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Natural History and Epidemiology of 
Genital HPV Infection

From the global perspective, cervical cancer is the 
second most common female cancer in the world, with 
an incidence approximating 450,000 cases per year.1

Current evidence implicates human papillomavirus (HPV) 
infection as part of the natural history of cervical 
carcinogenesis (Fig. 1).2,3 Cervical neoplasia is one spec-
trum of disease from HPV infection through dyspasia to 
invasive cancer. The review of numerous epidemiologic 
studies of cervical cancer has shown strong associations 
with marital and sexual patterns.4 It is well established 
that women with multiple partners and early ages at first 
intercourse are at risk for cervical cancer, supporting 

hypotheses regarding a vulnerable period of the cervix 
and a need for repeated exposure to infectious agents. Of 
specific interest is the independent effect of herpes 
simplex type 2 (HSV 2) on risk, especially given some 
evidence that this viral agent may interact with HPV. 
Other speculative risk factors for cervical cancer include 
cigarette smoking, oral contraceptive usage and certain 
nutritional deficiencies, but it is not clear whether these 
factors operate independently from HPV. In a widely 
cited paper, Lorincz et al. used the terms low-risk, 
intermediate-risk, and high-risk to describe the differing 
degrees of associated common genital HPV types with 
increasing degree of cervical neoplasia.5 More than 35 
HPV types infect the genital epithelium; HPV-16 and -18 
are found most frequently in cervical carcinomas (high- 
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risk) and HPV-31, -33, -35, -39, -45, -51, -52, -56, and 
-58 are associated with premalignant or malignant lesions
(intermediate-risk). The epidemiologic studies have 
established a causal link between the presence of HPV 
types 16, 18, 31, 33, 39, 45, 51, 52, 56, and 58 and the 
development of invasive cervical cancers.6,7 The genital 
warts may be caused by low-risk HPV types 6, 11, 42, 
43, and 44 that are virtually never found in cervical 
cancer. There is compelling evidence that infection with 
high-risk HPV types is a risk factor for persistent HPV 
infection.8,9 However, the clinical outcome of these 
specific HPV types in cervical lesions remains to be 
established. Some cases of cervical dysplasia are believed 
to progress to cervical cancer, but the majority of mild 
lesions spontaneously regress. Individuals with high-risk 
type-specific persistent infection have a higher risk of 
persistent SIL (squamous intraepithelial lesion) than those 
with low-risk type infection (Table 1). 

High-risk HPV types, particularly HPV-16, are 
widespread within all human populations. Infection is 
commonly transmitted by sexual contact and results in 
squamous intraepithelial lesions in women. HPV-16 is the 
predominant type in the cervical cancer specimens from 
most of all countries and HPV-18 is the frequent type 
found in adenocarcinomas. The proportions of the 
detected HPV-16 in Korean women were 8% in women 

Infection

•
•
•

•
•
•

•
•
•

Type of cervical lesion                 HPV types

Condyloma acuminata  6, 11, 42, 43, 44, 51, 53, 83
Intraepithelial lesion 16, 18, 31, 33. 35, 39, 40, 45, 52, 

58, 66, 68
Cervical cancer 16, 18, 31, 33. 35, 39, 40, 45, 51, 

52, 56, 58

HPV types with bold letters are the common types in that 
cervical lesion.
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with normal cytology, 24% (16/68) for the patients with 
LSIL, 33% (17/51) for HSIL, and 76% (47/62) for those 
with cervical cancer. It was noted that detection rates of 
HPV-16 increased significantly in accordance with 
advancing the severity of cervical lesions.10 High-risk 
HPV types encode two oncoproteins, E6 and E7, which 
inactivate the function of the p53 and retinoblastoma 
tumor suppressor proteins and, which have been shown 
to immortalize and transform cervical epithelial cells in 
vitro.11, 12 The interaction between p53 and a high-risk 
HPV E6 protein results in the rapid degradation of p53 
through the ubiquitin-mediated proteolysis pathway (Fig. 
2). The E6/E6-AP complex acts as a ubiquitin ligase and 
plays a direct enzymatic role in the ubiquitination 
reaction of p53.13 HPV E7 protein can disrupt pRb/E2F 
complex and the overexpression of E2F leads to cell 
cycle progression and morphological changes charac-
teristic of cellular transformation (Fig. 3).14

