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REVIEW

■ ABSTRACT

Since January 2005, new vaccines against pertussis,
meningococcal disease, and human papillomavirus (HPV)
infection have been licensed. The target recipients are
adolescents and preadolescents, who are at higher risk of
these infections than other age groups. Routinely
scheduled visits for 11- to 12-year-olds will allow for
immunization against these and other diseases and give
us an opportunity to provide anticipatory guidance
against high-risk behaviors.

■ KEY POINTS

Two new combination vaccines against tetanus,
diphtheria, and pertussis are approved for use in
adolescents. They contain different amounts of the
antigens than the vaccines used in infants.

A conjugate meningococcal vaccine is approved for
people 11 to 55 years of age. It is recommended for
preadolescents and others at risk, such as college
freshmen and military recruits.

A newly approved vaccine covers the four serotypes of
HPV that cause most cases of cervical cancer and genital
warts. It should be given to all preadolescent girls before
the onset of sexual activity and to other female patients
up to 26 years of age who wish to reduce their risk.

RETEENS AND TEENAGERS will be getting
more shots as part of their routine

immunization schedule now that new vac-
cines have been approved against:
• Pertussis—the only vaccine-preventable

disease for which case numbers are rising
(Children are already vaccinated against
pertussis, but vaccinations during child-
hood alone will not control this disease.)

• Meningococcal disease—a disease with a
peak incidence in adolescents and young
adults and associated with a high risk of
death in this age group

• Human papillomavirus (HPV)—a sexu-
ally transmitted infection often acquired
in adolescence, a period of development
marked by high-risk behaviors, including
sexual activity.

■ BUILDING ON PAST SUCCESSES

Vaccines have been one of the most successful
means of preventing sickness and death world-
wide. In the United States, cases of most of the
diseases that are preventable by vaccines have
been reduced by almost 99% from their inci-
dence in the prevaccine era (TABLE 1).1 Polio has
been eradicated from the Western Hemi-
sphere,2 and indigenous measles transmission
has been interrupted in the Americas.

Building on these successes, a number of
new vaccines have been added to the US
childhood and adolescent immunization

P

*Dr. Lieberman serves on the speakers’ bureaus of or as a consultant for
the sanofi pasteur, GlaxoSmithKline, and Merck corporations.
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schedule, so that children are now routinely
vaccinated against up to 16 infectious dis-
eases.3 The schedule also meshes with the
need for those who provide routine health
care to monitor growth and development and
to provide anticipatory guidance. Indeed, the
scheduled health care visits of the first year
have been built around the vaccination
schedule.

State laws that require children to be vac-
cinated before they enroll in school have
helped boost coverage rates to a fairly high
level in the last decade, although there is
room for improvement.4 In contrast, coverage
rates have been lower in adolescents and
adults, due in part to fewer opportunities for
health care visits.

Recent additions to the vaccination
schedule are bundled in a preadolescent visit
at 11 to 12 years of age (TABLE 2).5–7 However,
the Society for Adolescent Medicine recom-
mends that we bring adolescents into the
office at least three times: at age 11 to 12, at
age 14 to 15, and at age 17 to 18. These visits
would give us the opportunity not only to vac-
cinate them but also to do comprehensive
health screening and anticipatory care.5

Another advantage would be that they could
be vaccinated while they are still covered by
their parents’ insurance or by the Vaccines for
Children program.

■ PERTUSSIS (WHOOPING COUGH)

May be subtle in adolescents and adults
The clinical spectrum of pertussis ranges from
an illness indistinguishable from a cold to clas-
sic whooping cough, depending on the degree
of preexisting immunity. In people with preex-
isting immunity, such as adolescents and
adults, the features of pertussis may be less
severe and so it often goes unrecognized.

