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 H
uman papillomaviruses (HPVs) 
are a group of more than 100 
DNA viruses that infect human 
epithelial cells. About 40 of 

these viruses cause genital disease; 15 are 
high-risk types that can cause intraepithe-
lial lesions and cervical and other cancers.1 
HPV infection is the sole cause of cervical 
cancer.2 HPV types are subdivided into two 
categories: low-risk, which are associated 
with genital warts; and high-risk, which are 
associated with low- and high-grade cervical 
intraepithelial lesions and lower genital tract 
cancers. A person can be infected with mul-
tiple types of HPV.3 Persistent high-risk HPV 
types can cause intraepithelial lesions, which 
can lead to cancer of the lower genital tract if 
not treated.2,4 Although cervical cancer is no 
longer common in the United States because 
of widespread screening, it remains the third 
most common cancer in women worldwide.5

HPV is the most common sexually trans-
mitted infection in women.6 Up to 79 percent 

of sexually active women acquire a genital 
HPV infection during their lifetime, but the 
infection is usually transient and asymptom-
atic.7 The prevalence of genital warts, the 
most visible manifestation of HPV infection, 
is only about 1 percent in sexually active 
Americans.8 Patients presenting with clini-
cal symptoms represent only a small part of 
a vast population with latent infection.8 

Transmission
HPV is transmitted through contact with 
infected genital skin or mucosa. Genital 
warts are highly infectious because of their 
high viral load; up to 65 percent of sexual 
contacts develop an infection.9 The usual 
incubation period for clinical warts is three 
weeks to eight months, with an average of 2.9 
months.9 Oral infection with genital HPV 
types may occur, but the risk of transmis-
sion is less.10 Perinatal transmission also can 
occur, but this is rare.10 Receptive anal inter-
course has been associated with intra- and 

Human papillomaviruses cause the most common sexually trans-
mitted infection in the world and are responsible for nearly all 
cases of cervical cancer. Genital human papillomavirus infection 
can be divided into low-risk infections (causing genital warts) and 
high-risk infections (causing cervical intraepithelial neoplasia, 
and cervical and other cancers). Exposure to human papilloma-
virus typically produces a sexually transmitted infection that may 
progress to a clinically apparent process, such as genital warts and 
cervical intraepithelial neoplasia lesions of the lower genital tract. 
Although most human papillomavirus infections resolve spontane-
ously within two years, some high-risk infections persist and are 
considered cancer precursors. Risk factors for persistent infection 
include multiple sex partners, sex at an early age, history of sexually 
transmitted infections, and smoking. Condom use is only partially 
protective against human papillomavirus infection. The two human 
papillomavirus vaccines are most effective if given to girls before 
the onset of sexual activity. (Am Fam Physician. 2010;82(10):1209-
1214. Copyright © 2010 American Academy of Family Physicians.)

▲

 Patient information: 
A handout on prevention 
of cervical cancer, writ-
ten by the authors of this 
article, is provided on 
page 1217.

The online version 
of this article 
includes supple-

mental content at http:// 
www.aafp.org/afp.
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perianal warts, but these warts are not always associated 
with anal intercourse. Cervical and anal infections often 
coexist in persons without a history of anal intercourse.11 

Clinical Course and Manifestations
HPV infection may be latent, subclinical, or clinical. It 
may take the pathway of low viral-load infection with-
out clinical disease, or high viral-load infection with 
clinical disease.12 Such disease may manifest as genital 
warts or as low- or high-grade intraepithelial lesions. Up 
to 90 percent of persons infected with high- or low-risk 
HPV clear the infection within about two years.13,14 The 
median time to clearance of genital warts after treat-
ment is about six months.9 In women, up to 30 percent of 
cases of genital warts spontaneously regress within four 
months.15 It is not clear whether this immune-mediated 
regression eliminates the infection or suppresses it per-
manently, but in either event, the virus ceases to manifest  

lesions. The small minority who fail to clear the infec-
tion are at risk of progression to malignancy.12

The peak prevalence of HPV infection in women 
occurs in their early 20s.16 After women reach 20 years of 
age, the prevalence steadily declines, although a smaller 
second peak occurs in postmenopausal women in some 
geographic areas. This may be attributed to viral persis-
tence or perhaps new acquisition.17 The interval between 
infection and diagnosis of cancer is 10 to 20 years18 
(Figure 119). Because the peak incidence of cervical 
cancer does not occur until 40 years of age, testing for 
persistent HPV infection is most useful between 30 and  
40 years of age.16

Although cervical cancer is the primary concern in 
women with persistent HPV infection, other rarer HPV-
induced cancers include those of the vagina, vulva, anus, 
and penis 20 (Online Table A). There is also epide-
miologic evidence linking HPV infection with oral  

SORT: KEY RECOMMENDATIONS FOR PRACTICE

Clinical recommendation
Evidence 
rating References

Limiting the number of lifetime sex partners, delaying the age of first intercourse, and consistently using 
condoms (which offer only partial protection) reduce the risk of HPV infection.

