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1. ABSTRACT

Human papillomavirus (HPV) infections 
can have clinical presentations from self-limited 
benign growth in the skin and mucosal epithelia to 
malignant growth. HPV infects basal epithelial cells 
(undifferentiated keratinocytes) of the squamous-
columnar junction, especially of the cervix. Although 
today we understand HPV oncogenesis very well, we 
have very powerful methods of diagnosis, treatment 
and prevention of HPV related precancerous lesions, 
however, more than 270,000 women annually die 
from cervical cancer worldwide. Integrating HPV 
vaccination with new, more sensitive, cervical 
screening assays as part of routine preventive care 
will improve healthcare for all women. The availability 
of prophylactic HPV vaccines has provided powerful 
tools for primary prevention of cervical cancer and 
other HPV-associated diseases. Secondary prevention 
through primary high-risk HPV (hr-HPV) testing has 
the potential to further reduce morbidity and mortality 
of cervical cancer. However, to achieve the maximum 
benefit of screening, there is need to continue to 
identify women who are either unscreened or under-
screened. Synergies between HPV vaccination and 
HPV screening is recommended to improve the 
effectiveness and cost-effectiveness of prevention 
HPV-related disease.

2. INTRODUCTION

Papilloma viruses (PV) are small non-en-
veloped double-stranded DNA viruses that belong to 
the Papillomaviridae family that infect warm-blooded 
vertebrates, mammals and birds (1-3). Virtually all hu-
mans are simultaneously colonized by several human 
papilloma viruses, causing asymptomatic infections in 
skin and mucosa (2). Human papillomavirus (HPV) in-
fections can have clinical presentations from self-lim-
ited benign growth in the skin and mucosal epithelia 
(hand or plantar warts), to malignant growth (cervical 
or anal cancer) (2, 3).

Skin and genital warts were well known 
among ancient Greek and Romans. Particularly geni-
tal warts were considered as the result of sexual prom-
iscuity and thus, regarded as potentially infectious (4). 

Also, viral DNA similar to HPV-18 and to HPV-91 was 
retrieved from a genital lesion in a female XVI-century 
mummy (2). An Italian physician, Rigoni-Stern (1842), 
analyzed death certificates of women in Verona during 
the period 1760-1839 and noted of a high frequency of 
cervical cancer in married women, widows and prosti-
tutes, but their rare occurrence in virgins and nuns. He 
concluded that the development of this type of cancer 
should be related to sexual contacts (4).

HPV, an epitheliotropic virus, infects basal 
epithelial cells (undifferentiated keratinocytes) of the 
squamous-columnar junction, especially of the cervix. 
The virus makes its entry into the basal epithelial cells 
through micro-wounds or micro-abrasions (2, 5). Hep-
aran sulfate proteoglycans found in the extracellular 
matrix on the cell surface are thought to be the initial 
receptors of HPV. Alpha 6-integrin and laminin-5 play 
an important role as co-receptors for an efficient viral 
infection (6-8).

Papilloma viruses have circular dou-
ble-stranded DNA genomes with sizes close to 8 kb. 
It encodes early genes: three oncogenes, E5, E6, and 
E7, which modulate the transformation process and 
two regulatory proteins, E1 and E2, which modulate 
transcription and replication, E4 that allows viral as-
sembly and late genes encoding two structural pro-
teins, L1 and L2, which compose the viral capsid (3, 
9). There is also an upstream regulatory region (URR) 
harbouring transcription factor-binding sites and con-
trolling gene expression (2).

Classification of HPVs is based on the 
nucleotide sequence of the open reading frame 
(ORF) coding for the capsid protein L1 (1). A new 
papillomavirus isolate is recognized as such if the 
complete genome has been cloned and the DNA 
sequence of the L1 ORF differs by more than 10% 
from the closest known PV type. Differences between 
2% and 10% homology define a subtype and less 
than 2% a variant (3). Among 184 different HPV 
genotypes, only 40 diverse types can infect anogenital 
region which can be classified into 3 classes based 
on their oncogenic potential. HPV-16, -18, -31, -33, 
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-35, -39, -45, -51, -52, -56, -58, -59, -68, -73 and -82 
are included in high-risk group (hr-HPV) while HPV-6, 
-11, -40, -42, -43, -44, -54, -61, -70, -72 and -81 are 
included in low-risk group (lr-HPV) whereas HPV-26, 
-53 and -66 belong to the group of intermediate risk 
(10-12). Authors also found sublineages of some types 
of HPV. So, among HPV-16 were described European 
(Eu), Asian (As), Asian-American (AA), North American 
(NA), African-1 (AF1), and African-2 (AF2) variants, in 
HPV-18 Asian-American (A1 and A2), European (A3 to 
A5) and African variants (B and C) and in case of HPV-
52 A, B and C variant lineages was reported (13-21).

3. VIRAL ONCOGENESIS

It seems that papillomaviruses, like many 
other DNA tumour viruses, cause cancers when their 
regulated pattern of gene expression is disturbed (22).

High-grade neoplasia represents an 
abortive infection in which viral gene expression 
becomes deregulated, and the normal life cycle 
of the virus cannot be completed. Most cervical 
cancers arise within the cervical transformation 
zone at the squamous/columnar junction, and it has 
been suggested that this is a site where productive 
infection may be inefficiently supported (22). Complex 
formation between the products of oncogenes and 
tumor suppressor genes is believed to be important 
in cellular transformation, providing a mechanism 
to disrupt the normal physiological functions of the 
specific tumor suppressor gene products (23).

Although integration is not a part of the 
normal HPV life cycle, hr-HPV DNA is often integrated 
into the human genome in cervical squamous cell 
carcinoma (SCC) tissue sample. It has been proposed 
that integration can be an early event associated with 
progression from low-grade squamous intraepithelial 
lesion (LSIL) to high-grade squamous intraepithelial 
lesion (HSIL), so expected to be a biomarker in cancer 
progression (10). The site of integration is distributed 
throughout the genome as chromosomal fragile sites 
where DNA double strand breaks are failed to repair. 
DNA damage is often induced by oxidative molecules 
and HPV proteins E1, E6 and E7 (10).

Although variable portions of the hr-HPV 
genome are deleted in viral integrants, consistent 
features are loss of the viral E2 gene, which can 
inhibit transcription from the integrated viral promoter. 
Integration is detected in almost 90% of cervical 
carcinomas, in a very high percentage of HPV-16 and 
HPV-18 positive cervical cancers, and at substantially 
lower frequencies in high-grade cervical precancerous 
lesions, however, almost never in early HPV-induced 
lesions (24, 25). In general, integration leads to 
increased expression and stability of transcripts 
encoding the E6 and E7 proteins, which bind and 

disrupt the function of a number of key cellular proteins 
such as p53 and pRb. Such effects are restricted to 
high-risk HPV types, providing a biological explanation 
for the difference in cancer risk associated with hr-HPV 
and lr-HPV types (25).

The oncogenic activity of the E6 proteins 
of the high-risk HPVs has been correlated with their 
ability to interact with and inactivate the cellular p53 
protein (26). E6 proteins stimulate the ubiquitin-
dependent degradation of p53 in vitro. This suggested 
that E6 might function in immortalization by stimulating 
the degradation of p53 (26).The p53 gene has tumor 
suppressor properties and it is a target for several of 
the oncoproteins encoded by DNA tumor viruses (27).

The E7 proteins of different HPVs were 
assessed for their ability to form complexes with 
the retinoblastoma tumor suppressor gene product 
(p105-RB) (23). One consequence of this interaction 
is disruption of the complex that pRB can form with 
the E2F transcription factor (26). The E7-mediated 
release of E2F from these complexes is thought to 
influence the expression of genes involved in cell 
cycle progression (26). Deletions or mutations of the 
retinoblastoma gene, RB1, are common features of 
many tumors and tumor cell lines (28).

So, an important occurrence in cervical 
carcinogenesis is deregulated expression of the hr-
HPV oncogenes E6 and E7. Several risk factors for 
cervical neoplastic progression are likely to contribute 
to viral oncogene deregulation, particularly integration 
of hr-HPV into the host genome (25).

4. PATHOGENESIS AND TRANSMISION OF 
INFECTION CAUSED BY HUMAN PAPILLO-
MAVIRUS

After a successful binding to the receptor, vi-
rus is internalized into the cell by endocytosis (29, 30). 
Then viral genome enters into the nucleus. The E6 and 
E7 HPV proteins hijack the checkpoint mechanisms 
ensuring that the different cell cycle steps are complet-
ed properly. That allows the differentiating keratinocyte 
to enter uncontrolled proliferation (2). Viral genome 
replication switches to support productive viral ge-
nome amplification concomitant with increased levels 
of the E1, E2, E4 and E5 proteins (2). As a result, viral 
copy number amplifies to thousands of copies per cell. 
In the terminally differentiated layer of epithelium L1 
and L2 capsid proteins are expressed and viral parti-
cles are assembled. The virions are sloughed off with 
the dead squamous cells of the host epithelium for fur-
ther transmission (2, 10).