In children, classic whooping cough pro-
gresses through three phases:
• The catarrhal phase, characterized by rhi-

norrhea and mild cough. The severity of
the cough increases over 1 to 2 weeks,
leading to…

• The paroxysmal phase, in which patients
go through repetitive series of 5 to 10 or
more forceful coughs during a single expi-
ration. The paroxysms may be followed by
a massive inspiratory effort, producing the
characteristic “whoop.”

Most of the
diseases that
vaccines
prevent have
been reduced
by almost 99%

The resounding success of vaccination

DISEASE CASES PER YEAR CASES % REDUCTION
BEFORE VACCINES* IN 2005

Diphtheria 175,885 0 100

Measles 503,282 66 > 99.9

Mumps 152,209 314 99.8

Pertussis 147,271 25,616 82.6

Polio (wild) 16,316 0 100

Rubella 47,745 11 > 99.9

Tetanus 1,314 27 97.9

Invasive Haemophilus 20,000 9 > 99.9
influenzae type b disease

Total 1,064,845 26,043 99.8

*Maximum cases reported in the prevaccine era
CENTERS FOR DISEASE CONTROL AND PREVENTION. SUMMARY OF NOTIFIABLE DISEASES—UNITED STATES 2005. MMWR 2006; 54(53):2–92.

T A B L E  1

 on July 23, 2014. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


716 CLEVELAND CL IN IC JOURNAL OF MEDICINE      VOLUME 74 •  NUMBER 10       OCTOBER  2007

ADOLESCENT IMMUNIZATION YEH AND LIEBERMAN

• The convalescent phase lasts from a few
weeks to as long as 3 months and is char-
acterized by decreasing frequency and
severity of cough episodes.
In adults, the most commonly reported

symptoms are protracted cough lasting 3 to 6
weeks (41%–52%), nighttime cough
(56%–78%), and pharyngitis (31%–86%). Less
frequent symptoms include post-tussive emesis
(7%–45%), whoop (7%–35%), cyanosis
(6%–12%), and apnea (15%–37%).8–12 Other
reported complaints include cough exacerbated

by eating, drinking, exertion, or a change in cli-
mate. Differing from classic whooping cough in
young children, lymphocytosis is often absent
in adolescents and adults.

Pertussis is increasing in incidence,
shifting to infants, adolescents, adults
Worldwide, an estimated 20 to 40 million
cases of pertussis occur each year.13 In the
United States, the number of cases reported to
the US Centers for Disease Control and
Prevention (CDC) has increased markedly

Immunization recommendations for preadolescent visit (11–12 years of age)
Varicella
Give second dose if the patient previously received only one dose
Give two doses at least 4 weeks apart if the patient never previously received vaccine and if over 13 years of age

Hepatitis B
Requires receipt of three doses total during lifetime; complete series if incomplete

Hepatitis A
Give two doses 6 months apart if not previously immunized

Measles, mumps, rubella
Patient should have received two doses; give second dose if it was not given at 4 to 6 years of age

Influenza
Yearly for those with risk factors or those with contact with persons with risk factors

Tetanus, diphtheria, pertussis
Routine vaccination of adolescents 11 to 18 years of age (the preferred age of vaccination is 11 to 12 years)
Adolescents should receive a single dose of Tdap instead of Td
Adolescents age 11 to 18 years who received Td but not Tdap are encouraged to receive Tdap with an interval of at least

5 years between Td and Tdap
Vaccine providers should give Tdap and tetravalent meningococcal conjugate vaccine to adolescents age 11 to 18 years

during the same visit if both vaccines are indicated and available

Meningococcus
Routine vaccination of preadolescents 11 to 12 years of age with tetravalent conjugate meningococcal vaccine

(MCV4; Menactra)
Routine vaccination with MCV4 at high-school entry (approximately 15 years of age) of patients who have not yet received it
Elective vaccination with MCV4 of other adolescents who wish to decrease their risk for meningococcal disease
Other populations at increased risk of meningococcal disease: college freshmen who live in dormitories, microbiologists who

are routinely exposed to isolates of Neisseria meningitis, military recruits, people who travel or reside in countries
with hyperendemic or epidemic N meningitis, people with terminal complement component deficiencies, people
with anatomic or functional asplenia