C 17, 35

Tobacco cessation should be recommended as a strategy for HPV risk reduction, because smoking is associated 
with increased risk of persistent HPV infection and the development of HPV-related malignancies. 

C 35-37

Vaccination with the quadrivalent HPV vaccine (Gardasil) is 98 percent effective in preventing the 
development of high-grade precancerous cervical lesions in noninfected women. Vaccination after natural 
infection is less protective.

B 40, 41

Vaccination with bivalent HPV vaccine (Cervarix) is 98 percent effective in preventing the development of 
precancerous cervical lesions in noninfected women. Vaccination after natural infection is less protective.

B 38 

Male circumcision reduces the risk of HPV infection in men by 35 percent. B 47

HPV = human papillomavirus.

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evidence; C = consensus, disease-
oriented evidence, usual practice, expert opinion, or case series. For information about the SORT evidence rating system, go to http://www.aafp.
org/afpsort.xml.

Natural History of Cervical Carcinogenesis

Figure 1. An epidemiologic model of cervical carcinogenesis. The major steps in cervical carcinogenesis are human 
papillomavirus (HPV) infection (balanced by viral clearance), progression to precancer (partly offset by regression of 
precancer), and invasion. The persistence of oncogenic HPV types is necessary for progression and invasion. HPV infec-
tion is frequently but not necessarily associated with cytologic and histologic abnormalities.

Reprinted with permission from Schiffman M, Kjaer SK. Chapter 2: natural history of anogenital human papillomavirus infection and neoplasia. J Natl Cancer 
Inst Monogr. 2003;(31):15.

Normal cervix

Infection 

Clearance

Progression

Regression

Invasion
Cancer

Mild cytologic and/or 
histologic abnormalities

PrecancerHPV-infected cervix



November 15, 2010 ◆ Volume 82, Number 10 www.aafp.org/afp� American Family Physician  1211

squamous cell carcinoma.21,22 Respiratory papillomatosis 
is caused by low-risk HPV types.20 

Low-risk HPV genital infection can result in anogeni-
tal warts (i.e., condyloma acuminata), which present as 
recurrent papules or cauliflower-like lesions, or flat geni-
tal warts (i.e., condyloma planum). Genital warts turn 
white with application of a 3 to 5% acetic acid solution, 
but this test is nonspecific.23 

Although genital warts can cause considerable emo-
tional distress, most lesions eventually disappear, and 
long-term health consequences are minimal.23 

HPV Types and Cancer Risk
In all HPV-related cancers, HPV DNA integration into 
the host cell genome sets the stage for malignancy. Viral 
oncoproteins E6 and E7 are then generated, which in 
turn bind and degrade host tumor suppression genes 
TP53 and RB1.10 

HIGH-RISK HPV TYPES

Infections with high-risk HPV types tend to persist lon-
ger than those with low-risk types, and may result in 
cervical dysplasia that leads to cervical cancer.10 Eight 
high-risk HPV types account for 95 percent of all cervi-
cal cancers,1 with just two of these—types 16 and 18—
causing about 70 percent.17 Type 16 causes 50 percent of 
all cervical cancers (mostly squamous cell), whereas type 
18 is responsible for an additional 20 percent (mostly 
adenocarcinoma, a less common but aggressive cancer 
arising from the glandular epithelium of the endocervi-
cal canal).17 

Infections with multiple high-risk types seem to act 
synergistically in cervical carcinogenesis.24 Grade 1 cervi-
cal intraepithelial neoplasia (CIN 1) indicates an active 
HPV infection. CIN 2 is considered a high-grade lesion, 
but may regress spontaneously in 40 percent of women.25 
CIN 3 is least likely to regress and is considered a surrogate 
outcome (sometimes with CIN 2) for cervical cancer.16

LOW-RISK HPV TYPES

Low-risk HPV types 6 and 11 cause 90 to 95 percent 
of genital warts.20 However, coinfection with multiple 
strains is relatively common, so the presence of warts 
does not exclude high-risk HPV types. High-risk HPV is 
found in 31 percent of genital lesions.26 