The loss of pRb function at the level of the pRb gene 
product by protein-protein interaction with high-risk type 
HPV E7 might result in the release of p16INK4a gene from 
negative transcriptional feedback control.15 p16INK4a gene 
was overexpressed in advanced cervical dysplastic lesions 
and cancers, whereas no p16 expression was observed 
innormal squamous epithelium of the cervical mucosa.

E7

E2F-1
pRB

E7

E2F-1
pRB

E2F-1

ppRB

ppRBppRB

+

G1

SM

G2

inactive

inactive

PPase

transcriptional
repression transcription

activation

inactive

cdk

inactive complex

Therefore, the restricted expression pattern of p16INK4a in 
cervical dysplasia and cancers fulfils the criteria for 
specific biomarkers, indicating the aberrant expression of 
viral oncogenes in replication competent epithelial stem 
cells and marking those cells which have undergone the 
activation of the mutagenic process, which initiates and 
promotes outgrowth of cervical cancer.16 In general, HPV 
DNA is present as an episomal form in cervical 
intraepithelial lesions and the principal form of the viral 
DNA in invasive cancers is integrated into the host 
genome. When the HPV DNAs are integrated into the 
cellular chromosome, generally some part of the E2 ORF 
is lost, which release suppression of the induction of E6 
and E7 mRNA expression and inactivating tumor 
suppressor gene products, resulting in uncontrolled cellular 
growth and malignant transformation.17

Most of HPV-infected cervical lesions are cleared 6-12 
months after appearance probably due to immunological 
intervention. A small percentage persists and progresses to 
high-grade SIL, carcinoma in situ, and cancer after long 
latency period. The factors that determine viral per-
sistence in some women are not completely determined. 
At the aspect on the viral-risk factors, high-risk type, viral 
load, and viral variants could affect on viral persistence in 
cervical carcinogenesis.18 Both high-risk and low-risk type 
HPVs have to stimulate G1 progression and S-phase entry 
for successful replication of their genome. The functional 
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inactivation of p73, a homologue of p53 tumor suppressor 
protein, by both high-risk and low-risk HPV E6 could 
play an important role in malignant transformation and 
benign condyloma formation.19 Unlike p53, p73 could be 
inactivated by low-risk type HPV E6 protein. This result 
suggests that p73 is unlikely to be a true tumor 
suppressor, but is rather a growth regulator possibly 
involved in the formation of genital condyloma. The 
differences in biological properties of HPV proteins from 
high-risk and low-risk viruses are the interaction of the E7 
proteins with the Rb proteins, where the affinity of 
binding of the oncogenic E7 is greater than the non- 
oncogenic protein, or the E6 protein from high-risk 
viruses can bind and degrade p53 more efficiently than 
the E6 protein from low-risk viruses. However, most 
cervical lesions containing high-risk HPVs do not progress 
to invasive cervical cancers, implicating other cofactors in 
those rare cases where progression occurs. Non-HPV risk 
factors related to the persistence of viral DNA, might be 
resulted from the immunologic suppression, modification 
of specific cellular genes, syncarcinogenic effects of 
chemical and physical carcinogens, and the genetic.18 The 
escape of HPV-linked CIN and cervical cancer from 
immunologic control system seems to be based on 
different modifications of cellular antigen-presenting 
system, which might involve the transportation system and 
the recognition system.20,21