Women acquire HPV through sexual inter-
course with an infected partner and thus HPV prev-
alence is high around the age of sexual debut, when 
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exposure is high in the absence of immunity. Infections 
“clear” within 2 years in more than 90% of individuals 
(31). Therefore conservative management of adoles-
cent girls with high-grade cytological results is a good 
therapeutic option based on the latest knowledge about 
the natural history of HPV infection (32). The infections 
that persist have a higher risk of progression to true 
cervical cancer precursor lesions as cervical intraepi-
thelial neoplasia (CIN 3), and these lesions are likely 
to progress to cervical cancer over a period of several 
years if left untreated (2, 31). Progression of precursor 
lesions to invasive cancer usually requires more than 
one decade, which allows time for the cancer screen-
ing programs, identification and treatment (33). Span-
ish study included women aged 25 years or younger 
with high-grade cytological lesions which were followed 
up at 15 months. During follow-up, 63% of high-grade 
cytological lesions and all high-grade histological le-
sions were cleared. HPV was eliminated from 23% of 
patients with one HPV serotype and 27% with multiple 
HPV serotypes without any treatment (32).

Some clinical and epidemiological observa-
tions have documented that genital HPVs can also 
be transmitted in other ways, especially from mother 
to child. Indirect transmission via HPV-contaminated 
fomites (clothing, sheets, towels, objects and instru-
ments) has also been suggested by some studies, but 
its impact in passing and inducing active infections is 
most likely small if any (34). High risk HPVs were iden-
tified in milk samples of 15% normal lactating women 
and it suggests the possibility of milk transmission of 
these viruses (35).

5. IMMUNOLOGY AND RISK FACTORS FOR 
HPV INFECTION

Natural infection by HPVs causes specific 
immune response in most cases but only a limited 
number of individuals develop high antibody titres 
that provide protection against reinfection with the 
same type (36-38). It is still unclear why natural 
immunity does not always generate protective immune 
responses (2). Possible explanation is that during 
infection, L1 protein will usually be exposed to the 
immune system at very low dose and predominately 
in a noninflammatory setting, a situation that would 
seem unlikely to induce a long lived germinal center 
reaction. With intramuscular vaccination, the antigen is 
delivered at high dose to the systemic immune system 
in a pro-inflammatory context, due to the presence 
of the adjuvant. This type of exposure of a repetitive 
particulate antigen generally induces a strong germinal 
center reaction in the draining lymph nodes (39).

Persistence of the virus is essential for 
development of high-grade CIN and cervical cancer 
and factors that correlate with higher persistence rates 
include age, immunodeficiency, cigarette smoking, 

long-duration oral contraceptive use, Chlamydia 
trachomatis infection and multiple live births (31, 40). 
Japanese study conducted among female college 
students shows that 125 (16.2.%) of them were 
positive for hr-HPV. They showed that HPV infection 
was associated with smoking history, total number of 
partners, number of partners in the past 6 months, 
improper use of condoms, and chlamydial infection 
(41). Study performed in Brazil try to find link between 
hr-HPV and other sexually transmitted diseases in 
the risk of developing cervical cancer. Authors found 
that C. trachomatis and Neisseria gonorrhoeae were 
the primary pathogens associated with hr-HPV for the 
increased risk for all grades of cervical abnormalities 
but mainly for HSIL, suggesting a possible synergistic 
action in cervical lesions progression (42). Latent 
infection with Epstein-Barr Virus (EBV) can act as a 
carcinogenic co-factor. Presence of EBV co-infection 
is associated with a five-fold higher risk of integration 
of concurrent hr-HPV into the human genome which 
is an important step in the progression to invasive 
carcinoma (43).

The vaginal microbiota plays a significant role 
in health and disease of the female reproductive tract 
(44). The investigators observed that HPV-positive 
women having higher species diversity and significantly 
less Lactobacillus spp. Presence, compared to 
their uninfected twin (45). Bacterial vaginosis, often 
associated with strict anaerobic species including 
Gardnerella, Megasphera, Sneathia and Prevotella 
has previously been correlated with higher incidence, 
prevalence and persistence of HPV infection and with 
development of CIN (44, 46-48). In the case of the 
female reproductive tract, health is more commonly 
associated with low microbial diversity and dominance 
by only one or a few species of Lactobacillus (40, 
44). Brotman and colleagues also suggested that 
vaginal microbial community CST II (community state 
type II), dominated by Lactobacillus gasseri, may be 
associated with the most rapid clearance of acute HPV 
infection (46). Rational selection of probiotics would 
be most effective for women’s health and protection 
from sexually transmitted diseases (46). Probiotics 
have also been suggested as an intervention to 
promote HPV clearance, and in vitro and in vivo 
evidence exist to support this technique (40). Results 
from the Ludwig-McGill cohort study provide novel 
insights on reproductive health and vaginal hygiene 
factors in HPV infection. This study shows that use 
of menstrual cloths had a slightly protective effect on 
HPV infections, while use of hygienic tampons had an 
adverse effect. Authors speculate that tampon use can 
lead to dryness and irritation in the vagina and cervix, 
thereby increasing susceptibility to HPV infections 
through possible tearing or microabrasions (49).

The International Agency for Research on 
Cancer (IARC) has classified both HPV and human 
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immunodeficiency virus type 1 (HIV) as carcinogens: 
HPV is a direct carcinogen and HIV-1 is an indirect 
carcinogen through immune suppression (50). HPV 
prevalence is very high in HIV-infected people (50). 
The meta-analysis performed on 113 publications 
showed that prevalence of cervical high-risk HPV 
infection among persons living with HIV/AIDS was 46% 
versus 29% in US females (51). Studies performed in 
Cape Town, South Africa on 1,371 HIV-positive women 
and 8,050 HIV-negative women, aged 17-65 years, 
showed that HPV prevalence was higher among HIV-
positive women (52.4.%) than among HIV-negative 
women (20.8.%) (52). HIV-positive women were more 
likely to have CIN 2 or 3 than HIV-negative women and 
infections with multiple high-risk HPV types were more 
common in HIV-positive than HIV-negative women 
(52, 53). 

Immunosuppressed allograft recipients are at 
a high risk of certain infections such as HPV and its 
related malignancies (54). In Iranian study, performed 
on 58 female kidney transplant recipients, the 
incidence of HPV infection was zero before transplant 
surgery, but it increased to 6.9.% one year later. 
Authors suggested that HPV and Pap test screening 
should start before planned transplant surgery, and 
they should be repeated at regular intervals in order 
to avoid irreversible situations such as high-grade 
SILs that are difficult to treat (53). On the other side 
Polish studies showing no correlation between hr-
HPV presence and immunosuppressive regimen, 
underlying disease, graft function, or time interval from 
transplantation (55, 56).

The natural history of CIN and HPV infection 
during pregnancy was studied among pregnant and 
non-pregnant women. Authors compared the rates 
of persistence, progression and regression of CIN by 
colposcopically guided biopsy during pregnancy with 
outcome in non-pregnant-women. The postpartum 
histopathologic evaluation of the pregnant cohort 
revealed a significantly higher tendency to spontaneous 
regression (56.9.% versus 31.4.%) and a considerably, 
but not significantly higher complete remission rate 
(41.2.% versus 27.5.%) when compared to the non-
pregnant cohort. Authors observed a significantly 
lower CIN persistence rate than in the non-pregnant 
cohort (39.2. versus 58.8.%). The progression rate 
was notably low in the pregnant cohort (3.9. %) and 
no progression to invasive cancer was observed. This 
study suggests that a conservative management of 
CIN in pregnancy is safe because of high regression 
rates and low progression rates after delivery (57).

6. EPIDEMIOLOGY OF HUMAN PAPILLOMA-
VIRUS

Every year more than 270,000 women die 
from cervical cancer and the majority of these deaths 

are in low and middle income countries (58, 59). The 
worldwide prevalence of infection with HPV in women 
without cervical abnormalities is 11-12% (59). Cervical 
cancer ranks 3rd place amongst cancers affecting 
women worldwide and 2nd in developing countries 
(60). Women in developing countries account for 85% 
of the global incidence of cervical cancer. Incidence 
rates are nearly double in developing compared to 
developed countries, 17.8.% and 9.0.%, respectively. 
This difference is thought to be largely due to the 
implementation of early diagnostic screening methods, 
which have reduced the risk of cervical cancer 
associated with persistent HPV infection (58, 60). The 
peak age for infection in girls is around 20 years (40). 
It is estimated that 80% of sexually active women will 
have been infected at some point by age 50 (40). To 
estimate of the prevalence and characteristics of HPV 
genomes, authors examinated tissue from the cervices 
of 99 women undergoing hysterectomy for reasons 
unrelated to epithelial abnormality. In situ hibridization 
detected hr-HPV in 42% of study population (61). 
HPVs-16 and -18 are the most oncogenic and prevalent 
viruses and are responsible for around 70% of cases 
worldwide (40, 62), although the estimated HPV-16/18 
fraction is slightly higher in more developed (72-77%) 
than in less developed (65-72%) regions (63). The 
eight most common types (HPV-16, -18, -33, -45, -31, 
-58, -52 and -35) accounted for 90% of cases (63). 
Different studies noticed regional differences among 
prevalence of HPV types in populations. HPV types 
16 or 18 (HPV 16/18) were identified in 93.5. % of 
HPV-positive invasive cervical cancers (ICC) from the 
Indianapolis, Indiana, USA, in 93.8. % from Kenya, 
and in 61.8. % from Botswana (64). Because HPV 
vaccines are available, this malignancy is theoretically 
preventable, but the vaccines are largely type-specific 
in protection against infection. It is important to 
understand differences in the HPV types causing ICC 
in different regions of the world (64).