• For people 11 to 55 years of age, tetravalent conjugate meningococcal vaccine (MCV4) is recommended; for persons
2 to 10 years of age and >55 years of age, MSPV4 is recommended; MPSV4 is an acceptable alternative for persons
11 to 55 years of age

Human papillomavirus
Give three-dose series to all girls (at 0, 2, and 6 months)

DATA FROM AMERICAN ACADEMY OF PEDIATRICS. RECOMMENDATIONS FOR PREVENTIVE PEDIATRIC HEALTHCARE,
COMMITTEE ON PRACTICE AND AMBULATORY MEDICINE. PEDIATRICS 2000; 105:645–646.

AMERICAN ACADEMY OF PEDIATRICS. IN PICKERING LK, BAKER CJ, LONG SS, MCMILLAN JA,EDITORS. RED BOOK.
2006 REPORT OF THE COMMITTEE ON INFECTIOUS DISEASE 27TH ED. ELK GROVE, IL: AMERICAN ACADEMY OF PEDIATRICS; 2006.

T A B L E  2
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over the last several years, although the dis-
ease is still significantly underreported. An
average of 6,000 to 8,000 cases per year were
reported in the 1990s, but in 2004 and 2005
more than 25,000 cases were reported each
year, which is the highest level since the nadir
of pertussis cases in the 1970s.1

Before pertussis vaccine was widely used,
pertussis mostly affected school-age children,
but now it has shifted to very young infants
who have not received their full course of
vaccinations and to adolescents and adults
(FIGURE 1).14–16 Almost 40% of reported cases
in 2004 and 2005 were in the 10-to-19-year-
old age group. A recent prospective study
estimated the incidence of pertussis in the
15-to-64 age group to be 3 to 4 cases per
1,000 persons per year in the United States—

almost 1 million cases per year.17

In states with enhanced surveillance for
pertussis, adolescents have one of the highest
incidence rates of pertussis of all age
groups.18,19 Furthermore, adolescents and
adults are important reservoirs and sources of
Bordetella pertussis transmission and infection
for unimmunized or partially immunized
infants and children.20–24

New pertussis vaccines
for adolescents and adults
The first vaccines against pertussis consisted
of killed B pertussis organisms, and in 1914 a
licensed whole-cell pertussis vaccine became
available.25 The whole-cell vaccine was then
combined with diphtheria and tetanus toxoids
in a vaccine (DTwP) that became widely

DTaP is for
infants and
small children,
Tdap is for
teens and
adults
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FIGURE 1. Age distribution of reported pertussis cases, United States, prevaccine and
postvaccine eras. The 1933–1939 data are from Massachusetts; the other data are
national. The 1933–1939 and 1978–1981 data are from Cherry,14 and the 1997–2000
data are from the Centers for Disease Control and Prevention.15

FROM YEH SH, MINK CM. SHIFT IN THE EPIDEMIOLOGY OF PERTUSSIS INFECTION: AN INDICATION FOR PERTUSSIS VACCINE BOOSTERS FOR ADULTS?
DRUGS 2006; 66:731–741. USED WITH PERMISSION.
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available in 1948. However, whole-cell per-
tussis vaccines were associated with unfavor-
able reactions25 and the unproven perception
that they might cause rare, but serious,
adverse reactions.

Acellular pertussis vaccines, containing
purified components associated with the bac-
teria’s pathogenesis, were first developed in
Japan, where two deaths following pertussis
vaccination in the mid-1970s led to low pub-
lic acceptance of whole-cell vaccines.26 In the
United States, combination vaccines that
contain diphtheria toxoid, tetanus toxoids,
and acellular pertussis (DTaP) have been
available and in use for children since the
1990s.25 Available products are Daptacel,
Infanrix, Pediarix, and Tripedia.