Histological and Cytological 
Classification of Cervical Precancers

Currently employed histologic and cytologic classi-
fication systems have evolved over the last 100 years, 
before the appreciation of the importance of HPV in 
cervical pathology. It is now clear that the virus is 
important because of the morphological changes asso-
ciated with viral infection and the developmental cause of 
cervical neoplasm (Fig. 4). The employed histologic and 
cytologic classification systems of cervical precancers are 
based on the assumption that squamous carcinoma is 
preceded by an in situ phase. This assumption followed 
the observation that the cervical epithelial cells and those 
next to invasive squamous carcinoma morphologically 

resembled each other.22,23 Examination of cervical cyto-
logy dates from the time when Papanicolaou used vaginal 
aspirates to detect cells from invasive asymptomatic 
cervical cancer.24 The death rate from cervical cancer has 
dropped significantly in the last 50 years. This decrease is 
attributed largely to the widespread use of the Papani-
colaou test. Pap cytology smears are composed of five 
class system; Class I: absence of atypical cells, Class II: 
atypical, but non-malignant cells, Class III: atypical cells, 
suggestive of malignant cells, Class IV: cells strongly 
suggestive of malignancy, and Class V: changes consistent 
with malignancy. In the early 1950s, the term dysplasia 
was introduced by Reagan to designate epithelial changes 
less extensive than those of carcinoma in situ.25 The term 
was further defined at the Committee on Histological 
Terminology (1962) as "all other disturbances of differen-
tiation in the squamous epithelial lining of the glands or 
covering of the surface" that do not meet the criteria of 
CIS, being defined as a full thickness layer of undiffer-
entiated cells in the absence of invasion.26 Richart 
proposed the new "cervical intraepithelial neopalsia (CIN) 
histological classification, based on the concept that 
"although some mild dysplastic lesions regress 
spontaneously, the vast majority of dysplasias ultimately 
evolve to carcinoma in situ, and invasive carcinoma".27

This system advocates that mild, moderate and severe 
dysplasia/CIS represent a morphological, and biological 
continuum of progressive and consecutive stages in the 
development of invasive cancer (Fig. 4).

The Bethesda System (TBS) for reporting cytology and 
histology was introduced in 1988 as an attempt to 
standardize Pap smear reporting and solve the problem of 
inter- and intra-pathologist reproducibility for the 
diagnosis of mild, moderate, and severe dysplasia and 
inability to specify prognosis accurately.28 The Bethesda 
classification system improved reproducibility of diagnosis 
by advocating that HPV-related changes, i.e., koilocytosis 
and CIN 1 be merged into a single category designated 
low-grade SIL, and that CIN 2 and CIN 3 be merged into 
a single category designated high-grade SIL. TBS was 
established by the concept of dual classification system 
encompassing both HPV virology and disease. Treatment 
has come into issues over the past few years due to 
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greater understanding of the role of HPV in cervical 
carcinogenesis and the resulting changes in the termino-
logy of cervical cytology report. HPV type may influence 
regression or persistence of low-grade lesions, with those 
associated with low-risk HPV types more likely to regress 
and those containing high-risk HPV types more likely to 
persist or progress. TBS reflects recent knowledge 
pertaining to the almost certain etiological role of HPV in 
the pathogenesis of cervical cancer and the seemingly 
different natural histories of low- versus high-grade 
intraepithelial lesions.28

Three years after the introduction of TBS, the second 
Bethesda workshop was held to set or amend diagnostic 
criteria for each categories of TBS.29 In addition to the 
revisions of the original version of TBS, it was 
recommended that criteria for specific diagnostic entities 
used in TBS, as well as criteria for specimen adequacy, 
be formulated. Discussions at the second workshop also 
emphasized the desirability of guidelines for the manage-
ment of low-grade cervical abnormalities. The Interim 
Guidelines for Management of Abnormal Cervical 
Cytology, developed at a National Cancer Institute spon-
sored workshop,30 outlined several options for follow-up 
of ASCUS (and LSIL) including: (a) follow-up by 
repeated smears every 4 to 6 months for 2 years until 
there have been three consecutive negative smears; (b) 
colposcopy may be considered if the patient is considered 
at high-risk, if another abnormal smear is reported in the 
follow-up period, or if poor compliance with option is 
anticipated; (c) if ASCUS is associated with severe 

