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HPV vaccine and its 
recommendations, 2007

RICHARD KENT ZIMMERMAN, MD, MPH

Quadrivalent human papillomavirus vaccine against the viral types most likely to cause 
cervical cancer (types 16 and 18) and genital warts (types 6 and 11) has been licensed in the
United States. The vaccine is 95% to 100% efficacious against cervical intraepithelial 
neoplasia and adenocarcinoma in situ and 99% efficacious against genital warts caused by
serotypes in the vaccine. Local pain injection site pain and swelling are the main adverse
reactions. Routine vaccination of females at 11 to 12 years of age is recommended. 
Catch-up vaccination is recommended for females age 13 to 26 years who have not yet been
vaccinated, and vaccination of girls 9 and 10 years of age is permitted at the discretion of
the physician.

Human papillomavirus (HPV) is the most common
sexually transmitted infection (STI) in the United

States, with 20 million individuals currently infected
with HPV and 6.2 million new cases each year.1

Although most HPV infections are self-limited, HPV
infection that persists for years to decades can cause
cervical, vulvar, vaginal, penile, and anal cancer, as 
well as genital warts (condylomata acuminata).

Cervical Cancer
The American Cancer Society estimated the number
of new cervical cancer cases during 2006 to be 9710,
with 3700 deaths due to cervical cancer.2 The esti-
mated lifetime cervical cancer risk is 3.67%, and the
lifetime cervical cancer mortality risk is 1.26%.3 The
main cause of cervical cancer is HPV infection (CEN-

TERFOLD, FIGURE 1). Molecular studies show that
HPV DNA is present in almost all (99.7%) cervical
cancers,4,5 with HPV type 16 responsible for 50.5%
of cases and type 18 for 13.1% of cases.6

Cervical cancer prevention entails both primary and
secondary prevention approaches. Primary prevention
measures include sexual practices that limit exposure
to HPV (eg, lifelong monogamy and use of condoms)
and HPV vaccination. Secondary prevention efforts
include cervical cytology and HPV screening as well as
removal of HPV-infected precancerous lesions.

HPV Epidemiology and Natural History
HPV is a group of almost 200 viruses, which can be
classified as high oncogenic risk and low-risk based
on their type. Of these, 15 high-risk types, particular-
ly HPV types 16 and 18, have been associated with
cervical cancer. Viral proteins E6 and E7—which
prolong cell replication—promote genomic instabili-
ty and progression to cancer. Low-risk HPV types,
especially types 6 and 11, are associated with genital
warts and laryngeal papillomas.

Exposure to HPV within a few years of sexual
debut is common but not universal. In one study of
female college students, 39% were infected with HPV
within 24 months of sexual debut, rising to about
54% infected with HPV by 48 months.7 The most
common individual HPV types for first infection were
high-risk types 16 and 56 and low-risk type 6. An esti-
mated 80% of sexually active persons have been
infected with at least 1 HPV serotype by age 50 years.
Among virgins, nonpenetrative sexual contact (eg, fin-
ger-vulvar or oral-penile) has been associated with an
increased risk of HPV.7 Prevalence of HPV infection is
highest among females age 20 to 24 years. In one
study, the percentage of adolescent females reporting
a history of sexual activity was 29% among 9th
graders, 39% among 10th graders, 50% among 11th
graders, and 60% among 12th graders.8

The  Jou rna l  o f  F ami l y  P r a c t i c e   •   F EBRUARY 2007   •   VOL . 56 , NO. 2 n   S1

 



H P V  V A C C I N E  A N D  I T S  R E C O M M E N D A T I O N S ,  2 0 0 7

In most cases, HPV infections are asymptomatic
and transient. About 70% of new HPV infections
clear within 1 year and about 91% clear within 2
years9,10; however, high-risk types are more likely to
persist. HPV infection that persists for several years
to decades may lead to cervical intraepithelial neo-
plasia (CIN) and some anogenital cancers.

Human Papillomavirus Vaccines
Immunogenicity
Development of immunogenicity to HPV involves
presentation of the L1 protein on the HPV viral cap-
sid to the immune system. Virus-like particles
(VLPs), which are empty viral capsids, can be synthe-
sized and are immunogenic. Two vaccine manufac-
turers have completed randomized controlled trials
of HPV vaccines that use VLPs, but only one—
quadrivalent HPV vaccine (Gardasil®)—has received
approval by the FDA as of this printing.

The quadrivalent HPV vaccine contains L1 proteins
expressed in yeast for types 6, 11, 16, and 18, with alum
as an adjuvant. Almost all (≥99.5%) vaccinated persons
develop an antibody response after vaccination with the
quadrivalent HPV vaccine, and geometric mean titers
are higher after the third dose than the second dose.
Because the efficacy studies were conducted in females
16 to 26 years of age, bridging studies were needed for
younger females. These “immunobridging” studies
showed that geometric mean titers were higher among
9- to 15-year-olds than among 16- to 26-year-olds.
Studies in women older than 26 years are under way.

The duration of immunity following HPV vacci-
nation is unknown. After the third dose, antibody

titers decline but plateau by 24 months, and anti-
body levels remain higher than levels obtained after
natural infection. No known minimal protective titer
has been identified.

Efficacy
In a study of 2392 young women, an experimental
monovalent HPV-16 vaccine was 100% efficacious
against persistent infection at the midpoint analysis11

and 94% efficacious at the end of the study.12 The
efficacy of the quadrivalent vaccine has not been
published except in the package insert, but available
data show high (95%-100%) efficacy against HPV
16- and 18-related CIN and adenocarcinoma in situ
(AIS) (TABLE 1) and 99% efficacy against genital
warts caused by HPV types 6 and 11. Studies using
invasive cervical cancer as an end point are not fea-
sible because 20 years of observation may be needed
and because ethical duty requires treating CIN 2/3
and AIS. Efficacy among women who were HPV
DNA–positive but seronegative was only 28%, and
no efficacy was found among women who were both
HPV DNA–positive and seropositive, as might be
expected. In modeling studies, the cost per quality-
adjusted life year (QALY) ranged from $14,583 to
$24,300 for routine vaccination of females at age 12
years.13,14 No efficacy data are available for males,
and the vaccine is not approved for use in males.

A bivalent HPV vaccine against high-risk HPV
types 16 and 18 is in development (GlaxoSmithKline).
A study of 1113 women who received the bivalent
HPV vaccine showed 95.1% efficacy against persistent
infection and 92.9% efficacy against cytological
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Summary of quadrivalent HPV vaccine efficacy studies in the 
per protocol populations with no initial indication of HPV infection*

Quadrivalent 
Vaccine Placebo

No. of Combined 
Outcome Studies (Protocols) n Cases n Cases % Efficacy (95% CI)

HPV 16- or 18-related CIN 2/3 or AIS† 4 8487 0 8460 53 100.0 (92.9-100.0)
HPV 6-, 11-, 16-, or 18-related CIN 3 7858 4 7861 83 95.2 (87.2-98.7)
(CIN 1, CIN 2/3) or AIS
HPV 6-, 11-, 16-, 18-related genital warts 3 7897 1 7899 91 98.9 (93.7-100.0)

Point estimates and CIs are adjusted for person-time of follow-up.
AIS = adenocarcinoma in situ; CI = confidence interval; CIN = cervical intraepithelial neoplasia; HPV = human papillomavirus; VLP = virus-like particle.
*The per protocol population consisted of individuals who received all 3 vaccinations within 1 year of enrollment, did not have major deviations from the study 
protocol, and were naive (PCR-negative and seronegative) to the relevant HPV type(s) (6, 11, 16, and 18) prior to dose 1 and through 1 month postdose 3 (month 7).
†Protocol 005 (n=755) evaluated only the HPV 16 L1 VLP vaccine component of Gardasil.
Adapted from US Food and Drug Administration. Product approval information—licensing action, package insert: Gardasil®(Quadrivalent human papillomavirus
[types 6, 11, 16, 18] recombinant vaccine, Merck & Co Inc, Whitehouse Station, NJ). Available at: http://www.fda.gov/cber/label/HPVmer060806LB.pdf. Accessed
October 25, 2006.
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abnormalities.15 Sustained efficacy for
up to 4.5 years has been demonstrated
with this vaccine, which uses the AS04
adjuvant.16 The bivalent vaccine has not
been licensed as of this printing.

Markov modeling studies using esti-
mates of 75% to 90% vaccine efficacy
showed that vaccination of an entire
cohort of 12-year-old females could
reduce the lifetime risk of cervical cancer
by 20% to 66%, depending on the
assumptions of efficacy and duration.14,17

Obviously, efficacy data from the trials
are somewhat higher than data used in
these modeling studies.

Adverse Reactions 
and Potential Harms
Side effects of the quadrivalent HPV
vaccine include pain, swelling, and
erythema at the injection site (TABLE

2), but no serious reactions have been reported. Most
(84%) vaccinees reported injection site pain, compared
with 75% of study participants who received alum-
containing placebo and 49% of participants who
received placebo that did not contain alum. Systemic
and serious adverse events were similar between vacci-
nees and placebo recipients. Only 0.3% each of vac-
cine and placebo recipients discontinued the study due
to an alleged vaccine side effect.

Although pregnant women were excluded from
the trials, pregnancies did occur. The spontaneous
miscarriage rate was similar among vaccinees and
placebo recipients, as was the number of congenital
anomalies. HPV vaccine is classified as pregnancy
category B; however, HPV vaccine is not recommend-
ed for use during pregnancy due to the limited
amount of data in this setting.

Hypothetical harms of HPV vaccination include a
reduction in safer sex practices and in screening for
cervical cancer. Perceived protection from vaccina-
tion might cause increased sexual activity between
partners, increased numbers of partners, and
decreased use of barrier protection methods. The
possible results of such actions include an increase in
unplanned pregnancies, abortions, and rates of infec-
tion with other HPV types and with other STIs,
including HIV. Given research supporting the ten-
dency to generalize, caution will be needed in adver-
tising and education to stress that HPV vaccines do
not protect against other STIs. Another hypothetical

harm is inappropriately decreased cytologic screen-
ing for cervical cancer due to confusion about either
the need for continued screening or changes in
screening schedules, which might occur after wide-
spread use of the vaccine.

HPV vaccines will not eliminate cervical cancer
for several reasons:  (1) some women are already
infected with high-risk HPV types 16 and 18,
(2) although highly efficacious, the vaccines are not
100% effective in every scenario, and (3) some onco-
genic types are not included in the vaccines.

Contraindications
HPV is contraindicated for persons with a history of
immediate hypersensitivity to yeast or any vaccine
component. Vaccination during a moderate or severe
illness should be delayed until the illness subsides.

Ethical Issues
Emphasis on the principles of beneficence, non-malef-
icence, justice, and autonomy has been popular
recently in bioethics.18.19 According to beneficence—
that is, doing good—HPV vaccine will reduce cervical
cancer incidence and, if serotypes 6 and 11 are includ-
ed, will reduce the incidence of genital warts. Even if
a female is abstinent until marriage and remains
monogamous, this may not be true of her partner, and
he may transmit HPV to her. Given that many adoles-
cents have been sexually active8 and that HPV acqui-
sition occurs in about 43% to 44% of individuals
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Injection-site adverse events on days 
1 to 5 following vaccination

Quadrivalent Aluminum-Containing Saline  
Adverse Event HPV Vaccine Placebo Placebo

Pain 83.9 75.4 48.6
Mild/moderate 81.1 74.1 48.0
Severe 2.8 1.3 0.6

Swelling* 25.4 15.8 7.3
Mild/moderate 23.3 15.2 7.3
Severe 2.0 0.6 0.0

Erythema* 24.7 18.4 12.1
Mild/moderate 23.7 18.0 12.1
Severe 0.9 0.4 0.0

Values provided as percentage of occurrence.
HPV = human papillomavirus.
*Intensity of swelling and erythema was measured by size in inches: mild = 0 to ≤1; moderate =
>1 to ≤2; severe = >2.
Food and Drug Administration. Product approval information—licensing action, package insert:
Gardasil® (Quadrivalent human papillomavirus [types 6, 11, 16, 18] recombinant vaccine,
Merck & Co Inc, Whitehouse Station, NJ). Available at:
http://www.fda.gov/cber/label/HPVmer060806LB.pdf. Accessed October 25, 2006.

TABLE 2
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after 3 years of sexual activity, protection in early ado-
lescence makes sense, assuming this vaccine results in
long-term immunity. There is a substantial risk of
HPV infection if one is not vaccinated and not in a
lifelong mutually monogamous relationship.

Survey research shows that although the majority in
one study thought condoms would help prevent HPV
transmission, 10% of participants indicated that they
were not interested in taking precautions to prevent the
spread of HPV, and 11% indicated that they would
care about transmitting HPV only if they cared about
their partner.20 The majority of participants also report-
ed that they would not be any more concerned about
spreading HPV if it were a cause of cancer.20 This
ambivalence about HPV suggests that interventions
beyond condoms are important for HPV prevention.

Non-maleficence concerns include the hypotheti-
cal harms mentioned previously, including decreases
in safer sex practices, with resultant increases in
STIs, unwanted pregnancy, and abortion. It is impos-
sible to know the future impact of these theoretical
harms. Survey data suggest that most individuals do
not know about the relation of HPV to cervical can-
cer,20-24 and thus it is unlikely that substantial increas-
es in STIs would occur due to introduction of HPV
vaccine. However, given the overgeneralization seen
for childhood vaccines,25 it is theoretically possible
that some might believe that HPV vaccine protects
against other STIs.

Another hypothetical harm noted previously is
decreased cytologic screening for cervical cancer,
resulting from confusion about the need for contin-
ued screening once vaccinated against HPV. This is a
real possibility that could lead to some women fail-
ing to obtain needed screening. For these reasons,
counseling and advertising will need to be responsi-
bly conducted with messages to promote sexual
responsibility and encourage appropriate cytologic
screening as well as to promote HPV vaccination.

The principle of justice signifies equitable treat-
ment. Economic justice indicates that the HPV 
vaccine should be available to all who need it,
regardless of income. The Vaccines for Children
(VFC) Program offers free vaccine—including HPV 
vaccine—to children who are uninsured and
Medicaid-insured and, at certain sites, to underin-
sured children.26 However, a major concern in the
area of justice is the number of uninsured adults
and health insurance plans that exclude vaccine
coverage; fortunately, the manufacturer is offering
vaccine to some needy patients without cost

(http://www.merck.com/merckhelps/vaccines/how_
works.html).

A second issue of justice is that individuals at risk
for HPV infection are the ones placed at risk for
adverse reactions from the vaccine, however rare
such reactions may be. Because HPV infection is an
STI, it seems unreasonable to mandate HPV vaccina-
tion for an adolescent or college student who plans
lifelong abstinence for religious or other reasons.
Such a mandate would violate the principles of jus-
tice—and autonomy.

The principle of autonomy supports individual
choice and decision making. Autonomy reflects the
concept of the inherent worth of the individual; to
violate that is, in essence, to treat someone as less
than a person.19 This is particularly important in the
context of school mandates for vaccines to prevent
disease transmission. Such mandates seem reason-
able when classmates and the potential vaccinee are
at risk for disease from their mere presence in a
school classroom (eg, exposure to measles via
aerosolized agents or from casual contact). However,
when an individual is at risk primarily from lifestyle
choices—which, with the exception of forced sexual
contact, is the case with HPV infection—such school
mandates would be open to debate. The ethics of
HPV vaccination are reviewed in detail elsewhere.27

Recommendations
The Advisory Committee on Immunization Practices
(ACIP) of the CDC recommends routine vaccination
of females at 11 to 12 years of age and allows vacci-
nation as young as age 9 years28 (vaccination ideally
should occur before sexual debut). Catch-up vacci-
nation is recommended for females age 13 to 26
years who have not yet been vaccinated.28 Although
sexually active women might have been infected
already with some serotypes, only a small percentage
have been infected with all 4 HPV types and thus
some benefit is likely. Screening for HPV or HPV
antibody prior to vaccination is not recommended at
any age. HPV vaccine is not licensed for women age
27 years or older.

Administration
The quadrivalent HPV vaccine (Gardasil) is adminis-
tered intramuscularly (eg, in the deltoid) in 3 doses
of 0.5 mL on a schedule of an initial dose, a 2nd dose
2 months later, and a 3rd dose 6 months after the ini-
tial dose. The minimum interval between the first
and second dose is 4 weeks and between the second
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and third dose is 12 weeks. If the schedule is inter-
rupted, it does not need to be restarted but instead
should be continued. The quadrivalent vaccine is
stored at 2° to 8° C and should not be frozen. At
present, cervical cancer screening recommendations
remain unchanged for HPV vaccine recipients.
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Diarrheal illness is the second leading cause of
death among children from birth to 5 years of

age, resulting in 1.6 million deaths per year world-
wide. Rotavirus (RV) infection is the largest single
cause, accounting for one third, with death typically
due to severe dehydration. As such, mortality and
severe morbidity are much lower in countries that
have comprehensive medical systems. Oral rehydra-
tion therapy can also significantly improve survival;
however, the 3 to 5 vomiting episodes per day seen
in severe RV infection forestall these efforts, as does
the fact that oral rehydration therapy is not available
in all settings.

In addition to mortality, RV also causes high mor-
bidity in infants and young children and is responsi-
ble for millions of hospitalizations, tens of millions
of outpatient visits, and hundreds of millions of
infections every year (TABLE 1).2

RV infections occur in all countries, and almost
every child will suffer at least 1 infection in the first
few years of life.3 The amount of virus needed to
cause infection is very small, and the concentration
of virus excreted in the stool of children is very high,
both of which contribute to the highly contagious
nature of the disease. RV is also relatively hardy and
can survive on cool, nonporous surfaces for days.
This combination of factors, in addition to the many
genetic subtypes and the frequency of asymptomatic

infection, helps explain the ubiquitous nature of the
virus as well as the sustained high attack rates and
population prevalence—even in developed countries
with sophisticated water and sewer systems.

Pathophysiology
RV primarily infects the cells near the tips of the
small intestinal villi, leading to malabsorption and
excessive fluid loss. Incubation time is 18 to 36 hours
from initial exposure, typically followed by 2 to 3
days of fever and vomiting. Non-bloody diarrhea,
which can be profuse, ensues with as many as 10 to
20 episodes per day. Viral shedding begins shortly
before the onset of symptoms and lasts for 2 weeks or
longer in children. Adults typically shed the virus for
shorter periods of time and in lower concentrations.
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Rotavirus:
Disease and vaccine update, 2007

SAMUEL STEBBINS, MD, MPH

Rotavirus infection is a ubiquitous illness, infecting the vast majority of children worldwide
in the first 5 years of life. Rotavirus is one of the major causes of severe diarrhea in infants
and young children throughout the developing and developed world. An estimated 500,000
deaths per year occur, with the burden of morbidity and mortality highest in the poorest
nations.1Two new oral, live, attenuated vaccines have recently shown efficacy and safety in
clinical trials, and one of these, RotaTeq®, was approved by the US Food and Drug
Administration on February 3, 2006. RotaTeq is recommended for general use by the
Centers for Disease Control and Prevention, American Academy of Family Practice, and
American Academy of Pediatrics. 

Annual incidence of rotavirus infection 
in children from birth to age 5 

Developing Developed 
Countries Countries Total 

Setting (millions) (millions) (millions)

Home 51.5-157 2-18 53.5-175 
Outpatient 19-27 0.7-3.5 19.7-30.5 
Inpatient 1.55-2.6 0.14-0.36 1.69-2.96
Total 72-186.6 2.84-21.86 74.9-208.5

TABLE 1



R O T A V I R U S  –  D I S E A S E  A N D  V A C C I N E  U P D A T E  2 0 0 7

Epidemiology
World
RV is a double-stranded RNA virus first isolated in
1973 by Bishop and colleagues4 (coincidentally, just
1 year after the discovery of Norwalk virus).
Following closely upon these discoveries was the
recognition that RV was the predominant cause of
nonbacterial gastroenteritis in infants and young
children. A host of research since that time has
helped delineate morbidity, mortality, subtypes, pat-
terns of spread, and vaccine opportunities.

The Asian Rotavirus Surveillance Network
(ARSN), founded in 2001, is a network of providers,
laboratories, institutions, and governmental agencies
working to track RV disease and speed development
and use of effective RV vaccines in Asia. Recent stud-
ies from the ARSN show that RV infections are
responsible for 43% of childhood hospitalizations
for gastroenteritis in Asia.5 This number is almost
double the historic estimates and adds further impe-
tus to the movement for global vaccination.

United States
Each year in the United States, RV is estimated to
cause more than 500,000 clinic and emergency
department visits, 55,000 hospitalizations, and from
40 to several hundred deaths in infants and young
children.6 RV infections occur predominantly in the
cold months, with few cases during the summer.
More than 70 laboratories in the United States send
weekly reports of RV infection to the National
Respiratory and Enteric Virus Surveillance System
(NREVSS) at the CDC. A recent analysis of the 48
contiguous states shows characteristic seasonal pat-
terns of infection, beginning in the southwestern
part of the country in December/January and ending
in northern/northeastern regions in April and May
(FIGURE).7

Genetics
The many types and subtypes of RV form the genus
Rotavirus in the Reoviridae family. The genome 
consists of 11 ds-RNA segments,
enclosed within a 3-layer nucleocapsid
protein structure. The most clinically
important proteins are VP4 and VP7,
which comprise the outer layer, and VP6,
which comprises the middle layer.
Variations in VP6 determine the group
specificity, with VP7 being the “G” type
and VP4 the “P” type (TABLE 2).

The 4 major genotype combinations, which repre-
sent more than 90% of isolates in developed coun-
tries, are G1P[8], G2P[4], G3P[8], and G4P[8]. In
developing nations, strains exhibit much greater
variability. However, in both developed and develop-
ing nations, G9 is rapidly increasing in population
prevalence, most commonly (but not always) in com-
bination with P[8].8 G9 now accounts for more than
50% of strains in some Asian countries.5 Serotypes
have been observed to change through a variety of
mechanisms, including point mutation, reassort-
ment, gene rearrangements, and introduction of ani-
mal RVs into human populations (as noted with RV
Group B in China).

Nosocomial Infections
Proper infection control is essential to prevent and
control RV outbreaks, particularly in neonatal inten-
sive care wards and other settings that house groups
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FIGURE

+ = reporting laboratories. The map reflects the peak activity of rotavirus in the
2003-2004 season, with extrapolation to surrounding areas.
Turcios RM, et al; for the National Respiratory and Enteric Virus Surveillance
System Collaborating Laboratories. Temporal and geographic trends of rotavirus
activity in the United States. Pediatr Infec Dis J. 2006;25(5):451-454.
Reprinted with permission from Lippincott, Williams & Wilkins.

Peak rotavirus activity in the 
United States, 2003-2004

Key rotavirus proteins, known types, 
and predominant human strains 

Viral Protein Known Types Predominant Human Strains

Group VP6 A-G A B and C occasionally
G Type VP7 15 types 1, 2, 3, 4, 9 G9 increasing rapidly 
P Type VP4 23 types 8 4 and 6 as well

TABLE 2
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of infants. RV is the major cause of nosocomial diar-
rhea in pediatric hospital settings, affecting predom-
inantly very young children (birth to 5 months of
age).9 A significant percentage of these infections
(20%-40%) are asymptomatic, once again highlight-
ing both the importance of early vaccination and the
need for comprehensive hygiene and infection con-
trol in high-risk settings. RVs survive well on non-
porous surfaces at room temperature and can also
survive for an hour or more on contaminated hands
and fingers.10 Phenolic disinfectants are not effective;
chlorine-based disinfectants or 70% ethanol solu-
tions are required to eliminate RV. A recent study
showed that intensive attention to hand hygiene was
successful in reducing nosocomial RV infections by
more than half in a children’s hospital.11

Immunity
Despite the complexity of RV genetics, 1 to 2 wild-
type infections typically provide individuals with
excellent immunity against future clinically signifi-
cant episodes, although mild or asymptomatic infec-
tions are still quite possible.12 This fact, as well as
clinical data from a number of vaccine studies, sug-
gests that vaccines that protect directly against only a
few RV subtypes can provide broad protection
against severe illness from any RV subtype, although
spread through subclinical disease is still possible.