HPV Testing 
HPV can be detected through polymerase chain reac-
tion testing or DNA testing (Table 1).27-29 Testing for low-
risk HPV types that do not cause cervical cancer has no 
clinical benefit30; therefore, the currently available DNA 
tests detect only high-risk HPV types. The Hybrid Cap-
ture II High-Risk HPV test is a solution hybridization, 
signal amplification–based assay that tests for 13 high-
risk types. It has a sensitivity of approximately 90 per-
cent,30 and can be combined with cytology in women 
30 years and older. If both tests are negative, they can 
be repeated in three years.31 Two additional HPV DNA 
tests were recently approved by the U.S. Food and Drug 
Administration (FDA): Cervista HPV HR (14 high-risk 
types) and Cervista HPV 16/18, an HPV genotyping 
test. Routine genotyping for HPV types 16 and 18 is not 
recommended.4 

There are no HPV tests for use in men. Because of the 
risk of anal intraepithelial neoplasia and anal squamous 
cell cancer, anal Papanicolaou (Pap) testing has been 
proposed as a screening tool in men with human immu-
nodeficiency virus infection and in men who have sex 
with men.32 However, anal cytology may underestimate 
the degree of high-grade anal intraepithelial neoplasia; 
therefore, patients with abnormal findings should be 
referred for high-resolution anoscopy and biopsy.33

Risk Factors
Genital contact is the leading risk factor for HPV acqui-
sition, and risk increases with the number of sex part-
ners.34 Other risk factors include multiple partners, sex 

Table 1. HPV DNA Tests

Test Approved indications HPV types detected Results reported

Cervista HPV HR Screening women with ASCUS to determine the need for 
colposcopy; co-testing with cytology in women 30 years 
and older to assess for high-risk HPV types27

14 high-risk types Positive or negative (does 
not identify HPV type)

Cervista HPV 16/18 Adjunctive testing with Cervista HPV HR in combination with 
cytology to assess for specific high-risk HPV types in women 
30 years and older; adjunctive testing with Cervista HPV HR 
in women with ASCUS*

High-risk types  
16 and 18

Positive (identifies HPV 
type) or negative

Hybrid Capture II 
High-Risk HPV 

Reflex testing of ASCUS cytology; co-testing with cytology in 
women 30 years and older for cervical cancer screening28 

13 high-risk types29 Positive or negative (does 
not identify HPV type)

ASCUS = atypical squamous cells of undetermined significance; HPV = human papillomavirus.

*—The use of HPV genotyping is not recommended in women with ASCUS.27 

Information from references 27 through 29.
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at an early age, failure to use condoms consistently, and 
a history of sexually transmitted infections.35 Condom 
use is only about 70 percent effective in preventing HPV 
transmission, because there is still contact with genital 
skin.34 Tobacco use is associated with persistent HPV 
infection, although it is difficult to exclude confound-
ing tobacco-associated behaviors.10,36 Men who smoke 
more than 10 cigarettes per day are twice as likely as non-
smoking men to have genital warts.35 Women who smoke 
more than 20 cigarettes per day have an increased likeli-
hood of persistent HPV infection compared with those 
who smoke less than 10 cigarettes per day.37 Women with 
grade 3 vulvar intraepithelial neoplasia who continue to 
smoke after treatment are 30 times more likely to have 
persistent disease.36

Prevention
The two FDA-approved HPV vaccines (Table 2 38-41) con-
sist of noninfectious virus-like particles derived from the 
HPV L1 capsid protein. The quadrivalent recombinant 
HPV vaccine (Gardasil) protects against HPV types 6, 
11, 16, and 18, and was approved in 2006 for girls and 
women nine to 26 years of age.39 It prevents genital warts 
and cervical cancer, and is given as a series of three vac-
cinations (at months 0, 1 to 2, and 6).42 The bivalent HPV 
vaccine (Cervarix) protects against types 16 and 18, but 
not types 6 and 11.42 It is approved for girls and women 
10 to 25 years of age, and is given as a series of three vac-
cinations (at months 0, 1 to 2, and 6). 