In 2005, two combination vaccines that
contain the same ingredients but in different
amounts were licensed for use in adolescents
and adults in the United States.27,28 These are
abbreviated as “Tdap” rather than DTaP
because they contain less diphtheria toxoid
and acellular pertussis—capital letters indi-
cate more antigen.

Boostrix (GlaxoSmithKline) is licensed
for use in people 10 through 18 years of age.

Adacel (sanofi pasteur) is licensed for use
in people 11 through 64 years of age.

Both Boostrix and Adacel were approved
on the basis of safety and immunogenicity
assessments, without any data about clinical
efficacy.27,28 However, most adults and adoles-
cents who received a single booster dose of
Tdap achieved higher antibody levels than
infants who had received three doses of com-
parable DTaP vaccines,18 suggesting that
these vaccines should be protective in these
age groups. In a study in people 18 to 64 years
of age,17 an acellular pertussis vaccine demon-
strated up to 92% protective efficacy, support-
ing the concept that vaccinating adolescents
and adults should provide them with signifi-
cant protection. Postlicensure studies are nec-
essary to determine the duration of protection
after vaccination and whether there is a need
for further booster doses.

Acellular pertussis vaccines are generally
safe and well tolerated. Both of the US Tdap
vaccines had acceptable profiles for local and
systemic events, comparable with those with
Td vaccines, which contain only tetanus tox-

oid and reduced-dose diphtheria toxoid.
Injection site pain was the most frequent
adverse event reported with Boostrix, Adacel,
and the Td vaccines. However, Adacel recip-
ients experienced more fever (temperature >
100.4˚F; [38.0˚C]) than Td recipients (5% vs
2.7%, respectively).18,28

In general, Tdap is recommended for all
adolescents 11 to 18 years of age (TABLE 2),
with a preferred age of immunization of 11
to 12 years of age.29 An interval of at least 5
years between Td and Tdap immunization is
suggested. However, intervals as short as 2
years between Td and Tdap have been stud-
ied and determined to be safe and should be
considered during pertussis outbreaks or if
adolescents have contact with young
infants.

■ MENINGOCOCCUS

Even more fatal in adolescents
than in infants and children
Invasive meningococcal disease, caused by
Neisseria meningitidis, is infrequent (approxi-
mately 1,400 to 3,000 cases occur in the
United States annually) but has high morbid-
ity and mortality rates and often has a fulmi-
nant course leading to death within hours.30

The most common clinical forms are menin-
gitis (47% of cases), bacteremia and sepsis
(43%), and pneumonia (6%).31

The case fatality rate is 10% to 14%, and
11% to 19% of survivors suffer serious seque-
lae such as deafness, neurologic deficit, or
limb loss.32–35 Despite major advances in
medical and supportive care, the mortality
rate in invasive meningococcal disease has
not declined over the past 20 or 30 years.

Meningococcal disease is often accompa-
nied by a petechial rash.

Meningococcemia can be a fulminant ill-
ness characterized by a nonspecific febrile ill-
ness followed by rapid deterioration. Many
deaths occur within 12 hours of the onset of
illness and almost all within 48 hours.
Adolescents 15 years or older are more likely
than infants and children to have meningo-
coccemia without meningitis (40% vs 20%,
respectively), shock at presentation (69% vs
27%, respectively), and a fatal outcome
(22.5% vs 4.6%).36,37

Outbreaks of
invasive
meningococcal
disease have
occurred in
military recruits
and college
freshmen in
dormitories
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Two peaks in incidence
The annual incidence of invasive meningo-
coccal disease in the United States is approxi-
mately 1 per 100,000 population. The inci-
dence is highest in infants younger than 12
months, and 35% to 40% of cases are in chil-
dren younger than 5 years, but there is a sec-
ond, smaller peak in adolescents (FIGURE 2).38 In
the United States, 16% of cases are among
infants younger than 1 year, and 20% of cases
are in adolescents and young adults 14 to 24
years of age.32

