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Abstract
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Persistence of Human Papillomavirus (HPV) infection is necessary for the development of
cervical cancer. Additionally, infection with HPV is implicated in the majority of cases of other
genital tract malignancies including vulvar, penile, and vaginal cancer. HPV testing and
vaccination are a routine part of OB/GYN clinical practice. With an enhanced public awareness of
HPV infections, many patients turn to their OB/GYN with questions about transmission, testing
and prevention. In this review, we will discuss the biology of HPV, epidemiology of disease,
methods and indications for testing, and vaccination strategies.
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Introduction
Prior to the 1970s, the prevailing theory on the cause for genital tract malignancies was
infection with the Herpes Simplex Virus. The scientific community initially doubted Dr
Harald Zur Hausen, a German physician and virologist, when he suggested that the same
viral particles noted in genital warts might be the culprit for genital tract malignancies. 1 Zur
Hausen’s work evolved and eventually in 1983, his lab isolated Human Papillomavirus
(HPV) 16 and implicated its role in the development of cervical cancer. 2 One year later, his
lab isolated HPV 18, thus discovering the two HPV types that today are known to cause
approximately 70% of cervical carcinoma and many other invasive and preinvasive lesions
of the vulva, vagina, penis, anus, and head and neck. 3–7
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Since the discoveries of Zur Hausen and his colleagues, our clinical and scientific
knowledge of HPV has increased dramatically. In this review, we will discuss the biology of
HPV, including transmission and viral lifecycle, as well as the epidemiology of disease,
methods and indications for testing, and vaccination strategies.
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The Biology of HPV
Transmission
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HPV infections are almost exclusively acquired from sexual exposure. Areas of microtrauma within the skin and mucosal surfaces are the proposed sites of infections. Early data
confirm sexual transmission by noting that only sexually active women acquire HPV
infections, and the rate of acquisition correlates with the number of sexual partners 8. For
reasons that are poorly understood, not all sexual partnerships result in HPV transmission.
Concordance of HPV infection between sexual partners is variable and ranges from 40–
60%. 9–12 Risk factors for concordance are still being elucidated. Length of sexual
relationship, frequency of intercourse, condom use and number of lifetime sexual partners
may play a role. 9,12
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HPV has been detected in multiple anatomic sites including the penis, cervix, anus and
hands. 13,14 HPV has also been detected on areas of unprotected genital skin such as the
vulva and scrotum, providing an explanation as to why condoms offer incomplete protection
against HPV infection. 15 Although transmission has been documented to occur between
many anatomic sites, the cervix is the most common site of transmission. In one study,
transmission was almost 3 times as likely to occur from the cervix to penis than penis to
cervix. 14 Circumcision does play a role in reduction of HPV transmission which has led
some to suggest it as a method to reduce the disease burden in endemic communities where
vaccination and screening are not yet feasible or practical. 16
Although the primary method of HPV transmission is through sexual exposure, transmission
between mother and infant has also been documented. Transmission has been suggested via
contact with vaginal and cervical mucosa during delivery, transplacental transmission,
transmission via amniotic fluid and horizontal transmission during infancy. The rate of
vertical transmission to newborns varies dramatically between studies and may be a result of
older, less reliable HPV tests. Newer studies suggest a vertical transmission rate of
approximately 20–30%. 17–19 The majority of neonatal infections are cleared by the first
year of life, with one study showing a 100% clearance rate. 18 More recent prospective data
suggest that children of HPV positive mothers are more likely to test HPV positive at the 6
week postpartum visit; however, a significant number of infants (~17%) born to HPV
negative mothers will also test HPV positive at some point in their first two years of life,
suggesting other modes of horizontal infection play a crucial role. 19
Lifecycle
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Upon entry into the cells at areas of micro-trauma, HPV targets the actively proliferating
basal cells of the epithelium. In normal squamous epithelium, the basal layer is the area of
active cell division. After division, the daughter cells migrate away from the basal layer and
no longer progress through the cell cycle. High molecular-weight keratins are produced by
these terminally differentiated keratinocytes until the nuclear envelope breaks down and the
cells become empty keratin-filled sacs.
In HPV infected cells, keratinocytes do not undergo terminal differentiation. Once inside the
basal epithelial cell, the viral genome begins to replicate. These HPV infected cells migrate
away from the basal layer and are characterized by active viral replication. In the uppermost
epithelial layer, HPV DNA is assembled into infectious virions. Typical HPV-associated
cytopathic changes such as koilocytosis, multinucleation, and nuclear enlargement are due to
the assembly of the viral particles in the upper epithelial layers. The epithelium is then shed
and HPV particles are released which can then infect a new host.
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Not all HPV infections lead to dysplasia or invasive carcinoma. The oncogenic potential of
the HPV type is mediated primarily by the behavior of the E6 an E7 proteins. These proteins
are transcribed early in the viral life cycle, hence abbreviated ‘E’. Their activity is complex
and multifaceted. E6 binds to and degrades tumor-suppressor protein p53 in the host cell inhibiting expression of genes involved in apoptosis and cell cycle arrest. Thus less
apoptosis and growth-arrest occurs, leading to cellular proliferation 20.
The E7 protein in high-risk HPV infection is involved with cell immortalization through the
retinoblastoma (Rb) protein family. Rb proteins regulate the cell cycle by controlling the
transition at the G1/S phase. When E7 binds Rb, the Rb-E7 complex is degraded and the cell
proceeds unregulated through S phase21.