However, it is not infrequent for parents and care-
givers to have either mild symptoms or to be asymp-
tomatic carriers either immediately before or after ill-
ness in their children. One study estimated that one
third of parents were ill during the same week their
child was hospitalized for RV-related diarrhea.13

Rotavirus Vaccine
RV infection was recognized shortly after discovery as
a vaccine-preventable disease, and the focus has consis-
tently been on the use of live, oral vaccines attenuated
either naturally or in the laboratory. Although an
injectable vaccine is under consideration by some man-
ufacturers, the oral vaccine has generally been preferred
because of its effectiveness and ease of use. In addition,
live vaccine can lead to “herd immunity” by exposing
nonimmunized children, since it is excreted in the stool
of children who have been recently immunized.

Although initial tests with bovine strains were
promising, they ultimately produced inconsistent
results, particularly in developing countries. Rhesus-
strain vaccines have also shown effectiveness; however,
the quadrivalent rhesus-human reassortant rotavirus

vaccine (RRV-TV), RotaShield®, was withdrawn from
the market in 1999 after reports of an increased risk of
intussusception in the United States.14 The withdrawal
of RotaShield by the FDA led to an intense internation-
al debate over whether the apparently small increase in
the risk of intussusception should prevail over what
would likely have been a much larger reduction in
morbidity and mortality in the developing world.
Ultimately, RotaShield was not reintroduced to the
market and it is no longer produced.15

More recently, manufacturers have concentrated
on developing non–rhesus-based vaccines. Current
efforts use both improved human-bovine reassortant
vaccines and human strains that are either artificially
or naturally attenuated. Two vaccines, RotaTeq® and
Rotarix®, have recently completed large-scale trials
that specifically assessed the risk of intussusception.
When used as directed by the manufacturers, both
vaccines were shown to be highly effective—with no
known association with an elevated risk of intussus-
ception—when compared to placebo recipients.16,17

RotaTeq was approved in January 2006 for use in the
United States, while Rotarix has been approved in
recent years in several other countries.

The risk of intussusception when the vaccine is
given out of sequence or later than the recommended
ages has not been evaluated in these studies; however,
post-licensure studies from the manufacturer and CDC
may address this issue.The choice of vaccine to be used
in developed versus developing countries is limited by
the licensing agencies. However, both vaccines appear
to be highly efficacious, so choice may depend on cost
and other factors such as number of doses and extent
of fecal shedding of live-virus vaccine (TABLE 3).

RotaTeq Administration18

Routine immunization is 3 doses administered orally
at 2, 4, and 6 months of age. The first dose should be
administered between 6 and 12 weeks of age, and
vaccination should not be initiated for infants older
than 12 weeks of age. Subsequent doses should 
be administered at 4- to 10-week intervals and all 
3 doses should be completed by 32 weeks of age. See
http://www.cispimmunize.org/pro/pdf/RotaVaccine
Implementation2006.pdf for additional information
and helpful tips.

RotaTeq is provided in a squeezable plastic dosing
tube with a twist-off cap designed to allow for the vac-
cine to be administered directly to infants by mouth.
Each tube contains a single 2-mL dose of the vaccine as
a liquid buffered-stabilized solution that is pale yellow
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in color but might have a
pink tint. This formula-
tion protects the vaccine
virus from gastric acid
and stabilizes the vac-
cine, allowing for storage
at refrigerator tempera-
tures (2°C-8°C [36°F-
46°F]) for 24 months.
RotaTeq should be
administered as soon as
possible after being
removed from refrigera-
tion. Additional informa-
tion on stability under
conditions other than
those recommended is
available by calling 1-
800-637-2590. The vac-
cine is currently available
at a listed price (as of this
printing) of $63.25 per
dose; the CPT code is
90680.

RotaTeq may be given
with other currently
approved childhood vaccines. However, because vali-
dation of the pertussis assays is under review, insuffi-
cient immunogenicity data are available to confirm
the lack of interference of immune responses when RV
vaccine is concomitantly administered with childhood
vaccines to prevent pertussis.

Precautions
Premature infants (<37 weeks’ gestation).

Practitioners should consider the potential risks and
benefits of vaccinating premature infants against RV.
ACIP supports vaccination of prematurely born infants
if they are at least aged 6 weeks, are being or have been
discharged from the hospital nursery, and are clinically
stable. Until further data are available, ACIP considers
that the benefits of RV vaccination of premature infants
outweigh the theoretical risks.

Exposure of immunocompromised persons to 
vaccinated infants. Infants living in households with
persons who have or are suspected of having an
immunodeficiency disorder or impaired immune sta-
tus can be vaccinated. To minimize potential virus
transmission, all members of the household should
employ measures such as good hand washing after

contact with the feces of the infant (eg, after chang-
ing a diaper) for at least 2 weeks postvaccination.

Exposure of pregnant women to vaccinated infants.
Infants living in households with pregnant women can
be vaccinated. The majority of women of childbearing
age would have pre-existing immunity to RV and so
the risk for infection and disease from potential expo-
sure to the attenuated vaccine virus strain is low. In
addition, no evidence exists that RV infection or dis-
ease during pregnancy poses any risk to the fetus.

Regurgitation of vaccine. The practitioner should
not readminister a dose of RV vaccine to an infant
who regurgitates, spits out, or vomits during or after
administration of vaccine. The infant can receive the
remaining recommended doses of RV vaccine at
appropriate intervals.

Adverse Reactions
Intussusception. The risk for intussusception was

evaluated in 71,725 persons enrolled in phase 3 effi-
cacy trials.16 No evidence of clustering of cases of
intussusception was observed within a 7- or 14-day
window postvaccination for any dose, the period of
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Recently approved rotavirus vaccines

RotaTeq® Rotarix®

Approved by United States • Mexico
• Philippines
• Thailand
• 15 Latin American countries
• European Commission

Vaccine basis Bovine WC3 (human Human (attenuated)
reassortant)

Valences G1, G2, G3, G4, P8 G1, P8
Reduction in hospitalization 59% 42%
for diarrhea (from any cause)
Reduction in hospitalization 96% 85%
for diarrhea (caused by rotavirus)
Number of doses, route 3, oral 2, oral
Timing of doses First: At age 6-12 weeks First: At age 6-13 weeks

Second: 4-10 weeks after Second: 4-8 weeks after first 
first dose dose
Third: 4-10 weeks after 
second dose

Fecal shedding after first dose Low (13%) High (>50%)
Notes Parents/caregivers of vaccine Tested primarily among infants 

recipients reported a large of poor and middle-income 
reduction in lost workdays families in Latin America

TABLE 3
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infants who have severe hypersensitivity to any com-
ponent of the vaccine or who have experienced a
serious allergic reaction to a previous dose of the
rotavirus vaccine.

Precautions. Safety and efficacy data are lacking
for the administration of RV vaccine to immunocom-
promised infants, including those with blood
dyscrasias or neoplasms affecting the bone marrow or
lymphatic system; those receiving immunosuppressive
therapy; and infants with primary and acquired
immunodeficiency states. In addition, infants born to
mothers with HIV should not receive the vaccine
unless it has been established that the infant is not
infected with HIV, and infants should not receive RV
vaccine within 42 days of receipt of blood transfusion
or blood products, including immunoglobulins.

Infants with moderate-to-severe illness (including
gastroenteritis) should be vaccinated as soon as they
have recovered from the acute phase of their illness.
Practitioners should consider the potential risks for
and benefits of administering RV vaccine to infants
with pre-existing chronic gastrointestinal disease
and/or a prior episode of intussusception.

Vaccination Implementation
One outstanding question—perhaps the most impor-
tant one—is whether medical providers and parents
will embrace RV vaccination. Although the total
number of possible cases of intussusception in the
years 1998 through 1999 due to RotaShield vaccina-
tion was low, the memory of those cases lingers in
the minds of parents and physicians. A 2003 survey
of pediatricians in Wisconsin indicated that 94%
would use a new RV vaccine if it proved safer than
RotaShield and if it were recommended for routine
use in infants by the ACIP and the AAP. However,
95% expressed concern about adverse reactions,
63% about high vaccine cost, and 57% about the
amount of time that would be required to educate

greatest risk for intussusception associated with the
RRV-TV vaccine. For the 1-year follow-up period
after administration of the first dose, 13 cases of
intussusception were observed in the RotaTeq group
versus 15 cases in the placebo group (adjusted rela-
tive risk, 0.9; 95% confidence interval, 0.4-1.9).

Other adverse events. Among RotaTeq and place-
bo recipients, the incidence of serious adverse events
(2.4% vs 2.6%, respectively), including deaths
(<0.1% [n=25] vs <0.1% [n=27], respectively), was
similar. No deaths were attributed to vaccination by
blinded investigators. In the 7-day postvaccination
period, vaccinees had a small but statistically signifi-
cantly greater rate of diarrhea, with an excess of 1%
after dose 1 (10% vs 9%, respectively), 3% after dose
2 (9% vs 6%, respectively), and 3% after any dose
(18% vs 15%, respectively). Similarly, vaccinees had a
small but statistically significantly greater rate of vom-
iting, with an excess of 2% after dose 1 (7% vs 5%,
respectively) and 2% after any dose (12% and 10%,
respectively). The incidence of fever and irritability
during the 7-day period after any vaccine dose was
similar among RotaTeq and placebo recipients.

Preterm infants. RotaTeq or placebo was adminis-
tered to 2070 preterm infants (25-36 weeks’ gestational
age; median: 34 weeks) in the phase 3 trials. All preterm
infants were monitored for severe adverse events, and a
subset of 308 was monitored in detail for all adverse
events. No cases of intussusception were reported
among preterm infants. Among preterm infants admin-
istered RotaTeq and placebo, the incidence of serious
adverse events (5.5% vs 5.8%, respectively) was similar.

Contraindications
Infants older than 12 weeks should not initiate the
vaccine series because of insufficient safety data.
Infants older than 32 weeks should not receive any
doses. RV vaccine should not be administered to
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Resources

ACIP recommendations: http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5512a1.htm?s_cid=rr5512a1_e 
Recent articles on RV: http://www.immunize.org/rotavirus/rota_journal.htm 
CDC FAQs: http://www.cdc.gov/nip/diseases/rota/rota-faqs.htm 
FDA approval of RotaTeq: http://www.fda.gov/bbs/topics/news/2006/NEW01307.html 
Rotavirus Vaccine Project: http://www.rotavirusvaccine.org 
Global Alliance: http://www.gavialliance.org 
Red Book© Online: http://aapredbook.aappublications.org/news/vaccstatus.shtml
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parents. These concerns will likely remain as signifi-
cant barriers that must be comprehensively
addressed by public health and medical groups if RV
vaccination is to gain acceptance by physicians and
their patients’ parents.

Internationally, the Rotavirus Vaccine Program
(RVP) was established in 2003 to reduce the time it
takes to make a safe and effective vaccine available
to children in developing countries. The RVP is
located at PATH (Program for Appropriate
Technology in Health)—an international, nonprofit
organization—in partnership with the CDC, the
WHO, and the Global Alliance for Vaccines and
Immunization, with partial funding from The
Vaccine Fund. Recognizing that an effective RV vac-
cination campaign will require substantial and sus-
tained efforts worldwide, the RVP has recently com-
pleted a comprehensive guide, available in the public
domain, titled The Development of Live, Attenuated
Rotavirus Vaccines: A Manufacturer’s Resource
Guide (available at http://www.rotavirusvaccine.org/
documents/RotaManufResourceGuide.pdf) as a tool
to assist countries and companies in this effort.
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Izurieta et al found rates of 144 to 187 per 100,000
children age 0 to 23 months.4,6 Hospitalization rates are
highest among preschoolers, especially infants age 0 to
1 years; low-income persons; and the elderly.5-7 Neuzil
et al found that for every 100 children, an annual aver-
age of 6 to 15 outpatient visits and 3 to 9 courses of
antibiotics were attributable to influenza.5

Complications of influenza include secondary
bacterial pneumonia, worsening of chronic respira-
tory and cardiac diseases, sinusitis, otitis media, primary
viral pneumonia (uncommon), and Reye’s syndrome,
which is rare and associated with salicylate use con-
comitant with influenza type A or B infection in chil-
dren. Based on data from the Tecumseh Community
Health Study, an estimated 13.8 million to 16 mil-
lion influenza-related excess respiratory illnesses
occur annually among persons younger than 20
years of age.8 Recently, neurologic complications of
influenza in children, including encephalopathy and
death, have been recognized more widely.

Influenza Virus Changes, Pandemics,
and H5N1 Avian Influenza  
Influenza is caused by infection with influenza types
A or B. Influenza surface antigens periodically
change, leading to antigenic shift and drift. Antigenic
shift is a major change in the subtypes and occurs in
influenza type A only. The result of a shift is a new
strain to which there is little or no prior immunity.
Circulation of this strain can lead to a pandemic,
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Recent changes in influenza
vaccination recommendations, 2007

RICHARD KENT ZIMMERMAN, MD, MPH

Influenza disease continues to cause thousands of deaths in the United States. Due to the
burden of influenza hospitalizations among children, inactivated influenza vaccine is now
routinely recommended for children age 6 to 59 months. Live attenuated influenza 
vaccine is available for healthy persons 5 to 49 years of age. Other recent developments
include routine vaccination of pregnant women with inactivated vaccine and an emphasis
on the vaccination of health care workers.

Influenza and pneumonia comprise the sixth lead-
ing cause of death in the United States and the fifth

leading cause among adults age 65 years and older.
In the 1990s, influenza-related deaths increased to
about 36,000 per year.1 Of course, influenza pan-
demics (worldwide epidemics) can be far worse. For
instance, in the pandemic of 1918-1919, an estimat-
ed 21 million deaths occurred worldwide, with
549,000 in the United States alone (CENTERFOLD,

FIGURE 2).
The fatality rate from influenza begins to rise in

midlife and is highest among persons who have
chronic medical conditions, such as chronic obstruc-
tive lung disease, cardiovascular disease, and dia-
betes mellitus, particularly if they are elderly. The
elderly population has the highest age-specific case-
fatality rate from influenza, accounting for 90% or
more of influenza-related deaths.

Each year on average, there are approximately
226,000 primary influenza-related respiratory and cir-
culatory hospitalizations; this figure climbs to more
than 400,000 in some epidemics.2 During the influenza
season, hospitalizations increase because of pneumonia,
acute bronchitis, chronic respiratory disease, and con-
gestive heart failure. Among children age 0 to 2 years,
Neuzil et al found that the influenza-related hospitaliza-
tion rate for patients with high-risk conditions is
approximately 800 to 1900 per 100,000; the rates for
healthy children are 186 to 1038 per 100,000 for 0- to
2-year-olds and 86 per 100,000 for 3- to 4-year-olds.3-5
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which is characterized by severe, rapidly progressive
outbreaks that involve all parts of the world with
high attack rates occurring in all age groups.
Mortality can be higher than expected among healthy
adults younger than 65 years. During the 1918-1919
“Spanish flu” pandemic more than 500,000 died in
the United States, nearly half of whom were young,
healthy adults. Minor changes in the antigenic types
are called antigenic drift and occur on a regular basis.
Antigenic drift can occur for both types A and B. The
annual vaccine strains are chosen by the WHO, the
CDC, and the FDA based on changes in the serotype-
specific epidemiology.

In 2005, 97 confirmed human cases and 42
deaths from the H5N1 avian strain were confirmed;
as of November 29, 2006, 111 confirmed human
cases and 76 deaths have been reported by WHO in
2006 (CENTERFOLD, FIGURE 3). Genetic sequencing
shows that all the genes were avian and were resistant
to the antivirals amantadine and rimantadine and that
a second strain has emerged. Killing of infected and
exposed birds, including poultry, is currently the rec-
ommended way to attempt to contain outbreaks and
limit spread to humans. Travelers to certain countries
are advised to avoid places such as farms and markets
with live poultry and to avoid contact with sick or
dead poultry.

Communicability of Influenza 
Human influenza is extremely contagious and is
transmitted from person to person, usually by the res-
piratory route. Consequently, persons in semiclosed
or crowded environments, such as students, prison-
ers, and residents of nursing homes, are at high risk
for exposure. In nursing homes, as many as 60% of
patients may develop disease,9,10 and of these affected
individuals, 30% may die.11 Infected persons are most
contagious during the period of peak symptoms.

In contrast to the case-fatality rate, the illness attack
rate is highest among children (14%-40% yearly), with
attack rates of more than 30% among preschool-aged
children.8,12,13 Whereas adults can be infectious from a
day before symptom onset through about 5 days after-
wards, children can be infectious for 10 or more days
after onset.4 Transmission in schools plays a major role
in propagating influenza outbreaks, as seen by the
rapid rise in student cases after holiday recesses.14

Another indication of the importance of children in
transmitting influenza was the success of a vaccination
program that targeted grade-school and high-school
children in an attempt to limit an outbreak within an

entire community.15 Similarly, a Russian study showed
that influenza vaccination rates in schools were
inversely related to illness rates among staff and unvac-
cinated children.16 A recent Japanese study found that
vaccination of school children was associated with a
reduction in deaths among the elderly by 37,000 to
49,000 annually.17

Influenza Vaccine
Two influenza vaccines are currently licensed: triva-
lent inactivated influenza vaccine (TIV) and live
attenuated influenza vaccine (LAIV). The TIV is com-
posed of subvirion or purified surface antigen prepa-
rations, which have lower rates of side effects than
older inactivated vaccines. The LAIV is a trivalent,
cold-adapted, temperature-sensitive vaccine. Master
donor viruses are developed by serial passage at
sequentially lower temperatures in chick kidney cells
until the viruses have attained 3 genetic changes: 
(1) cold adaptation with good replication at 25°C,
(2) temperature sensitivity with poor replication at
37°C for B strains and at 39°C for A strains, and (3)
attenuation so as not to produce classic influenza
symptoms. The master donor strains are cultured with
the strains chosen annually for influenza vaccination;
then reassortants that replicate at 25°C, a temperature
at which wild strains do not grow well, are selected.
Like TIV, the LAIV is grown in eggs. The LAIV repli-
cates somewhat in the nasopharynx, where the tem-
peratures are cooler, but inefficiently in lower airways.
Replication is markedly reduced in adults with past
influenza exposure, moderately reduced in children
with some past exposure, and more common in
seronegative infants. Although LAIV does replicate,
data show that it retains the genetic changes and tem-
perature sensitivity.18

Vaccine Efficacy
The effectiveness of influenza vaccine in preventing
or attenuating illness varies, depending primarily on
(1) the degree of similarity between the virus strains
included in the vaccine and the strains actually circu-
lating during the influenza season, and (2) the age and
immunocompetence of the vaccine recipient. Efficacy
will be discussed by vaccine type: TIV and LAIV.

Among children,TIV has moderate efficacy in young
children and good efficacy in older children. A study of
children age 1 to 15 years found TIV to be 77% to 91%
efficacious against influenza type A respiratory 
illness, with seroconversion of 74% to 76% among 
children between the ages of 6 and 10 years, and 70%
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to 81% among children between the ages of 11 and 15
years.19 Another study found efficacy of 56% against
influenza illness among youngsters between the ages of
3 and 9 years.20 During the first year of a third study, effi-
cacy was 66% against culture-confirmed influenza
among 6- to 24-month-olds.21

When there is a good match between vaccine and
circulating viruses, TIV prevents illness in about
70% to 90% of healthy persons younger than 65
years.4 Efficacy is lower when the match between
vaccine and circulating virus is poor. It may take up
to 2 weeks after vaccination for protection to devel-
op. A study in Minnesota of working adults age 18
to 64 years found that influenza vaccination reduced
episodes of upper respiratory infection (URI) by
25% (105 vs 140 episodes per 100 subjects; NNT to
prevent 1 URI = 2.9), reduced sick leave from work
due to URI by 43% (70 vs 122 days per 100 sub-
jects), and reduced visits to physicians’ offices for
URI by 44% (31 vs 55 visits per 100 subjects; NNT
to prevent 1 physician visit = 4.2).22

Elderly persons and individuals with certain
chronic diseases may have lower postvaccination
antibody titers than those of healthy young adults,
and thus may remain susceptible to influenza illness.
However, among elderly persons in nursing homes,
TIV can be 50% to 60% effective in preventing 
hospitalization and pneumonia, and at least 80%
effective in preventing death, even though efficacy in
preventing influenza illness may be only in the range
of 30% to 40%.4 Among elderly persons in the com-
munity, the effectiveness of TIV in preventing hospi-
talization during the influenza season for all causes
of pneumonia and influenza ranges from 30% to
70%.23-28 Furthermore, in one study, influenza vacci-
nation reduced hospitalization due to congestive
heart failure by 37% and was 54% effective in
reducing mortality from all causes.28

In healthy children, LAIV was 93% efficacious
against culture-confirmed influenza during the first
year of a randomized, double-blind, placebo-con-
trolled trial among 15- to 71-month-olds and 87%
among the 60- to 71-month-old subset for which the
vaccine is licensed.29,30 During the second year of the
study, in which the strain was not well matched
against 1 serotype, the efficacy was 86% overall and
87% among the subset age 60 to 84 months. A 27%
reduction in febrile otitis media occurred.

Nichol et al conducted a randomized, double-
blind, placebo-controlled trial during a year in which
the virus strains were not well matched. The results

showed that among healthy adults age 18 to 64
years, LAIV reduced severe febrile illness by 19%
and febrile URI by 24%, but did not significantly
reduce overall rates of febrile illness.31 Among the
subset age 18 to 49 years, the trial found 27% fewer
lost workdays, 18% to 37% fewer visits to clini-
cians, and 41% to 45% fewer days of antibiotics.

Safety and Adverse Reactions
Trivalent inactivated influenza vaccine. Today’s

inactivated influenza vaccines are considerably purer
than vaccines produced prior to 1968 and cause fewer
adverse events. TIV can cause local reactions such as
soreness at the injection site that lasts less than 2 days.
In persons previously exposed to influenza disease or
vaccination, studies comparing split-virus vaccine with
placebo show similar rates of systemic reactions such as
fever. For instance, a placebo-controlled trial involving
elderly persons found no difference in systemic reac-
tions, but did find local soreness in 20% of vaccinees
compared with 5% of placebo recipients.32 A random-
ized, blinded crossover study among children and
adults with asthma found that only myalgia was report-
ed more often after TIV than after placebo (25% vs
21%).33 In another trial, induration at the injection site
occurred in 6% of 1- to 5-year-olds, 10% of 6- to 11-
year-olds, and 14% of 11- to 16-year-olds.19 However,
in young children not previously exposed to influenza
vaccine, fever, malaise, and myalgia can occur after TIV.
In one trial, fever occurred in 11.5% of 1- to 5-year-
olds and 5% of 6- to 15-year-olds.19 Because TIV does
not include live virus, it cannot cause influenza.

In 1976, the federal government sponsored the
National Influenza Immunization Program to give
A/New Jersey influenza “swine flu” vaccine to
almost all adults in the United States as well as to
children at high risk. The program included a nation-
wide surveillance system to look for possible adverse
reactions and found epidemiologic evidence that
Guillain-Barré syndrome (GBS) was related to vacci-
nation.34 The risk was approximately 1 case per
100,000 vaccinees. The A/New Jersey strain is no
longer in use. Since then, study results have been
mixed, with some trials showing no increased risk
for GBS and a couple suggesting a slight increase in
risk among vaccine recipients.35

If TIV increases the risk for GBS, the risk is quite
small. There is good evidence that a number of infec-
tious diseases, particularly Campylobacter jejuni,
provoke GBS. Even if GBS were a true side effect of
vaccination in some years, the risk is substantially
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lower than is the risk for complications following
influenza. The decision whether to vaccinate someone
with a history of GBS should be based on 2 factors:
the risk for severe complications if he or she were to
contract influenza and whether GBS was documented
to have occurred following influenza vaccination. It is
prudent not to vaccinate persons who are at low risk
for complications of influenza disease and who have a
documented history of GBS following previous
influenza vaccination.4 For a person with a history of
GBS who is at high risk for influenza-related compli-
cations, the benefits of TIV justify vaccination.4

Thimerosal is present in some TIV preparations.
Persons for whom influenza vaccine is recommended
can receive either thimerosal-containing or preserva-
tive-free vaccine; some parents will prefer preserva-
tive-free vaccine for children.