Many studies have examined the knowledge 
and opinions about HPV. Argentinean study showed 
that women, single people, workers, the better 
educated, those who have had a STDs or HPV and 
receiving information through medical or educational 
establishments had greater knowledge of the topic 
(65). In Greece, senior students, students of the health 
sciences, and students with a working mother, had 
more often a higher total level of knowledge about 
HPV (59). In studies conducted on adolescents and 
university students in Scotland, Portugal, and Italy, 
it was reported that percentage of respondents who 
knew that HPV causes cervical cancer was above 90 
% (65). The most significant reasons for ignorance of 
having vaccination (39.4.% answers) were “Vaccination 
is expensive” and “Worried about side effects” (66). A 
prospective survey of women 18–26 years of age was 
conducted at an urban university student health clinic 
(University of Missouri, Kansas City) and regardless 
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of the woman’s vaccination status, women had 
significantly higher (strongly agree/agree) preferences 
for the male partner being vaccinated with quadrivalent 
HPV vaccine than not caring if he was vaccinated (67).

7. CLINICAL MANIFESTATIONS OF HUMAN 
PAPILLOMAVIRUS INFECTION

The vast majority of HPV infections at all sites 
are subclinical and asymptomatic. These infections 
are characteristically noninflammatory; therefore, most 
individuals who acquire HPV never know that they 
have been infected (68).

Female LR-HPV infection of the anus, cervix, 
vagina, and vulva can result in benign warts caused 
predominantly by HPV types 6 and 11 (68).

About 90% of hr-HPV infections are self-
limited and regress spontaneously within several 
months (5, 6). In about 10% of the cases, however, the 
infection persists and may progress to a transforming 
hr-HPV infection that induces outgrowth of high 
grade preneoplastic lesions or invasive cancers (24). 
The precancerous lesions, caused by HPV, which 
progress to squamous cell carcinoma (SCC) are called 
cervical intraepithelial neoplasia (CIN) or squamous 
intraepithelial lesion (SIL) which is classified according 
to the grade of the lesion. A productive hr-HPV infection 
may develop into low-grade SILs (LSILs) which are 
nonmalignant bearing the low risk of progression to 
malignancy and corresponding to CIN 1. The high-
grade SILs (HSILs) comprise abortive virus infections 
in which there is deregulated expression of HPV early 
genes in basal epithelial cells, with a greater risk of 
progression to invasive disease and corresponding 
to CIN 2/3. Squamous cell carcinoma (SCC) is the 
most common type of cervical cancer (10, 69, 70). hr-
HPV infection can cause both high-grade squamous 
intraepithelial lesions (HSILs), CIN, VIN (vulvar 
intraepithelial neoplasia), VAIN (vaginal intraepithelial 
neoplasia), and AIN (anal intraepithelial neoplasia) 
as well as invasive cancer at all female anogenital 
sites, though hr-HPV cancers occur at a much higher 
frequency at the cervix than at the other sites (68).

The glandular epithelium is also vulnerable 
to HPV infections, especially by HPV-18, which may 
cause adenocarcinoma (ADC), while HPV-16 is being 
identified more often in SCC than in ADC (63). The 
adenocarcinoma of the uterine cervix accounts for 10 
to 20% of the premalignant and malignant lesions and 
is different from the cervical intraepithelial neoplasia 
and invasive squamous cell carcinoma (71).

HPV infection in the anogenital tracts of 
men is more likely to remain undetected. Benign 
warts and flat lesions can occur in all areas of the 
male lower genital tract, and HR-HPV infection may 
rarely result in the development of anal and penile 

intraepithelial neoplasia (AIN and PIN) and cancers 
(68). Anal infection with oncogenic genotypes of HPVs 
is a key causal precursor of anal cancer via the same 
mechanism as for cervical cancer. Similar to cervical 
cancer, anal cancer is suspected of progressing from 
AIN. The spectrum of AIN includes low-grade lesions 
(AIN 1) and high-grade lesions (AIN 2 and AIN 3) (72).

8. DIAGNOSIS OF HUMAN PAPILLOMAVIRUS 
INFECTION

Molecular understandings of malignant 
transformations of the lower genital tract caused by 
Human papillomavirus and epidemiologic information 
have led to development of many strategies for 
timely detection and early intervention. Newer tests 
for oncogenic HPV genotypes have made it possible 
to predict the risk of future development of cervical 
cancer (73). Selection of a screening assay involves 
a balance between accuracy, reproducibility, cost, and 
easy integration into screening programs (coverage, 
acceptability, technology requirements) (74).

8.1. Direct visual inspection with acetic acid of the 
cervix (VIA)

VIA is the simplest and cheapest method that 
is used in many screening programs for cervical cancer 
in low income countries. It involves examination of 
the cervix with naked eye, using a bright light source, 
after application of 3-5% dilute solution of acetic acid 
to the cervix using cotton swab or spray. Detection of 
well-defined aceto-white areas close to the squamo-
columnar junction indicates positive test. In neoplasia 
there is higher concentration of intracellular proteins 
that with acetic acid produce aceto-whitening (due to 
a reversible coagulation of intracellular proteins with 
acetic acid). Advantages of VIA are: it is inexpensive, 
it can be carried out using modest equipment without 
the need of laboratory infrastructure, health workers 
can be rapidly trained to perform VIA in short courses, 
it yields an immediate result and it is possible to 
treat abnormal lesions at the same visit “screen and 
treat” The test has a sensitivity to detect high-grade 
precursor lesions and cervical cancer of 84% (range 
66-96%) and specificity of 82% (range 64-98%). 
VIA done alone is not sufficient to diagnose cervical 
lesions, but if it is followed by HPV DNA test could 
be cost effective cervical cancer screening strategy 
in low resource areas. Visual inspection with Lugol’s 
iodine (VILI) instead of acetic acid can be used too 
(identification of mustard-yellow lesions in the cervix 
immediately after application) (73, 75-78).

8.2. Cervical cytology using either conventional or 
liquid based cytology (LBC)

Cervical cytology as a standard for secondary 
prevention has been conducted in developed 
healthcare systems for many years. Organized and 
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quality assured cytology-based screening programs 
have substantially reduced cervical cancer incidence in 
many developed countries, where adequate resources 
exist to ensure high quality and good coverage of 
the population at risk. The key of this success lies 
in a systematic program where every woman in the 
screening age range received regular invitations (79).

8.2.1. Conventional cytology or Pap smear

Conventional cytology or Pap smear has 
been the main method of cervical screening for 60 
years. It was the first cervical screening test and its 
use significantly reduces the incidence of cervical can-
cer. After taking sample with spatula, brush or plas-
tic broom, exfoliate is rolled immediately onto a glass 
slide, then fixing and staining (76).

8.2.2. Liquid based cytology

Liquid based cytology (LBC) is more sensitive 
than conventional cytology. After taking sample 
with brush, exfoliate is stirred immediately into a pot 
containing a preservative fluid (ThinPrep, Hologic, 
Bedford, MA, USA) and, on receipt at the laboratory, 
the cells are aspirated onto a filter and stained on a 
glass slide. Slide has a more homogenously spread 
preparation in compare to Pap smear, and LBC was 
shown to reduce inadequate slides by 80%, thereby 
decreasing a need to re-testing and increasing 
laboratory throughput. The liquid residue of sample 
can be used for further testing, such as HPV (79).

According “The 2014 Bethesda System” for 
reporting cervical cytology, squamous epithelial cell 
abnormalities are classified as: 1. Atypical squamous 
cells (ASC): - of undetermined significance (ASC-
US), or - cannot exclude HSIL (ASC-H), 2. Low-
grade squamous intraepithelial lesion (LSIL) (HPV 
mild dysplasia, CIN 1), 3. High-grade squamous 
intraepithelial lesion (HSIL) (moderate and severe 
dysplasia; CIN 2 and CIN 3), 4. Squamous cell 
carcinoma (SCC). The dichotomous reporting 
terminology for LSIL and HSIL is maintained and reflects 
our current understanding of the natural history of 
HPV-related infections - low-grade changes represent 
productive, largely transient HPV infection, and high-
grade morphology represents a precancerous lesion. 
The focus of cervical cancer screening is primarily 
aimed at detection and treatment of HSIL (80).

The sensitivity of cytology to detect high-
grade lesions ranges from 30% to 87% with an 
average specificity of 62% (61-94%), depending on 
the laboratory, the experience of the cytologists, the 
adequacy of the sample and the fixation technique 
(73). Cytology has a lot of limitations: it depends of 
specimen quality, it has limited sensitivity and poor 
reproducibility, and it is subjective method, labour 

intensive with highly trained personnel and some 
specialized equipment. Advantages of cytology are: its 
simplicity, relative low-cost of one test but because of 
low sensitivity it needs to be repeated in short intervals 
(it requires a lot of interventions in a lifetime, at least 
every three years). Probably on the end cytology is 
not the most cost-effective option for screening (75, 
79). Unfortunately, the benefits of cytology screening 
have not been available to countries in the developing 
world due to lack of resources and infrastructure, with 
80% of overall cervical cancer incidence and mortality 
in these countries. Therefore, the new approaches 
have been introduced, such as a strategy of primary 
prevention offered by vaccination, and such as new 
cost-effective strategies of secondary prevention 
offered by HPV DNA testing, which are feasible in 
low-resources settings (79). A switch from cytology 
to molecular approach integrated into cervical cancer 
screening is the most likely solution to the goals of 
improved screening in both developed and developing 
world (74).