The Prevalence of HPV
Infection with HPV is the most common of all sexually transmitted diseases. Over 40 HPV
types specifically infect the anogenital tract 22 and these types can further be separated based
on their oncogenic potential. Currently, 12 HPV types are designated by the International
Agency for Research on Cancer (IARC) as being carcinogenic and 8 additional types are
designated as “probably” or “possibly” carcinogenic (Table 1). 23 Commercially available
HPV tests are able to identify 14 of these designated “high-risk” HPV types.
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Although race, geographic region, and other modifiable risk factors all correlate with HPV
prevalence, age is the strongest predictor of HPV prevalence. As part of the 2011 National
Health and Nutrition Examination Survey (NHANES) in the US, over 4,000 females
collected cervicovaginal specimens for HPV testing. The overall prevalence of 37 different
types of HPV was 42.5%, which represents approximately 40 million infections.
Specifically, the prevalence of high-risk HPV types was 29%. The prevalence of HPV was
lowest among females 14–19 years of age (32.9%) and highest among women 20–24 years
of age (53.8%). HPV prevalence varied by race with non-Hispanic blacks having the highest
prevalence (59.2%), followed by Mexican Americans (44.2%) and non-Hispanic whites
(39.2%) (Figure 1). 24
In some studies, there appears to be a second peak of HPV prevalence among postmenopausal women. 25 Women can acquire new HPV infections later in life and, similar to
trends seen in young women, HPV infection in older women is strongly associated with
number of new sexual partners .26 Additionally, this second peak can also be explained by a
reduced immune response associated with post-menopausal immunosenescence. 27
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Because it is a sexually transmitted infection, it is important to understand the epidemiology
of HPV infections in men. The largest US population-based study demonstrated the
prevalence of all HPV types in men to be 61%. The prevalence of high-risk HPV infections
was 23%. In contrast to trends seen in women, the prevalence of HPV infection was not
affected by age. 28

Risk Factors for HPV Infection
Even before the link between HPV infection and genital tract malignancies was established,
it was well recognized that the components of a woman’s sexual history put her at risk for
cervical cancer. Now that the link between HPV and malignancy is well defined, sexual
history has specifically been correlated with risk of acquiring HPV infection. The number of
both recent and lifetime male sexual partners increases the rate of HPV infection,
particularly high-risk HPV infection. 29 The most recent data from the NHANES show that
number of lifetime partners is an independent risk factor for all races except non-Hispanic
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black women, where no independent correlation is seen. 24 Early onset of sexual activity is
an independent risk factor in some but not all studies. 24,29
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Co-infection with other sexually transmitted diseases and vaginal infections is associated
with increased susceptibility to HPV infection. Bacterial vaginosis, trichomoniasis, herpes
simplex virus infection and vulvar warts all increase the risk of HPV infection, although the
correlation with development of cervical intraepithelial neoplasia (CIN) is not as
strong. 30–32 Chlamydial infection has long been implicated in the development of invasive
squamous cell cervical cancer. 33 More recent cohort studies have found that chlamydial
infection promotes both the acquisition and persistence of HPV infection. 34,35
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In 2004, cervical cancer was added to the list of cancers causally related to smoking
according to the International Agency for Research on Cancer. 36 However, since then,
conflicting data have emerged regarding the association between cigarette smoking and
HPV acquisition, persistence and progression. Some studies have shown that women who
smoke are less likely to be compliant with screening guidelines, thereby confounding the
strength of association between smoking and development of cervical cancer. 37,38 Most
studies have shown that current (but not past) smoking increases the prevalence of HPV
infection. 39,40 Current smokers have greater high-risk HPV viral loads than non-smokers
and former smokers. 41 Additionally, delayed clearance of HPV infection and progression to
CIN 2/3 is more common in women who smoke. 42,43
Human Immunodeficiency Virus (HIV) infection is strongly associated with HPV incidence,
persistence, and progression. 44 CD4 counts and HIV RNA levels correlate with the
incidence of high-risk HPV infections. 45 Although highly active antiretroviral therapy
(HAART) has many positive effects on HIV positive women including increased life
expectancy, it has not been shown to definitively affect the incidence or persistence of HPV
infections. 46