The FUTURE I (Females United to Unilaterally Reduce 
Endo/Ectocervical Disease) three-year phase 3 trial 
examined the effectiveness of the quadrivalent vaccine in 
preventing genital diseases associated with HPV types 6, 
11, 16, and 18.40 The vaccine was nearly 100 percent effec-
tive in preventing precancerous lesions (CIN 2 and CIN 3) 

and genital warts when given to unexposed women. 
Another study, the FUTURE II trial, showed that the 
quadrivalent vaccine is 98 percent effective in preventing 
high-grade precancerous cervical lesions (HPV 16, 18) in 
unexposed women over a three-year period.41 However, 
data from the intention-to-treat group (including sexu-
ally active, HPV-exposed women) suggest that the vac-
cine is less protective in this population.41

The PATRICIA (Papilloma Trial Against Cancer in 
Young Adults) trial showed that the bivalent vaccine is 
98 percent effective in preventing precancerous cervical 
lesions (CIN 2 and CIN 3) caused by HPV types 16 and 
18, and may provide some cross-protection against types 
31, 33, and 45.38 The bivalent vaccine adjuvant may pro-
mote a more accelerated immune response with higher 
titers.43 There have been no head-to-head studies of the 
bivalent and quadrivalent vaccines.43

The Centers for Disease Control and Prevention’s 
Advisory Committee on Immunization Practices (ACIP) 
recommends routine HPV vaccination of girls at 11 to 
12 years of age, with catch-up vaccination for girls 13 to 
26 years of age.42 The American Cancer Society found 
insufficient evidence to recommend for or against rou-
tine vaccination of women 19 to 26 years of age.39 HPV 
vaccination may become a mandatory childhood vac-
cine. Duration of protection is at least five years, and a 
15-year follow-up study in Europe is planned.44 Long-
term protection is essential if HPV vaccination is to be 
cost-effective. Both vaccines seem to be safe and immu-
nogenic; the most common adverse effects are local 
injection reactions, dizziness, nausea, and syncope.45 
Even after vaccination, it is important that cervical cyto-
logic screening continue, because it is unlikely that the 
vaccine will alter the course of preexisting infections or 
treat all HPV-associated disease.41 

Table 2. HPV Vaccine Comparisons 

Vaccine Indications
Injection 
schedule HPV types

Effectiveness Cost for 
full vaccine 
series*HPV susceptibility Intention to treat

Cervarix Prevention of cervical 
cancer in females  
10 to 25 years of age

0, 1 to 2, and 
6 months 

16 and 18 98% of CIN grade 2 or  
3 lesions associated with 
HPV types 16 and 1838

30% of CIN grade 2 or 
3 lesions associated 
with all HPV types38

$462 

Gardasil Prevention of cervical 
cancer and genital 
warts in females 9 to 
26 years of age

Prevention of genital 
warts in males 9 to 
26 years of age

0, 1 to 2, and 
6 months

6, 11, 16, 
and 1839

100% of external vaginal 
lesions40

98 to 100% of CIN grade 
2 or 3 lesions40,41

34% of external 
vaginal lesions40

17 to 20% of cervical 
lesions40,41

$436 

CIN = cervical intraepithelial neoplasia; HPV = human papillomavirus.

*—Estimated cost for three 0.5-mL doses, based on average wholesale cost in Red Book. Montvale, N.J.: Medical Economics Data; 2010.

Information from references 38 through 41.
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ACIP recently approved the nonroutine (permissive) 
use of the quadrivalent vaccine in boys nine to 18 years of 
age to prevent genital warts.42 Although males represent 
a reservoir for female HPV infection, the lack of proven 
cost-effectiveness makes vaccination of this population 
controversial.46 There is increasing evidence that circum-
cision may also reduce HPV infection in men; in South 
Africa, the prevalence of HPV in circumcised men is  
14.8 percent, compared with 22.3 percent in uncircum-
cised men.47 Circumcised men are 35 percent less likely 
to contract HPV and 25 percent less likely to contract 
herpes than their uncircumcised cohorts.48

Controversy about HPV vaccination involves its high 
cost (approximately $150 per injection), uncertain dura-
tion of protection, and concerns that it provides tacit 
approval of sexual activity and a false sense of security. 
In addition, the necessity of vaccinating girls as young 
as nine to 11 years, before they become sexually active, 
unsettles many parents. There has been criticism for 
aggressive marketing of HPV vaccine to older women 
already exposed to HPV, while less attention has been 
given to the subpopulations at highest risk.49 In areas 
where cervical screening is already routine, HPV vac-
cination will not significantly decrease the number of 
women who get cervical cancer, only the number who 
have abnormal screening tests.50 Table 3 lists online 
resources for information about HPV. 

The most pressing need for HPV vaccination is in the 
developing world, where most women never receive Pap 
testing and cervical cancer is a major cause of death. 

Approximately 80 percent of cases of cervical cancer 
occur in the developing world.5 Globally, 529,000 women 
are diagnosed with cervical cancer every year, and there 
are 275,000 deaths attributed to cervical cancer.5 A vac-
cine effective against the four or five most common 
high-risk HPV types could prevent 80 to 90 percent of 
cervical cancers worldwide.51 However, the cost of the 
current vaccines limits their availability in areas where 
they are needed most. 
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