8.3. High risk (hr) Human papilloma virus (HPV) 
testing

HPV testing was originally used as reflex 
testing after cytology to help triage atypical Pap smears 
to colposcopy or to close follow-up. HPV test has 
better sensitivity to detect high-grade cervical lesions 
(about 90%) than the cytological examination, it helps 
to resolve uncertain cytological diagnosis (ASCUS, 
LSIL), but this test lacks specificity (about 60%) 
due to the fact that it cannot separate transient from 
persistent infection, and only the latter are associated 
with an increased risk of high-grade CIN and cancer 
(73, 78). Adding cytology to HPV testing increased the 
sensitivity to 96.7.% (81).

The recognition of the strong causal 
relationship between persistent infection of the genital 
tract with high-risk HPV types and occurrence of 
cervical cancer has resulted in the development of 
series of HPV-DNA or -RNA detection systems (82).

8.3.1. HPV DNA testing

Due to the important implication of HPV 
infection in the development of gynecological 
malignancies, routine HPV diagnostics has become 
a standard of care in the triage of borderline and 
low-grade abnormal cytology to evaluate treatment 
efficacy, and as an adjunct to cytology in women 
above 30 years. In some countries, the use of HPV 
testing is starting to replace cytology, as a primary 
screening. HPV can be detected as a contamination, it 
can be present in productive as well as in transforming 
infections, and its detection does not primarily correlate 
with the clinical importance. A certain amount of virus 
has to be present for a certain time in order to induce 
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cervical neoplasia. Therefore, transient infection with 
HPV and minimal viral load are clinically irrelevant. 
Hence routine HPV testing requires a detection 
system with a clinically defined cut-off value for viral 
load to avoid HPV-positive results which compromise 
specificity and cause unnecessary further diagnostic 
procedures and treatments (83).

All HPV tests currently in diagnostic use 
(some of them listed below) rely on the detection of 
HPV nucleic acids in clinical specimens, and they can 
be divided in several groups (84-86).

8.3.1.1. High-risk HPV-DNA-based screening 
assays

They represent a group of qualitative or 
semi-quantitative multiplex assays in which the DNA 
of the targeted HPV types is detected using mixtures 
of probes (probe cocktails) for several HPV types with 
similar clinical characteristics. The results are reported 
as positive or negative for the targeted HPV types 
without determination of the exact HPV type (84, 85).

8.3.1.1.1. Hybid capture 2 high-risk HPV DNA test

Hybrid Capture 2 High-Risk HPV DNA Test 
(hc2; Qiagen, Hilden, Germany) was approved by 
the FDA (Food and Drug Administration) in 2003 for 
the routine detection of hr-HPV infection for triage 
in cases of equivocal cytology results (ASC-US), to 
determine which patients should be referred for a 
colposcopy, and as a screening test for use in addition 
to cytology screening for women 30 years of age and 
older (83, 84, 87) (Table 1). This test, using Hybrid 
Capture 2 technology, is a nucleic acid hybridization 
assay with signal amplification that utilizes microplate 
chemiluminescent detection. Specimens containing 
the target DNA hybridize with a specific HPV RNA 
probe cocktail for 13 HPVs: HPV-16, -18, -31, -33, 
-35, -39, -45, -51, -52, -56, -58, -59 and -68. The 
resultant RNA:DNA hybrids are captured onto the 

surface of a microplate well coated with monoclonal 
antibodies specific for RNA:DNA hybrids. Immobilized 
hybrids are detected by the addition of an alkaline 
phosphatase marked antibody to hybrids, followed 
by the addition of a chemiluminescent substrate. The 
intensity of the light emitted denotes the presence or 
absence of target DNA in the specimen (84). Women 
who are hc2 hr-HPV negative at screening have a 
lower risk of developing CIN 3+ lesions in the next 
3–6 years compared with women with a negative 
cervical cytology result. Primary screening for hr-HPV 
types using hc2 is more sensitive but less specific for 
identifying underlying CIN 2+ and CIN 3+ compared 
with cytology. The main problems of hc2 test are: lack 
of internal control to evaluate specimen adequacy 
(for the presence of human cellular material) or the 
presence of potentially interfering substances, and 
analytical inaccuracy due to the cross-reactivity of 
its probe cocktails with untargeted HPV types (false-
positive results may result in unnecessary colposcopy 
procedures) (83, 84). The potential for cross-reaction 
with certain low-risk HPV types is 7.8.% of all positive 
hc2 results (84, 88). The test has a sensitivity to detect 
high-grade precursor lesions and cervical cancer 
ranging between 91.3.% and 97.3.% and specificity 
from 57% to 93.2.% (73, 78, 83, 87).

8.3.1.1.2. Cervista HPV HR test 

Cervista HPV HR Test (Hologic, Madison, 
WI, USA) is another FDA-approved (since 2009) 
signal amplification-based qualitative test for the 
routine detection of 14 HPVs: HPV-51, -56, -66, -18, 
-39, -45, -59, -68, -16, -31, -33, -35, -52 and -58  
(Table 1). Test is approved for screening patients 
with ASC-US cervical cytology results to determine 
the need for referral to colposcopy; and to be used 
adjunctively with cervical cytology to screen women 
30 years of age and older to assess the presence 
or absence of hr-HPV types. It has internal control 
to evaluate specimen adequacy (for presence of 
cellular DNA in the sample). The assay showed no 

Table 1. Food and drug administration approved HPV tests

HPV test (manufacturer) FDA 
approved Method References

Hybride Capture 2 HR HPV DNA test 
(Qiagen) 2003 hr HPV DNA screening test 84-86, 87, 

100

Cervista HPV HR test (Hologic) 2009 hr HPV DNA screening test 84-86, 100

Cervista HPV 16/18 test (Hologic) 2009 hr HPV DNA screening test with reflex individual genotyping for HPV-
16 and -18 84-86, 100

Cobas 4800 HPV test (Roche) 2011 hr HPV DNA screening test with concurrent individual genotyping for 
HPV-16 and -18 84-86, 100

Aptima HPV Assay (Gen Probe) 2011 hr HPV E6/E7 mRNA test 84-86, 100

Aptima 16,18/45 Genotype Assay  
(Gen Probe) 2012 hr HPV E6/E7 mRNA test for HPV-16,-18 and -45 84, 85, 100
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cross-reactivity with DNA from 7 lr-HPV types and 
17 different microorganisms (84). The test has a 
sensitivity to detect high-grade precursor lesions and 
cervical cancer ranging between 89% and 98% and 
specificity from 85.2.% to 91.2.% (89).

8.3.1.1.3. Amplicor HPV test 

Amplicor HPV Test (Roche Molecular 
Systems, Pleasanton, CA, USA) is a qualitative PCR-
based test designed to detect the same 13 HPV types 
as hc2: HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, 
-56, -58, -59 and -68. Similarly to hc2 and Cervista, 
Amplicor expresses the results of the tested group 
of hr-HPV types as positive or negative. Amplicor is 
based on standard PCR amplification and detection of 
PCR products on microwell plates, with a human beta-
globin as internal control. Amplicor is analytically more 
specific than hc2 for detecting targeted hr-HPV types, 
mainly due to hc2 cross-reactivity with nontargeted 
lr-HPVs. However, because of the higher analytical 
sensitivity, the clinical specificity of Amplicor was 
significantly lower in comparison with hc2 (84).

8.3.1.1.4. CareHPV test 

CareHPV Test (Qiagen, Gaithersburg, 
MD, USA), based on simplified hc2 technology, with 
support from the Bill and Melinda Gates Foundation, 
has been recently developed to detect the 13 HPV 
types included in the original hc2 plus HPV-66, in 
approximately 3 h. Such rapid, this test is promising as 
a primary screening method for prevention of cervical 
cancer in low-resource countries, due to the ability to 
obtain accurate HPV results in a few hours, allowing 
the treatment of high-grade CIN during the same visit 
(“screen and treat strategy”). Test showed sensitivity 
and specificity for CIN 2+ of 90% and 84.2.%, 
respectively (84, 90).

8.3.1.2. hr-HPV-DNA-based screening assays with 
concurrent or reflex testing

Numerous studies showed a significantly 
higher risk for the development of a CIN 2+ among 
women positive for HPV-16 and HPV-18 compared 
to positivity for other high-risk types. Therefore, HPV 
screening that distinguishes HPV-16 and HPV-18 from 
other hr-HPV types may identify women at greatest risk 
of CIN 3 and may permit less aggressive management 
of women with other hr-HPV infections (84, 91). 
Based on these data, which clearly demonstrated 
the exceptionally high oncogenic potential of HPV-16 
and HPV-18 compared with other hr-HPV types, the 
ASCCP (American Society for Colposcopy and Cevical 
Pathology) consensus guidelines for the management 
of women with abnormal cervical cancer screening 
tests included a recommendation that women could 
benefit from HPV-16/HPV-18 genotyping. High-risk 

HPV-DNA-based screening assays with individual 
or pooled HPV-16 and HPV-18 genotyping are a 
group of HPV assays in which qualitative detection 
of 13–14 HPV types is combined with concurrent or 
reflex HPV-16 and HPV-18 genotyping (84, 92). Four 
commercially available assays have the potential to 
be used to separate cytology negative/hrHPV-positive 
women at high risk for CIN 3+. Currently, two of the four 
available assays are FDA-approved for this indication 
(Table 1). Two of the available assays allow concurrent 
detection of 14 HPVs and individual typing for HPV-
16 and HPV-18, and two assays are designed to be 
used for HPV-16 and HPV-18 reflex testing after HPV 
positivity is determined by corresponding HPV DNA-
based screening assays (84).