inflammation and a specific infectious agent is identified, 
reevaluation should be performed after appropriate 
treatment; (d) if ASCUS is associated with atrophy, repeat 
smear should follow a course of estrogen therapy. 
Ancillary diagnostic techniques such as HPV typing may 
be helpful in identifying women who harbor occult HSIL 
at the time of the ASCUS diagnosis or possibly in 
predicting which low-grade lesions will progress over time 
to HISL.

The third Bethesda workshop was held in 2001.31 The 
goals of this workshop were to promote more effective 
communication, to clarify in reporting cervical cyto-
pathology results to clinicians, and to provide the 
information to make appropriate decision about diagnosis 
and treatment. The 2001 revision of the terminology was 
developed through a process designed to incorporate new 
scientific data and encourage input from a broad range of 
individuals involved in cervical cancer screening. 
Terminologies confusing clinicians and providing no 
additional information regarding patient management was 
deleted and any information related to the patient 
management was encouraged to add. Although the 
category 'Benign reactive change' was deleted, the 
organisms or reactive changes can be listed in the 
descriptive diagnoses. The terminologies of ASCUS and 
AGUS were changed to atypical squamous cells and 
atypical glandular cells, respectively. Management 
guidelines for women with abnormal cytology results have 
been developed at a consensus conference sponsored by 
the American Society for Colposcopy and Cervical 
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Pathology.32 There are a number of reasons why com-
prehensive, evidence-based guidelines are needed for the 
management of women with cervical cytological 
abnormalities. One reason is that National Cancer Institute 
Workshop recently has revised the criteria used by 
cytologists to render certain cytological interpretations, as 
well as the terminology used for reporting cervical 
cytology results (ie, TBS). Other reasons include a better 
understanding of the pathogenesis and natural history of 
HPV and cervical cancer precursors, and the availability 
of data from the National Cancer Institute's randomized 
Atypical Squamous Cells of Undetermined Significance/ 
Low-grade Squamous Intraepithelial Lesion(ASCUS/LSIL) 
Triage Study (ALTS). Moreover, existing guidelines were 
developed before sensitive molecular methods for 
detecting high-risk types of HPV and liquid-based 
cytology methods became widely available. 

The ALTS is a multicenter, randomized clinical trial 
designed to evaluate 3 alternative methods of manage-
ment, namely, immediate colposcopy, cytologic follow-up, 
and triage by HPV DNA testing. ALTS have shown that 
cytologic interpretations of LSIL are so highly associated 
with HPV and that an HPV triage test is not useful.33

LSIL cytology is best managed by colposcopy initially, 
because there was no useful triage strategy identified, and 
that the level of risk for CIN 2 or 3 warrants colposcopic 
evaluation. In the setting of an ASCUS interpretation, 
however, approximately 40-50% of the women are HPV 
positive. Importantly, virtually all of the occult CIN 2 or 
CIN 3 associated with ASCUS is found in the HPV 
positive fraction.34 HPV triage is at least sensitive as 
immediate colposcopy for detecting CIN 3 among with 
ASCUS. Repeat cytology with colposcopic referral at an 
ASCUS threshold is also sensitive in detecting CIN 3 but 
requires repeated visits and leads to significantly more 
colposcopic examinations than does a single HPV test. 
Management of women with atypical squamous cells 
(ASC) depends on whether the Pap test is subcategorized 
as 'undetermined significance (ASC-US)' or as 'cannot 
exclude high-grade squamous intraepithelial lesion (HSIL) 
(ASC-H)'. Women with ASC-US should be managed 
using a program of 2 repeat cytology tests, immediate 
colposcopy, or DNA testing for high-risk types of HPV. 