Live attenuated influenza vaccine. Persons vacci-
nated with LAIV shed vaccine virus. In one unpub-
lished study in a day-care setting, 80% of vaccinees
age 8 to 36 months shed 1 or more temperature-sen-
sitive strains for a mean of 7.6 days.36 One unvaccinat-
ed contact contracted the vaccine virus, which
retained its temperature-sensitive, attenuated proper-
ties without genetic change; the estimated transmis-
sion rate in child care was estimated at 0.6% to 2.4%.
Among healthy adults, most shedding occurred during
the first 3 days after vaccination; 1 of 20 shed at day
7 and none shed at day 10.37

The safety of LAIV was evaluated after adminis-
tration of 28,000 doses to more than 20,000 persons.
Rates of adverse events observed after influenza, such
as pneumonia, were similar between vaccinees and
placebo recipients. Among adults, nasal congestion/
rhinorrhea (28%-78%), headache (16%-44%), and
sore throat (15%-27%) were reported more often by
vaccinees than by placebo recipients.4 Among chil-
dren, nasal congestion/rhinorrhea (20%-75%),
headache (2%-46%), fever (0%-26%), vomiting
(3%-13%), abdominal pain (2%), and myalgia (0%-
21%) were more commonly reported by vaccinees
than by placebo recipients, were self-limited, and
more commonly occurred after the first dose.4 In
another study of medically attended events among
6657 healthy children age 1 through 17 years, no over-
all increases were seen in acute respiratory tract events,
systemic bacterial infections, or rare events potentially
related to influenza. Among children age 5 to 17 years,
abdominal pain was more likely, but asthma, cough,
otitis media, and wheezing were less likely. However,

among children age 12 to 59 months, asthma or reac-
tive airways disease was more likely; therefore, LAIV is
currently not approved for use in children younger
than 60 months (new data have been gathered show-
ing safety down to 12 months of age in those without
a history of wheezing or asthma,38 but recommenda-
tions have not changed to include these groups). LAIV
does not contain thimerosal.

Comparison of TIV and LAIV
TIV and LAIV are compared in TABLE 1.

Contraindications and Populations for Whom
Vaccine Is Not Recommended
The contraindications to TIV are anaphylaxis to eggs
or other vaccine components. Desensitization proto-
cols are available for individuals who have an aller-
gy to eggs.39 Alternatively, such persons can consider
using antivirals for prophylaxis. TIV is not licensed
by the FDA, nor is it recommended for infants
younger than 6 months of age.

LAIV is contraindicated for persons with an ana-
phylactic allergy to eggs or other vaccine compo-
nents, persons who have an immunodeficiency or are
on immunosuppressive therapy, children receiving
chronic salicylates (because of the association with
Reye’s syndrome), and persons with a history of GBS.

Until further data are available on safety and/or effi-
cacy, LAIV is not recommended by the FDA for some
groups. Such persons include those with chronic car-
diopulmonary conditions; those who require medical
care for chronic metabolic disease, renal failure, or
hemoglobinopathies; pregnant women; children
younger than 5 years of age; and elderly individuals.

Recommendations for Vaccination
Routine, annual vaccination with TIV is recom-
mended for persons age 50 years and older and chil-
dren age 6 to 59 months. The TIV also is recom-
mended for persons at high risk for complications of
influenza: residents of nursing homes; persons with
chronic cardiopulmonary diseases; persons who
require regular medical care for chronic metabolic
diseases, renal failure, hemoglobinopathies,
immunosuppression (including HIV), and neuro-
muscular disorders that can compromise respiratory
function or the handling of respiratory secretions or
that can increase the risk for aspiration; and children
receiving long-term aspirin therapy. In addition,
TIV is recommended for pregnant women, regard-
less of trimester.
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immunocompromised person
(ie, one who requires reverse
isolation). All others should
receive TIV. Health care work-
ers and contacts can shed virus
from LAIV and therefore
should not be in contact with
severely immunosuppressed
patients (eg, those undergoing
hematopoietic stem cell trans-
plantaton, during time in pro-
tective environment) for 7 days
after receiving LAIV.4

Persons who wish to be vac-
cinated but do not have an
indication can receive TIV or, if
healthy and in the proper age
group, can receive LAIV.

Administration
Guidelines
Children younger than 9 years
who are to receive TIV and
have not had any previous
doses should receive 2 doses,
at least 1 month apart. All pre-
viously vaccinated children
subsequently require only 1
dose each year. Dose varies by
age: 0.25 mL IM for children

6 to 35 months of age and 0.5 mL IM for persons 3
years of age and older (TABLE 2).4 The needle length
and location for IM vaccination should be 1 to 1.25
inches in the anterolateral thigh of infants and young
children, 5/8 to 1 inch in the deltoid of children, and
at least 1 inch in the deltoid of adults.

Children age 5 to 8 years who are to receive LAIV
and have not had a previous dose of either TIV or
LAIV should have 2 doses of LAIV separated by 6 to
10 weeks. All previously vaccinated persons or per-
sons age 9 and older require only 1 dose each year.

The optimal time for vaccination efforts is usual-
ly October and November because outbreaks some-
times occur in December. To avoid missed opportu-
nities for vaccination, persons may be vaccinated in
September who are at increased risk for serious
complications, who are household contacts of such
people, or who are children age 6 months up to 9
years who have not been previously vaccinated and
therefore need 2 doses. Although not optimal, vacci-
nation is encouraged for persons not vaccinated

Vaccination is recommended for persons who could
transmit influenza to high-risk persons, including
health care workers, household contacts and out-of-
home caregivers of children up to the age of 59
months, and household contacts of persons at high risk
for complications of influenza (see preceding paragraph).
Among those who could transmit influenza to high-risk
persons, vaccinees can receive LAIV if they are healthy, in
the proper age group, and not in contact with a severely
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Comparison of TIV with LAIV

TIV LAIV

Administration route Intramuscular injection Intranasal spray
Type of vaccine Inactivated virus subunit Live virus
Cost Less expensive More expensive
Age group for which licensed ≥6 months 5-49 years
Spacing with inactivated vaccines Anytime* Anytime*
Spacing with live vaccines Anytime* Prudent to space

4 weeks apart or 
give simultaneously

Use in immunocompromised persons Recommended Contraindicated
Use in children taking chronic Recommended Contraindicated
salicylate therapy
Use in persons with history of Allowed Contraindicated
Guillain-Barré syndrome
Use in persons at high risk for Recommended Not recommended—
influenza-related complications data lacking
Use in family members or close Yes Yes
contacts of immunosuppressed persons 
not requiring a protected environment
Use in family members or close Yes TIV preferred
contacts of severely immunosuppressed 
persons requiring a protected environment 
Use during pregnancy Recommended No
Anaphylactic allergy to eggs Contraindicated Contraindicated

LAIV = live attenuated influenza vaccine; TIV = trivalent inactivated influenza vaccine.
*Simultaneous or any time before or after.

Modified from Smith NM et al. MMWR Recomm Rep. 2006;55(RR-10):1-42.

TABLE 1

Inactivated influenza 
vaccine dosage schedule

Age Dose (mL) Number of Doses

6 to 35 months 0.25 1 (or 2*)
3 to 8 years 0.5 1 (or 2*)
9 years and older 0.5 1

IM = intramuscularly.
All vaccines are given IM.
*2 doses at least 1 month apart for first-time vaccinees only.

Smith NM et al. MMWR Recomm Rep. 2006;55(RR-10):1-42.

TABLE 2
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before December and may occur throughout the
influenza season, including December through
March. For many persons, it will take 2 weeks for
antibodies to develop after vaccination.

Future Possibilities
Some experts are interested in a cell culture vaccine
that does not rely on eggs and therefore can be used
for a rapid response to pandemic threats. Current
plans among experts are for new age groups to be
added to current vaccine recommendations about
every other year, until universal vaccination is recom-
mended for all age groups in the United States, but no
such recommendation has yet been made.

Late-Breaking Change
On January 8, 2007, the FDA announced approval of
a change in FluMist from its frozen formulation called
LAIV to a refrigerated formulation called, in clinical
studies, CAIV-T (cold-adapted influenza vaccine-
trivalent). CAIV-T should be available for the 2007-
2008 influenza season.
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Routine vaccination has drastically reduced the
burden of childhood diseases in the United

States (TABLE 1). The significance of this effect is so
great that immunizations are considered one of the
major medical achievements of the 20th century.

The categories of indications for vaccination are
age, underlying medical conditions, and high-risk
occupation or lifestyle. Routine vaccines indicated
by age are discussed in this article, including new
recommendations (TABLE 2); high-risk indications
are discussed in the next article. Important topics in

deciding about routine use of vaccines include disease
burden, rationale for vaccination, vaccine efficacy,
adverse reactions, and official recommendations.

Hepatitis B Vaccine
Disease Burden
Since implementation of routine childhood immuniza-
tion in the United States, an estimated 6800 perinatal
and 18,700 nonperinatal infections among persons
younger than age 10 have been prevented annually.1

About 6000 persons die annually of hepatitis B virus
(HBV)-related liver dis-
ease. Most of these deaths
occur among persons with
chronic HBV infection
and are due to cirrhosis or
primary hepatocellular
carcinoma, which may
affect adolescents and
young adults. In fact,
HBV infection is the sec-
ond leading cause of can-
cer worldwide. Persons
chronically infected with
HBV in the United States,
each of whom is potential-
ly infectious, are estimated
to number about 1.25 mil-
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Routine vaccines across 
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Routine vaccines are listed on the Recommended Childhood and Adolescent Immunization
Schedule and the Recommended Adult Immunization Schedule published by the Centers for
Disease Control and Prevention and reviewed and updated by the Advisory Committee on
Immunization Practices. For these vaccines, we discuss the disease burden, rationale for
vaccination, efficacy, adverse reactions, and recommendations. Some new vaccines are
discussed here (Tdap and zoster), whereas others (rotavirus and human papillomavirus) are
discussed elsewhere in the supplement.

Cases of vaccine-preventable childhood diseases
in the years before vaccines were used routinely

Number of Number of
Cases Reported Number of Cases Reported 

Vaccine-Preventable Disease Year* in That Year Deaths in 2003

Haemophilus influenzae type b
Invasive disease 1986 13,014 531 259

Poliomyelitis 0
All types 1954 56,784 —
Paralytic 18,308 —

Measles 1964 458,083 380 56
Rubella 1970 57,686 — 7

*The year preceding widespread use of specified vaccine.
Based in part on Centers for Disease Control and Prevention. Epidemiology and Prevention of Vaccine-Preventable
Diseases. 9th ed. Washington, DC: Public Health Foundation; 2006; appendix G.

TABLE 1
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lion, and the lifetime risk for acquiring HBV infection
was estimated to be 5% before the introduction of
hepatitis B vaccine. HBV infection clearly remains a
major health problem in this country.

HBV infection is much more likely to become
chronic when acquired early in life than when
acquired during adulthood: chronic HBV infection
develops in 90% of individuals infected in infancy,
30% of individuals infected before the age of 5
years, and less than 5% of individuals infected at age
5 years or older.2 Therefore, although most acute
HBV infections in the United States occur during
adulthood because of high-risk behaviors, 36% of
all persons in the United States with chronic HBV
infection contracted the infection during childhood.
About 25% of individuals infected with HBV as
infants will die of HBV-related chronic liver disease
as adults, leading to a high number of years of poten-
tial life lost.2

HBV can be contracted by percutaneous or mucos-
al exposure to infectious fluids, namely blood, semen,
or saliva. Transmission of HBV occurs primarily by
blood exchange (eg, via shared needles during injec-

tion drug use) or by sexual contact. The source of
infection is not identified for 30% to 40% of persons
infected with HBV.3 These cases may result from
underreporting of injection drug use and sexual activi-
ty or inapparent contamination of skin lesions or
mucosal surfaces (eg, hepatitis B surface antigen
[HBsAg] has been found in saliva of persons chronical-
ly infected with HBV and on toothbrush racks and cof-
fee cups in their homes).4 Epidemiological studies show
that HBV can be transmitted between preschool-age
children.5,6

Rationale for Vaccination
Reasons to recommend routine infant vaccination
against HBV infection include the following: 
(1) morbidity and mortality of HBV infection is sub-
stantial, especially when the virus is contracted dur-
ing childhood when chronic infection is more likely,
(2) prior strategies focusing on immunization of
high-risk persons had little effect on incidence rates,
and (3) many individuals who engage in high-risk
behaviors (eg, injection drug use) become infected
soon after beginning these behaviors.
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Selected recent vaccine changes and selected rationale

Changes to Vaccine Schedule Rationale

Tdap vaccine for persons 11-64 years 1. Pertussis vaccine immunity wanes with time since childhood vaccination
2. Outbreaks in adolescents
3. Transmission from infected adolescents and adults to infants has occurred
4. Newly licensed Tdap vaccines for adolescents and adults

Meningococcal conjugate vaccine for 1. Conjugate vaccines provide longer immunity, herd immunity, and immune memory
adolescents and college freshmen 2. Almost a quarter of cases in 15- to 24-year-olds are fatal

3. Deaths and outbreaks in adolescents and college students due to Meningococcus
Routine and catch up of second dose 1. Outbreaks in schools despite good vaccination rates due to accumulation 
of varicella vaccine of partially or fully susceptible persons

2. Some data showing primary vaccine failure with 1 dose in 15% of persons
3. Availability of MMRV combination vaccine

HPV vaccine for females 9-26 years 1. Burden of cervical cancer, its precursors, and genital warts
2. New, safe, and highly effective vaccine for females to prevent cancer precursors (discussed in 

HPV vaccine article) 
Rotavirus vaccine for infants 1. Burden of rotavirus disease, dehydration, and hospitalizations

2. New safe and effective vaccine (discussed in rotavirus vaccine article)
Influenza vaccine for young children 1. Hospitalizations and suffering due to influenza in children
6-59 months and caregivers of children 2. Role of children in influenza transmission
0-59 months 3. Movement towards more universal annual influenza vaccination

(discussed in influenza vaccine article) 
Zoster vaccine for persons ≥60 years 1. Pain and suffering from herpes zoster

2. Increased zoster incidence with age
3. New, safe, and effective vaccine

HPV = human papillomavirus; MMRV = measles, mumps, rubella, and varicella; Tdap = tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis.

TABLE 2
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The rationale for the birth dose includes missed
opportunities for prophylaxis among infants born to
mothers who are HBsAg positive that have resulted in
chronic infection and its sequelae. In fact, only about
half of expected births to HBsAg-positive women
were identified for case management even though
more than 95% of women are tested for HBsAg.2

Thus, birth doses serve as a safety net to prevent peri-
natal infection.

The hepatitis B vaccines currently produced in 
the United States are manufactured by recombinant
DNA technology using bakers yeast and do not 
contain human plasma. Pre-exposure vaccination
results in protective antibody levels in almost all
infants, children, and adolescents (>95%).

Duration of immunity. The duration of immunity
in healthy persons is based on immunological mem-
ory; no clinical cases have been observed 15 to 20
years after vaccination in immunocompetent persons
known to have responded to vaccination.2 Although
with time antibody levels may diminish after vacci-
nation, most persons remain protected by immuno-
logic memory in lymphocytes. The immunologic
memory and long incubation period of HBV infec-
tion allow most immunized persons who have low
titers to mount an anamnestic immune response if
challenged by HBV. Rarely, a person who adequate-
ly responded to hepatitis B vaccine has developed
asymptomatic HBV infection after exposure to the
virus years after vaccination. However, no person so
infected in the United States has become chronically
infected or developed serious complications such as
chronic liver disease. Of note, the duration of immu-
nity in patients undergoing hemodialysis, in contrast
to that of healthy persons, appears to persist only as
long as the level of antibody to hepatitis B surface
antigen (anti-HBs) is 10 mIU/mL or higher.

Factors affecting immunogenicity. Factors that
affect immunogenicity include the number of doses
administered, the intervals between doses, age, underly-
ing medical conditions, and genetics. Immunogenicity
differs according to the number of doses received. After
the third dose of hepatitis B vaccine, more than 95% of
children seroconvert, that is, their level of anti-HBs is
10 mIU/mL or higher. For children, the third dose is
required for optimal protection; furthermore, geometric
mean titers improve with longer intervals between the
second and third doses, supporting the concept that the
vaccine series does not need to be restarted in individu-
als who have delayed completion of the vaccine series.
More than 90% of healthy adults younger than 40

years seroconvert after being vaccinated. However,
immunogenicity declines with age, dropping to 75%
for recipients 60 years of age.

Underlying medical conditions associated with
lower likelihood of seroconversion include prematurity
with low birth weight, immunosuppression, renal fail-
ure, obesity, and tobacco use. In comparison with full-
term infants, premature infants with a birth weight less
than 2 kg have lower seroconversion rates until they
have gained weight and reached 1 month of age.
Therefore, hepatitis B vaccination should be delayed
until 1 month of age (or hospital discharge) for preterm
infants weighing less than 2 kg unless the infant is born
to a HBsAg-positive (or unknown status) mother, in
which case hepatitis B vaccine should be given within
12 hours of birth (see article “Vaccine Schedules and
Procedures, 2007” for schedule).

Efficacy. Efficacy, that is, protection against HBV
infection, is high (80%-95%) for hepatitis B vaccines
licensed in the United States when given to susceptible
infants, children, and adults. Routine infant hepatitis
B vaccination is as cost effective as other commonly
used preventive measures.7 Based on direct medical
expenses, the estimated cost per year of life saved is
$1522 for routine infant vaccination; from a societal
perspective, routine infant vaccination is cost saving.7

Adverse Reactions
The most frequently reported adverse reactions are
pain at the injection site (3%-29%) and fever (tem-
perature >37.7°C [>99.9°F]) (1%-6%), but these
reactions occur no more frequently than among
placebo recipients.2 A large US study found no asso-
ciation between hepatitis B vaccine and multiple
sclerosis.8 Hepatitis B vaccine is not associated with
Guillain-Barré syndrome (GBS), sudden infant death
syndrome, or chronic illness, although on rare occa-
sions alopecia might be associated.2

Recommendations
The prevalence of HBV infection and its associated
morbidity and mortality have led to the development of
a comprehensive hepatitis B vaccination policy that
includes recommendations for (1) prevention of peri-
natal HBV infection, (2) routine infant vaccination,
(3) catch-up vaccination of children and adolescents
not previously vaccinated, and (4) pre-exposure vacci-
nation of adults based on lifestyle or environmental,
medical, and occupational situations that place them at
risk. Recent updates to hepatitis B vaccine recommenda-
tions include improving prevention of perinatal and
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early childhood HBV infection by a birth dose, and
improving coverage of children and adolescents not pre-
viously vaccinated.2 Strategies to do this include stand-
ing orders for hepatitis B vaccination at birth, case man-
agement programs to identify and administer immuno-
prophylaxis to infants born to mothers who are HBsAg
positive or of unknown status, vaccination record
reviews for all children age 11 to 12 years and for chil-
dren younger than 19 years who were born in countries
with intermediate or high endemicity, and adopting hep-
atitis B vaccine requirements for school entry. The
dosage varies by age and indication (see article  “Vaccine
Schedules and Procedures, 2007”). Hepatitis B vaccine is
now recommended for all unvaccinated adults at risk
for HBV infection and for all adults seeking protection
from HBV infection. Acknowledgment of a specific risk
factor is not a requirement for vaccination.

Postvaccination testing for anti-HBs is recommend-
ed only when the results will affect the individual’s sub-
sequent medical care, including patients undergoing
dialysis, infants born to HBsAg-positive mothers, sexu-
al contacts of persons chronically infected with HBV,
and health care workers at high risk of percutaneous or
permucosal exposure to body fluids. Testing should be
performed 1 to 2 months after completion of the vac-
cine series, with the exception of infants born to
HBsAg-positive mothers, who should be tested at 9 to
18 months of age (because those infants have also
received hepatitis B immune globulin [HBIG], which
could generate a false-positive anti-HBs on serology if
performed earlier than 9 months). An adequate anti-
body response to vaccination is at least 10 mIU/mL.
Postvaccination testing is not indicated after routine
vaccination of infants, children, adolescents, or persons
at low risk of exposure, for example, public safety
workers and health care workers who do not have con-
tact with blood or blood-contaminated body fluids.

Revaccination is recommended for persons with a
postvaccination level of anti-HBs of less than 10
mIU/mL. Such persons should receive 3 doses on a 0-, 1-,
and 6-month schedule. Antibody testing should be con-
ducted again 1 to 2 months after revaccination. Persons
who do not respond after 2 series (6 doses) of hepatitis
B vaccine should be counseled about universal precau-
tions and the need for HBIG if they are exposed to HBV.
Testing such persons for HBsAg should be considered,
because some of them may already be chronically infect-
ed. Hemodialysis patients and immunocompromised
patients at risk for infection should have serologic tests
annually and should be given a booster dose when anti-
body levels decline to less than 10 mIU/mL.
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Pertussis Vaccine
Disease Burden
Bordetella pertussis is a gram-negative pleomorphic
bacillus isolated only from humans and spread by
aerosolized droplets. More than 200,000 cases of
pertussis (whooping cough) were reported every year
in the United States before a vaccine became avail-
able in the 1940s.9 Although pertussis cases peak
every 3 to 5 years, reported cases have steadily
increased recently, especially among adolescents and
adults, with 25,827 cases reported in the United
States in 2004.10 Adolescents and adults age 19 years
and older accounted for 34% and 29% of these
cases, respectively.9 About 17% of reported cases
occur in infants younger than 6 months of age who
are too young to receive 3 doses of vaccine.11 Because
pertussis is difficult to recognize and underreporting
of this disease is common, estimates are that about 1
million cases occur among adolescents and adults in
the United States each year.9,12 Adolescents and adults
serve as a reservoir of disease because pertussis

Prevention of Perinatal HBV Infection

According to the ACIP, ACOG, AAP, and the
US Preventive Services Task Force, all preg-
nant women should be screened for HBsAg,
optimally at an early prenatal visit. According
to published calculations, screening all preg-
nant women in the United States would
result in detection of about 22,000 HBsAg-
positive women each year and prevent
chronic HBV infection in 6000 neonates
annually.1 Women whose initial HBsAg test
result is negative but who are at high risk for
HBV infection (eg, women who use injection
drugs, have a recently diagnosed sexually
transmitted disease, have multiple sexual
partners, or had hepatitis during pregnancy)
should be tested again for HBsAg late in
pregnancy. Infants born to HBsAg-positive
mothers should receive at separate anatom-
ic sites hepatitis B vaccine and 0.5 mL of
HBIG within 12 hours of birth. Infants born to
HBsAg-positive mothers should be followed
in a case management program to ensure
vaccination and appropriate testing. To
ensure protection against perinatal HBV
infection, a birth dose is recommended for
infants regardless of maternal status.

1West DJ, Margolis HS. Pediatr Infect Dis J. 1992;11:866-874

SPECIAL TOPIC
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sis were reported in the United States from 1940
through 1945. After pertussis vaccination became
widespread in the mid-1940s, the incidence of per-
tussis dropped by more than 95%, although the
number of pertussis cases has been increasing in
recent years, reaching 11,647 cases in 2003 and
25,827 cases in 2004.10,11

Although effective in reducing pertussis disease,
the whole-cell pertussis vaccine has been associated
with a number of adverse effects. Consequently, inter-
national efforts were undertaken to develop an acel-
lular vaccine with fewer adverse effects. Potential
vaccine-target antigens important in disease produc-
tion include (1) pertussis toxin (lymphocytosis-pro-
moting factor), which interferes with immune-cell
function, contributes to ciliary damage, and aids in
attachment to respiratory epithelium; (2) filamentous
hemagglutinin, which helps the bacteria attach to
cilia of the respiratory tract; (3) pertactin (69-kDa
protein), which also enhances bacterial attachment to
cilia; and (4) agglutinogens, which may aid persistent
attachment to cilia. Acellular vaccines targeting one
or more of these components have been developed.

Efficacy. In studies conducted in Europe, the DTaP
vaccines demonstrated efficacy rates ranging from 80%
to 89%, compared with DTP vaccines, which demon-
strated rates of efficacy ranging from 36% to 98%
(TABLE 3).15 However, comparing the various studies
is difficult because of differences in study type, degree
of blinding, case definition of pertussis, criteria for
confirmation of pertussis infection, ethnicity of study
population, number of children studied, timing of the
vaccine schedule, and manufacturer of comparison
whole-cell vaccine. Three vaccines are now licensed in
the United States: Infanrix™ (SKB-3P), Tripedia® (CB-
2), and Daptacel® (CLL-4F2). Some combination vac-
cines include acellular pertussis vaccine. In TriHIBit®,
Haemophilus influenzae type b (Hib) vaccine ActHIB®

is reconstituted with the Tripedia DTaP vaccine.
TriHIBit currently is licensed only for the fourth dose
of the DTaP series and should not be used for earlier
doses. Another combination vaccine, Pediarix®, con-
taining DTaP, hepatitis B, and inactivated poliovirus
vaccines, is licensed for the primary series. The protec-
tion afforded by pertussis vaccination wanes with
time; hence, Tdap is recommended for adolescents.