N meningitidis is transmitted by respiratory
droplets, requiring direct, close contact.
However, carrier rates of disease-associated
meningococcal strains in the general public
are usually less than 5%.30

Risk factors for invasive meningococcal
disease, in addition to age, include inherited
deficiency of properdin or complement
(C5–C9 or C3), anatomic or functional asple-

nia, household crowding, cigarette smoking
(active or passive), recent viral respiratory
infection, and close contact with a person
with meningococcal disease.37,39 Also, blacks
and people of low socioeconomic status have a
higher incidence of invasive meningococcal
disease than white and Asian ethnic groups.

Outbreaks of invasive meningococcal dis-
ease have occurred among those living in
close quarters, such as military recruits and
college freshmen in dormitories.40 The inci-
dence of invasive meningococcal disease in
freshmen living in dormitories is nearly 3.6
times higher than in all people age 18 to 23
years (5.1 vs 1.4 per 100,000 person-years,
respectively) and 8.5 times higher than the
incidence among all college and university
students (0.6 per 100,000 person-years).40

More than 98% of cases in the United
States are sporadic, but the frequency of local-
ized outbreaks has increased since 1991.41

Almost all
deaths from
invasive
menigococcal
disease occur
within 48 hours
of onset
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US CENTERS FOR DISEASE CONTROL AND PREVENTION. SUMMARY OF NOTIFIABLE DISEASES—UNITED STATES, 2003. MMWR 2003; 52:28.
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Meningococcal disease is seasonal, with the
number of cases peaking in December and
January.30

13 Meningococcal serogroups
N meningitidis strains are serotyped by their
capsular polysaccharides, and 13 different
serogroups have been identified. Most cases of
invasive meningococcal disease in the United
States are caused by serogroups B, C, and Y,
with each causing approximately one third of
cases.

The proportion of cases caused by each
serogroup varies by age (FIGURE 3).32,40,42 In
infants younger than 1 year, more than half of
the cases of invasive meningococcal disease in
2002 were due to serogroup B.32,37 However, a
vaccine against serogroup B has been hard to
develop, owing to difficulties inducing an ade-
quate immune responses to its capsular poly-

saccharide antigen, which shares antigenic
properties with a human neural adhesion mol-
ecule.30 In people 11 to 18 years of age, 75%
of cases of invasive meningococcal disease are
caused by serogroups A, C, Y or W-135.30,43

A new conjugate meningococcal vaccine
A polysaccharide meningococcal vaccine
against serogroups A, C, Y, and W-135
(MPV4, Menomune-A, C, Y, W-135, sanofi
pasteur) was recommended for use in people 2
years of age and older at high risk of invasive
meningococcal disease.43 However, polysac-
charide vaccines are not immunogenic in
children younger than 2 years and do not pro-
vide long-term protection because they are T-
cell-independent antigens. In addition, poly-
saccharide vaccines do not reduce nasopha-
ryngeal carriage or elicit herd immunity.44

Conjugate vaccines covalently link the

Polysaccharide
vaccines are
not
immunogenic
in children
younger than 2
years and do
not provide
long-term
protection
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FIGURE 3. Age distribution of invasive meningococcal disease by serogroups. Active
Bacterial Core Surveillance, 2003.