Testing for HPV DNA is the preferred approach when 
liquid-based cytology is used for screening. Women who 
are positive will be referred for colposcopy, and those 
who are negative will return to yearly cytology. In most 
instances, women with ASC-H, LSIL, HSIL, and AGC 
should be referred for immediate colposcopic evaluation. 
The ALTS trial closed the HPV test early in LSIL 
cytology arm because the HPV positivity rate was 82% 
and was not a valid discriminator in determining the 
presence of disease. The standard practice is to perform 
colposcopy to evaluate a single LSIL result. Any women 
with a cytologic specimen suggesting the presence of 
HSIL should undergo colposcopy and directed biopsy. 
After colposcopically directed biopsy and determination of 
the distribution of the lesion, ablative therapy and 
destruction of the entire T-zone should be performed.  

HPV Testing for Triage and Screening 
Method of Cervical Neoplastic Lesions

Pap cytology has remarkably reduced the incidence of 
cervical cancer by 70% to 80% in most countries with 
cytology screening programs. But, one of the major 
problems is that the Pap has poor sensitivity and has to 
be repeated frequently to protect against development of 
cervical cancer. The false negative rate of cervical 
cytology attributed to a combination of inadequate 
specimen collection, problems inherent in sampling small 
or inaccessible lesions, and errors in the microscopic 
reading of the cytologic specimen. The cervical brushes 
provide a great yield of endocervical cells, compared 
with the previously used cotton swabs. Technical efforts 
to improve cytologic evaluation have centered on the 
application of monolayer techniques for specimen pre-
paration and use of computers with image analysis and 
neural network capability to automatic slide screening. 
Sampling and preparation errors can be alleviated by 
using a liquid-based media to collect the cytologic 
sample. This technique transfers 80% to 90% of the cells 
to the liquid media, as compared with the only 10% to 
20% transferred to the glass slide with conventional 
cytologic testing. This reduces the rate of unsatisfactory 
smears encountered with conventional cytologic testing 
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by 70% to 90%.35 The Autopap Screeening System has 
been approved by the U.S. Food and Drug Admini-
stration for primary screening and rescreening of samples 
initially read as normal. This system scans the slide and 
uses computer imaging techniques to analyze each field 
of view on the slide. Computer algorithms are then used 
to rank each slide on the basis of the probability that the 
sample may contain an abnormality. This technique has 
reduced the false-negative rate by 32%.36

The classic model of cervical cancer prevention was 
primary screening with cytology, followed by diagnostic 
colposcopy-directed biopsy, and final treatment of cancer 
precursors. TBS was developed to standardize cervical 
cytologic reporting but has resulted in classification of a 
large number of minimally abnormal cytologic results. 
The utility of a triage test in the diagnosis of cervical 
cancer will depend not only on the characteristics of the 
test itself but also on the target population, the prevalence 
of disease, the screening test employed, the costs of 
follow-up, and patient compliance.37 Some clinicians 
advocate extending colposcopic evaluation to a large 
cohort of women with "atypical squamous cells", a 
cytologic diagnosis indicating cellular changes that are 
insufficient to be diagnostic of an intraepithelial lesion. 
Advocates of conservative management emphasize that 
many low-grade lesions will regress with time and that, 
with follow-up by repeat Pap smears, about 15% of low 
grade lesions that progress to high grade lesions can be 
detected and treated effectively.38 The introduction of 
HPV DNA testing and other new modalities provides 
more options but increased complexity in the sequence of 
screening, triage, diagnosis, and patient management. One 
of the 2001 Bethesda Forum Groups addressed the use of 
ancillary tests, and the most commonly used ancillary test 
is for HPV.39 The Ancillary Testing Forum addressed 3 
specific issues: (1) Reporting of HPV testing methods; 
Molecular results should be reported as positive or 
negative for HPV DNA of a certain type or class. The 
specific HPV types included in the assay may be listed. 
(2) Simultaneous reporting of Pap and HPV test results; 
Integrated cytologic and the molecular reporting improves 
communication and record keeping, facilitates pathology 
education, and provides ongoing quality assurance for 

both the cytology and the molecular tests. (3) Reporting 
options for HPV test results; No specific reporting model 
was recommended, and additional data were deemed 
necessary before an optimal reporting model could be 
advocated. 