Adverse Reactions
The DTaP vaccines have approximately a quarter to
half the number of common and uncommon adverse
reactions associated with whole-cell DTP vaccines.

immunity wanes about 5 to 10 years after comple-
tion of childhood vaccination. The reported inci-
dence rate among adults and adolescents has risen
recently, perhaps partly as a result of the use of PCR
for improved diagnosis. Historically, culture has
been the standard test; however, growing this fastid-
ious bacteria can be challenging, whereas PCR is
rapid, sensitive, and specific.

Pertussis may cause complications or require hos-
pitalization in all age groups, but is more likely to do
so in infants younger than 1 year old. During 1980
through 2004 in the United States, pertussis caused
223 deaths among infants less than 4 months old and
280 deaths in all age groups.9 The case-fatality rate is
0.6% for infants younger than 12 months. Girls are
somewhat more likely to exhibit clinical pertussis
than boys, possibly because of smaller airways.

Complications of pertussis include pneumonia,
seizures, encephalopathy, and permanent brain dam-
age. Pneumonia occurs in about 5% of affected
patients and is the leading cause of death. Seizures
occur in about 2% of cases. Encephalopathy, which
may be caused by hypoxia or minute cerebral hem-
orrhages, occurs in 0.7% of cases, is fatal in approx-
imately one third of affected patients, and causes
permanent brain damage in another third. In adoles-
cents and adults, pertussis may account for 20% to
30% of prolonged cough illnesses (CENTERFOLD,

FIGURE 4). These cough illnesses may be accompa-
nied by post-tussive emesis, syncopal attacks, uri-
nary incontinence, or even rib fractures and death.13

Pertussis is highly contagious: 70% to 100% of
susceptible household contacts and 50% to 80% of
susceptible school contacts will become infected after
exposure to someone who is contagious. A person is
contagious from 7 days after exposure to 3 weeks
after onset of symptoms. Pertussis is transmitted by
respiratory droplets or occasionally by contact with
freshly contaminated objects. The incubation period
ranges from 4 to 21 days and is typically 7 to 10 days
long.14 The half-life of transplacental immunity is
about 6 weeks.

Rationale for DTaP Vaccination of Children
Before pertussis vaccination of children became rou-
tine, peaks in whooping-cough incidence occurred
approximately every 3 to 4 years, and virtually all
children eventually were infected. During 1934
through 1943, an annual average of 200,752 pertus-
sis cases and 4034 deaths were reported in the
United States.9 More than 1 million cases of pertus-
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Minor adverse reactions associated with DTaP vacci-
nation include fever, fussiness, and localized edema at
the injection site. Temperature of 37.8°C (100.0°F) or
higher occurs in about 24.5% of individuals, severe
fussiness in 4.7%, and local reactions of more than 20
mm in size in 4.2%; furthermore, the rates of adverse
reactions to DTaP and DT vaccinations are similar.16

Uncommon adverse reactions after DTaP vaccina-
tion are persistent crying for 3 or more hours, an
unusually high-pitched cry, seizures, and hypotonic-
hyporesponsive episodes. Most seizures that occur
after DTaP vaccination are simple febrile seizures
that do not have any permanent sequelae. Many
experts state that on rare occasions a child might
have an anaphylactic reaction to DTaP, and in these
cases further doses of DTaP are contraindicated.
Allegations of other serious adverse reactions, such
as permanent neurologic damage, after a dose of
whole-cell DTP vaccine are controversial and have
been discussed in depth elsewhere.17,18 Extensive
limb-swelling reactions occurring after 2% to 3% of
fourth- or fifth-dose pediatric DTaP vaccinations
resolve without sequelae and are not considered to
be a contraindication to administration of DTaP to
children.9 However, persons who have had an Arthus
reaction characterized by severe pain, swelling,

induration, edema, hemorrhage, or rarely, by necro-
sis after a tetanus-toxoid–containing vaccine should
not receive Td (or Tdap) more frequently than every
10 years.9 Acellular pertussis vaccines currently pro-
duced in the United States have either no thimerosal
or trace amounts.

Rationale for Tdap Vaccination 
of Adolescents and Adults
Adolescents suffer from pertussis disease due to
waning immunity with time since childhood DTaP
and subsequent infection. The number of cases of
reported pertussis has been increasing, and adoles-
cents are one of the most commonly affected age
groups; for instance, adolescents were by far the
most predominant group for reported cases in
Massachusetts in 2003.19 Adolescents suffer from
pertussis disease as shown by paroxysmal cough in
about 75% of cases, difficulty sleeping in about
75%, difficulty breathing in 72%, post-tussive vom-
iting in half of cases, weight loss in one third, whoop
in 31%, pneumonia in 2%, rib fracture in 1%, and
loss of consciousness in 1%. The mean duration of
coughing is longer than 3 months.19,20

Efficacy. Two Tdap vaccines have been approved
in the United States. One (Boostrix®) is approved for
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Study site and type, vaccine composition, schedule, and efficacy 
for infant acellular pertussis vaccines licensed in the United States

Vaccine Efficacy Against
Acellular Schedule ≥21 Days of Cough
Pertussis Vaccine Composition Studied DTaP, % DTP,* %

Study Site Study Type Vaccine PT FHA Pn Fim (mo) (95% CI) (95% CI)
Italy Randomized Infanrix™ X X X 2, 4, 6 84 36

double-blind (SKB-3P) (76-90)† (14-52)

Germany Household Infanrix™ X X X 3, 4, 5 89 98
contact (SKB-3P) (77-95)† (83-100)
with passive 
surveillance

Stockholm, Randomized Daptacel® X X X X 2, 4, 6 85 48
Sweden double-blind (CLL-4F2) (types 2 (81-89) (37-58)

& 3)

Munich, Case-control Tripedia® X X 3, 5, 7 80 95
Germany study with (CB-2) (59-90)‡ (81-99)

passive 
surveillance

CI = confidence interval; DTaP = diphtheria, tetanus, acellular pertussis; DTP = diphtheria, tetanus, whole-cell pertussis; FHA = filamentous hemagglutinin; 
Fim = fimbriae; Pn = pertactin; PT = pertussis toxin.
Pediarix (DTaP-hepatitis B-IPV) contains the same pertussis formulation as Infanrix. Boostrix contains reduced amounts of the diphtheria and pertussis 
components of Infanrix. Adacel™ contains reduced amounts of the diphtheria and pertussis components of Daptacel.
*The whole-cell vaccines differed; some are not available in the United States.
†Efficacy against ≥21 days of paroxysmal cough with culture or serologic confirmation.
‡Efficacy against ≥21 days of any cough and confirmation by culture or link to culture; positive household contact.
Modified from CDC. MMWR Recomm Rep. 1997;46(RR-7):6.

TABLE 3
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use in adolescents age 10 to 18 years. The other
(Adacel™) is approved for use in persons age 11 to
64 years.9 The efficacy of the tetanus and diphtheria
toxoid component of each vaccine was demonstrated
by comparison with serologic correlates of protection
from US-licensed Td vaccine.9 Because no serologic
correlates of protection have been established for per-
tussis vaccine, Tdap efficacy was based on a compar-
ison of the immune response of adolescents to each
pertussis antigen contained within the vaccine to the
immune response of infants after 3 doses of the 
corresponding pediatric DTaP that included the
same pertussis components.21 Noninferiority is
demonstrated if the immunogenicity and safety
endpoints are at least as good as the comparable
corresponding vaccine.9 A trial of a vaccine using the
same pertussis antigens as in Boostrix demonstrated
92% efficacy against confirmed pertussis in adoles-
cents and adults.22

Adverse Reactions
The rate of pain at the injection site was slightly
higher in adolescents receiving Tdap (Boostrix) com-
pared to Td.9,21,22 Headache interfering with activity
was the most frequent solicited adverse event within
15 days after vaccination.9,21,22 Adults receiving Tdap
(Adacel) also reported a somewhat higher rate of
pain of moderate intensity within 15 days after vac-
cination compared with Td (15% vs 10%). Fever
(temperature of ≥38°C [≥100.4°F]) was also report-
ed to be significantly higher among adolescents
receiving Adacel. No significant difference was noted
in serious adverse events between the groups receiv-
ing Tdap and Td.10 When Adacel was given simulta-
neously with hepatitis B vaccine, rates of erythema
and swelling at the Adacel site were higher (23.4%
and 23.9%, respectively) than when vaccines were
given sequentially (21.4% and 17.9%).9

Recommendations
DTaP is recommended for all children because of the
reduced risk for adverse reactions compared with
DTP. Although 5 doses of pertussis vaccine are recom-
mended, persons who receive their fourth dose on or
after their fourth birthday do not need the fifth dose.
Premature infants should be vaccinated with full
doses at the appropriate chronological age, for exam-
ple, 2 months, 4 months, etc. Full doses should be used
because fractional doses are not as immunogenic and
might not lessen the risk for adverse reactions.

Tdap is routinely recommended for adolescents;

give adolescents age 11 to 18 years a single dose of
Tdap instead of Td for a booster immunization if
they completed the recommended childhood
DTP/DTaP series and have not previously received
Td or Tdap.9 The preferred age for Tdap is 11 to 12
years. Adolescents who have already received Td, but
not Tdap, should be given a single dose of Tdap,
preferably at an interval of 5 years between Td and
Tdap.9 However, the interval can be as short as 2
years in at-risk situations, such as families of new-
born infants, workers in day care or health care, and
during outbreaks of pertussis.23

A single dose of Tdap (Adacel) is recommended
for adults age 19 to 64 years to replace a single
booster dose of Td if they received the last dose of
tetanus-toxoid–containing vaccine 10 or more years
earlier.24 Adults who anticipate having close contact
with an infant less than 12 months of age should
receive a single dose of Tdap, ideally at least 1 month
before beginning close contact with the infant.24 An
interval as short as 2 years from the last dose of Td
can be used. Adolescent or adult women not previ-
ously immunized with Tdap should receive a single
dose during the immediate postpartum period or at
any time during their childbearing years.24 Health
care personnel with direct patient contact working in
hospital or ambulatory care settings should receive a
single dose of Tdap 2 or more years after their last
dose of Td.24 Tdap can be substituted for any 1 of the
3 Td doses in the primary series of tetanus-toxoid
vaccinations for individuals in this age group who
have never received tetanus- and diphtheria-
toxoid–containing vaccine.24

Tdap is also recommended in some special situa-
tions. Tdap should be given in place of Td for tetanus
prophylaxis in wound management among persons
age 11 to 64 years if they have not previously received
Tdap and 2 or more years have passed since the last
tetanus-toxoid–containing immunization. Pregnancy is
not a contraindication to Tdap, but the ACIP recom-
mends either that vaccination be deferred until the
immediate postpartum period for pregnant women
immunized against tetanus less than 10 years previous-
ly or that the benefits and potential risks be discussed
prior to vaccinating a pregnant woman (see “Vaccines
for Persons at High Risk, 2007”for details).To prevent
neonatal tetanus, Td should be given to pregnant
women immunized 10 or more years previously.9

Because natural immunity also wanes, adolescents or
adults with a history of pertussis may receive Tdap
according to general recommendations.9,24
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Tetanus and Diphtheria Toxoids  
Disease Burden
Prior to widespread immunization, tetanus neonatorum
caused hundreds of thousands of deaths worldwide. In
contrast, only 20 cases of tetanus were reported in 2003
in the United States. A person with tetanus experiences
spasms of the muscles of mastication (ie, trismus, or
lockjaw) and of the back muscles (opisthotonos).

In the 1920s, about 14,000 deaths due to diph-
theria were reported annually in the United States,
compared with 1 case in 2003. Complications included
myocarditis, heart failure, and neuritis. The tonsils are
one of the most common sites of diphtheria infection.

Recommendations
Routine booster doses of Td are recommended every
10 years for persons 7 years of age and older. Tdap
(see Pertussis Vaccine) should be given once to all
adolescents older than age 9 years and all adults in
place of the next required Td. The Td vaccine con-
tains about the same quantity of tetanus toxoid as
the DTaP or pediatric DT vaccines, but only one
third to one eleventh as much diphtheria toxoid.
Persons who have experienced an Arthus-type hyper-
sensitivity reaction or a temperature of more than
39.4°C (103°F) after a previous dose of tetanus tox-
oid probably have high serum antitoxin titers and
should not be given a dose of Td more often than
every 10 years.

Haemophilus influenzae
Type b Vaccine
Disease Burden
Prior to the development of effective vaccines,
Haemophilus influenzae type b (Hib) caused 
invasive disease in about 1 of every 200 US children
younger than 5 years. Hib was the most common
cause of bacterial meningitis in this age group, with
an incidence that peaked between the ages of 6 and
12 months. Even with appropriate treatment, Hib
meningitis—comprising about two thirds of cases of
invasive Hib disease—carries a mortality rate of 2%
to 5%. Neurologic sequelae, including hearing loss,
vision loss, mental retardation, seizures, and motor
and speech delays, are seen in 15% to 30% of sur-
vivors. Other manifestations of invasive Hib disease
include epiglottitis with its 5% to 10% mortality
rate due to airway obstruction; cellulitis, especially
facial, periorbital, and orbital locations; pneumo-
nia; osteomyelitis; septic arthritis; bacteremia; and
pericarditis.14

Rationale for Vaccination
Because of the high mortality and complication rates
of even properly treated Hib disease, the need for a
vaccine was apparent for many years before a useful
vaccine was developed. The Hib organism is encapsu-
lated in a polysaccharide capsule. This capsule con-
tributes to the virulence of Hib, and antibody directed
against this polysaccharide provides protection against
invasive disease. H influenzae organisms that are unen-
capsulated commonly colonize the respiratory tract
and cause sinusitis, otitis media, and bronchitis.
Vaccines against Hib do not afford protection against
these nontypeable strains, or against the other strains
of H influenzae (types a and c-f).

The polysaccharide antigen of the Hib capsule is
linked to a protein to improve recognition by an
infant’s immature immune system. Four Hib vac-
cines that are immunogenic in infants as young as 6
weeks have been licensed since 1990. HibTITER®

(HbOC) links Hib polysaccharide to a mutant diph-
theria protein; ActHIB and OmniHIB® (PRP-T) use
tetanus toxoid; and PedvaxHIB® (PRP-OMP) uses
meningococcal group B outer membrane protein.14

Two combination vaccines containing Hib also are
available. Comvax®, which contains PRP-OMP as
the Hib component and hepatitis B vaccine, may be
used in children who are at least 6 weeks old.
TriHIBit contains PRP-T as the Hib component to
reconstitute the DTaP (Tripedia), which is contained
in a second vial. TriHIBit may be administered only
as the fourth dose in the DTaP and Hib series for
children who are at least 12 months of age.

Hib vaccine should not be given to children
younger than 6 weeks because it can induce immune
tolerance to the antigen. Such tolerance inhibits anti-
body formation and may increase the risk for disease.

Efficacy. Conjugate Hib vaccines are highly effica-
cious. The rate of clinical efficacy has been estimat-
ed to be between 95% and 100%. Not only has the
incidence of invasive Hib disease dropped by more
than 99% since the introduction of conjugate vac-
cine, but also the nasopharyngeal carriage rates
among immunized children have dropped. The
decrease in carriage rates helps protect unimmunized
children against Hib disease.

Adverse Reactions
No serious adverse reactions have been linked to 
Hib vaccine. Local reactions (tenderness, swelling,
erythema) occur in 5% to 30% of recipients. Fever
occurs in less than 5% of recipients.14
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Recommendations
All infants should be immunized routinely against Hib
disease. Routine immunization should begin at 2 months
of age, and no earlier than 6 weeks of age. In general,
unimmunized children have developed natural immunity
to invasive Hib disease by 5 years of age, either through
asymptomatic colonization or by acquiring cross-reac-
tive antibodies to other organisms. Therefore, routine
Hib immunization after the fifth birthday is not recom-
mended. However, exceptions to this recommendation
do apply to children who have an unusually high risk for
invasive disease (eg, children with anatomic or function-
al asplenia and children with compromised immune sys-
tems, including HIV or stem cell transplantation).25

In the rare event that Hib disease develops in an
immunized child before the age of 24 months, a
complete series of Hib vaccination should be started
during the convalescent phase of the illness to help
prevent subsequent episodes of Hib disease. These
children lack protective antibody levels, and natural-
ly acquired Hib disease does not reliably induce
immunity in children younger than 2 years.

Pneumococcal Vaccines
Disease Burden
Streptococcus pneumoniae is a gram-positive diplococ-
cus with a polysaccharide capsule that helps protect it
from host-defense mechanisms; 90 capsular serotypes
have been identified. Droplets from respiratory tract
secretions spread the infection. Prior to the introduc-
tion of pneumococcal conjugate vaccine (PCV), S
pneumoniae caused an estimated 3000 to 6000 cases
of meningitis, 50,000 cases of bacteremia, and 500,000
cases of pneumonia (CENTERFOLD, FIGURE 5) in the
United States.26 Among children younger than 5
years, S pneumoniae previously caused about 17,000
cases of invasive disease, including 200 deaths annu-
ally.27 Invasive disease consists of bacteremia, menin-
gitis, or infection in a normally sterile site, excluding
the middle ear and sinuses.

S pneumoniae accounts for a major proportion of
invasive bacterial disease (bacteremia, meningitis,
etc) among all age groups, especially persons 65
years of age and older (attack rate 38 per
100,000).28,29 Certain chronic diseases, immunocom-
promise, asplenia, cigarette smoking, and passive
smoke inhalation are also risk factors. The mortality
rate is increased among the elderly. Despite these
data, the current immunization rate for elderly per-
sons of 56% remains well below the Healthy People
2010 goal of 90% for noninstitutionalized elderly.30

Pneumococcal Polysaccharide 
and Conjugate Vaccines
Currently, 2 vaccines that protect against Pneumococcus
are available: the 23-valent polysaccharide vaccine
(Pneumovax® 23) approved in 1983 and the 7-valent
conjugate vaccine (Prevnar™) licensed in 2000.

The older pneumococcal polysaccharide vaccine
(PPV) contains T-independent antigens, which stimu-
late mature B-lymphocytes to produce effective anti-
body, but not T-lymphocytes. Thus, T-independent
immune responses do not produce an anamnestic
response upon challenge and may not be long lasting.
The vaccine is effective in older children and adults but
not in children younger than 2 years because an
infant’s immune system does not respond well to such
antigens. In fact, the serotypes that cause most cases of
the disease (ie, 6A, 14, 19F, and 23F) do not induce a
good immune response from polysaccharide vaccine in
children younger than 5 years. Finally, PPV does not
reduce nasopharyngeal colonization of S pneumoniae,
although the clinical importance of this fact is debated.

The carrier protein for the newer 7-valent
immunogenic conjugate vaccine (PCV) is CRM-197,
which has been used in 1 Hib vaccine. This vaccine,
which does not contain thimerosal, was designed to
cover the 7 serotypes (4, 6B, 9V, 14, 18C, 19F, and
23F) most common in children. These serotypes
account for about 80% of invasive infections in chil-
dren younger than 6 years, but only 50% of infec-
tions in persons age 6 years and older. Obviously, the
PCV covers fewer serotypes than the 23-valent poly-
saccharide vaccine. However, the serotypes in the
PCV are more immunogenic than those in the poly-
saccharide vaccine. The PCV elicits a T-dependent
immune response that leads to anamnestic response
on rechallenge and is effective in infants. The vaccine
also reduces nasopharyngeal carriage rates of S pneu-
moniae and has led to herd immunity.

Rationale for PCV for Children
Risk factors for invasive pneumococcal disease
include age, race, recent use of antibiotics, day-care
attendance, exposure to tobacco smoke, and chronic
medical conditions; breastfeeding protects against the
disease.31,32 Prior to PCV, the incidence rates were
highest among infants and elderly persons. Compared
with incidence rates among Caucasians, rates are
about 2- to 3-fold higher among African Americans
and about 3- to 7-fold higher among Alaska Natives
and Native Americans.27 Additional predisposing risk
factors include sickle hemoglobinopathies, functional
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or anatomic asplenia, infection with HIV (eg, 9000
per 100,000 in HIV-infected children), and passive
smoking.31,32 Heightening the importance of immu-
nizations is the proportion of S pneumoniae infections
that are resistant to antibiotics.

Efficacy. A randomized, double-blind controlled
trial was conducted at Northern Kaiser Permanente,
California, in 1995 through 1998.33 In the primary
efficacy analysis, the efficacy against invasive disease
was 100%. In the follow-up analysis conducted 8
months later, the vaccine’s efficacy against invasive
disease was 94% for serotypes included in the vaccine
in the intent-to-treat analysis and 97% for serotypes
in the vaccine among all of the fully vaccinated partic-
ipants. The efficacy against all serotypes, including
nonvaccine types, was 89%, suggesting some cross-
protection among related serotypes. In the intent-to-
treat analyses, which are clinically more meaningful,
the vaccine’s efficacy rates were 11% against clinical
pneumonia, 33% against clinical pneumonia with
radiographic evidence of infiltrate, and 73% against
pneumonia with radiographic evidence of consolida-
tion of 2.5 cm or more. (Of course, radiographic evi-
dence of consolidation is more typical of pneumococ-
cal pneumonia, whereas clinically diagnosed pneumo-
nia often is caused by a virus.) The vaccine also
reduced antibiotic use by 5.3%. The number needed
to vaccinate (“treat”) was 411 to prevent a case of
invasive disease, 239 to prevent a case of pneumonia,
and 151 to prevent a case of invasive disease or pneu-
monia. Since the introduction of PCV, rates of invasive
disease have dropped from 24 cases per 100,000 in
1999 to 3.8 cases per 100,000 in the United States in
2003. The largest decline in incidence was among chil-
dren younger than 2 years, but incidence rates were
also decreased among adults, suggesting that some
herd immunity was induced.

Published analyses show that the vaccination of
healthy infants would prevent thousands of cases of
meningitis and bacteremia and more than 53,000
cases of pneumonia.34 The break-even price for PCV
is $46 per dose from the societal perspective and $18
per dose from the health care payer’s perspective,
although indirect effects in other age groups provide
additional benefits. The manufacturer’s list price is
about $65.95 per dose for the private sector. Actual
prices vary by setting.

Adverse Reactions
No serious adverse reactions are associated with PCV.
When given with DTaP vaccine but at another site, fever

(temperature ≥38°C [≥100.4°F]) occurred in 15% to
24% of individuals vaccinated with PCV, compared with
9% to 17% of individuals receiving the control vaccine
(experimental meningococcal conjugate vaccine).35

Among PCV vaccinees, 10% to 14% have redness at the
injection site and 15% to 23% have tenderness at the
injection site. A temperature higher than 39°C is uncom-
mon, occurring in 1% to 2.5% of vaccinees.

Rationale for PPV for Children and Adults
Containing 23 polysaccharide antigens (1, 2, 3, 4, 5,
6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C,
19A, 19F, 20, 22F, 23F, and 33F), PPV covers 80% to
90% of invasive pneumococcal serotypes in children
2 years of age and older and adults to provide broad-
er coverage than the 7-valent PCV.28 The duration of
immunity after a single dose is unknown, but is at
least 9 years for immunocompetent individuals.28

Efficacy. In case-control studies, PPV had a 56%
to 81% efficacy against all invasive pneumococcal
disease, with better protection against vaccine
serotypes and in immunocompetent persons. PPV
may be less effective against nonbacteremic pneu-
mococcal pneumonia,36 but a meta-analysis of ran-
domized controlled trials of older vaccines found
PPV to be 66% effective against definitive pneumo-
coccal pneumonia and 83% against definitive pneu-
mococcal pneumonia for vaccine serotypes.37 PPV is
cost-effective.38

Adverse Reactions
PPV is extremely safe.39 Reactions include pain at the
injection site and, rarely, fever or myalgia. If a second
PPV is given longer than 4 years after the first vacci-
nation, 11% of revaccinees, compared with 3% of
first-time vaccinees, develop large (10.2-cm [4-inch])
local reactions, which are best treated with topical
steroids.39

Repeat vaccinations given less than 5 years after
prior administration are likely to have a higher inci-
dence of local side effects. These reactions are self-
limited, generally lasting no more than 3 days, with-
out residua.

Recommendations
The ACIP, the AAP, and the AAFP all recommend
PCV for routine infant immunization. Children with
sickle cell disease who have been given PCV should
continue to receive penicillin prophylaxis.