US CENTERS FOR DISEASE CONTROL AND PREVENTION. ACTIVE BACTERIAL CORE SURVEILLANCE (ABCS) REPORT EMERGING INFECTIONS PROGRAM
NETWORK NEISSERIA MENINGITIDIS, 2003—PRELIMINARY. WWW.CDC.GOV/NCIDOD/DBMD/ABCS/SURVREPORTS/MENING03PRELIM.PDF.
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polysaccharide antigen to an immunogenic
protein carrier that is recognized by T cells
and stimulates T-cell-dependent immunity to
the covalently linked (conjugated) polysac-
charide.45 The advantages of conjugated vac-
cines have been proven by the successful
implementation of polysaccharide-protein
conjugate vaccines against Haemophilus
influenzae type b and Streptococcus pneumoniae,
which proved highly effective in infants and
also reduced nasopharyngeal carriage, leading
to herd immunity.44

Use of a conjugate monovalent meningo-
coccal C vaccine in the United Kingdom
resulted in an 86.7% reduction in laboratory-
confirmed meningococcal C disease in vac-
cine recipients. This vaccination program also
demonstrated reductions in nasopharyngeal
carriage and meningococcal C disease inci-
dence in people who did not receive the vac-
cine.46–50

Menactra (sanofi pasteur; also known as
MCV4) is a conjugate meningococcal vaccine
against serogroups A, C, Y, and W-135. It was
licensed in 2005 in the United States for use in
people 11 to 55 years of age51 on the basis of
immunologic correlates of protection, similar to
the conjugate meningococcal C vaccine used
in the United Kingdom. Recommendations for
meningococcal vaccination are shown in TABLE

2. The vaccine, if 100% effective, could reduce
the burden of meningococcal disease by two
thirds among people 18 to 23 years old.43

Adverse reactions. In randomized con-
trolled trials, MCV4 had rates of systemic
adverse reactions similar to those of MPV4.
However, the rates of fever (temperature ≥
100.0˚F, 38.8˚C) were higher in MCV4 recip-
ients than in MPV4 recipients (5.1% with
MCV4 vs 3.0% with MPV4 in those 11 to 18;
1.5% with MCV4 vs 0.5% with MPV4 in
those 18 to 55), although rates of high fever (≥
103.1˚F [39.5˚C]) were similar with either
vaccine in those 11 to 18 years old. In addi-
tion, in those 11 to 18, local adverse reactions
were more frequent with MCV4 than with
MPV4 (redness 10.9% vs 5.7%, swelling
10.85% vs 3.68%, induration 15.7% vs 5.2%,
pain 59.2% vs 28.7%).38,51–53

The difference in the frequency of local
reactions is most likely due to the diphtheria
toxoid contained in the conjugate vaccine,

as the rate of local reactions with MCV4 is
similar to that reported after Td vaccina-
tion.51,52

Ten months after Menactra was licensed,
the CDC and the US Food and Drug
Administration reported a possible associa-
tion with Guillain-Barré syndrome.54

Through September 2006, a total of 17 cases
among Menactra recipients were reported to
the Vaccine Adverse Events Reporting
System (VAERS). The available data suggest
the risk is small (relative risk 1.78, 95% con-
fidence interval 1.02–2.85). However, the
data for both the background incidence of
Guillain-Barré syndrome and the VAERS
reporting are quite limited.55 Preliminary
data from the Vaccine Safety Datalink, a col-
laborative project of the CDC and eight
managed care organizations, have not identi-
fied any cases of Guillain-Barré syndrome
among 126,506 doses of Menactra.
Therefore, because of the increased risk and
associated morbidity and mortality of
meningococcal disease in adolescents, the
recommendations for use of MCV4 remain
unchanged.55

■ HUMAN PAPILLOMAVIRUS

The most common sexually transmitted
disease in the United States
HPV infects the squamous epithelium of the
skin and mucosa, and different genotypes pref-
erentially infect specific epithelial sites and
body locations.

More than 30 of the approximately 100
HPV genotypes infect the genital tract.
Genital HPV infection is the most common
sexually transmitted infection in the United
States (TABLE 3).56,57 The virus is primarily
transmitted by sexual contact (genital-genital,
manual-genital, oral-genital), and consistent
use of condoms may reduce the risk of genital
HPV infection.58 HPV can also be vertically
transmitted from mother to newborn via the
genital tract.