The Natural History of HPV Infection and Burden of Disease
Despite their high prevalence, the majority of HPV infections are cleared, and only a
minority persist and progress to cervical intraepithelial neoplasia (CIN) or invasive cancer.
The 1-year clearance rate of incident HPV infections in women ranges from 40–70%
depending on the population studied. Clearance rates are as high as 70–100% in young
women at 2–5 years. 32,47–50 Young women are more likely to clear infections than older
women, and low-risk HPV infections clear more quickly than high-risk HPV infections. 47
Men have higher rates of HPV clearance with almost 75% of HPV infection cleared within 1
year. 28
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Among women who do not clear their infection, studies report variable rates of progression
to CIN 2/3 ranging from 8–28%. 51–53 Additionally, an estimated 3–5% will eventually
develop cervical cancer without any intervention. 54,55
There is limited information on interventions that may increase rates of clearance and
decrease rates of progression. Preliminary data suggest diet may play a role. Increased intake
of riboflavin, thiamine, vitamin B12 and folate through diet or supplementation is associated
with a lower rate of CIN. 56
HPV infection and persistence is necessary for the development of cervical cancer and its
precursors. Among gynecologic malignancies worldwide, the burden of cervical cancer
remains highest. It is the third most common cancer in females worldwide. The incidence of
cervical cancer is much lower in nations that have adopted cervical cancer screening
programs; however, there will still be an estimated 12,000 new cases diagnosed in the US
Am J Obstet Gynecol. Author manuscript; available in PMC 2014 March 01.
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this year. 57 HPV infection is also found in approximately 40% of squamous cell vulvar
carcinomas, 65% of vaginal cancer and almost 50% of penile cancers. Among all HPV
types, HPV 16 is the most common type found in vulvar (29%), vaginal (55%) and penile
cancers (31%). 5,6