By the American Society for Colposcopy and Cervical 
Pathology, adjunct testing for low- and high-risk HPV 
types represents an option in the triage or management of 
women with a cervical cytology interpretation of 
minimally abnormal smears.32,39 Advances in HPV testing 
have produced the accurate and reproducible HPV assay 
systems. Accurate HPV DNA testing could be helpful to 
the management of ASCUS/LSIL in 2 ways. First, the 
type of HPV (low-risk or cancer-associated) is associated 
with the severity of squamous intraepithelial lesions and 
their natural history. Secondly, the presence or absence of 
cancer-associated types of HPV can help predict the 
accuracy of the original cytologic diagnosis of equivocal 
and low-grade lesions. A plausible screening strategy 
would be to perform the HPV test as an adjuvant to the 
Pap smear to identify women at risk of cervical neoplasia 
more comprehensively (Fig. 5).40 Previous studies of HPV 
DNA testing using Hybrid Capture Type II (HC-II) have 
resulted in adjunctive methods in women with borderline 
smears,42,43 and there is an increasing interest in HPV 
DNA detection for primary cervical screening.43,44 In 
developing countries with the ineffective screening due to 
the lack of coverage, accessibility, and effectiveness, HPV 
DNA testing could be considered as an alternative method 
for primary screening and that the Pap smear triage 
method for colposcopy.43 In the patients with minor 
degree atypia on Papanicolaou smears, the detection of 
high-risk HPV infection was the only significant predictor 
of CIN 2-3.45 The ALTS group concluded that HC-II 
testing for HPV DNA has greater sensitivity for the 
detection of CIN 3 or above and a specificity comparable 
to a single additional cytologic test indicating ASCUS or 
above.41 Women negative by both Pap and HPV testing 
are at the lowest risk of cervical cancer and could be 
screened less frequently, thus saving the healthcare system 
money.46 A study for the association between a positive 
test for HPV DNA and the risk of the subsequent 
development of invasive cervical cancer showed that the 
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HPV DNA type in all women with cancer was same in 
the baseline smear and in the biopsy specimen. None of 
the control women had the same type of HPV in both 
smears.47 A strong concordance between the type of HPV 
found in the base-line smear and that found in the biopsy 
specimen of the invasive cancer, further supporting the 
importance of viral subtyping. It would be of particular 
interest to know the possible differences in the clinical 
properties of cervical neoplasia according to HPV type. 
The establishment of reliable means of HPV typing for 
use with clinical samples of cervical neoplasia would be 

an important step towards the genetic classification of 
HPV oncogenicity for prospective management. The HPV 
DNA Chip system is a newly developed biotechnology, 
which may be applied for detection and typing of HPV.10

HPV detection rates by HPV DNA Chip were almost 
comparable to those of HC-II test. Furthermore, HPV 
DNA chip showed great advantage, since it can discri-
minate HPV genotype and identify multiple infections. 
This may be an efficient solution for the cervical cancer 
prevention program, and it will eventually lead to reduce 
the morbidity and mortality associated with the disease.



: Oncogenesis of HPV and its Clinical Application  

CONCLUSION

In summary, it is clear that HPV diagnosis has a valid 
role for the management of the women with atypical 
cytology and possibly in population screening for cervical 
cancer. Diagnostic, therapeutic, and vaccination strategies 
must consider the complexity posed by the existence of at 
least 20 different cancer-associated HPVs in cervical 
neoplastic tissues. In conlusion, HPV testing of cervical 
specimens is a specific benefit of the new procedure in 
the management of cervical neoplastic lesions.
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