Risk factors for HPV infection include
young age, lifetime number of sexual partners,
early age at first sexual intercourse, smoking,
and oral contraceptive use. For men, being
uncircumcised is a risk factor.59–62 In a study of
603 female college students, approximately

HPV types 16,
18, 31, 33, and
45 are detected
in up to 97% of
invasive
cervical cancer
cases
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40% of HPV infections occurred within 2
years of the first sexual experience,61 which
emphasizes that any preventive strategy must
be implemented before adolescents become
sexually active.

HPV causes cervical cancer, genital warts
More than 90% of new HPV infections in col-
lege women spontaneously clear from the gen-
ital tract within 2 years.63 However, persistent
infection with so-called high-risk genotypes is
associated with the development of cervical
dysplasia, which may progress to cervical
intraepithelial neoplasia (CIN) and ultimate-
ly to cervical cancer.64

Over the past 20 years, we have learned
that HPV infection is necessary for the devel-
opment of cervical cancer, meaning that this
type of cancer can be prevented through vacci-
nation. Infection with a high-risk (oncogenic)
HPV type is the most significant risk factor in
the development of cervical cancer, with HPV
types 16, 18, 31, 33, and 45 being detected in
63% to 97% of invasive cervical cancer cases
worldwide.65,66 Together, HPV 16 and HPV 18
account for most cases of cervical cancer world-
wide (54% and 13%, respectively).66

An estimated 6.2 million people in the
United States are infected with HPV each

year, and 9.2 million people 15 to 24 years of
age are currently infected.67 Worldwide, 9%
to 13% of people are thought to be infect-
ed—approximately 630 million. In the
United States, approximately 10,000 women
contract cervical cancer each year; 10
women die of it every day. Worldwide, the
World Health Organization estimates that
510,000 new cases of cervical cancer occur
each year, making it the second leading cause
of female cancer-related deaths worldwide
after breast cancer.68

HPV vaccines
One HPV vaccine is currently available, and
another is in development.

Gardasil (Merck & Co.), a quadrivalent
vaccine against HPV types 6, 11, 16, and 18,
was licensed in June 2006.69 HPV 6 and HPV
11 are responsible for over 90% of anogenital
warts.68

Gardasil was evaluated in 20,541 women
16 to 26 years of age in four studies. In women
who were seronegative for any of the serotypes
contained in the vaccine by serologic and
polymerase chain reaction testing, the vac-
cine was 100% efficacious in preventing HPV
16- or 18-related CIN grade 2 or 3 or adeno-
carcinoma in situ, which are precancerous or

Sexually transmitted infections in the United States, 2000

DISEASE OVERALL US OVERALL US INCIDENCE IN PREVALENCE IN
INCIDENCE PREVALENCE AGES 15 TO 24 AGES 15 TO 24

Chlamydia 2,800,000 1,900,000 1,500,000 1,000,000

Gonorrhea 718,000 NA 431,000 NA

Syphilis 40,000 NA 8,200 NA

Herpes simplex virus-2 1,600,000 45,000,000 640,000 4,200,000

Human papillomavirus 6,200,000 2,000,000 4,600,000 9,200,000

Hepatitis B 48,600 750,000 7,500 NA
(sexually transmitted)

Human immunodeficiency 40,000 850,000 15,000 NA
virus

DATA FROM CATES W. ESTIMATES OF THE INCIDENCE AND PREVALENCE OF SEXUALLY TRANSMITTED DISEASE IN THE UNITED STATES.
SEX TRANS DIS 1999; 26(SUPPL):S2–S7.