PCV is not licensed for use in adults, and no effi-
cacy data with respect to this vaccine are available
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for older children and adults. Because the serotypes
change with age, less than 50% of the serotypes that
cause infection in older children and adults are cov-
ered by PCV, compared with 80% to 90% for 23-
valent PPV. Although the AAP allows use of PCV in
older children up to 13 years of age who have high-
risk conditions,40 PPV may be indicated (see “Vaccines
for Persons at High Risk, 2007” and TABLE 4).

PPV is recommended by the CDC for all persons
65 years of age and older and for persons 2 years of
age and older with certain high-risk conditions
(TABLE 4). Routine or acute office visits, influenza vac-
cination, and hospitalization provide opportunities to
vaccinate. One study showed that 60% of persons 65
years of age and older hospitalized for pneumonia
had been discharged from the same hospital within 4
years of readmission.41 Qualified hospital or nursing
home personnel may administer pneumococcal or
influenza vaccines to Medicare patients under stand-
ing orders without an individual physician’s order for
each patient. Several states mandate that these facili-
ties offer these vaccines to all inpatients.

For persons who received PPV prior to age 65
years, 1 revaccination at 65 years of age or older is
indicated after 5 or more years have elapsed since
the first dose (TABLE 4). Antibody levels increase
after this second vaccination but to somewhat lower
levels than with primary vaccination.

Future possibilities. PPV is licensed for persons 50
years of age and older. Recent decision analyses show an
advantage for routine vaccination beginning at age 50
years,42with 1 dose at age 50 years and 1 at age 65 years43;
however, CDC recommendations have not changed.

Poliovirus Vaccine
Disease Burden
During the 20th century, poliomyelitis was a dread-
ed disease. More than 18,000 paralytic cases
occurred in 1954 in the United States (TABLE 1).
Poliovirus is an enterovirus that occurs in 3 serotypes.
The virus is infectious, and 73% to 96% of individuals
infected will transmit the virus to susceptible household
contacts, depending on the contact’s age. Transmission
occurs primarily by the fecal-oral route, although oral-
oral transmission can occur. After the virus enters the
mouth, it multiplies in the pharynx and gastrointestinal
tract before invading the bloodstream and, potentially,
the central nervous system. The incubation period
ranges from 3 to 35 days.

The results of poliovirus infection, in decreasing
order of likelihood, are subclinical infection (up to
95% of cases), nonspecific viral illnesses with complete
recovery (about 4%-8% of cases), nonparalytic asep-
tic meningitis (1%-2% of cases), and paralytic
poliomyelitis (<1% of cases).14 The ratio of inappar-
ent to paralytic illness is about 200:1 (range, 50:1 to
1000:1). The case-fatality rate is 2% to 5% among
children and 15% to 30% among adults.

Rationale for Vaccination
Poliovirus vaccination programs have dramatically
decreased disease incidence. Circulation of indige-
nous wild polioviruses ceased in the United States in
the 1960s, and the last case of wild poliomyelitis
contracted in the United States was reported in
1979. The last case of poliomyelitis due to indige-
nous virus in the Americas occurred in 1991 in Peru,
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Indications for revaccination with pneumococcal polysaccharide vaccine 

Indication Timing of Single Revaccination

Children at increased risk* for severe pneumococcal infection
Age 2-10 years Revaccinate in 3-5 years
Age >10 years ≥5 years

Adults ≥65 years and received first dose prior to age 65 ≥5 years
Patients having undergone bone marrow transplant (BMT) 12 and 24 months after BMT
Patients having undergone chemotherapy and radiation therapy 3 months after discontinuation of therapy, based on expert judgment 

*Risk factors for severe pneumococcal infection:
1. Functional or anatomic asplenia
2. Conditions associated with rapidly decreasing antibody levels, especially:

• Renal failure or transplantation
• Nephrotic syndrome

3. HIV infection
4. Immunosuppression, including malignant neoplasm, especially:

• Leukemia
• Hodgkin’s disease
• Lymphoma

5. Sickle cell disease
Data based on sources including CDC. MMWR Recomm Rep. 1997;46(RR-8):1-24; and CDC, IDS, ASBMT. MMWR Recomm Rep. 2000;49:(RR-10);1-125, CE1-7.

TABLE 4
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and in 1994, the Americas were declared free of
indigenous poliomyelitis.

Two vaccines have been used in the United States:
inactivated poliovirus vaccine (IPV) and oral poliovirus
vaccine (OPV). IPV, also known as the Salk vaccine, was
licensed in 1955. An enhanced-potency IPV formulation
became available in 1988 and is the IPV used in the
United States today.After 3 doses of IPV, more than 99%
of vaccinees are immune. IPV cannot cause vaccine-asso-
ciated paralytic poliomyelitis (VAPP); therefore, the vac-
cine is safe for immunocompromised persons and their
contacts.The disadvantages of IPV are that it is admin-
istered by injection and that it has less gastrointestinal
immunity. In contrast, OPV is easier to administer and
induces early intestinal immunity. The main disadvan-
tage of OPV is that the oral polioviruses can revert to
a more virulent form and, rarely, cause VAPP.

Here is the rationale for the all-IPV schedule:
1. Exposure to indigenous wild poliovirus in the

United States has ceased, and widespread cir-
culation of indigenous wild polioviruses
ceased in the 1960s.

2. OPV carries a slight risk for VAPP, whereas
IPV does not cause VAPP or any other serious
reactions.

3. Most parents (61%) prefer to have their child
undergo more injections rather than face the
risk of VAPP.44

Recommendations
Poliovirus vaccination continues to be recommended
because of outbreaks in other countries, ease of
importation of wild virus, and the highly contagious
nature of the virus. The all-IPV schedule is recom-
mended for the United States. OPV, which is no longer
recommended for routine use in the United States, is
recommended by the WHO for global eradication
efforts and provides the earliest mucosal immunity.
Prior to school entry, 4 doses of poliovirus vaccine
generally are recommended; any combination of IPV
and/or OPV is acceptable.

Measles, Mumps, and Rubella Vaccine
Disease Burden
Thanks to widespread vaccination against these 3
viruses, in the United States reported cases in 2004
decreased from prior annual peaks of 503,000 to 11
indigenous cases for measles, from 152,000 to 258
for mumps, and from 50,000 to 50 for rubella.10

About 14 days after exposure, wild measles produces
cough, coryza, conjunctivitis, and sometimes Koplik’s

spots on the buccal mucosa; measles can be severe
with high fever and prostration, and may sometimes
be fatal. Delayed fatal subacute sclerosing panen-
cephalitis can occur in early adolescence. Worldwide,
measles is estimated to kill 1 million people per year.
Mumps produces excruciating bilateral parotitis
(CENTERFOLD, FIGURE 6) and sometimes pancreati-
tis, orchitis, cerebellar ataxia, or death. Rubella caus-
es posterior cervical adenopathy, mild arthralgia,
and minimal rash, but can produce devastating fetal
infection (CENTERFOLD, FIGURE 7).

Occasional outbreaks of all 3 illnesses have been
reported in the United States. Rubella outbreaks in
1994 through 1997 infected persons age 20 years and
older, particularly unimmunized persons in 
prisons, colleges, office buildings, or medical work-
places, who accounted for 65% of cases. A multistate
mumps outbreak occurred in 2006 involving 5960
cases, particularly in college and school settings.
Measles is now often imported (26 cases in 2004).10

Outbreaks develop because the attack rate among
unvaccinated household contacts is 90% or higher.
Infected persons can transmit measles from 4 days
before to 4 days after rash onset.

Rationale for Vaccination
The measles-mumps-rubella (MMR) vaccine is a
successful combination of 3 live attenuated viruses.
An FDA-approved combination, MMRV vaccine
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Measles Outbreaks, Postexposure 
Prophylaxis, and Treatment 

Either the MMR or measles vaccine may be
given for epidemic control as early as 6
months of age. This dose does not count as
the first dose of vaccine; 2 additional doses
of MMR or MMRV must be given later as rou-
tinely scheduled. Unvaccinated persons age
≥12 months who are exposed to measles
should be given measles vaccine (usually as
MMR or MMRV) within 72 hours of exposure.
Immunoglobulin, 0.25 mL/kg per dose (max
15 mL) intramuscularly, helps to control
measles for exposed immunocompromised
persons if given within 6 days of exposure.
Vitamin A therapy reduces measles morbidi-
ty and mortality; the dose is 100,000 IU for
children ages 6 to 12 months or 200,00 IU for
children over 1 year of age.

SPECIAL SITUATIONS
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also contains live attenuated varicella. Each indi-
vidual vaccine contains potential allergens
(neomycin, gelatin, sorbitol, human albumin).
Whereas rubella vaccine is produced in human
cells, measles and mumps are produced in chick
cells, but egg allergy is not a contraindication to
MMR or MMRV. Inadequate protection after the
first dose of measles vaccine results from lack of
initial seroconversion, usually due to persistent
maternally acquired measles-neutralizing antibody,
or from waning immunity.

Mothers with acquired immunity as a result of
wild measles, not from vaccination, confer 
prolonged immunity to their infants. In such cases,
seroconversion rates are optimal when administra-
tion of MMR vaccine is delayed until children are 15
months old. Because maternal immunity is now pri-
marily due to vaccination, the duration of immunity
transferred to infants has decreased to about 9
months, making vaccination at 12 months of age
ideal. The ACIP recommends giving the first dose of
MMR or MMRV vaccine between the ages of 12 and
15 months. Failure of seroconversion after the initial
dose of measles vaccine is 2% to 5%, necessitating a
second vaccine dose given at 4 to 6 years of age. The
rate of waning immunity is 0.2% or less.

Efficacy. After measles vaccination, seroconver-
sion rates are 95% for children vaccinated at 12
months of age and 98% for children vaccinated at
15 months of age. Antibody persists for at least 17
years; immunity is probably lifelong in almost all
vaccinated persons with initial seroconversion.
Revaccination induces persistent underlying immu-
nity. After 2 doses, more than 99% of persons are
immune. Vaccination of individuals who are already
immune is not harmful.

One dose of mumps vaccine is 78% to 91% effi-
cacious in preventing clinical illness. Efficacy
increases with a second dose to about 88%. One
dose of rubella vaccine produces immunity in over
95% of recipients.

Adverse Reactions
Mild pain, irritation, and redness at the injection site are
common. Delayed reactions to measles vaccine include
fever, usually temperatures less than 38.8°C (102°F)
between 5 and 12 days later, or a rash of 2 to 5 days’
duration, occurring between days 5 and 20. Measles
vaccine does not cause autism.45 Transient thrombocy-
topenia due to the measles component has been reported
for 1 in 25,000 to 2 million vaccinated persons,
usually 2 to 3 weeks after vaccination. Rubella vaccine
can cause generalized lymphadenopathy in children and
transient arthralgia (not arthritis) in young women.
Mumps vaccine can cause transient orchitis in young
men. Institute of Medicine reviews found insufficient
evidence for allegations that MMR vaccine can cause
“arm syndrome” (brachial neuritis), “catcher’s crouch”
(lumbar radiculoneuritis), or immune system disorders.46

Recommendations
The MMR or MMRV vaccine is given to all healthy
children at age 12 to 15 months, with a second dose at
age 4 to 6 years; the second dose is effective at any time
if spaced at least 1 month after the first. MMRV vac-
cine is a good choice for both doses in the childhood
schedule as 2 doses of varicella vaccine now are also
recommended. The 2 doses of MMRV must be given
at least 3 months apart. A second dose of MMR is
especially important for military recruits, college stu-
dents, and susceptible health care personnel (see
“Vaccines for Persons at High Risk, 2007”). Persons
born before 1957 are assumed to be immune to
measles and mumps but not to rubella. Immunity to
rubella must be proven via serum antibody tests or
induced by vaccination. Assurance of immunity by
either vaccination or serum testing is especially impor-
tant for women of childbearing age and immigrants.

Persons at high risk who received killed measles
vaccine or an unknown type of measles vaccine used
between 1963 and 1967 should receive 2 doses of live
measles vaccine. Persons who received measles vaccine,
other than Edmonston B, along with either immune
globulin or measles immune globulin should be 
considered susceptible and revaccinated with at least 
1 dose of measles vaccine. Antibody or blood products
(including RHO immune globulin [RhoGAM®]) inter-
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Mumps Outbreaks and Second Dose

The new definitions of immunity to mumps
should be noted (see Recommendations).
Depending on the epidemiology of the par-
ticular outbreak, a second dose of mumps
vaccine should be considered for children
age 1 to 4 years and adults who received 1
dose. In health care settings, facilities should
strongly consider recommending 2 doses of
a live mumps vaccine to unvaccinated work-
ers born before 1957 who do not have evi-
dence of mumps immunity.

SPECIAL SITUATIONS
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fere with MMR and MMRV vaccines. The amount
and type of product will determine the interval before
MMR can be given (at least 3 months but no longer
than 9 months; see http://www.cdc.gov/nip/publica-
tions/pink/Appendices/A/mmr_ig.pdf).

Evidence of immunity to mumps is now defined as
(1) documentation of adequate vaccination, (2) labora-
tory evidence of immunity, (3) birth before 1957 (how-
ever, not all such persons are immune to mumps), or
(4) documentation of physician-diagnosed mumps.
Evidence of adequate vaccination is now defined as 1
dose of live mumps vaccine for preschool-age children
and adults not at high risk and 2 doses for school-age
children and adults at high risk such as health care
workers, international travelers, and students in
post–high school educational institutions.

Varicella Vaccine
Disease Burden
Varicella-zoster virus (VZV) causes chickenpox, gen-
erally a self-limited and benign illness (CENTERFOLD,

FIGURE 8). Prior to varicella vaccine, roughly 4 mil-
lion cases of VZV infection occurred annually in the
United States, with a hospitalization rate of 5 cases
per 1000 and a death rate of 7 per 1 million. Because
of secondary attack rates of up to 90% and commu-
nicability via aerosol droplets 1 to 2 days prior to the
rash, prevention requires universal vaccination.
Nonuniversal vaccination early on reduced wild-virus
cases, leading to better herd immunity than expected,
but some children have had neither the vaccine nor
infection with the wild virus, leaving them potentially
susceptible as adults, for whom chickenpox tends to
be more severe.47 Complications of chickenpox
include secondary bacterial skin infection (impetigo
and invasive group A Streptococcus [CENTERFOLD,

FIGURE 9]) and specific organ involvement such as
pneumonia or thrombocytopenia. Neonates can be
rarely afflicted with the congenital varicella syndrome
(limb atrophy and scarred skin). Neonates with mothers
in whom VZV infection develops anywhere from 5 days
before to 2 days after delivery do not have adequate
maternal antibody levels for protection against VZV
sepsis. The lifetime risk for the late complication of her-
pes zoster (shingles) is at least 10%. Postherpetic neural-
gia (PHN) often complicates shingles in older persons.

Rationale for Vaccination
VZV infection is most severe in neonates and in
adults, with hospitalization rates of 103 and 65 per
10,000 cases, respectively, compared with 23 per

10,000 for children between the ages of 1 and 4 years.
However, in the pre-vaccine era, most VZV-related
hospitalizations were in the childhood group because
VZV infection was much more common at those ages.
Most hospitalized individuals are immunologically
normal, but secondary complications develop in many
such patients, sometimes with fatal outcomes.

As the overall incidence of wild VZV infection
declines, the number of unexposed, unvaccinated per-
sons and vaccinated but partially susceptible persons
increases. Breakthrough chickenpox has been reported
among highly vaccinated (96%-100%) schoolchildren
under the old 1-dose strategy with attack rates among
vaccinated children of 11% to 17%. Thus, a second
dose of vaccine is justified because immunogenicity for
1 dose, although good, is imperfect. Recent data on fluo-
rescent antibody titers to VZV membrane antigens
show immunogenicity of 76% to 88% for 1 dose.
Geometric mean titers and seroconversion rates for
ELISA titers are lower for 1 dose than for 2 doses
(87% vs 99%). T-cell proliferation responses are high-
er at 1 year after vaccination for 2 doses in comparison
to responses for 1 dose. A second dose substantially
boosts humoral and cellular immunity.

Efficacy. Live attenuated varicella vaccine is 97%
effective against moderate and severe disease and 44%
to 85% protective against any infection for at least 7
years.48 The long-term duration of vaccine-induced
immunity is unknown. Protective antibody levels have
persisted for longer than 20 years in Japan.49

The seroconversion rate in older children and
adults is 67% to 85% after 1 dose and 94% to
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Postexposure Prophylaxis

Varicella vaccine is effective in preventing or
modifying VZV infection if given within 3 days
(and possibly up to 5 days) of exposure to
wild varicella.1,2 Ideally, intravenous immune
globulin (IGIV) or investigational varicella-
zoster immune globulin (VariZIG) should be
given within 96 hours of exposure to exposed
immunosuppressed patients; during early
pregnancy to susceptible, exposed mothers;
to the newborns of mothers in whom chick-
enpox develops 5 days before to 2 days after
delivery; and to exposed premature,
low–birth weight infants (see “Vaccines for
Persons at High Risk, 2007”).

1Salzman MB, Garcia C. Pediatr Infect Dis J. 1998;17:256-257. 2Arbeter
AM, et al. Pediatrics. 1986;78:748-756.
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100% after a second dose, given 4 to 8 weeks later.
A summary of 14 published and unpublished studies
from the ACIP showed efficacy rates of 71% to
100% for 1 dose, generally in the range of 80% to
85%.50,51 A recent study found substantial reduction
in rates of hospitalization due to varicella and a
large, significant reduction in rates of VZV infection
among all age groups, including unvaccinated
infants and adults.47 Vaccinated children with mild
wild disease are less contagious than children with
de novo wild virus disease.52 Since the introduction
of varicella vaccine, varicella-related death rates
among preschoolers have declined by 92%. Efficacy
of a 2-dose series for children is higher than that of
1 dose and can achieve 98% protection.

Breakthrough disease in vaccinees is usually mild,
with fewer than 30 pox lesions.53 However, about a
quarter of breakthrough cases after 1 dose have 250
to 500 lesions. Studies have varied regarding the
likelihood of breakthrough chickenpox related to
the time since vaccination.54,55

Adverse Reactions
Local pain and erythema occur in 2% to 20% of chil-
dren and 10% to 25% of adults after the first dose;
local reactions develop in as many as 47% with the
second dose. A few (median 5) varicella-like lesions
develop in 4% to 10% of vaccinees 5 to 41 days after
administration; these lesions last 2 to 8 days. A brief
low-grade fever develops in 12% to 30% of vaccinees
up to 42 days later. In rare cases, vaccine virus can be
transmitted to healthy immunocompetent siblings
and parents, especially if the vaccinee has developed
a varicelliform rash or has had leukemia. No major ill
effects have resulted from the vaccine, except for rare
hypersensitivity reactions to gelatin or neomycin.
Individuals with previously unrecognized VZV infec-
tion or prior immunization are not at increased risk.
To date, the risk for zoster is less among vaccinees
than among individuals with wild VZV infection.

Recommendations
Children between the ages of 12 months and 13
years should receive 2 doses of varicella vaccine or
MMRV, with the first dose at 12 to 15 months of age
and the second at 4 to 6 years of age, unless they
have a history of prior varicella infection. The sec-
ond dose can be administered at any time more than
3 months after the first dose. All children older than
age 6 years who received 1 dose of varicella vaccine
should be given a second dose.

All adults who are susceptible should be vaccinat-
ed with a total of 2 doses; adults who received 1 dose
previously should receive a catch-up dose to improve
individual protection and for more rapid control of
outbreaks in schools. Two doses 4 to 8 weeks apart
are recommended for individuals vaccinated at 13
years or older without a history of chickenpox.
Households with immunocompromised persons
require no special precautions unless the vaccinee
develops a rash, after which direct contact should be
avoided. Immunocompromised contacts who devel-
op a rash may require antiviral therapy.

During the prevaccine era, about 70% to 90% of
persons without a history of chickenpox were actually
immune.48 Testing may make the most sense for per-
sons who were born before varicella vaccination was
available and whose VZV infection histories are uncer-
tain. Although serologic tests may be cost efficient,
such tests are not required because the vaccine is well
tolerated. Postvaccination serologic testing is unneces-
sary. Commercial assays can assess disease-induced
immunity but lack sensitivity to reliably detect vaccine-
induced immunity (ie, tests yield false-negative results).

Revised in 2006, criteria for evidence of immuni-
ty to varicella include any of the following factors: 

1. Documentation of age-appropriate vaccination
2. Laboratory evidence of immunity or laborato-

ry confirmation of disease
3. Birth in the United States before 1980 (howev-

er, for health care providers and pregnant
women, birth before 1980 should not be con-
sidered evidence of immunity)

4. Health care provider diagnosis of varicella or
health care provider verification of history of
varicella disease (for mild or atypical cases, an
epidemiologic link to a typical case or labora-
tory confirmation is recommended)

5. History of herpes zoster based on health care
provider diagnosis

Zoster Vaccine
Disease Burden
After a bout of chickenpox, herpes zoster virus
(HZV), a DNA virus, travels through the sensory
nerve to survive in a latent state within the dorsal
root ganglion. Reactivation in later life leads to shin-
gles (CENTERFOLD, FIGURE 10). More than 90% of
the adult population is at risk for shingles, also
referred to as herpes zoster (HZ), a rash that usually
occurs in a unilateral distribution affecting 1 to 3
dermatomes, most often in the thoracic dermatomes
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or ophthalmic nerve distribution. About 30% of the
population develops HZ during their lifetimes.56 For
persons older than 85 years of age, the risk is about
50%. Overall, about 1 million cases of HZ occur
annually throughout the United States.57 In older or
debilitated patients HZ causes prodromal fever,
malaise, and localized pain that often leads to erro-
neous diagnoses and unnecessary procedures, result-
ing in 50,000 to 60,000 HZ-related hospitalizations
annually in the United States, only 12,000 to 15,000
of which are for a primary HZ diagnosis. The pain
evolves into a vesicular eruption usually accompa-
nied by moderate to severe pain that can severely
limit activities of daily living, including eating or
even just moving.

Between 15% and 40% of individuals with HZ
develop complications, the most common of which is
PHN, pain that persists after resolution of an HZ
rash, in about 10% to 33% of cases. Thus about
100,000 to 330,000 cases of PHN occur annually.58

Ocular (visual loss) and dermatologic (pigmentary
changes, bacterial superinfection) complications are
also frequent. Uncommon sequelae include dissemi-
nated infection, pneumonitis, motor paralysis, trans-
verse myelitis, and encephalitis.59 HZV infection may
possibly be transmitted to others through direct con-
tact with skin vesicles.

HZ and PHN are much more common in persons
older than 60 years and patients of all ages with
immunocompromising conditions.60 Waning immu-
nity to HZV may be at the heart of the viral recrud-
escence. Immunity seems to be at least partially
dependent on cell-mediated immune function rather
than on a specific serum anti-HZV titer alone.

Both the disease and the treatment, which often
requires multiple drugs for patients who are already
on many other medications for other disorders, can
be life altering. Most cases of HZ resolve within 2
weeks, but some persist up to 6 weeks. PHN can per-
sist for months or years. When it does, PHN is par-
ticularly likely to affect social function, work, daily
activities, and sleep. Pain may be triggered by a
minor stimulus like a brush of clothing (allodynia) or
occur repetitively, seemingly without reason. Some
patients with PHN develop severe depression.

Rationale for Vaccination
HZ vaccine is formulated as a higher dose of the
same Oka/Merck strain of live attenuated virus used
in varicella vaccine that was discussed in the section
above on Varicella Vaccine.61 Each 0.65-mL dose

contains a minimum of 19,400 plaque-forming units
(PFU) as opposed to 1350 PFU for varicella vaccine.
This dose of HZ vaccine induces both specific anti-
body and cell-mediated immune responses sufficient
to suppress HZ recrudescence and thus reduce the
incidence of shingles and PHN. Widespread use of
HZ vaccine should significantly reduce the burden of
suffering from shingles and PHN and hospitaliza-
tions for HZ disease. The duration of protection is
unknown but appears to be at least 5 years.

Efficacy. Among 38,546 persons randomized to
either HZ vaccine or placebo, HZ vaccine reduced the
incidence of HZ by 51%, the severity of shingles in those
who developed it, the burden of illness (daily reported
pain index) by 61%, and PHN by 66.5%. Efficacy
against PHN in those older than 70 years was 67%.
Projections are that vaccination of each 1 million persons
will reduce lifetime outpatient office visits by 274,000 to
325,000 and hospitalizations by 8800 to 10,100
(http://www.cdc.gov/nip/ACIP/slides/jun06/shingles-
1-pellissier.pdf). Vaccine efficacy in persons who have
had a previous episode of shingles is unknown.