8.3.1.2.1. Abbott realtime high risk HPV test

Abbott RealTime High Risk HPV test (Abbott 
Molecular, Wiesbaden, Germany) is a real-time 
PCR (Polymerase Chain Reaction) assay based on 
concurrent individual genotyping for HPV-16 and 
HPV-18 and pooled detection of 12 other HPVs: HPV-
31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66 and 
-68. Amplification of human beta-globin is used as an 
internal control. The fully automated high-throughput 
instrument m2000sp or smaller m24sp instrument can 
be used for DNA extraction or, alternatively, DNA can 
be prepared manually. RealTime has similar analytical 
sensitivity but better analytical specificity than hc2 for 
detecting targeted hr-HPVs, mainly due to hc2 cross-
reactivity with non-targeted lr-HPV types. The test has 
a sensitivity to detect high-grade precursor lesions and 
cervical cancer ranging between 95.6.% and 100% 
and specificity from 93% to 93.3.% (93, 94).

8.3.1.2.2. Cobas 4800 HPV test 

Cobas 4800 HPV Test (Roche Molecular 
Diagnostics, Pleasanton, CA, USA) is a real-time 
PCR assay, FDA approved since 2011, based on 
concurrent individual genotyping for HPV-16 and 
HPV-18 and pooled detection of 12 other HPVs: HPV-
31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66 and 
-68  (Table 1). Amplification of human beta-globin is 
used as an internal control (84). This test is performed 
using the cobas 4800 System, which consists of two 
separate instruments. The cobas x480 instrument 
is an automated multichannel pipetting instrument 
used to extract purify and prepare target nucleic 
acid, which then automatically sets up the PCR in a 
microwell plate. The microwell plate with the PCR-
ready samples is then manually unloaded, sealed 
and transferred to another instrument cobas z480 
analyzer, a rapid thermal block cycler for amplification 
and detection using real-time PCR. The cobas 
4800 System has software that integrates sample 
preparation, amplification and detection, and result 
management (84, 95, 96). The Roche Cobas HPV 
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test is the only one that is approved by the FDA (since 
2014) as a primary screening test (95, 96). This was 
based on the results of ATHENA (Addressing the Need 
for Advanced HPV diagnostics) trial, which showed 
that the Cobas 4800 system was more accurate than 
HC2 (73). The test has a sensitivity to detect high-
grade precursor lesions and cervical cancer ranging 
between 90% and 98.3.% and specificity from 86.2.% 
to 94.6.5% (89).

8.3.1.2.3. Cervista HPV 16/18 test

Cervista hpv 16/18 test (hologic, madison, 
wi, usa) is a signal amplification qualitative test, which 
separately detect HPV-16 and HPV-18. It is intended 
to be used as a reflex test after hr-HPV positivity is 
detected using Cervista. Test has an internal control, 
producing a signal from cellular DNA present in the 
sample. This test is FDA-approved (since 2009) to 
assess the presence or absence of specific hr-HPV 
types for two clinical indications: adjunctively with 
Cervista in patients with ASC-US cervical cytology 
results, and, second, in women 30 years of age and 
older the test may be used adjunctively with Cervista in 
combination with cervical cytology (Table 1) (84).

8.3.1.2.4. HR-HPV 16/18/45 probe set test

HR-HPV 16/18/45 Probe Set Test (PST; 
QIAGEN, Hilden, Germany) is a signal amplification 
qualitative test based on standard hc2 chemistry 
specifically designed to detect HPV-16, HPV-18 and 
HPV-45. It is intended to be used as a reflex test 
after hr-HPV positivity is detected using standard 
hc2. Similarly to standard hc2, PST does not identify 
specific HPV types but expresses the test result as 
negative or positive for three targeted HPV types 
(84, 97).

8.3.1.3. HPV DNA-based full genotyping assays

HPV DNA-based genotyping assays allow 
exact determination of several HPV types present 
in a clinical sample. As the use of prophylactic HPV 
vaccines becomes more widespread, surveillance 
for population level effectiveness will become an 
increasingly important activity, which will require the 
use of a HPV genotyping method (74, 84). The most 
frequently used HPV genotyping assays today utilize 
the principle of reverse line-blot hybridization. In these 
assays a fragment of the HPV genome is first PCR-
amplified using biotinylated HPV-specific primers 
and the resulting amplicons are then denatured and 
hybridized with HPV-specific oligonucleotide probes 
immobilized as parallel lines on nylon or a nitrocellulose 
membrane strip. The genotyping strip is then read and 
interpreted visually by comparing the pattern of HPV-
positive probes to the test reference guide for each of 
the targeted HPV types (84, 87).

8.3.1.3.1. INNO-LiPA HPV genotyping

INNO-LiPA HPV Genotyping (Innogenetics, 
Gent, Belgium) is one of the most widely used HPV 
genotyping tests. INNO-LiPA Extra allows simultaneous 
identification of 28 different HPV types: HPV-6, -11, 
-16, -18, -26, -31, -33, -35, -39, -40, -43–45, -51–54, 
-56, -58, -59, -66, -68, -69, -70, 71, -73, 74 and -82. 
This test showed a significantly higher sensitivity for 
the detection of multiple infections (84). The test has a 
sensitivity to detect high-grade precursor lesions and 
cervical cancer of 95.8.% and specificity of 96.7.% 
(89).

8.3.1.3.2. Linear array HPV genotyping test 

Linear Array HPV Genotyping Test (Roche 
Molecular Systems, Pleasanton, CA) is one of the 
most commonly used HPV genotyping assays, which 
combines PCR amplification and reverse line-blot 
hybridization for the identification of 36 alpha-HPV 
types: HPV-6, -11, -16, -18, -26, -31, -33, -35, - 39, 
-40, -42, -44, -45, -51–54, -56, -58, -59, -61, -62, -64, 
-66–73, -81–84 and 89, and one subtype (subHPV-82 
or IS39). It has internal control. Linear Array was able 
to detect more multiple HPV infections and a greater 
number of HPV types per multiple infections. Linear 
Array has a sensitivity of 98.2.% for detection of CIN 
2+ lesions (84, 98).

8.3.1.3.3. PapilloCheck HPV-screening test 

PapilloCheck HPV-Screening Test (Greiner 
Bio-One GmbH, Frickenhausen, Germany) is one 
of the most frequently used PCR-microarray-based 
assays. The assay allows identification of 24 HPV 
types: HPV-6, -11, 16, -18, -31, -33, 35, -39, -40, -42–
45, -51–53, -56, -58, -59, -66, -68, -70, -73 and -82. 
Microarray-based HPV genotyping assays employ 
the principle of reverse hybridization. Following PCR 
amplification of a fragment of a viral genome with 
HPV-specific primers, the resulting amplicons are 
denatured and hybridized with a number of HPV-
specific oligonucleotide probes attached on the surface 
of an insoluble supporter or DNA chip (also known as 
microchip). After hybridization, fluorescence light from 
the bound PCR amplicon is detected by excitation with 
monochromatic light (84). The test has a sensitivity 
to detect high-grade precursor lesions and cervical 
cancer of 95.8.% and specificity of 96.7.% (89).

8.3.2. HPV mRNA testing

Although hr-HPV types are associated with 
any grade of CIN, hr-HPV DNA can be detected in a 
significant proportion of women without disease. E6 and 
E7 are over-expressed in the cervical epithelial cells in 
high-grade lesions and cancer. HPV messenger RNA 
(mRNA) is detected in more than 90% of women with 
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CIN 3 and cancer. Thus, detection of mRNA from E6 
and E7 genes of hr genotypes is strongly associated 
with severity of histological diagnosis, and it allows 
clinicians to differentiate women with transient or 
non-significant infection from those who already have 
pre-cancer or cancerous change (74). HPV screening 
tests that detect DNA have a high negative predictive 
value but less than a 50% positive predictive value for 
the determination of CIN 2 and greater. The addition 
of tests for E6 and E7 mRNA improves the positive 
predictive value to 78% (73). The development of 
highly specific molecular tests, as HPV mRNA test, 
opens the possibility for detecting women at the 
highest risk for cancer but with a decreased number 
of colposcopies or biopsies compared to that required 
for HPV DNA or cytology-based approaches. HPV 
mRNA test can be used as a primary screening test, 
as well as a triage tool for women after a positive HPV-
DNA result (78). RNA testing is very complicated, due 
to general instability of mRNA. It can be degraded by 
RNases in biological sample; therefore sample should 
be taken only in special media for its preservation, 
such as PreservCyt (Cytyc Corp., Marlborough, MA, 
USA) or SurePath (TriPath Imaging Inc., Burlington, 
NC, USA) (74).

8.3.2.1. APTIMA HPV assay 

The mRNA based APTIMA HPV Assay 
(Gen Probe Inc., San Diego, CA, USA) is the first 
FDA approved assay (since 2011) that detects the 
messenger RNA of two HPV viral oncogenes, E6 and 
E7. It is transcription mediated amplification which 
allows the detection of E6 or E7 mRNA transcripts of 
14 high-risk HPV types: HPV-16, -18, -31, -33, -35, 
-39, -45, -51, -52, -56, -58, -59, -66 and -68 (Table 
1). The assay generates a qualitative result for the 
presence/absence of 14 targeted HPVs and does not 
allow the exact determination of HPV type(s) present 
in a clinical specimen. It does not cross-react with any 
tested lr-HPVs, nor with normal flora and opportunistic 
organisms that may be found in cervical samples. An 
internal control transcript is added to each reaction to 
verify the performance of each step of the assay (84). 
The APTIMA assay is sensitive (95.5.%) in detection 
of CIN 2+ as HC2 and it is more specific (94.5.%) 
than HC2 for excluding cervical pre-cancer. Negative 
APTIMA test has low longitudinal risk of CIN 3+ similar 
to the risk after negative HC2 test, which means that 
screening at 3-year intervals after a negative test is 
acceptable (89, 99, 100).