HPV Testing
The US FDA has approved 5 tests for detecting HPV (Table 2). Because of the high
prevalence and clearance rates of HPV infection, particularly in young women, primary
HPV testing is not recommended as an upfront screening strategy. However, because of its
improved sensitivity compared to conventional cytology, HPV testing plays an important
role in various screening algorithms.
The American Society for Colposcopy and Cervical Pathology (ASCCP) recommends HPV
testing in a variety of specific situations including triage of women 21 years or older with an
ASC-US Pap smear, co-testing with cytology in women greater than age 30, follow-up after
excisional procedures or ablation of CIN2/3, management of post-menopausal women with
LSIL, management of women with atypical glandular cells (AGC) on cytology, and followup for CIN1 when it was preceded by the following Pap smear categories- LSIL, ASC-US,
and ASC-H (Table 3). 58,59
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Moreover, the ASCCP recommends genotyping assays, which specifically detect HPV 16
and 18, as a way to further triage women over the age of 30 with normal cytology and
positive pooled high risk HPV tests. Women with negative cytology who are HPV 16 or 18
positive should be referred for immediate colposcopy, whereas those who are high-risk
HPV-positive but HPV 16 and 18 negative can be followed up in a year with repeat cytology
and HPV testing. 59
Because there is no treatment for asymptomatic HPV infections in men, routine partner HPV
testing is not recommended. 60 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.
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HPV testing as the primary screening test has also been proposed as a way to improve the
sensitivity of screening, and improve access to screening services. In a pooled analysis of
studies from Europe, Canada, and the US, HPV testing was compared to conventional
cytology for detecting cervical dysplasia. Notably, HPV testing was substantially more
sensitive than cytology in detecting high grade lesions (96% vs. 53%), but was less specific
(90% vs. 96%). 61
This improvement in sensitivity has prompted large population-based trials throughout the
world, which have showed promising results for HPV testing in the primary setting. 62–64
Primary HPV testing appears to be especially effective in women over age 35, especially
when cervical cytology is used as a triage test following a positive HPV test. 64 Subgroup
analysis from a large US based trial showed that HPV testing was more sensitive than
cytology for detecting CIN3+ (92.0% vs. 53%). Adding cytology to HPV testing increased
the sensitivity to 96.7%, though it increased the number of colposcopies performed by 35%
compared with HPV testing alone. 65
In addition to its improved sensitivity, primary high-risk HPV testing has unique features,
which may help target high-risk populations that are less likely to participate in the current
Am J Obstet Gynecol. Author manuscript; available in PMC 2014 March 01.
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screening programs. 66 In an attempt to make high-risk HPV testing more efficient, less
invasive, and less costly, self-collection of samples for HPV testing has developed. This
screening method also has the advantage of reaching patients in remote locations or settings
with limited resources. 67 Thus far, self-collection has shown good concordance with
physician collected samples. 68
Despite these advantages, currently the American Cancer Society and the ASCCP do not
recommend primary HPV screening. 59 They acknowledge its promise as an effective
screening tool but cite lack of well studied management strategies for handling positive test
results. Colposcopy of all HPV-positive patients may lead to many unnecessary diagnostic
and therapeutic treatments. Additionally, cost effectiveness and adherence to a new
screening strategy are areas that need to be better studied prior a large scale change in
screening paradigms. 59

HPV Vaccination
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With an improved understanding of the role of HPV infection in genital tract malignancies,
vaccination has emerged as an important element in cancer prevention. The primary target
for prophylactic HPV vaccination is the L1 capsid protein, which is one of two viral capsid
proteins of HPV. Vaccines are made with recombinant L1 proteins to form virus-like
particles (VLPs), which induce both humoral and cellular immune responses. Following
vaccination, antibody titers are 20–80 times higher than seen with natural infection.
Currently, two vaccines against HPV are approved in the US (Table 4). The quadrivalent
vaccine Gardasil (Merck & Co., Inc., Whitehouse Station, NJ USA) protects against
infection from HPV 6, 11, 16, and 18. It was initially approved in 2006 for women ages 9 to
26 for the prevention of cervical cancer caused by HPV 16 and 18, and genital warts caused
by HPV 6 and 11. Its use has also been expanded to the prevention of vaginal, vulvar, and
anal cancer, as well as the prevention of genital warts in boys and men ages 9 to 26.
The bivalent vaccine Cervarix (GlaxoSmithKline, United Kingdom) protects against HPV
16 and 18 and was approved by the FDA in 2009 for the prevention of cervical cancer and
precancerous cervical lesions in women from 10 to 25 years of age. Both of these vaccines
are highly effective (>99%) in preventing CIN as well as adenocarcinoma in situ (AIS) due
to HPV 16 and 18 in previously unexposed women. 69,70 Vaccination is much less
efficacious in women with pre-existing high-risk HPV infection. 69
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Although the mechanisms have not been clearly delineated, the bivalent HPV vaccine, with
its unique adjuvant containing aluminum hydroxide and monophosphoryl lipid A, has been
found to have a cross-protective effect against oncogenic HPV types 33, 31, 45, and 51. 71
In one large vaccine trial, the vaccination showed 94% efficacy against all CIN3,
irrespective of HPV type, as well as 100% efficacy against all AIS. 70

Future Directions
Despite advances in screening, preinvasive and invasive disease of the lower genital tract
continues to cause significant morbidity and mortality in the US and worldwide. With
improved knowledge regarding the biology of HPV, detection systems and prophylactic
vaccination have emerged in an effort to better understand and prevent disease. Future
directions include continued research in the best use of HPV testing in screening algorithms
(including screening within a vaccinated cohort), optimizing HPV vaccine uptake, and
ensuring adequate adherence to screening guidelines in order to further reduce disease
burden.
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Figure 1. Prevalence of HPV infection in US Females