Adverse Reactions
Safety evaluation has shown that HZ vaccine recipi-
ents had serious adverse reactions at the same rate as
placebo (1.4%). No excess deaths were found.
Common adverse effects at the injection site were ery-
thema (36%), pain or tenderness (34%), swelling
(26%), and pruritus (7%).61 Rates of fever were the
same as for placebo. The rate of systemic effects was
25% for HZ vaccine compared to 24% for placebo.61

To date, postvaccination HZ-like rash has been linked
to wild HZV, not the Oka/Merck vaccine virus.

Recommendations
The ACIP recommends 1 dose of HZ vaccine, 0.65
mL subcutaneously, for all persons 60 years of age
and older. HZ vaccine is safe for those who have had
a previous episode of zoster, and so can be given
without historical inquiry. Booster doses are not cur-
rently recommended.

Contraindications based on the package insert
include a history of anaphylaxis to any vaccine com-
ponent, including gelatin and neomycin (excluding
contact dermatitis); primary or acquired immunodefi-
ciency, including malignant neoplasms or treatment
for malignant neoplasms or HIV infection; active
untreated tuberculosis; high-dose corticosteroid thera-
py; and pregnancy (unlikely in individuals older than
60 years).62
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Hepatitis A Vaccine
Disease Burden
Prior to the introduction of hepatitis A vaccine, the
reported incidence of hepatitis A infection was high-
est among children 5 to 14 years of age. Hepatitis A
incidence varies by race and ethnicity, with the high-
est rates among American Indians and Alaskan
natives and the lowest rates among Asians; rates
among Hispanics are higher than among non-
Hispanics. These differences are most likely related to
factors such as socioeconomic levels, resultant living
conditions, and more frequent contact with persons
from countries where hepatitis A is endemic.

Hepatitis A virus infection is acquired primarily
via the fecal-oral route through either person-to-per-
son contact or ingestion of fecally contaminated
food or water. Depending on conditions, the virus
can remain in the environment for months.

The most frequently reported source of infection
(14%) is either household or sexual contact with a
person who has hepatitis A infection.14 International
travel, especially to Mexico, accounts for 5% of the
infections. Cases associated with recognized food- or
water-borne disease outbreaks are increasingly com-
mon. Notably, the source of hepatitis A infection is
often unidentified. Children with unrecognized infec-
tion can easily transmit the virus to others.

Hepatitis A virus is a picornavirus that causes
infections in humans after a 28-day incubation peri-
od. The infections can be either asymptomatic or
symptomatic. The symptomatic illness classically is
characterized by an abrupt onset of symptoms that
include fever, nausea, anorexia, malaise, and jaun-
dice (CENTERFOLD, FIGURE 11). Most infections in
children younger than 6 years are asymptomatic.
However, prior to widespread vaccination, an estimat-
ed 100 persons died each year in the United States as a
result of acute liver failure due to hepatitis A infection.
Of all patients with acute hepatitis A infection, 0.3%
develop fulminant hepatitis A, a condition for which
persons with chronic liver disease are at increased risk.14

Children with preexisting hepatitis B and/or hepatitis C
infections are at severe risk of developing fulminant
hepatitis if subsequently infected with hepatitis A.

Rationale for Vaccination
Despite progress in hepatitis A vaccination in the
United States during the last decade, annually 6000
cases are reported and an estimated 20,000 cases
occur.14 Most cases now come from states that did not
have routine childhood vaccination in 1999 through

2004. Incidence rates are now similar across states,
leading to the question of why vaccination policies
should differ by state. The license for hepatitis A vac-
cines was recently expanded by the FDA for use in
infants age 12 to 23 months. Thus, the ACIP changed
recommendations in 2005 to recommend universal
vaccination of children age 12 to 23 months.

Both of the licensed vaccines are highly immuno-
genic in children age 1 to 18 years and in adults.
Protective antibody levels develop in 94% to 100%
of people 1 month after the first dose and essential-
ly 100% after the second dose. Recent data indicate
that hepatitis A vaccine is immunogenic in children
as young as 1 year of age. Two doses of vaccine are
recommended; the doses should be separated by a
minimum interval of 6 months.

Efficacy. The efficacy of the hepatitis A vaccine is
between 94% and 100%.14 In several studies, the vac-
cine has been demonstrated to afford at least 6 to 8
years of protection. Estimates of antibody persistence
derived from kinetic models of antibody decline indicate
that protection could persist for longer than 20 years.

Adverse Reactions
The most frequently reported side effects include
soreness at the injection site, warmth at the injection
site, and headache. Follow-up over a 5-year period
of an estimated 65 million doses of hepatitis A vac-
cine administered worldwide did not find any seri-
ous adverse events among children or adults that
could be definitely attributed to the vaccine.

Recommendations
The previous ACIP recommendation was to vacci-
nate children who lived in states, counties, and com-
munities with high rates of hepatitis A infection, as
well as persons in groups shown to be at high risk
for infection (eg, travelers to countries with high or
intermediate disease endemicity and persons with
clotting-factor disorders) and persons with chronic
liver disease, including that due to hepatitis B or C.
This incidence-based strategy resulted in a signifi-
cant reduction in the incidence of hepatitis A infec-
tion. To continue this reduction in hepatitis A infec-
tion rates, the ACIP recently added to its childhood
recommendations universal vaccination of children
age 12 to 23 months and encouraged states, coun-
ties, and communities that had implemented a hepa-
titis A program for children age 2 to 18 years to
maintain these programs.63 The other risk group rec-
ommendations as noted above remained the same.
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Meningococcal Vaccines
Disease Burden
Neisseria meningitidis causes about 2000 to 3000
cases of invasive disease in the United States each
year, with an incidence of 0.8 to 1.3 cases per
100,00014 (CENTERFOLD, FIGURE 12). N meningitidis
is now the most common cause of bacterial meningitis
among children and young adults in the United States
and the second most common cause of community-
acquired meningitis among US adults. Meningococcal
disease has a case-fatality rate of about 9% to 12%
despite the sensitivity of meningococcus to many
antibiotics,14 and sequelae, such as neurologic disabili-
ty, limb loss, or hearing loss, develop in about an addi-
tional 15%. Almost a quarter of meningococcal infec-
tions in 15- to 24-year olds were fatal, possibly because
of a high frequency of meningococcemia.

N meningitidis is a gram-negative diplococcus that
colonizes the upper respiratory tract and is transmitted
from person to person by respiratory tract droplets.
Although disease most often occurs in children
younger than 5 years, about half of cases occur in peo-
ple age 16 years and older. College freshmen, particu-
larly individuals living in dormitories or residence
halls, constitute a group at moderately increased risk
of meningococcal disease compared with other per-
sons their age. Most cases of meningococcal disease are
sporadic and not linked to outbreaks. Meningococcal
disease has also occurred among travelers returning
from pilgrimage to Mecca and in microbiology labora-
tory workers. There are 13 serogroups of meningococ-
ci. Serogroup A disease is rare in the United States,
although it is the most common cause of meningococ-
cal infection in sub-Saharan Africa. Serogroup B
accounts for more than 30% of meningococcal dis-
ease. Serogroup Y causes about 30% of sporadic cases.
Serogroup C causes many of the outbreaks reported to
state health departments.

Rationale for Vaccination
The tetravalent meningococcal polysaccharide vaccine
(MPSV4, Menomune®) contains polysaccharide anti-
gens to capsular serogroups A, C, Y, and W-135. This
vaccine is not effective in children younger than 2
years, but its efficacy for serogroups A and C is as high
as 85% among school-age children. Immunity proba-
bly decreases 3 years after initial administration as
measured by declining levels of antibody to groups A
and C, especially in children younger than 5 years. The
multidose formulation of vaccine contains thimerosal
and should not be given to anyone with anaphylactic

sensitivity to this or any other constituent. Pain and
redness at the injection site are the most common local
reactions; fever, malaise, and headache occur in a small
percentage of patients. Severe adverse events, including
allergic reactions, seizures, and paresthesias, are rare,
occurring in less than 0.1 of 100,000 doses.

A tetravalent (groups A, C, Y, and W-135)
meningococcal polysaccharide diphtheria toxoid con-
jugate vaccine (MCV4, Menactra™) was approved by
the FDA in January 2005 for use in adolescents and
adults age 11 to 55 years. Conjugated vaccines are T-
cell–dependent and stimulate immunologic memory
with a longer duration of immunity than is afforded
by polysaccharide vaccines. The vaccine achieves sero-
conversion rates of serum bactericidal antibody titers
similar to those of the unconjugated MPSV4 for all 4
serogroups. Studies with a conjugate serogroup C
meningococcal vaccine in the United Kingdom have
indicated that MCV4 should also reduce nasopharyn-
geal carriage of vaccine serogroups of meningococci
and contribute to herd immunity, something that
MPSV4 does not do.64,65

Adverse Reactions
The most commonly solicited reports of adverse events
among 11- to 18-year-old adolescents and 18- to 55-
year-old adults were local pain (about 17%), headache,
and fatigue. Local reactions were more frequent after
MCV4 than after MPSV4, but most local and systemic
reactions were mild for both vaccines. Both adolescents
and adults had slightly higher rates of fever (temperature
≥38°C [≥100.4°F]) with MCV4 than MPSV4. In 2- to
10-year-old children, rates of local reactions were simi-
lar, except for redness of more than 2 inches in diameter,
which was more frequent in the MCV4 group.66 Rates
of systemic reactions such as fever, fussiness, and drowsi-
ness were similar for MCV4 and MPSV4 groups.

Through September 2006, VAERS received 17
reports of GBS occurring within 6 weeks of adminis-
tration of MCV4.67 The reported incidence is still sim-
ilar to the expected incidence, and recommendations
for routine immunization currently remain unchanged.
However, the CDC recommends not vaccinating per-
sons with MCV4 who have a history of GBS unless
they are at increased risk for meningococcal disease.
Information about the investigation of GBS and
MCV4 should be shared with adolescents and care-
givers prior to vaccination.68 A fact sheet about the
association between GBS and meningococcal vaccine
may be obtained from http://www.cdc.gov/nip/
vacsafe/concerns/gbs/menactra.htm.
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Recommendations
The ACIP recommends that MCV4 be given to 11- to
12-year-olds at a routine preadolescent health care visit
and to teenagers entering high school who have not
previously received MCV4. Populations at increased
risk should also be vaccinated, including college fresh-
men living in dormitories; military recruits; travelers to
or residents of areas with hyperendemic disease, such
as sub-Saharan Africa; microbiologists routinely
exposed to N meningitidis isolates; and persons with
anatomic or functional asplenia or terminal comple-
ment deficiencies.68 MCV4 is preferred for persons age
11 to 55 years, whereas MPSV4 is given to persons age
2 to 10 years and adults older than 55 years who are
at increased risk. Meningococcal vaccine also may be
given to college students who do not live in dormito-
ries and adolescents who want to decrease their risk
for meningococcal disease.

Vaccine Shortages
Due to manufacturing problems, quality improvement
projects, increased demand, and/or manufacturer with-
drawal from vaccine production, shortages of vaccines
have occurred. For advice on how to best manage
potential future shortages, the clinician should consult
the CDC’s National Immunization Information
Hotline at 1-800-232-2522 or the CDC’s National
Immunization Program at www.cdc.gov/nip.
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The rates of morbidity and mortality associated
with illnesses such as influenza and pneumococ-

cal disease are increased among persons who have
certain chronic medical conditions or are pregnant.
An individual’s occupation, lifestyle, or environment
may heighten the risk for acquiring and transmitting
various vaccine-preventable diseases.

High-Risk Medical Conditions
Underlying medical conditions are important but
often overlooked indications for vaccination. Chronic
medical conditions such as chronic obstructive lung
disease, asthma, cardiovascular disease, or diabetes
mellitus increase the risk of death from influenza,
which has a higher case-fatality rate among middle-
age persons with chronic medical conditions than
among well persons age 65 years. Immunizations for
adults with medical conditions are summarized in the
COLOR CENTERFOLD in the annual “Recommended
Adult Immunization Schedule, by Vaccine and
Medical and Other Indications.” TABLE 1 provides
additional recommendations.1

Different forms of a vaccine may be needed for
varying ages or conditions. For example, when pneu-
mococcal vaccination is recommended for high-risk
persons, PPV generally is recommended for persons

age 5 years and older, whereas PCV is recommended
for persons younger than 5 years. Selected children
at highest risk (eg, those with asplenia) should
receive both PPV and PCV (TABLE 2).2 Selected
comorbid conditions are detailed below.

Asplenia
Asplenia is a risk factor for Streptococcus pneumo-
niae and Hib infections and, theoretically, Neisseria
meningitidis infections. Pneumococcal and meningo-
coccal vaccines are recommended; Hib vaccination
can be considered.

PCV is recommended for all children with asplenia
who are younger than age 5 years. Such children should
also receive PPV at age 2 years or older, given at least 2
months after the last dose of PCV (TABLE 2).2 PPV is rec-
ommended for persons 5 years of age and older with
asplenia. Revaccination with PPV is recommended
once 3 to 5 years after the first dose for persons age 10
years and younger and 5 or more years after the first
dose for persons older than 10 years.

Chronic Lung Disease and Prematurity
Respiratory syncytial virus. RSV is the most com-

mon cause of bronchiolitis and pneumonia in infants
and children. In the United States, 3% of RSV-infect-
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Vaccines for persons at 
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Morbidity and mortality due to vaccine-preventable diseases are high among persons with
underlying medical conditions. Thus, inactivated influenza and pneumococcal polysaccha-
ride vaccines are recommended for individuals with cardiac disease, diabetes mellitus,
chronic obstructive pulmonary disease, immunosuppression, and other chronic illnesses.
Inactivated influenza vaccine is recommended for pregnant women and for persons with
asthma and neuromuscular disease. Palivizumab, a respiratory syncytial virus
immunoglobulin preparation, is recommended for certain infants with prematurity and
chronic lung disease. Health care workers are at high risk for acquiring and transmitting
hepatitis B, pertussis, measles, varicella, and influenza; hence, vaccination against these
diseases is recommended. A signed declination is recommended for health care workers
who refuse influenza vaccination.
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ed infants require hospitalization each year (120,000
cases). RSV kills at least 200 infants annually.

Palivizumab, a monoclonal antibody, is available for
RSV prophylaxis. Prophylactic palivizumab should be
considered for certain infants younger than 24 months
of age with prematurity (especially gestational age of 32
weeks or less) or specified chronic neuromuscular, pul-
monary, cardiac, or immunosuppressive diseases requir-

ing medical therapy (eg, oxygen) (TABLE 3).3-5 The injec-
tion is given every 30 days prior to and during RSV sea-
son (early November through early March).3-5 Usually,
5 monthly injections at a dose of 15 mg/kg each are
given over the course of the RSV season. Palivizumab
does not improve acute RSV infection.

Uncommon side effects of palivizumab are rash,
injection-site pain, or elevated levels of alanine
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Additional vaccine and immunoglobulin recommendations 
for persons with various medical conditions*

Condition Vaccine Specifics of Administration

Aspirin therapy, long-term Influenza Recommended for children and teenagers (6 months to 18 years old)
BPD, chronic lung disease, Palivizumab Certain infants <24 months may benefit; see text for details. Particularly likely to 
and prematurity (<35 weeks) benefit are infants born <32 weeks’ gestation or those with BPD who have required 

medical therapy within 6 months before the anticipated start of the RSV season
Cerebrospinal fluid leak or Pneumococcal Recommended
cochlear implant
Complement deficiency Meningococcal Recommended
(terminal component deficiencies)
Hemoglobinopathies Influenza Recommended
Neuromuscular conditions Influenza Recommended
Varicella exposure of susceptible, Varicella Consider postexposure prophylaxis†

immunocompetent adult 
Varicella exposure  VariZIG Postexposure prophylaxis‡; unknown if will protect fetus
during pregnancy

BPD = bronchopulmonary dysplasia; RSV = respiratory syncytial virus; VariZIG = investigational varicella-zoster immune globulin.
*Other vaccines for medical conditions are in the table, “Recommended Adult Immunization Schedule, by Vaccine and Medical and Other Indications” (COLOR
CENTERFOLD).
†Varicella vaccine is recommended for postexposure vaccination, preferably within 96 hours and possibly within 120 hours after exposure.
‡Before administering VariZIG, determine if (1) the patient was exposed, and (2) the patient is susceptible (no history of varicella or age-appropriate vaccination
and negative antibody test, if performed). Exposure includes household contact, >1 hour of indoor contact, prolonged direct/face-to-face contact, or sharing same
hospital room. Susceptibility is uncommon—only 5%-15% of adults do not have immunity to varicella. Antibody testing may be helpful for determining suscepti-
bility of immunocompetent persons without a history of varicella.

TABLE 1

Schedule for follow-up vaccination using 23-valent polysaccharide vaccine for 
children age ≥2 years who previously received the 7-valent conjugate vaccine

Schedule for Follow-Up With Revaccinate
Population PPV for Children >2 Years of Age With PPV?

• Healthy children None* No
• Children with sickle cell disease or anatomic or functional asplenia 1 dose PPV at age ≥2 years and Yes†

• Immunocompromised persons (eg, with renal failure or leukemia) ≥2 months after last dose of PCV
• HIV-infected persons
• Persons with chronic illness (eg, diabetes mellitus, cerebrospinal fluid 1 dose PPV at age ≥2 years and Not recommended

leaks, chronic bronchopulmonary dysplasia, cyanotic congenital heart ≥2 months after last dose of PCV
disease, or cochlear implant) 

HIV = human immunodeficiency virus; PCV = pneumococcal conjugate vaccine; PPV = pneumococcal polysaccharide vaccine.
*Health care providers of Alaska Natives and American Indians may wish to consider whether Native American children would benefit by the additional coverage
provided by the expanded serotypes in 23-valent PPV.
†Regardless of when administered, a second dose of PPV should not be given earlier than 3 years after the previous PPV dose. If patient is age >10 years: single
revaccination ≥5 years after previous dose. If patient is age ≤10 years: 1 revaccination 3-5 years after previous dose.

Advisory Committee on Immunization Practices. MMWR Recomm Rep. 2000;49(RR-9):25.

TABLE 2
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aminotransferase. Because palivizumab contains
only monoclonal antibody, it does not interfere with
response to any vaccine.

Influenza. All infants age 6 months or older with
chronic lung disease should receive inactivated
influenza vaccine.

Varicella. Investigational VariZIG, a purified human
immune globulin preparation containing high levels of
anti-varicella antibodies, is recommended for exposed
and susceptible persons at high risk for severe compli-
cations, including premature infants less than 28 weeks
of gestation or less than or equal to 1000 grams birth
weight who were exposed during the neonatal period
(regardless of maternal varicella history) and premature
infants born at or more than 28 weeks who were
exposed during the neonatal period but whose mothers
lack evidence of varicella immunity.

Immunocompromising Conditions
High-dose (eg, 2 mg/kg or ≥20 mg per day pred-
nisone for 2 or more weeks), cancer, or HIV infection
compromise the immune system, changing recom-
mendations for, and timing of, immunizations. Low-
dose oral, topical, nasal, or intra-articular steroids
generally are not immunosuppressive and do not con-
traindicate administration of any vaccine. Live vac-
cines may be given to children on long-term steroid
treatment 1 month after discontinuing the steroid.
Vaccinations for adults with immunosuppressing
conditions are listed in the “Recommended Adult
Immunization Schedule, by Vaccine and Medical and
Other Indications” (COLOR CENTERFOLD).

Vaccines given to immunosuppressed persons
may be less effective. Administration of immune
globulin preparations may be indicated for immuno-
compromised individuals who are exposed to
measles, varicella, or hepatitis B and have unknown
or inadequate antibody titers. Investigational
VariZIG is recommended for exposed and suscepti-
ble (no history of varicella or age-appropriate vacci-
nation) persons at high risk for severe complications,
including immunocompromised persons. The CDC
has published detailed recommendations for vacci-
nation of persons with immunocompromising condi-
tions.6 The CDC has also published a detailed table
with immunization recommendations for persons
who have undergone hematopoietic stem cell trans-
plantation (HSCT).7

Pregnancy
Major vaccine-related concerns with respect to
maternal-fetal-newborn health are protection of the
fetus during development, protection of the woman
when lung capacity decreases, and protection of the
newborn from infections at the time of delivery.

MMR, rubella, and varicella vaccines. Women
should be advised to avoid pregnancy for 28 days
after receiving either the MMR vaccine or the vari-
cella vaccine. For susceptible women who are known
to be pregnant already, MMR and varicella vaccina-
tions should be deferred until the postpartum period
(preferably before discharge from the hospital or
birthing center).8 Investigational VariZIG is recom-
mended for exposed and susceptible (no history of
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Indications and duration of eligibility for palivizumab*

Indication Duration of Eligibility at Start of RSV Season†

CLD of prematurity who required medical therapy (eg, oxygen, bronchodilators, steroids, Up to 24 months of age (1 or 2 RSV seasons,
or diuretics) within 6 months of the first RSV season‡ depending on severity)
Prematurity (≤28 weeks' gestation), even without CLD Up to 12 months of age
Prematurity (29-32 weeks' gestation), even without CLD Up to 6 months of age
Prematurity (33-35 weeks' gestation) at high risk (ie, 2 of the following risk factors: Up to 6 months of age
child-care attendance, school-age siblings, severe neuromuscular disease,
congenital airway anomalies, or exposure to air pollution)
Infants with hemodynamically significant congenital heart disease, especially those with Up to 24 months of age
cyanosis, pulmonary hypertension, or congestive heart failure

CLD = chronic lung disease; RSV = respiratory syncytial virus.
*Infants with severe immunodeficiency or cystic fibrosis may benefit from prophylaxis.
†RSV season usually begins in late November and lasts until early April. Antibody product is best given first at the beginning of November and lastly at the 
beginning of March because each injection protects for 30 days.
‡Severely affected infants still requiring medical therapy may benefit from treatment during the second RSV season.

Adapted from Pickering LD, ed. Red Book: 2006 Report of the Committee on Infectious Diseases. Elk Grove Village, Ill: American Academy of Pediatrics; 2006.

TABLE 3
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varicella or age-appropriate vaccination) persons at
high risk for severe complications, including preg-
nant women and neonates whose mothers have signs
and symptoms of varicella around the time of deliv-
ery (ie, 5 days before to 2 days after delivery).

Influenza vaccine. A retrospective cohort study
found that during the influenza season, almost half of
the hospitalizations for and deaths from cardiopul-
monary conditions in healthy pregnant women (ie,
10.5 hospitalizations/deaths per 10,000 women-
months) were attributable to influenza.9 In 2004, the
ACIP modified its inactivated influenza vaccination
recommendation to include all women who will be
pregnant during the influenza season. Inactivated
influenza vaccine has no known deleterious effect on
the course of pregnancy or on the fetus.10

Acellular pertussis vaccine. A quarter of pertussis
cases among infants can be traced to a family member
as the source of infection. Therefore, Tdap is recom-
mended for parents of infants. Pregnant women who
previously have not received a dose of Tdap (includ-
ing women who are breastfeeding) should receive
Tdap after delivery, before discharge from the hospi-
tal or birthing center, if 2 or more years have elapsed
since the last Td. Although data are limited on the risk
of reactions at intervals of less than 2 years, clinicians
can obtain a history of adverse reactions to previous
doses of Td and, if no substantial history is found, are
allowed to administer Tdap when less than 2 years
have elapsed since the last Td. The dose of Tdap
replaces the next decennial dose of Td.

ACIP recommends Td when tetanus protection is
required during pregnancy for wound treatment. In sit-
uations with increased risk of pertussis, such as during
outbreaks or when concern about pertussis is para-
mount, clinicians can administer Tdap instead of Td to
pregnant women to add protection against pertussis.
Administration during the second or third trimester is
preferred for either Td or Tdap. Although data on safe-
ty of Tdap during pregnancy are not available, preg-
nancy is not a contraindication to Tdap. When Tdap is
administered during pregnancy, transplacental mater-
nal antibodies might protect the newborn infant
against pertussis in early life. Theoretically, these anti-
bodies might interfere with the infant’s immune
response to DTaP, at least early on, and leave the infant
less well protected against pertussis in the long run.
Clinicians who administer Tdap to pregnant women
should discuss the lack of safety data with the patients
and are encouraged to report Tdap administrations,
regardless of trimester, to the appropriate manufactur-

er’s pregnancy registry: for Boostrix, to
GlaxoSmithKline Biologicals at 1-888-825-5249; for
Adacel, to sanofi pasteur at 1-800-822-2463.
Previously unvaccinated or incompletely vaccinated
pregnant women should be given either Td or Tdap at
the time of the first visit, with completion of vaccina-
tion according to the usual regimen.