8.3.2.2. APTIMA HPV 16, 18/45 genotype assay 

APTIMA HPV 16, 18/45 Genotype Assay 
(Gen Probe Inc., San Diego, CA, USA) is FDA ap-
proved test since 2012 for detection HPV RNA from 
high-risk genital HPV genotypes 16, 18 and/or 45 
(Table 1). Patients who are HPV -16, -18 and -45 

positive should be monitored carefully for the devel-
opment of high-grade CIN. This test is more specific 
than HC2 without showing a loss in sensitivity for CIN 
2 (99, 101).

8.3.2.3. PreTect HPV-Proofer 

PreTect HPV-Proofer (NorChip, Klokkarstua, 
Norway) is an assay based on nucleic acid sequence-
based amplification (NASBA) technology, which allows 
qualitative determination of E6/E7 mRNA transcripts 
of the five most frequently identified hr-HPV types in 
cervical cancer worldwide: HPV-16, -18, -31, -33 and 
-45. The assay utilizes multiple primer sets to amplify 
hr-HPV mRNAs together with mRNA of human U1 as 
control of the sample quality, mRNA extraction and 
integrity, and amplification inhibition. HPV-Proofer has 
a lower clinical sensitivity for the detection of CIN 2+ 
lesions than DNA-based assays, but a significantly 
higher clinical specificity. It is believed that the 
lower sensitivity of HPV-Proofer is mainly due to the 
detection of only five hr-HPVs, rather than the 13–14 
types detected by DNA based screening assays (102).

8.3.3. Notes for sampling for HPV testing

Specimens for HPV tests are obtained using a 
cervical brush, which is then placed in appropriate HPV 
transport test medium, depending on the method (73). 
When compares with cytology; the requirements for a 
good sample are less rigorous for HPV testing (75).

Self-collection of samples for HPV testing 
has developed, in an attempt to make high-risk HPV 
testing more efficient, less invasive, and less costly. 
This method also has the advantage of reaching 
patients in remote locations or settings with limited 
resources. Thus far, self-collection has shown good 
concordance with physician collected samples (75, 78, 
81, 100, 102, 103).

Routine male partner HPV testing is not 
recommended, because there is no treatment for 
asymptomatic HPV infections in men. There is no FDA 
approved use of the HPV DNA test in men and there are 
no current guidelines for the management of partners 
of women who are HPV positive. Unlike the importance 
of partner notification in treatable infections such as 
HIV and syphilis, recommendations are less clear for 
HPV infections. Many practitioners still recommend 
that their patients notify their partners of HPV positivity 
as it may affect sexual activity and condom use, which 
may decrease rates of transmission (81).

8.4. Biomarkers

Different biomarkers have been proposed 
for use in triaging women with cervical dysplasia to 
increase diagnostic accuracy, akin to incorporating 
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HPV testing into clinical practice as a triage of women 
with equivocal cytologic abnormalities to determine 
which women are in need of immediate colposcopy. The 
main suggested markers of increased cell proliferation 
are Ki-67 and p16 INK4a. The p16INK4a represents the 
most promising candidate to be used for triage after 
a positive HPV test. It is a cell cycle regulation protein 
which accumulates in abnormal epithelial cells infected 
with high-risk HPV as a result of a loss of negative 
regulation by the retinoblastoma (pRB) protein induced 
by E7 expression. p16 INK4a has demonstrated potential 
as an immune-histochemical biomarker of activated 
gene expression and virus-induced deregulation of the 
cell cycle in both cervical histopathology specimens 
and LBC specimens (102). The studies consistently 
revealed that the majority of p16 INK4a-negative CIN 1 
lesions almost inevitably regress, whereas most of 
the p16 INK4a-positive CIN 1 lesions progress to high-
grade CIN. The p16 INK4a test showed sensitivity less 
than HPV-DNA tests but much better specificity (78). 
The Ki-67 immunostaining proved to be predictive for 
high-risk HPV infection, and it can differentiate reactive 
lesions from cervical dysplasias. Ki-67 quantitative 
analysis in 3 epithelial layers is a sensitive and specific 
method of differentiation between CIN 1 and CIN 2/
CIN 3 grades and can be a valuable adjunctive method 
for more accurate CIN grading (104).

A combined stain for p16 and Ki-67 (CINtec 
plus; mtm Laboratories, Heidelberg, Germany) is 
the only test that uses dual biomarker technology 
to simultaneously detect p16 and Ki-67 to provide a 
strong indicator of the presence of transforming HPV 
infection. The stain has substantially higher sensitivity 
than cytology to detect high-grade lesions (CIN 2+) 
and comparable specificity. In women more than 30 
years of age, HPV testing is more sensitive than p16/
Ki67 dual-stain, but significantly less specific. If CINtec 
plus proves to be reliable and not costly for routine 
screening, it could be used as triage of HPV positive 
women. The test has a sensitivity to detect high-grade 
precursor lesions and cervical cancer of 88% and 
specificity of 96% (78).

8.5. In situ hybridization (ISH)

ISH is the only molecular method allowing 
reliable detection and identification of HPVs in 
topographical relation to their pathological lesions. 
Unlike other molecular methods, in ISH the whole 
HPV detection procedure occurs within the nuclei of 
infected cells and not on solid supports or in solutions. 
The result of the hybridization reaction is evaluated 
microscopically and the appearance of an appropriate 
precipitate within the nuclei of epithelial cells is 
indicative of the presence of HPVs in the specimen 
being tested (84). ISH has low sensitivity and lacks 
suitability for high-throughput; therefore it is not in 
routine use (83).

8.6. Colposcopy

Colposcopy is used to evaluate women who 
have abnormal cytology. There are no data to support 
the use of colposcopy as a primary screening test and 
this is not generally recommended (76). Colposcopy 
is performed if suspicious results occurs, with the 
colposcopic hallmark of CIN being sharply delineated 
acetowhite epithelium (due to the dehydration of cells 
via acetic acid), and abnormal vascular patterns like 
punctation and mosaics. If such an appearance occurs 
a punch biopsy should be taken (105).

It is widely accepted that women with 
HSIL require colposcopic assessment and possibly 
treatment. The optimum way of managing women 
with minor abnormalities remains uncertain and the 
resources allocated to manage these are frequently 
disproportionate to their clinical significance. These 
lesions are particularly common in young women 
and decisions on national recommendations on their 
management should often balance the benefits and 
risks of each approach together with cost, affordability 
and availability of more advanced tests such as the 
HPV DNA test (106). Reflex HPV-testing should be an 
option for the management of women with ASC-H to 
decrease unnecessary colposcopic biopsies, which 
are expensive and invasive (106, 107). In the absence 
of HPV DNA test, a general policy could be immediate 
colposcopy after a single low-grade or borderline 
cervical smear when poor compliance is anticipated. 
Clinicians should be cautious and intervene only on 
women that are found at colposcopy to have high-
grade disease in order to minimize the risk of over-
treatment (106).

9. TREATMENT OF HUMAN PAPILLOMAVI-
RUS INFECTIONS AND RELATED DISEASES

Lower genital tract neoplasia comprises 
cervical (CIN), vaginal (VAIN), and vulvar intraepithelial 
neoplasia (VIN), which in a small proportion of cases, 
progresses to invasive cancer. Virtually 100% of 
cervical, ~43% of vulvar, and ~70% of vaginal tumors 
are attributable to human papillomavirus infection. 
Treatment standards for HPV-associated anogenital 
lesions have primarily been by surgical excision 
(108).

9.1. Treatment of cervical intraepithelial neoplasia 
(CIN)

Current treatment strategies focus on 
eliminating the abnormal HPV-infected precancerous 
cells while minimizing harm to the cervical integrity 
(108). The treatment of choice is cone biopsy, which 
means the excision of a cervical cone including the 
area of suspicion, performed either by laser, electrical 
sling or cold knife (105).
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Common procedures for CIN treatment 
include a laser cone biopsy that produces a small 
cone, but it is expensive and assessment of margins 
is difficult. Loop electrosurgical excision procedure 
(LEEP) is one of the most commonly used procedures, 
due to the relatively inexpensive infrastructure needs 
and the ability to perform these procedures in an 
outpatient setting, but it can be hard to investigate 
margins. If there are concerns about invasive disease 
or issues with the margins, typically a cold knife cone 
is the treatment standard due to the ability to resect 
the endocervical canal deeply and to avoid diathermy 
artefact at the margins. Cryotherapy is a treatment 
widely used in many countries, since it is the only 
option available outside of surgical settings due to its 
ease of use. However, due to the lack of a specimen 
for histopathology, the diagnosis and visualization of 
the lesion must be certain prior to using cryotherapy 
to avoid missed cancers, such as those deep in the 
endocervical canal or in the case of glandular lesions. 
Hysterectomy is unacceptable as primary therapy for 
high-grade CIN (108).