AND WEINSTOCK H, BERMAN S, CATES W. SEXUALLY TRANSMITTED DISEASE AMONG AMERICAN YOUTH: INCIDENCE AND PREVALENCE ESTIMATES
2000. PERSPECTIVE ON SEXUAL AND REPRODUCTIVE HEALTH 2004; 36:6–10.
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dysplastic lesions. Efficacy against genital
warts related to HPV types 6, 11, 16, or 18 in
women who had never been exposed to these
serotypes at enrollment ranged from 98.9% to
100%.70–72

Overall, the vaccine was well tolerated;
the most common vaccine-related reactions
were pain (in 84% of subjects), swelling
(25%), erythema (25%), and pruritus (3%) at
the injection site, and these were felt to be
mild or moderate.70

The vaccine was also studied for immuno-
genicity and safety in girls 9 to 15 years of age.
The immunogenicity of Gardasil in this age
group was greater than the immune responses
seen in women 18 to 26 years of age. Based on
these bridging immunogenicity data, Gardasil
is indicated for girls and women 9 to 26 years
of age.

Vaccines against sexually transmitted
infections are most effective when given
before the onset of sexual activity. The HPV
vaccine is recommended to be routinely given
as a three-dose series (ie, with booster doses at
2 and 6 months after the first dose) to girls 11
to 12 years of age. The recommendations also
allow for the vaccine to be given to girls as
young as 9 years of age as well as to girls and
women 13 to 26 years of age. Ideally, they
should be vaccinated before the onset of sexu-
al activity, although sexually active females
should also be vaccinated.72

Cervarix, an HPV vaccine that is being
developed by GlaxoSmithKline, targets HPV
types 16 and 18 and is also given in three
doses (with booster doses 1 and 6 months
after the first dose). This vaccine was 91.6%
protective against infection with HPV 16
and 18 and 100% protective against persis-
tent infection in one study. The vaccine was
also 93% effective against atypical squamous
cells of undetermined significance or higher-
grade pathology.73

■ HERPES SIMPLEX

Herpes simplex virus (HSV) is another com-
mon sexually transmitted infection in the
United States. More than one in five
Americans over 12 years of age is infected
with genital herpes.74,75 At least 50 million
people in the United States are estimated to

have genital HSV infection, with an estimat-
ed 500,000 to 700,000 cases of symptomatic
first-episode genital HSV infection occurring
annually.

Most genital herpes infections are due to
HSV type 2, but the incidence of HSV-1 as a
cause of genital herpes is increasing.

Fewer than 10% of people who test posi-
tive for HSV know they are infected, imply-
ing that most infected persons have unrecog-
nized symptomatic or asymptomatic infec-
tions.74 However, in its classic form, primary
infection begins with macules and papules
that progress to vesicles, pustules, and ulcers,
which then crust over. Localized symptoms
include pain at the site of the lesions and
tender regional adenopathy. Urethritis and
cervicitis may occur with genital acquisition.
During a clinically apparent first episode,
approximately two thirds of women and 40%
of men experience constitutional symptoms
such as fever, headache, malaise, and myal-
gias.76 Because HSV is a herpesvirus, it trav-
els retrograde to sensory nerve ganglia, where
it establishes latency and can reactivate
intermittently.

Recurrent genital HSV-2 infections may
be symptomatic or asymptomatic.77,78 Within
12 months after the diagnosis of genital HSV-
2 infection, 90% of patients have at least one
recurrence, 38% have six or more recurrences,
and 20% have 10 or more recurrences.79

Genital HSV-1 infections recur less frequent-
ly than HSV-2 infections.76,77

An HSV-2 vaccine is under study
A candidate vaccine against HSV-2 (HSV-2
gD subunit vaccine) is currently undergoing
clinical trials. In two large phase III studies in
women and men, the vaccine was demonstrat-
ed to be safe.80 However, it had no apparent
efficacy against genital herpes disease among
either women and men.

In a subset analysis among women who
were seronegative to both HSV-1 and HSV-
2, the vaccine’s efficacy against genital her-
pes disease (HSV-1 or HSV-2) was 74%.
However, the study was not designed to
assess efficacy of the vaccine in women
seronegative to HSV-1 and HSV-2. A phase
III study of the vaccine in this population is
ongoing. ■

Fewer than 10%
of people who
test positive for
HSV know they
are infected
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