Occupational Risks
Health care workers, public safety workers, and vet-
erinarians/animal handlers may be at increased risk
for some vaccine-preventable diseases. As a result,
some vaccine recommendations are made on the
basis of occupation (TABLE 4).1

Most persons who serve in the US military receive
primary vaccinations against tetanus, diphtheria,
measles, rubella, meningococcus, and polio. Specialized
vaccines used in the military include anthrax and small-
pox. Written records should be consulted.

Matriculation Into a Postsecondary
Educational Program
Because of outbreaks of measles on college campuses,
entrants into college or other postsecondary educa-
tional institutions should show documentation of
having received 2 doses of MMR vaccine and immunity
to varicella. Revised criteria in 2006 for evidence of
immunity to varicella include any one of the follow-
ing factors: 

1. Documentation of age-appropriate vaccination
(for adults, 2 doses),

2. Laboratory evidence of immunity or confirmation
of disease,

3. Birth in the United States before 1980,
4. Clinician diagnosis of varicella or verification

of history of varicella disease, or 
5. History of herpes zoster based on clinician

diagnosis.
A second dose catch-up varicella vaccination is

recommended for children, adolescents, and adults
who previously had received 1 dose, in order to
improve individual protection and for more rapid
impact on school outbreaks.

Unless previously vaccinated, entrants into med-
ical, nursing, and other health-related schools
should receive 3 doses of hepatitis B vaccine.

Despite the sensitivity of meningococcus to many
antibiotics, meningococcal disease has a case-fatality
rate of about 10%, and sequelae such as neurologic
disability, limb loss, or hearing loss develop in about
15% of affected individuals. In one retrospective
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comes from these diseases. Health care workers
have been known to contract measles in medical
facilities and to spread measles within medical facil-
ities. The vaccination of health care workers is
important for their own protection and for the pro-
tection of patients (see “Recommended Adult
Immunization Schedule by Vaccine and Medical and
Other Indications,” column for health care workers,

COLOR CENTERFOLD).
Influenza vaccine. Hospital staff members infected

with influenza miss critical time from work and can
transmit influenza to patients. Vaccination of staff
members in long-term care facilities reduced mortality
among patients, even when more than 60% of patients

study, the rate of meningococcal disease among stu-
dents living in dormitories, especially freshmen, was
higher than among students living off campus
(3.2/100,000 vs 0.96/100,000, P = .05).11 Therefore,
meningococcal vaccination is recommended for first-
year college students who live in dormitories.12

Health Care Workers
Because health care workers are more likely to come
into contact with contagious infectious diseases,
they are at increased risk for contracting certain
vaccine-preventable diseases and subsequently
infecting patients, many of whom are chronically ill
or immunocompromised and thus have poorer out-
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Vaccine recommendations in addition to those recommended 
by age for workers with occupational exposures

Occupation Vaccine Vaccine Indications

Community service workers, Varicella Recommended for susceptible teachers of young children and day-care* employees
including teachers Influenza Recommended for all caregivers of children 0-59 months of age
Field personnel (forest rangers) Rabies Consider if likely to have contact with potentially rabid mammals
Laboratory workers Hepatitis A Recommended if working with hepatitis A virus in research settings

Hepatitis B Recommended if at risk for exposure to blood, needlesticks, or human tissues
Rabies, typhoid, Recommended if working with organisms or contaminated specimens—
yellow fever see individual ACIP recommendations for details 
Poliovirus (IPV) The primary series should be completed by persons who anticipate close contact  

with specimens that may contain wild poliovirus
Smallpox Recommended for persons handling cultures or animals infected with vaccinia,

recombinant vaccinia, cowpox, monkeypox, or orthopoxviruses that infect humans,
unless the strain is highly attenuated. Vaccine should be offered to health care 
workers who have contact with dressings from wounds due to strains that are not 
highly attenuated. Also recommended for designated personnel in designated referral 
centers to handle smallpox cases in the event of bioterrorism. See ACIP 
recommendations for details

Embalmer Hepatitis B Recommended
Public safety workers (police, Hepatitis B Recommended if contact with blood or blood-contaminated body fluids is anticipated
fire fighters, emergency Influenza Recommended for emergency medical service providers
medical service providers)
Sewage workers Td or Tdap Recommended
Staff of correctional institutions Varicella Recommended for susceptible staff without a history of chickenpox*
Staff of institutions for the Hepatitis B Recommended for staff who work closely with clients, including staff in nonresidential
developmentally disabled day-care programs

Varicella Recommended for susceptible staff without a history of chickenpox*
Influenza Recommended if clients are at high risk for complications

Staff of nursing homes and Influenza Recommended
chronic care facilities
Veterinarians, animal handlers Rabies Recommended

Hepatitis A Recommended if working with primates who are infected with hepatitis A virus

These vaccine recommendations are in addition to vaccines recommended according to age.
ACIP = Advisory Committee on Immunization Practices; IPV = inactivated poliovirus vaccine; Td = adult tetanus and diphtheria toxoid vaccine; 
Tdap = adult/adolescent tetanus, diphtheria, and acellular pertussis vaccine.
*Serologic screening of persons who have a negative or uncertain history of varicella is likely to be cost-effective.

TABLE 4
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also had received vaccination.13 A randomized con-
trolled trial in long-term institutions compared
health care workers who were offered vaccination
with employees at similar institutions that did not
offer vaccination. Staff vaccination was associated
with a 9% reduction in patient mortality rates.14

Persons who provide health care or home-care serv-
ices should receive annual influenza vaccination.
Unfortunately, despite the risk that lack of immu-
nization poses to themselves and to patients, less
than half of medical personnel are immunized.
Recent recommendations state that health care
workers who decline vaccination should sign a dec-
lination statement.15

Hepatitis B vaccine. HBV infection is a major
occupational risk for health care workers: prior to
vaccination, 15% to 30% of those with frequent
exposure to blood products had serologic evidence of
HBV infection and, prior to the introduction of the
hepatitis B vaccine, the incidence of new HBV infec-
tions among health care workers was 1% per year.16

OSHA requires employers to offer information
about HBV and other bloodborne pathogens to
workers at risk and requires employees at risk for
HBV exposure to attend training on universal pre-
cautions.17 After initial training and within 10 work-
ing days of initial assignment, the employer must
offer hepatitis B vaccine at no cost to employees who
are at risk for occupational exposure, as defined by
OSHA. Employees who decline vaccination must
sign a waiver.

Postvaccination testing to determine adequacy of
HBV immunization is recommended only when sub-
sequent treatment depends on the individual’s immu-
nization status. Testing is not indicated after routine
vaccination of infants, children, adolescents, or per-
sons at low risk for exposure, including health care
workers and public safety workers who do not have
contact with patients or body fluids. For persons at
risk for accidental needlestick injuries or other
potential exposure, treatment will depend on
response to immunization. Therefore, workers at
risk for exposure, especially those in dialysis centers,
should have antibody levels to hepatitis B surface
antigen (HBsAg) tested 1 to 2 months after comple-
tion of the vaccine series. An adequate antibody
response to vaccination is 10 mIU/mL or above.

When a person has been exposed to blood prod-
ucts, such as by accidental needlestick, the protocol
outlined in TABLE 5 should be instituted as soon as
possible.18 The adult dose of hepatitis B immune glob-
ulin (HBIG), when indicated, is 0.06 mL/kg IM and
should be administered within 24 hours of exposure.19

Acellular pertussis vaccine. Health care workers
have transmitted pertussis to patients and have car-
ried pertussis home to their family members. To pre-
vent spread to individuals at risk for complications,
particularly infants and adults with comorbid condi-
tions, 1 dose of Tdap is recommended for all health
care workers age 11 to 64 years; 64 years is the cur-
rent upper age limit, according to the FDA, due to
limited data among the elderly.
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Recommendations for hepatitis B prophylaxis for percutaneous or permucosal exposure

Vaccination and Antibody Treatment When Source Is:
Status of Exposed Person* HBsAg-Positive HBsAg-Negative Not Tested or Unknown

Unvaccinated HBIG 5 1† and initiate Initiate hepatitis B vaccine Initiate hepatitis B vaccine
hepatitis B vaccine series

Vaccinated, known responder‡ No treatment No treatment No treatment
Vaccinated, known nonresponder‡ HBIG 5 1 and initiate No treatment If known high-risk source, 

revaccination or HBIG  5 2§ treat as if HBsAg-positive
Vaccinated, response unknown Test exposed person for anti-HBs‡: No treatment Test exposed person for anti-HBs‡:

1. If inadequate, give HBIG 5 1. If inadequate, initiate vaccine 
1 and vaccine booster booster and recheck titer in 1-2 months

2. If adequate, no treatment 2. If adequate, no treatment

HBIG = hepatitis B immune globulin; HBsAg = hepatitis B surface antigen; anti-HBs = antibody to HBsAg; HBV = hepatitis B virus.
*Persons who have previously been infected with HBV are immune to reinfection and do not require postexposure prophylaxis.
†Dose = 0.06 mL/kg intramuscularly.
‡Adequate anti-HBs is 10 mIU/mL.
§The option of giving 1 dose of HBIG and reinitiating the vaccine series is preferred for nonresponders who have not completed a second 3-dose vaccine series. For
persons who previously completed a second vaccine series but failed to respond, 2 doses of HBIG are preferred.

Modified from US Public Health Service. MMWR Recomm Rep. 2001;50(RR-11):22. Available at: http://www.cdc.gov/mmwr/PDF/rr/rr5011.pdf.

TABLE 5
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Other vaccines. All health care workers should be
immune to measles, rubella, and mumps. Persons
born before 1957 can be considered immune to
measles. All others should have received MMR vac-
cine or have other evidence of immunity. If the work-
er received inactivated measles vaccine, only avail-
able from 1963 to 1967, or vaccine of unknown type
during 1963 to 1967, then 2 additional doses of
MMR are needed. If the worker received further
attenuated vaccine (Schwarz or Moraten) simultane-
ously with immunoglobulin or measles immuno-
globulin, consider that person to be unimmunized
and administer 2 doses of MMR. Proof of immunity
to varicella is recommended. Persons with uncertain
histories should have serologic testing or vaccination
with 2 doses of varicella vaccine. Some health care
workers elect to receive hepatitis A vaccine as well.

Veterinarians and Animal Handlers
Veterinarians and animal handlers may be at increased
risk for infection with rabies or hepatitis A virus.

Rabies. Rabies virus infection leads to an almost
always fatal encephalomyelitis. Cases of human
rabies are rare in the United States: 0 to 6 cases annu-
ally in the last decade. Still, up to 18,000 persons
receive pre-exposure vaccination and 40,000 receive
postexposure prophylaxis every year after contact
with potentially rabid mammals. The likelihood of
human exposure to a rabid domestic animal in the
United States has decreased greatly during the last 50
years because of effective domestic animal vaccina-
tion programs, but rabies among wildlife—especially
raccoons, skunks, and bats—has become more preva-
lent in all states except Hawaii. Wildlife is the most
important potential source of infection for humans
and has caused most human cases since 1980.

Two types of inactivated rabies vaccine are licensed in
the United States for pre-exposure and postexposure use:
human diploid cell and purified chick embryo cell vac-
cines. Both are considered equally safe and efficacious.

Pre-exposure vaccination is recommended for vet-
erinarians and animal handlers and should be con-
sidered for other persons whose activities bring them
into frequent contact with potentially rabid mam-
mals. The vaccine (1 mL) is given in the deltoid mus-
cle at 0, 7, and 21 or 28 days (3 doses). Depending
on the risk for rabies in each locale, persons with
continuous or frequent exposure should have sero-
logic testing periodically and receive a booster dose
if the titer is less than complete neutralization at a
1:5 serum dilution.

Recommendations available from the ACIP for
rabies postexposure prophylaxis include wound
cleansing, administration of rabies vaccine, and
appropriate use of RIG. Previously vaccinated per-
sons do not need RIG after exposure to rabies but do
need 2 additional doses of vaccine. For further infor-
mation, consult state and local health departments
and www.cdc.gov/ncidod/dvrd/rabies.20 In the United
States, no documented human cases of rabies have
been reported after appropriately administered post-
exposure prophylaxis.

Hepatitis A virus. Administration of 2 doses of
hepatitis A vaccine in the deltoid muscle is recom-
mended for animal handlers who work with pri-
mates potentially infected with hepatitis A virus.

Lifestyle/Environment
Lifestyle and environment can heighten one’s risk for
certain vaccine-preventable diseases. Sexual activi-
ty—heterosexual or homosexual—is a risk factor in
31% to 44% of cases of HBV infection, and injection
drug use is a risk factor in 15% to 20% of cases.21

TABLE 6 summarizes recommendations for vacci-
nating adults based on their lifestyle or environment.22

Residents of Nursing Homes 
and Long-term Care Facilities
Airborne influenza is extremely contagious in semi-
closed or crowded environments. Such environments
include nursing homes, where influenza attack rates can
approach 60% and case-fatality rates can reach 30%.
Although influenza vaccine effectiveness may be only
30% to 40% among elderly nursing home residents,
the vaccine can be 50% to 60% effective in preventing
hospitalization and pneumonia and 80% effective in
preventing death.10 Vaccination is of potentially greater
importance in view of recently reported high rates
(90%) of amantadine-resistant H3N2 influenza in
2005-2006.10 Recommended institutional protocols for
infection control include standing orders for vaccina-
tion of all residents of chronic-care facilities. Consent
for annual influenza vaccination of each resident
should be obtained at the time of admission to the facil-
ity. Vaccination upon admission is recommended for
new residents entering a facility during the winter after
completion of the annual vaccination program.

PPV is indicated for institutionalized persons as
well. One vaccination on or after age 65 years is rec-
ommended and effective. For those who received  PPV
prior to age 65, revaccination should occur more than
5 years after the first PPV and at or after age 65 years.
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Vaccines for special environments and lifestyle situations

Environment/Situation Vaccine Vaccine Indications

Matriculation into college, MMR For students born in 1957 or later, 2 doses of live measles vaccine* and 
technical school,  ≥1 dose of rubella vaccine and of mumps vaccine on or after first 
or other postsecondary birthday, or laboratory evidence of immunity or, for measles and mumps, 
educational institution physician-diagnosed disease. For women born before 1957 who could 

become pregnant, ≥1 dose of rubella vaccine
Hepatitis B History of multiple sex partners; STD or prolonged travel in endemic countries
Varicella Recommended if susceptible†

Influenza Consider
Meningococcal Recommended for college freshmen living in dormitories

Recreational drug users Hepatitis A Recommended for injection drug users and recreational users of 
nonprescription drugs who live in areas of high hepatitis A incidence 

Hepatitis B Recommended for injection drug users‡

Homeless Influenza, MMR Recommended
Homosexual or bisexual males Hepatitis A, Recommended‡

hepatitis B
Household contacts Hepatitis B Recommended for household contacts or sex partners of persons 

chronically infected with hepatitis B virus‡

Influenza Recommended for household contacts of persons at high risk for 
complications from influenza

Varicella, MMR Recommended for susceptible contacts of persons at high risk for 
complications of the vaccine-preventable disease†

Typhoid Recommended for household contacts of typhoid carriers
Residents of institutions for Hepatitis B Recommended for new residents. For current residents, screening and
developmentally disabled vaccination of susceptible residents is recommended§

Influenza Recommended for all residents
Varicella Recommended for susceptible residents†

Native Americans, Native Alaskans Pneumococcal Recommended for certain Native American populations with 
polysaccharide high disease incidence

Nursing home and chronic Influenza Recommended
care facility residents PPV Recommended  
Prison inmates (long-term Hepatitis B Recommended‡

correctional facility residents) Influenza Recommended for all inmates ≥50 years of age, and those with high-risk
conditions, including HIV infection 

PPV Recommended ≥65 years of age
Varicella Recommended for susceptible inmates†

Measles, rubella Recommended for those born in 1957 or later if no evidence of immunity
Resident of Guam, Saipan, or Japanese B Consider (see ACIP recommendations1 for details)
Northern Mariana Islands encephalitis
Sexually transmitted disease, multiple sex Hepatitis B Recommended
partners during previous 6 months, prostitute 
Spelunkers Rabies Recommended if in rabies-enzootic areas

These vaccine recommendations are in addition to vaccines recommended according to age.
ACIP = Advisory Committee on Immunization Practices; HBV = hepatitis B virus; MMR = measles, mumps, and rubella vaccine; PPV = pneumococcal polysaccha-
ride vaccine.
*If person received inactivated measles vaccine, which was only available 1963-1967, or vaccine of unknown type during 1963-1967, then 2 additional doses of
MMR are needed. If person received further attenuated vaccine (Schwarz or Moraten) simultaneously with immune globulin or measles immune globulin, consider
person to be unimmunized and administer 2 doses of MMR spaced at least 4 weeks apart.
†Serologic screening of persons with negative or uncertain histories of varicella is likely to be cost-effective.
‡Testing for previous HBV infection may be cost-effective in groups with high rates of HBV infection, depending on the likelihood that persons will return for fol-
low-up. Vaccine recipients who are injection drug users and homosexual/bisexual males and who have HIV should be tested for hepatitis B surface antibody, and
nonrespondents should be counseled accordingly.
§Vaccination of clients in nonresidential day-care programs should be considered, although they are at lower risk for acquiring hepatitis B. If there is one hepatitis B
carrier in a classroom, then the entire class should be immunized. Staff in nonresidential day-care programs should be immunized against hepatitis B.
1Centers for Disease Control and Prevention. MMWR Recomm Rep. 1993;42(RR-1):1-15.

TABLE 6
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Travelers to Foreign Countries
Persons planning foreign travel may need vaccines
not routinely administered in the United States (eg,
yellow fever, typhoid, or Japanese encephalitis vac-
cines), as well as malaria prophylaxis and advice on
ways to prevent infections that are not vaccine-pre-
ventable (eg, “traveler’s diarrhea”). Specific and cur-
rent information for each part of the world is avail-
able from the CDC by calling the voice information
service at 877-FYI-TRIP (877-394-8747), visiting its
Web site at www.cdc.gov/travel/, or referring to the
Summary of Health Information for International
Travel.23 Cholera, Lyme disease, oral poliovirus, and
plague vaccines are no longer produced or routinely
available in the United States.

References
1. Centers for Disease Control and Prevention. Prevention of varicella: recommenda-

tions of the Advisory Committee on Immunization Practices (ACIP). MMWR
Recomm Rep. 1996;45(RR-11):1-36.

2. Advisory Committee on Immunization Practices. Preventing pneumococcal disease
among infants and young children. Recommendations of the Advisory Committee on
Immunization Practices (ACIP). MMWR Recomm Rep. 2000;49(RR-9):1-35.

3. Meissner HC, Long SS. Revised indications for the use of palivizumab and respirato-
ry syncytial virus immune globulin intravenous for the prevention of respiratory syn-
cytial virus infections. Pediatrics. 2003;112:1447-1452.

4. American Academy of Pediatrics. Revised indications for the use of palivizumab and
respiratory syncytial virus immune globulin intravenous for the prevention of respi-
ratory syncytial virus infections. Pediatrics. 2003;112:1442-1446.

5. Pickering LD, ed. Red Book: 2006 Report of the Committee on Infectious Diseases.
27th ed. Elk Grove Village, Ill: American Academy of Pediatrics; 2006:562-565.

6. Centers for Disease Control and Prevention. Recommendations of the Advisory
Committee on Immunization Practices (ACIP): General recommendations on immu-
nization. MMWR Recomm Rep. 2006; 55(RR15):24-29.

7. Centers for Disease Control and Prevention; Infectious Disease Society of America;
American Society of Blood and Marrow Transplantation. Guidelines for preventing
opportunistic infections among hematopoietic stem cell transplant recipients [pub-
lished correction appears in MMWR Recomm Rep. 2004;53(19):396]. MMWR
Recomm Rep. 2000;49(RR-10):1-125.

8. Centers for Disease Control and Prevention. Revised ACIP recommendation for
avoiding pregnancy after receiving a rubella-containing vaccine. MMWR Morb
Mortal Wkly Rep. 2001;50(49):1117.

9. Neuzil KM, Reed GW, Mitchel EF, Simonsen L, Griffin MR. Impact of influenza on
acute cardiopulmonary hospitalizations in pregnant women. Am J Epidemiol.
1998;148:1094-1102.

10. Smith NM, Bresee JS, Shay DK,, Uyeki TM, Cox NJ, Strikas RA; Advisory
Committee on Immunization Practices (ACIP), Centers for Disease Control and
Prevention (CDC). Prevention and control of influenza. Recommendations of the
Advisory Committee on Immunization Practices (ACIP). MMWR Recomm Rep.
2006;55(RR-10):1-42.

11. Harrison LH, Dwyer DM, Maples CT, Billmann L. Risk of meningococcal infection
in college students [published correction appears in JAMA. 2000;283:2659]. JAMA.
1999;281:1906-1910.

12. Bilukha OO, Rosenstein N; National Center for Infectious Diseases, Centers for
Disease Control and Prevention (CDC). Prevention and control of meningococcal dis-
ease. Recommendations of the Advisory Committee on Immunization Practices
(ACIP). MMWR Recomm Rep. 2005;54(RR-7):1-21.

13. Potter J, Stott DJ, Elder AG, O’Donnell B, Knight PV, Carman WF. Influenza vaccina-
tion of health care workers in long-term care hospitals reduces the mortality of eld-
erly patients. J Infect Dis. 1997;175:1-6.

14. Carman WF, Elder AG, Wallace LA, et al. Effects of influenza vaccination of health-
care workers on mortality of elderly people in long-term care: a randomised con-
trolled trial. Lancet. 2000;355:93-97.

15. Pearson ML, Bridges CB, Harper SA; Healthcare Infection Control Practices Advisory
Committee (HICPAC); Advisory Committee on Immunization Practices (ACIP).
Influenza vaccination of health-care personnel: recommendations of the Healthcare
Infection Control Practices Advisory Committee (HICPAC) and the Advisory Committee
on Immunization Practices (ACIP). MMWR Recomm Rep. 2006;55(RR-2):1-16.

16. Gibas A, Blewett K, Schoenfeld DA, Dienstag JL. Prevalence and incidence of viral
hepatitis in health workers in the prehepatitis B vaccination era. Am J Epidemiol.
1992;136:603-610.

17. Occupational Safety and Health Administration. Bloodborne Pathogens and Acute
Care Facilities. Washington, DC: US Department of Labor, Occupational Safety and
Health Administration; 1995.

18. US Public Health Service. Updated US Public Health Service guidelines for the man-
agement of occupational exposures to HBV, HCV, and HIV and recommendations for
postexposure prophylaxis. MMWR Recomm Rep. 2001;50(RR-11):1-52. Available
at: http://www.cdc.gov/mmwr/PDF/rr/rr5011.pdf. Accessed November 21, 2006.

19. Centers for Disease Control and Prevention. Guidelines for prevention of transmis-
sion of human immunodeficiency virus and hepatitis B virus to health-care and pub-
lic-safety workers [published correction appears in MMWR Morb Mortal Wkly Rep.
1989;38(43):746]. MMWR Morb Mortal Wkly Rep. 1989;38(suppl 6):1-37.

20. Centers for Disease Control and Prevention. Human rabies prevention—United
States, 1999. Recommendations of the Advisory Committee on Immunization
Practices (ACIP) [published corrections appear in MMWR Morb Mortal Wkly Rep.
1999;48(1):16 and MMWR Morb Mortal Wkly Rep. 2000;49(32):737]. MMWR
Recomm Rep. 1999;48(RR-1):1-21.

21. Alter MJ, Hadler SC, Margolis HS, et al.The changing epidemiology of hepatitis B in the
United States. Need for alternative vaccination strategies. JAMA. 1990;263:1218-1222.

22. Centers for Disease Control and Prevention. Inactivated Japanese encephalitis virus
vaccine. Recommendations of the Advisory Committee on Immunization Practices
(ACIP). MMWR Recomm Rep. 1993;42(RR-1):1-15.

23. Centers for Disease Control and Prevention. Health Information for International
Travel 2005-2006. Atlanta, Ga: US Department of Health and Human Services,
Public Health Service; 2005.