9.2. Treatment of cervical cancer

Most cervical cancers can be treated by 
conisation or radical hysterectomy with excellent 
survival. More advanced tumors are treated with 
concomitant chemoradiotherapy. Surgical treatment 
depends on FIGO stage (International Federation of 
Gynecology and Obstetrics) and histological results 
from the former cone biopsy. In stage IA1 without 
vascular space invasion, observation as well as 
simple hysterectomy is an option. The presence of 
vascular space invasion both in stage IA1 and IA2 
requires a modified radical hysterectomy with pelvic 
lymphadenectomy. In stage IB or IIA disease, the 
standard treatment is radical hysterectomy and lymph 
node dissection. Advanced stage II-IVA disease is 
treated with pelvic and para-aortic radiotherapy with 
concurrent chemotherapy using cisplatin-based 
regimens (105, 108).

9.3. Follow-up after treatment of CIN

HPV testing can distinguish those women 
who are at risk of treatment failure (HPV positivity after 
treatment is the strongest predictor of persistent dis-
ease) from those who are HPV negative and they are 
at very low risk, and can be safely returned to routine 
recall (79).

HPV testing should be routinely included 
(with or without cytology) in post-treatment follow-up 
of CIN 2+ patients for early detection of recurrence 
and cancer progression. HPV genotyping methods, as 
a biological indicator of persistent disease, could be 
more suitable for a predictive role and risk stratification 
(particularly in the case of HPV 16/18 persistence) than 

pooled HPV-based testing (109, 110). HPV testing can 
identify populations at greatest risk of posttreatment 
CIN 2+ lesions, especially among women with positive 
section margins (111).

The ideal time to repeat HPV testing after 
cone biopsy is 18-24 months. It can be used as test 
of cure because HPV test has a sensitivity of 85-97% 
(73).

Women with a negative HPV-test 6 months 
after therapy have a very low risk for residual/recurrent 
disease, which leads to a more individualized follow-up 
schedule, allowing for a gradual return to the normal 
screening scheme (110).

9.4. Treatment of vulvar intraepithelial neoplasia 
(VIN) and vulvar cancer

The standard of care for treating VIN has 
been, and remains, surgical excision for unifocal 
disease and lesions suspicious for possible invasion. 
More problematic is multifocal disease, which can affect 
a large proportion of the vulva. Excision of such a large 
area of vulvar skin can result in loss of vulvar contours 
and sexual function, which can have a profound effect 
on a woman’s self-esteem and quality of life. Laser 
ablation has the advantage of precise application and 
avoidance of skin loss, but it is associated with a high 
rate of treatment failure (108).

Vulvar cancer relies on surgery for 
localized disease and a combination of surgery and 
chemoradiation for nodal metastases. Only in very 
advanced disease, where surgery would necessitate 
defunctioning bowel or urinary tract, is preferred 
chemoradiation as sole therapy (108).

9.5. Treatment of genital warts (GW)

Treatments of genital warts can be 
categorized as provider administered or patient applied. 
Provider administered therapies include cryotherapy, 
trichloracetic acid, or surgical removal. Cryotherapy 
uses liquid nitrogen to freeze the intracellular water 
in the wart, which results in cellular expansion and 
destruction. Recurrence of disease after successful 
clearance is a frequent problem in many cases. 
Surgical excision has the highest primary clearance 
rates of any GW treatment, but requires substantial 
clinical training, additional equipment and a longer 
consultation time. The latent HPV can remain in the 
surrounding lesion-free tissue, leading to recurrences. 
Patient applied therapies include podophyllotoxin, 
which is available in a various formulations in different 
countries, imiquimod, and sinecatechins (green tea 
catechins). In general, podophyllotoxin is cheaper 
than imiquimod, whereas imiquimod 5% is associated 
with lower recurrence rates than podophyllotoxin. Low 
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recurrence rates are seen after successful clearance 
with sinechatecins, similarly to imiquimod (108).

9.6. Other possible treatments of lower genital 
tract neoplasia

Photodynamic therapy (PDT) is an FDA-
approved treatment option both for the elimination of 
early-stage malignancies and palliation of symptoms. 
With PDT treatment, a non-toxic photosensitizer is 
absorbed into the virus infected neoplastic tissue, 
and activated by visible light tuned to the appropriate 
absorption wavelength of the photosensitizer molecule. 
This leads to production of reactive oxygen species 
resulting in directed tumor cell death (108).

Cidofovir is an antiviral licensed for 
intravenous use in the treatment of cytomegalovirus 
(CMV). It has been shown to reduce E6 and E7 
expression and to reduce the metastatic properties 
of HPV-positive tumor cells. Topical application of 
cidofovir was shown to have an effect in anogenital 
condyloma and in regression of CIN 3 (108).

10. PREVENTION OF HUMAN PAPILLOMAVI-
RUS INFECTION AND CONSEQUENT DE-
VELOPMENT OF GYNECOLOGICAL  
MALIGNANCIES

The best and most cost-effective management 
of HPV-related malignancies is primary prevention by 
HPV vaccination and secondary prevention via regular 
physical examination, cytology/viral detection, and 
elimination of cofactors, e.g. cigarette smoking (105).

10.1. Primary prevention - Human Papillomavirus 
vaccine

The availability of prophylactic human 
papillomavirus (HPV) vaccines has provided powerful 
tools for primary prevention of cervical cancer and 
other HPV-associated diseases. Since 2006, the 
quadrivalent and bivalent vaccines have each been 
licensed in many countries worldwide. Since vaccine 
became available, an increasing number of countries 
have introduced these vaccines into their national 
programs (112).

Prophylactic HPV vaccines in widespread 
use include the bivalent (2vHPV; Cervarix, GSK, 

Rixensart, Belgium) and quadrivalent (4vHPV; 
Gardasil/Silgard, Merck, Kenilworth, New Jersey) 
vaccines. A nonavalent (9vHPV; Gardasil 9, Merck) 
vaccine has recently been approved by FDA in 2014. 
All vaccines target HPV 16/18, types that cause about 
66% of cervical cancers. 9vHPV vaccine adds 5 
oncogenic types (31/33/45/52/58), which account for 
about 15% of cervical cancers (Table 2). 4vHPV and 
9vHPV vaccine also protect against HPV 6 and 11, 
types that cause anogenital warts (113, 114).

The prophylactic administration of vaccine 
prevents infection and disease associated with the 
vaccine HPV types, and it is not expected to prevent 
disease in persons who are already infected with HPV 
(115). The vaccine was well-tolerated, and most adverse 
events were injection site-related pain, swelling, and 
erythema that were mild to moderate in intensity (114). 
More than 200 million doses of 4vHPV vaccine had 
been distributed worldwide. It is widely approved to 
prevent persistent infection with HPV 6/11/16/18, low- 
and high-grade cervical intraepithelial neoplasia (CIN 
1 and CIN 2/3), adenocarcinoma in situ (AIS), cervical 
cancer, high-grade vaginal and vulvar intraepithelial 
neoplasia (VaIN 2/3 and VIN 2/3), vaginal and vulvar 
cancer, high-grade anal intraepithelial neoplasia (AIN 
2/3), anal cancer, and anogenital warts. Because 
vaccination is most protective when administered 
before HPV exposure, it is routinely recommended 
during preadolescence (usually age 11–12 years). 
Concurrent catch-up vaccination programs for older 
ages broaden coverage (females aged 13 through 26 
years). Some countries have initiated HPV vaccination 
programs for males (aged 13 through 21 years) as a 
gender-neutral approach. The 4vHPV vaccine was 
originally tested and approved as a 3-dose regimen, 
with a dosing schedule of 0, 2, and 6 months (113). 
The 2-dose schedule of the quadrivalent HPV 
preventive vaccine is considered as effective as the 
3-dose schedule when administered to girls aged 9 to 
13 years and can be implemented (75, 103, 116, 117).

The effectiveness and impact of 4vHPV 
vaccination in reducing HPV-related infection and 
disease across studies depended on vaccine 
coverage in the study population, age of birth cohorts 
for whom vaccination was targeted in each country, 
implementation and duration of a catch-up program 
to increase coverage in older age groups within the 
indicated age range, time between program initiation 

Table 2. Food and drug administration approved HPV vaccines

HPV Vaccine (manufacturer) FDA approved Target HPV types References

Cervarix (Glaxo) 2006 16, 18 113, 114, 119

Gardasil/Silgard (Merck) 2006 6, 11, 16, 18 113, 114, 119

Gardasil 9 (Merck) 2014 6, 11, 16, 18, 31, 33, 45, 52, 58 114, 118, 119
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and measurement of impact, and length of follow-up 
time covered by the study. Consequently, variability 
in reported findings more likely reflects operational 
properties inherent to each study, rather than 
fundamental differences in vaccine effectiveness 
among populations with otherwise similar baseline 
characteristics. Rapid reductions up to approximately 
90% in HPV 6/11/16/ 18 infections and genital warts 
after introduction of 4vHPV vaccination programs were 
first demonstrated in young women in Australia, Europe, 
North America, and New Zealand, and it became evident 
<4 years after vaccine availability. Subsequently, as 
successive birth cohorts began cervical screening, 
reductions as high as approximately 45% in low-grade 
cytological abnormalities, and approximately 85% in 
high-grade histologically confirmed cervical lesions. 
The anticipated benefit of vaccination on HPV-related 
cancer rates cannot be fully determined yet, because 
of the long latency periods following exposure (113).

In the 9vHPV vaccinated group >99% 
seroconverted to all nine HPV vaccine types, and 
antibody titers 1 month after the third dose were 
noninferior for HPV 6, 11, 16, and 18 in compare with 
4vHPV vaccine (114, 115).

