinho-
Dias and Sousa, 2013).

CMV can be detected by PCR, Nested PCR, RT-PCR,
in-situ hybridization, immunofluorescence technique
and antigenemia. PCR and RT-PCR are more reliable
and sensitive (Marinho-Dias and Sousa, 2013). CMV
DNA is isolated in cervicovaginal secretions even
when undetectable in the blood samples. Increased
CMV virus infection was noted in CIN of non-
pregnant women than pregnant women (Grce et al.,
2004).

Human Herpes Virus 6 (HHV 6)

HHYV 6 infects cervical epithelial cells and alters the
expression of HPV genes. HHV 6 genome is a putative
oncogene that transactivates HPV. In vitro, HHV 6
enhances the expression of HPV oncoproteins E6 and
E7. Hence, HHYV 6 is proposed to function in a multi-
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stage carcinogenic process and causes cervical cancer
by up-regulating the expression of HPV E6 and E7
oncogenes. HHV 6 is reported to enhance tumorigen-
icity by “Hit and Run” hypothesis. HHV 6 persists in a
latent state in HPV transformed epithelial cells and
gets reactivated before disease manifestation. The re-
activation is increased in pregnancy and in association
with HIV infection that leads to immunosuppression
and increased transactivation of HPV. There are other
views regarding HHV 6 that it causes progression of
cervical cancer, rapid tumorigenesis and co-presence
of CMV and HHV 6 DNA was significantly higher in
patients with squamous intraepithelial lesion com-
pared to controls. In 2008, Broccolo et al. found that
the prevalence of HHV 6 DNA was significantly high-
er in high-grade squamous intraepithelial lesion.
Hence, HHV 6 acts as a cofactor for HPV. However,
there is no definite consensus regarding the exact
mechanism of HHV 6 action in cervical carcinogenesis
(Chan et al., 2001; Chen et al., 1994; Romano et al.,
1996).

Epstein-Barr Virus (EBV)

EBV is transmitted by the sexual route. EBV genome is
isolated in 26% of normal cervical samples and 55% of
cervical carcinoma samples by in-situ hybridization
and immunofluorescence technique. EBV remains as
latent infection. EBV co-infection with HPV is
documented in cervical cancer cases (Alibek et al.,
2012). It is detected in 69% of SCC, 12.5% of CIN I,
38.9% in CIN II/III and 14% in normal cervical biopsy.
Combination of HPV and EBV is detected in 67% of
SCC in all histologic variants; hence EBV has a role in
cervical carcinogenesis, and such cases have a bad
prognosis. However, EBV has no direct role in cervical
cancer. A study at Algeria showed that co-infection of
EBV and HPV were detected more frequently in CIN
II/III lesions and SCC than in normal and CIN I cases.
EBV were absent in controls, and decline of EBV peak
was noted in benign cervical lesions. This suggests a
possible role of EBV in the late phase of cervical car-
cinogenesis as co-factor, i.e., in final invasive cancer
progression. Women infected with EBV have threefold
likelihood to develop cervical cancer. Still the role of
EBV in cervical cancer is controversial and is a great
debate (Kahla et al., 2012; Khenchouche et al., 2013).
Another study showed HPV in 89% cases of cervical
cancer and HPV with EBV in 68% cases (Prayitno,
2006).
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The ecto and endocervical tissue has EBV/C3d (CD 21)
receptors through which EBV infects and replicates in
cervical epithelium. Such cells are susceptible to other
oncogenic stimuli and thus EBV has a role in malig-
nant transformation (Khenchouche et al., 2013). In a
study, EBV EBNA-1 was more prevalent in cervical
cancer than in benign lesions and in positive cases of
EBV there was a fivefold increase in risk of HPV 16
gene integration in the host genome. Thus, EBV acts as
a co-factor favouring integration of HPV DNA and
thus induces cervical cancer. The other described
mechanisms are, EBV-infected tumour show
lymphocytic infiltration which produce viral IL10
expressed from BCRF-1 that decreases the local
immunity and cause suppression of the response to
HPV transformed cells; EBV contributes to the
integration of HPV16 genome; EBV EBNA1 protein
decreases apoptosis and DNA repair in EBV-
associated lesions contributing to malignant
transformation of co-transfected EBV/HPV lesions
(Kahla et al., 2012; Khenchouche et al., 2013). EBV ac-
tivates the growth-promoting pathway that are nor-
mally triggered by T cell-derived signal (Alibek et al.,
2012). Expression rates of EBER-1 mRNA, LMP-1 and
EBNA-2 were significantly higher in invasive cervical
cancer and CIN than normal cervical tissue suggesting
EBV infection is involved in the development of
cervical cancer (Chhetri, 2010).

EBV can be detected by PCR, RT-PCR, IHC, im-
munoblotting (Western blotting, Southern blotting) by
detecting EBV DNA, BERF-1, EBNA-1 and LMP-1.
PCR is more sensitive (Khenchouche et al., 2013).

Adeno-Associated Virus (AAV)

AAV is single-stranded DNA virus, a human helper
virus dependent Parvovirus. It resided in the genital
tract and transmitted sexually. It has the ability to
suppress the oncogenic phenotype of variety of virus-
es. It prevents the replication of HPVs and thus pre-
vents the development of CIN in HPV-infected pa-
tients in vitro. However in-vivo studies in women
with HPV infection or CIN showed inconsistent re-
sults regarding its role in cervical carcinogenesis. It
reactivates latent HPV infection. Increased AAV2 virus
was noted in pregnant women than non-pregnant
women indicating the reactivation of latent infection
due to hormonal changes and slight immunosuppres-
sion. Hence, it is protective against the progression of
CIN in pregnancy (Grce et al., 2004).
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Hepatitis C Virus (HCV)

Hepatitis C virus is a single-stranded RNA virus re-
ported to be isolated from the malignant tissue of the
cervix that caused chronic hepatitis in a 54-year wom-
an. Hence, they concluded that HCV might have a
direct role in the development and pathogenesis of
cervical cancer (Sasagawa et al., 2000).

CONCLUSION

Better understanding of viral aetiology and its patho-
genesis helps in primary/secondary prevention, better
diagnosis of in early stages of cervical cancer and
hopefully helps in therapy.
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