Data adapted from: Hariri S, Unger ER, Sternberg M, et al. Prevalence of genital human
papillomavirus among females in the United States, the National Health And Nutrition
Examination Survey, 2003–2006. J Infect Dis. Aug 15 2011;204(4):566–573. Reprinted
with permission.
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Table 1

HPV classification

NIH-PA Author Manuscript

High Risk HPV types
Carcinogenic*

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59

Probably Carcinogenic*

68

Possibly Carcinogenic*

26, 53, 66, 67, 70, 73, 82

Tested for in commercially
available detection systems

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68

Low Risk HPV types

6, 11, 40, 42, 43, 44, 54, 61, 72, 81, 89

*

Data adapted from Bouvard V, Baan R, Straif K, et al. A review of human carcinogens--Part B: biological agents. Lancet Oncol. Apr 2009;10(4):
321–322.
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Table 2

FDA approved HPV tests.

NIH-PA Author Manuscript

Test

HPV types

Digene Hybrid Capture 2
High-Risk HPV DNA Test1

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
and 68

1

ASC-US triage

2

Co-testing in women >30 years old

Cervista HPV HR2

16, 18, 31, 33, 35, 39, 45, 51, 52,56, 58, 59,
66, and 68

1

ASC-US triage

2

Co-testing in women >30 years old

Cervista HPV 16/182

16, 18

1

Triage for follow-up of women >30 years old
with negative cytology and +high-risk HPV.

Cobas HPV test3

Specifically identifies 16 and 18 while
concurrently testing for 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 66, and 68

1

ASC-US triage

2

Co-testing in women >30 years old

3

Triage for follow-up of women >30 years old
with negative cytology and positive high-risk
HPV testing

1

ASC-US triage

2

Co-testing in women >30 years old

APTIMA HPV assay4

NIH-PA Author Manuscript

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
66, and 68

Uses

1

QIAGEN (Germantown, MD)

2

Hologic (Bedford, MA)

3

Roche Molecular Systems (Pleasanton, CA)

4

Gen-Probe (San Diego, CA) ASCUS, Atypical Squamous Cells of Undetermined Significance.
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Table 3

Indications and follow-up for HPV testing 56, 57

NIH-PA Author Manuscript
NIH-PA Author Manuscript

Indication for HPV test

Follow up if HPV+

Follow up if HPV−

ASC-US triage if ≥ 21 years
old

Colposcopy

Ages 21–29: Repeat cytology
3 years
Ages 30–65: Repeat cytology
3 years or cytology/HPV cotesting in 5 years

Screening in low-risk
women≥ 30 years
(cytology/HPV co-testing)

If ASC-US/HPV+: Colposcopy
If cytology negative/HPV+:
Option 1: 12-month
follow-up with
cytology/HPV co-testing
Option 2: Test for HPV16
or HPV16/18 genotypes
If HPV16+ or
HPV16/18+:
colposcopy
If HPV16 or
HPV16/18-: 12month follow-up
cytology/HPV cotesting

Cytology/HPV co-testing in 5 years

Follow-up after excisional
or ablative procedure for
CIN 2/3 at 6 and 12
months (other follow-up
options available)

Colposcopy

Routine screening

Post-menopausal women
with LSIL cytology

Colposcopy

Routine screening

AGC cytology, negative
colposcopy

Follow-up cytology/HPV co
testing at 6 months

Follow up cytology/HPV cotesting at 12 months

Follow-up CIN1 when
preceded by LSIL, ASC-US,
or ASC-H cytology

Colposcopy

Routine screening
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Table 4

HPV vaccines

NIH-PA Author Manuscript

Gardasil*

Cervarix**

HPV Types

HPV 6, 11, 16, 18

HPV 16, 18

Injection Schedule

3 injections: 0, 2, 6 months

3 injections: 0, 1, 6 months

FDA Approval

Females: prevention of
vaginal, vulvar, and cervical
cancer and their
premalignant lesions (HPV
16, 18).
Females and males:
prevention of genital warts
(HPV 6, 11), anal cancer and
premalignant lesions (HPV
16, 18)

Females: prevention of
cervical cancer and
premalignant cervical lesions

Additional Benefits

-Safe in lactation

-Safe in lactation
-Efficacy against HPV 31,33,
45, and 51

*

Merck & Co., Inc. (Whitehouse Station, NJ)

NIH-PA Author Manuscript

**

GlaxoSmithKline (United Kingdom)
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