The percent of preventable cancers based on 
HPV-positive cancers would be nearly 80% through 
uptake of the current HPV vaccine, with an additional 
13% of cancers preventable through the 9-valent 
vaccine, representing over a 90% reduction of HPV-
positive cancers (118).

The full potential of HPV vaccination 
is unfortunately far from being realized. Despite 
development of efficacious prophylactic vaccines, 
HPV-related diseases continue to present major public 
health challenges for both developing and developed 
nations. Globally, only 6.2.% of females reaching 
15 years of age in 2014 have received the vaccine, 
even with licensure in 129 countries, with 64 countries 
having HPV vaccines in their national immunization 
programs. The World Health Organization (WHO) 
recognizes the importance of cervical cancer and other 
HPV-related diseases as global public health threats 
and has reiterated its recommendation that HPV 
vaccines should be included in national immunization 
programs (113). Countries with school-based delivery 
and publicly financed vaccine have achieved higher 
coverage than those with opportunistic clinic-based or 
primary care-based programs (112). HPV vaccination 
programmes should aim for a minimum coverage of 
70-80% (103).

Barriers to HPV vaccination are: parents 
and patients lack of knowledge about HPV vaccine, 
lack of physician recommendation for vaccination, 
regional differences due to the state’s encourage to 
vaccination, follow-up (vaccination completion), and a 

lack of access to care due to the cost of vaccine. There 
are several different strategies that have been studied 
to determine, which might best address the current 
known barriers to vaccination: education-based 
interventions (parents, young women and physicians), 
systems-based interventions (use of the electronic 
health record to remind physicians and parents about 
vaccination, and school-based vaccination methods), 
and region-based interventions. The CDC (Centre 
for Disease and Control) encourages state and local 
public health departments to help lead HPV vaccination 
campaigns, to reach out, educate and motivate both 
parents and clinicians on HPV vaccination, and to 
incorporate HPV vaccination into each jurisdiction’s 
cancer control plans. It is clear that a multifaceted 
approach is necessary to break down the barriers to 
HPV vaccination (119).

Therapeutic vaccines that might control 
an existing infection are currently under investiga-
tion. Moreover, therapeutic vaccines should not only 
manage HPV-related lesions, but also establish a 
systemic immunological memory to help prevent 
disease recurrence. Many of the therapeutic vaccines 
currently being studied contain the E6/E7 oncogenes 
of specific high-risk HPV genotypes (particularly HPV 
16 and 18), and work by inducing a robust cellular 
immune response that eradicates HPV-related lesions 
(100).

10.2. Secondary prevention - cervical cancer 
screening

There is no unique global cervical cancer 
prevention strategy (79). Integrating HPV vaccination 
with new, more sensitive, cervical screening assays as 
part of routine preventive care will improve healthcare 
for all women (113). One model of screening for cervical 
cancer, whether it is cytology-based screening, visual 
inspection with acetic acid or HPV DNA testing, does 
not exist. Each screening method must be validated for 
its technical performance and must be cost-effective 
within the capacity of the region in which it is to be 
adopted (available resources in different settings) (79). 
Despite the differences in sensitivity and specificity 
between screening tests, most cervical cancers 
occur because screening was not performed, rather 
than failure of screening to detect the cancer. 60% 
of women with cervical cancer in the US have never 
had a Pap smear or have not had one in more than 
five years (73). Basic principles suggest that the more 
sensitive test should be applied first (i.e. HPV test), 
and the more specific test (i.e. cytology) should be 
than used only for HPV-positive women to determine 
management (102).

Human Papillomavirus (HPV) testing is in-
creasingly being recognized as the best method for 
primary cervical screening because of its very high 
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sensitivity (120). According to the most recent Europe-
an guidelines for cervical cancer screening, protocols 
moving toward HPV primary screening with cytology 
as the main reflex method for women between 35 
and 65 years, with recommended screening interval 
at least 5 years for women with negative HPV prima-
ry test results. Women testing positive for oncogenic 
HPV at primary screening should be tested without 
delay for reflex cervical cytology. Depending on the 
result of cytology triage, HPV-positive women should 
be referred to repeat testing, or to colposcopy (103).

HPV testing with individual HPV-16 and HPV-
18 genotyping could represent a more accurate meth-
odology for primary cervical cancer screening, espe-
cially in older women (120). In the USA, in contrast to 
European guidelines, there are interim clinical guide-
lines for cervical cancer screening that are promote 
triage of HPV-positive women using a combination 
of HPV 16/18 typing and reflex cytology (for women 
positive for 12 other hr-HPV types). These models 
achieve a reasonable balance of disease detection 
with the number of screening tests and colposcopies 
required to achieve that detection (121). ASCCP 2012 
consensus for screening guidelines for the prevention 
and early detection of cervical cancer recommended 
beginning of screening at age 21 years and contin-
uing through age 65 years for both vaccinated and 
unvaccinated women (114, 122). For women 21–29 
years of age, screening with cytology alone every 3 
years is recommended. Women ages 30–65 years 
should be screened with cytology and HPV testing 
(“cotesting”) every 5 years (preferred) or cytology 
alone every 3 years (acceptable), and they should not 
be screened with HPV testing alone as an alternative 
model. Women over 65 years of age with evidence of 
adequate negative prior screening and no history of 
CIN 2+ within the last 20 years should not be screened 
for cervical cancer with any modality. ASCCP 2012 
consensus recommended that women could benefit 
from HPV-testing, and that cytology negative women 
aged 30 years and older who are infected with HPV-
16 or HPV-18 should be referred for immediate col-
poscopy, whereas women infected with other hr-HPV 
types could be followed-up with repeat cytology and 
hr-HPV testing in 12 months (92, 122). The ATHENA 
study (Addressing the Need for Advanced HPV Diag-
nostics) is a prospective 3 year cervical cancer screen-
ing trial designed to compare the performance of co-
bas HPV test (Roche) alone and in combination with 
cytology (123). HPV primary screening in women ≥25 
years (recommended by ATHENA) is as effective as 
strategies recommended by ASCCP that use cytology 
alone or cotesting for older than 30 years (124). The 
better NPV (Negative Predictive Value) of HPV testing 
permits safe extension of the screening interval, 
thereby reducing harms caused by screening (123). 
HPV primary screening requires less screening tests 
in lifetime. ATHENA study results support the use of 

HPV primary screening beginning at age 25 years, with 
triage of HPV-positive women using a combination of 
genotyping for HPV 16/18 (positive 16/18 referred for 
immediate colposcopy) and reflex cytology for wom�-
en positive for 12 other hr-HPV types (124). Based on 
data from this study, 2014 FDA approved Roche cobas 
HPV test as a primary screening test (123).

Some authors considered that in clinical 
practice, HPV primary screening has a false-negative 
rate that might compromise a successful screening 
program if introduced without the backup of cytology, 
particularly in the early rounds of screening when the 
prevalence of the disease is exceptionally high. They 
supported that cytology-HPV cotesting remains the 
best strategy for detecting high-grade cervicovaginal 
lesions because of lower false-negative rate than those 
undergoing either test alone (125, 126). Furthermore, 
some authors considered that some cancers will not 
be detected by screening with HPV 16/18 genotyping. 
Except HPV-16 and HPV-18, some other types, HPV-
31 and HPV-33 emerge as important types with higher 
positive predictive values (127).

Strategies that maximize detection of women 
at greatest risk of cervical intraepithelial neoplasia 
grade 3 or greater by immediate referral to colposcopy, 
with follow-up testing of women at intermediate risk, 
maximize the benefits of cervical cancer screening 
while decreasing the potential harm. Incorporating 
screening with HPV and triage of HPV-positive women 
by a combination of genotyping for HPV16/18 and 
cytology provided a good balance between maximizing 
sensitivity (benefit) and specificity by limiting the 
number of colposcopies (potential harm) (123). Results 
from ATHENA study confirm both that HPV primary 
screening increases sensitivity when compared to 
cytology and that cotesting provides minimal increased 
protection against the development of CIN 2+ or CIN 
3+ compared to HPV primary screening. In women 
≥25 years, 3-year CIR (cumulative incidence rate) of 
CIN 3+ was 0.8.% (95% CI; 0.5.–1.1.%) in cytology-
negative women, 0.3.% (95% CI 0.1.–0.7.%) in HPV-
negative women, and 0.3.% (95% CI; 0.1.–0.6.%) in 
cotesting (cytology and HPV) negative women (124). 
Because of equivalent or superior effectiveness, 
primary hr-HPV screening can be considered as an 
alternative to cytology-based screening and contesting 
(121).

Primary hr-HPV testing has the potential 
to further reduce morbidity and mortality of cervical 
cancer. However, to achieve the maximum benefit of 
screening, there is need to continue to identify women 
who are either unscreened or under-screened (121). 
It is important to recognize that the aim of screening 
is to prevent cancer, and it is based on detecting and 
treating precursor lesions before they become cancer. 
Doing this effectively and still avoiding overtreatment 
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should be the primary goal of a cervical cancer 
screening programs (127).

Synergies between HPV vaccination and 
HPV screening is recommended to improve the effec-
tiveness and cost-effectiveness of prevention HPV-re-
lated disease (103). The protection against cervical 
cancer with Gardasil 9 will be of the order of 90%. At 
this level of protection, the role of screening in vacci-
nated women will need to be re-examined, and possi-
bly can be reduced to three tests in a lifetime (at ages 
30, 40 and 60 years), but this will need to be verified in 
large studies using an HPV screening test (128).
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