S46 n  The  Jou rna l  o f  Fami l y  P r a c t i c e   •   FEBRUARY 2007   •   VOL . 56 , NO.2

 



|  C O L O R  C E N T E R F O L D  |

The  Jou rna l  o f  Fami l y  P r a c t i c e   •   F EBRUARY 2007   •   VOL . 56 , NO. 2 n   C1

HPV—CERVICAL EROSION 
DUE TO LOW-GRADE CARCINOMA

FIGURE 1

INFLUENZA—EMERGENCY HOSPITAL DURING 1918
INFLUENZA EPIDEMIC, CAMP FUNSTON, KANSAS

FIGURE 2

ATYPICAL AVIAN INFLUENZA H5N1 

FIGURE 3

PERTUSSIS
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VARICELLA—STANDARD CHICKENPOX LESIONS

FIGURE 8

C2 n  The  Jou rna l  o f  Fami l y  P r a c t i c e   •   FEBRUARY 2007   •   VOL . 56 , NO.2

|  C O L O R  C E N T E R F O L D  |

RUBELLA

FIGURE 7

PNEUMOCOCCAL PNEUMONIA (RIGHT UPPER LOBE)

FIGURE 5

MUMPS

FIGURE 6
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VARICELLA COMPLICATED BY STAPHYLOCOCCUS
AUREUS IMPETIGO AND SEPSIS

FIGURE 9

HEPATITIS A

FIGURE 11

MENINGOCOCCUS AND GANGRENE OF HANDS 

FIGURE 12

HERPES-ZOSTER OUTBREAK DUE TO THE
VARICELLA-ZOSTER VIRUS (VZV) PATHOGEN

FIGURE 10
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public domain.
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FOOTNOTES FOR RECOMMENDED ADULT IMMUNIZATION SCHEDULE 

TABLE 1

1. Tetanus, diphtheria, and acellular pertussis (Td/Tdap) 
vaccination. Adults with uncertain histories of a complete 
primary vaccination series with diphtheria and tetanus toxoid-con-
taining vaccines should begin or complete a primary vaccination
series. A primary series for adults is 3 doses; administer the first 2
doses at least 4 weeks apart and the third dose 6-12 months after
the second. Administer a booster dose to adults who have complet-
ed a primary series and if the last vaccination was received ≥10
years previously. Tdap or tetanus and diphtheria (Td) vaccine may
be used; Tdap should replace a single dose of Td for adults aged <65
years who have not previously received a dose of Tdap (either in the
primary series, as a booster, or for wound management). Only one
of two Tdap products (Adacel®[sanofi pasteur]) is licensed for use
in adults. If the person is pregnant and received the last Td vacci-
nation ≥10 years previously, administer Td during the second or third
trimester; if the person received the last Td vaccination in <10 years,
administer Tdap during the immediate postpartum period. A one-
time administration of 1 dose of Tdap with an interval as short as 2
years from a previous Td vaccination is recommended for postpar-
tum women, close contacts of infants aged <12 months, and all
healthcare workers with direct patient contact. In certain situa-
tions, Td can be deferred during pregnancy and Tdap substituted in
the immediate postpartum period, or Tdap can be given instead of
Td to a pregnant woman after an informed discussion with the
woman (see www.cdc.gov/nip/publications/acip-list.htm). Consult
the ACIP statement for recommendations for administering Td as
prophylaxis in wound management (www.cdc.gov/mmwr/pre-
view/mmwrhtml/00041645.htm). 

2. Human papillomavirus (HPV) vaccination. HPV vaccination is
recommended for all women aged ≤26 years who have not com-
pleted the vaccine series. Ideally, vaccine should be administered
before potential exposure to HPV through sexual activity; however,
women who are sexually active should still be vaccinated. Sexually
active women who have not been infected with any of the HPV vac-
cine types receive the full benefit of the vaccination. Vaccination is
less beneficial for women who have already been infected with one
or more of the four HPV vaccine types. A complete series consists
of 3 doses. The second dose should be administered 2 months after
the first dose; the third dose should be administered 6 months after
the first dose. Vaccination is not recommended during pregnancy. If
a woman is found to be pregnant after initiating the vaccination
series, the remainder of the 3-dose regimen should be delayed until
after completion of the pregnancy. 

3. Measles, mumps, rubella (MMR) vaccination. Measles compo-
nent: adults born before 1957 can be considered immune to measles.
Adults born during or after 1957 should receive ≥1 dose of MMR
unless they have a medical contraindication, documentation of ≥1
dose, history of measles based on healthcare provider diagnosis, or
laboratory evidence of immunity. A second dose of MMR is recom-
mended for adults who 1) have been recently exposed to measles or
in an outbreak setting; 2) have been previously vaccinated with killed
measles vaccine; 3) have been vaccinated with an unknown type of
measles vaccine during 1963-1967; 4) are students in postsecondary
educational institutions; 5) work in ahealthcare facility; or 6) plan to
travel internationally. Withhold MMR or other measles-containing
vaccines from HIV-infected persons with severe immunosuppres-
sion. Mumps component: adults born before 1957 can generally be
considered immune to mumps. Adults born during or after 1957
should receive 1 dose of MMR unless they have a medical con-
traindication, history of mumps based on healthcare provider diag-
nosis, or laboratory evidence of immunity. A second dose of MMR is
recommended for adults who 1) are in an age group that is affected
during a mumps outbreak; 2) are students in postsecondary educa-
tional institutions; 3) work in a healthcare facility; or 4) plan to travel
internationally. For unvaccinated healthcare workers born before
1957 who do not have other evidence of mumps immunity, consider
giving 1 dose on a routine basis and strongly consider giving a sec-
ond dose during an outbreak. Rubella component: administer 1 dose
of MMR vaccine to women whose rubella vaccination history is
unreliable or who lack laboratory evidence of immunity. For women
of childbearing age, regardless of birth year, routinely determine
rubella immunity and counsel women regarding congenital rubella
syndrome. Do not vaccinate women who are pregnant or who might
become pregnant within 4 weeks of receiving vaccine. Women who
do not have evidence of immunity should receive MMR vaccine
upon completion or termination of pregnancy and before discharge
from the healthcare facility. 

4. Varicella vaccination. All adults without evidence of immunity to
varicella should receive 2 doses of varicella vaccine. Special con-
sideration should be given to those who 1) have close contact with
persons at high risk for severe disease (e.g., healthcare workers
and family contacts of immunocompromised persons) or 2) are at
high risk for exposure or transmission (e.g., teachers of young chil-
dren; child care employees; residents and staff members of institu-
tional settings, including correctional institutions; college students;
military personnel; adolescents and adults living in households with
children; nonpregnant women of childbearing age; and internation-
al travelers). Evidence of immunity to varicella in adults includes any
of the following: 1) documentation of 2 doses of varicella vaccine at
least 4 weeks apart; 2) U.S.-born before 1980 (although for health-
care workers and pregnant women, birth before 1980 should not be
considered evidence of immunity); 3) history of varicella based on
diagnosis or verification of varicella by a healthcare provider (for a
patient reporting a history of or presenting with an atypical case, a
mild case, or both, healthcare providers should seek either an epi-
demiologic link with a typical varicella case or evidence of labora-
tory confirmation, if it was performed at the time of acute disease);
4) history of herpes zoster based on healthcare provider diagnosis;
or 5) laboratory evidence of immunity or laboratory confirmation of
disease. Do not vaccinate women who are pregnant or might
become pregnant within 4 weeks of receiving the vaccine. Assess
pregnant women for evidence of varicella immunity. Women who do
not have evidence of immunity should receive dose 1 of varicella
vaccine upon completion or termination of pregnancy and before
discharge from the healthcare facility. Dose 2 should be adminis-
tered 4-8 weeks after dose 1. 

5. Influenza vaccination. Medical indications: chronic disorders of
the cardiovascular or pulmonary systems, including asthma; chronic
metabolic diseases, including diabetes mellitus, renal dysfunction,
hemoglobinopathies, or immunosuppression (including immunosup-
pression caused by medications or HIV); any condition that compro-
mises respiratory function or the handling of respiratory secretions
or that can increase the risk of aspiration (e.g., cognitive dysfunction,
spinal cord injury, or seizure disorder or other neuromuscular disor-
der); and pregnancy during the influenza season. No data exist on
the risk for severe or complicated influenza disease among persons
with asplenia; however, influenza is a risk factor for secondary bac-
terial infections that can cause severe disease among persons with
asplenia. Occupational indications: healthcare workers and employ-
ees of long-term-care and assisted living facilities. Other indications:
residents of nursing homes and other long-term-care and assisted
living facilities; persons likely to transmit influenza to persons at high
risk (e.g., in-home household contacts and caregivers of children
aged 0-59 months, or persons of all ages with high-risk conditions);
and anyone who would like to be vaccinated. Healthy, nonpregnant
persons aged 5-49 years without high-risk medical conditions who
are not contacts of severely immunocompromised persons in special
care units can receive either intranasally administered influenza
vaccine (FluMist®) or inactivated vaccine. Other persons should
receive the inactivated vaccine. 

6. Pneumococcal polysaccharide vaccination. Medical indications:
chronic disorders of the pulmonary system (excluding asthma); 
cardiovascular diseases; diabetes mellitus; chronic liver diseases,
including liver disease as a result of alcohol abuse (e.g., cirrhosis);
chronic renal failure or nephrotic syndrome; functional or anatomic
asplenia (e.g., sickle cell disease or splenectomy [if elective
splenectomy is planned, vaccinate at least 2 weeks before sur-
gery]); immunosuppressive conditions (e.g., congenital immunodefi-
ciency, HIV infection [vaccinate as close to diagnosis as possible
when CD4 cell counts are highest], leukemia, lymphoma, multiple
myeloma, Hodgkin disease, generalized malignancy, or organ or
bone marrow transplantation); chemotherapy with alkylating
agents, antimetabolites, or high-dose, long-term corticosteroids;
and cochlear implants. Other indications: Alaska Natives and 
certain American Indian populations and residents of nursing
homes or other long-term-care facilities. 

7. Revaccination with pneumococcal polysaccharide vaccine.
One-time revaccination after 5 years for persons with chronic renal
failure or nephrotic syndrome; functional or anatomic asplenia (e.g.,
sickle cell disease or splenectomy); immunosuppressive conditions
(e.g., congenital immunodeficiency, HIV infection, leukemia, 

lymphoma, multiple myeloma, Hodgkin disease, generalized malig-
nancy, or organ or bone marrow transplantation); or chemotherapy
with alkylating agents, antimetabolites, or high-dose, long-term 
corticosteroids. For persons aged ≥65 years, one-time revaccination
if they were vaccinated ≥5 years previously and were aged <65
years at the time of primary vaccination. 

8. Hepatitis A vaccination. Medical indications: persons with chron-
ic liver disease and persons who receive clotting factor concen-
trates. Behavioral indications: men who have sex with men and per-
sons who use illegal drugs. Occupational indications: persons work-
ing with hepatitis A virus (HAV)-infected primates or with HAV in a
research laboratory setting. Other indications: persons traveling to
or working in countries that have high or intermediate endemicity of
hepatitis A (a list of countries is available at www.cdc.gov/travel/
diseases.htm) and any person who would like to obtain immunity.
Current vaccines should be administered in a 2-dose schedule at
either 0 and 6-12 months, or 0 and 6-18 months. If the combined hep-
atitis A and hepatitis B vaccine is used, administer 3 doses at 0, 1,
and 6 months. 

9. Hepatitis B vaccination. Medical indications: persons with 
end-stage renal disease, including patients receiving hemodialysis;
persons seeking evaluation or treatment for a sexually transmitted
disease (STD); persons with HIV infection; persons with chronic liver
disease; and persons who receive clotting factor concentrates.
Occupational indications: healthcare workers and public-safety
workers who are exposed to blood or other potentially infectious
body fluids. Behavioral indications: sexually active persons who are
not in a long-term, mutually monogamous relationship (i.e., persons
with >1 sex partner during the previous 6 months); current or recent
injection-drug users; and men who have sex with men. Other indica-
tions: household contacts and sex partners of persons with chronic
hepatitis B virus (HBV) infection; clients and staff members of insti-
tutions for persons with developmental disabilities; all clients of STD
clinics; international travelers to countries with high or intermediate
prevalence of chronic HBV infection (a list of countries is available
at www.cdc.gov/travel/diseases.htm); and any adult seeking protec-
tion from HBV infection. Settings where hepatitis B vaccination is
recommended for all adults: STD treatment facilities; HIV testing and
treatment facilities; facilities providing drug-abuse treatment and
prevention services; healthcare settings providing services for injec-
tion-drug users or men who have sex with men; correctional facili-
ties; end-stage renal disease programs and facilities for chronic
hemodialysis patients; and institutions and nonresidential daycare
facilities for persons with developmental disabilities. Special formu-
lation indications: for adult patients receiving hemodialysis and other
immunocompromised adults, 1 dose of 40 µg/mL (Recombivax HB®)
or 2 doses of 20 µg/mL (Engerix-B®). 

10. Meningococcal vaccination. Medical indications: adults with
anatomic or functional asplenia, or terminal complement compo-
nent deficiencies. Other indications: first-year college students 
living in dormitories; microbiologists who are routinely exposed to
isolates of Neisseria meningitidis; military recruits; and persons who
travel to or live in countries in which meningococcal disease is
hyperendemic or epidemic (e.g., the “meningitis belt” of sub-
Saharan Africa during the dry season [December-June]), particular-
ly if their contact with local populations will be prolonged.
Vaccination is required by the government of Saudi Arabia for all
travelers to Mecca during the annual Hajj. Meningococcal conju-
gate vaccine is preferred for adults with any of the preceding indi-
cations who are aged ≤55 years, although meningococcal polysac-
charide vaccine (MPSV4) is an acceptable alternative.
Revaccination after 5 years might be indicated for adults previously
vaccinated with MPSV4 who remain at high risk for infection (e.g.,
persons residing in areas in which disease is epidemic). 

11. Selected conditions for which Haemophilus influenzaetype b
(Hib) vaccine may be used. Hib conjugate vaccines are licensed for
children aged 6 weeks-71 months. No efficacy data are available on
which to base a recommendation concerning use of Hib vaccine for
older children and adults with the chronic conditions associated
with an increased risk for Hib disease. However, studies suggest
good immunogenicity in patients who have sickle cell disease,
leukemia, or HIV infection or who have had splenectomies; adminis-
tering vaccine to these patients is not contraindicated.

This schedule indicates the recommended age groups and medical indications for routine administration of currently licensed vaccines for persons aged ≥19 years, as of October 1, 2006. Licensed combi-
nation vaccines may be used whenever any components of the combination are indicated and when the vaccine's other components are not contraindicated. For detailed recommendations on all vaccines,
including those used primarily for travelers or that are issued during the year, consult the manufacturers' package inserts and the complete statements from the Advisory Committee on Immunization Practices
(www.cdc.gov/nip/publications/acip-list.htm). 

Report all clinically significant postvaccination reactions to the Vaccine Adverse Event Reporting System (VAERS). Reporting forms and instructions on filing a VAERS report are available at
www.vaers.hhs.gov or by telephone, 800-822-7967. 

Information on how to file a Vaccine Injury Compensation Program claim is available at www.hrsa.gov/vaccinecompensation or by telephone, 800-338-2382. To file a claim for vaccine injury, contact the U.S.
Court of Federal Claims, 717 Madison Place, N.W., Washington, D.C. 20005; telephone, 202-357-6400. 

Additional information about the vaccines in this schedule and contraindications for vaccination is also available at www.cdc.gov/nip or from the CDC-INFO Contact Center at 800-CDC-INFO (800-232-4636)
in English and Spanish, 24 hours a day, 7 days a week.

Approved by the Advisory Committee on Immunization Practices, the American College of Obstetricians and Gynecologists, and the American Academy of Family Physicians
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Vaccine schedules and procedures, 2007
DONALD B. MIDDLETON, MD; RICHARD KENT ZIMMERMAN, MD, MPH; 

AND KAREN B. MITCHELL, MD

This article reviews the 2007 recommended childhood and adolescent immunization schedules;
the catch-up immunization schedules for children and adolescents; the 2006-2007 recommended
adult immunization schedule; recommended and minimum ages and intervals between vaccine
doses; contraindications for immunization; and general guidelines on immunization procedures.
With the exception of some formulations of influenza vaccines, all recommended childhood
vaccines are thimerosal-free. Since 2005, changes in vaccine schedules affect the following
vaccinations: hepatitis A, rotavirus, human papillomavirus, varicella, meningococcal, adult
tetanus and diphtheria toxoids and acellular pertussis, and influenza. Minimal intervals
between vaccines and vaccine precautions, contraindications, administration, and storage are
reviewed. Sources of up-to-date vaccine information are presented.

Vaccination policy in the United States continues to
be extraordinarily successful at reducing the 

incidence of vaccine-preventable disease among both
children and adults.Although the cost to fully immunize
a child in 2006 had risen to about $1600,1 the vaccine
program remains one of the most cost-effective public
health measures in place.2 Previously widespread 
diseases such as Hib infections and measles have been
nearly eradicated, thanks to effective immunization 
programs. Although only 12 cases of rubella were
reported in 2005, increasing reports of other illnesses
such as pertussis (25,616 in 2005) and mumps (6339
in 2006) suggest the need for heightened vigilance
and full compliance with immunization schedules.3,4

This article will review age- and risk-based rec-
ommendations that are the foundation for the
national vaccine program in the United States and
discuss contraindications, precautions, administra-
tion techniques, and storage procedures for routine-
ly administered vaccines.

Age-Based Immunization Schedules
Children and Adolescents
The Recommended Immunization Schedules for
Children and Adolescents (COLOR CENTERFOLD) are
published each January in a number of sources,
including those enumerated below in the section

“Keeping Current With Vaccine Recommendations.”
The Recommended Adult Immunization Schedule
(COLOR CENTERFOLD) is updated less frequently, on
an as-needed basis. Changes in vaccine schedules
over the past 2 years include5: 

1. Routine hepatitis A vaccine for all children
ages 12 to 23 months.

2. Routine rotavirus immunization for all infants
ages 6 to 32 weeks.

3. Routine human papillomavirus vaccination for
11- to 12-year-old girls, with catch-up vaccination
allowed for girls and women ages 13 to 26 years.

4. A second varicella dose at ages 4 to 6 years for
all children and catch-up second vaccination
for all older children, adolescents, and adults
who received only 1 dose.

5. Zoster vaccine for adults age 60 years and older.
6. Conjugated meningococcal vaccine for all

children ages 11 to 12 years or as catch-up
prior to high school or college.

7. Tdap instead of Td, once, as a booster or in the
primary series for all adults age 64 years and
younger; after an interval as short as 2 years, 1
dose for all close contacts of infants younger
than 12 months and all health care workers with
direct patient contact; and during pregnancy or
immediately after pregnancy.
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8. Annual inactivated influenza vaccine for all
children between the ages of 6 and 59 months
during the influenza season, all close contacts
of children ages 0 to 59 months, and for all
pregnant women regardless of trimester.

Hepatitis A vaccine.6 Two doses of hepatitis A vac-
cine, an inactivated hepatitis A virus vaccine, admin-
istered at least 6 months apart, are recommended for
all children between the ages of 12 and 23 months.
States and communities with existing programs for 2-
to 18-year-olds should continue those programs.

Rotavirus vaccine.7 Rotavirus vaccine is a pentava-
lent, live-virus liquid given orally to all infants, includ-
ing premature infants, in a 3-dose schedule at ages 2, 4,
and 6 months, with a minimum dose interval of 4
weeks. To reduce the theoretical risk of intussusception,
the first dose must be given between the ages of 6 and
12 weeks inclusive. All 3 doses should be administered
by age 32 weeks. The effectiveness of vaccine given
after this age is unknown. (For further information see
“Rotavirus: Disease and Vaccine Update, 2007.”) 

Human papillomavirus vaccine.8 HPV vaccine is a
quadrivalent, viral protein vaccine against types 6 and
11, which cause 90% or more of genital warts, and
types 16 and 18, which cause 70% of cervical cancer.An
FDA-approved immunization for 9- to 26-year-old girls
and women, the vaccine is given IM in a 3-dose sched-

ule at times 0, 2, and 6
months, with a minimum
dose interval of 4 weeks, to all
girls age 11 to 12 years and as
a catch-up vaccine to girls and
women age 13 to 26 years.
(For further information see 
“HPV Vaccine and Its Recom-
mendations, 2007.”) 

Hepatitis B vaccine.
Currently, 5 different vaccine
products, all containing
recombinant hepatitis B sur-
face antigen (HBsAg), are
available to protect against
hepatitis B virus (HBV)
(TABLE 1).9 Hepatitis B vac-
cine is the only immunization
recommended at birth, given
preferably prior to hospital
discharge. Only monovalent
hepatitis B vaccines should be
used until after 6 weeks of
age. The schedule for vacci-

nating infants against HBV depends on the mother’s
HBsAg status and the infant’s weight.10 TABLE 2 lists
current recommendations.11 Seroconversion rates after
hepatitis B vaccine are lower among premature infants
weighing less than 2 kg and even lower for infants
weighing less than 1 kg.12

HBsAg-negative mothers. If the mother is HBsAg-
negative, the first vaccine dose should be given at
birth, prior to hospital discharge or at any time
before 2 months of age. For infants weighing less
than 2 kg, the first dose may be delayed until 30 days
of age. Consistent weight gain in preterm infants is a
predictor of good immune response. Starting the hep-
atitis B series in the nursery offers more options for
completing the immunization schedule on time, pro-
vides earlier protection to the vulnerable infant who
may need blood products or surgical procedures, and
lessens the risk of horizontal spread from occult HBV
infection to others. Combination vaccines may be
used for all subsequent doses. The second dose is
given at 1 to 2 months of age, at least 1 month after
the first dose. The third dose is given at least 16
weeks after the first dose and 8 weeks after the sec-
ond. A fourth dose may be given when combination
vaccines are used. The third or fourth dose should be
given no sooner than 24 weeks of age, but preferably
before 18 months of age.
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Comparison of hepatitis B vaccine doses

Patient Age/ Recombivax 
Immune Status HB®*† Comvax®*‡ Engerix-B®§II Pediarix®§¶ Twinrix®§#

Infants 5 5 10 10 —
Children or  5** — 10 — —
adolescents age 
≤19 years
Adults age 10 — 20 — 20
≥20 years
Patients who require 40†† — 40‡‡ — —
dialysis or are 
immunocompromised

Values presented as micrograms (mcg) per dose.
*Product of Merck & Co Inc.
†Available as 5 mcg/0.5 mL, 10 mcg/1 mL, or 40 mcg/1 mL.
‡Comvax, which also contains Hib (PRP-OMP), has 5 mcg/0.5 mL, and is for use in infants between the ages of 
6 weeks and 15 months.
§Product of GlaxoSmithKline.
IIAvailable as 10 mcg/0.5 mL or 20 mcg/1 mL.
¶Pediarix, which also contains diphtheria and tetanus toxoids, 3 types of poliovirus vaccine, and acellular pertussis 
antigens, has 10 mcg/0.5 mL and is for use in infants and children between the ages of 6 weeks and 6 years.
#Twinrix, which also contains inactivated hepatitis A vaccine, has 10 mcg/0.5 mL and is for use in persons age 18
years and older.
**The adult 10-mcg dose of Recombivax HB can be used on a 2-dose, 0- and 4- to 6-month schedule for adoles-
cents age 11-15 years.
††Three-dose schedule (0, 1, and 6 months) using special dialysis formulation of 40 mcg/1 mL for each dose.
‡‡Four-dose schedule (0, 1, 2, and 6 months) using 2-mL doses of 20 mcg/1 mL for each dose (for a total of 
40 mcg per dose).
Mast E, et al. In: Vaccines. Philadelphia, Pa: Elsevier; 2004.
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HBsAg-positive mothers. Infants born to HBsAg-
positive mothers should be given both hepatitis B
vaccine and HBIG within 12 hours of birth, regard-
less of gestational age or birth weight. Ideally, infants
weighing 2 kg or more should receive the second dose
of vaccine between the ages of 1 and 2 months and
the third dose at 6 months of age. If the infant weighs
less than 2 kg, the initial dose of hepatitis B vaccine
should not be counted toward completion of the vac-
cine series; additional hepatitis B vaccine should also
be given at 1 month, 2 to 3 months, and 6 to 7
months of age. If a mother has chronic HBV infec-
tion, her infant should be tested between the ages of
9 and 15 months for both HBsAg to detect infection
and anti-HBs to prove successful vaccination.

Mothers with unknown HBsAg status. For infants
born to mothers with unknown HBsAg status, hepa-
titis B vaccine should be given within 12 hours of
birth regardless of gestational age or birth weight,

and maternal blood should be drawn at the time of
delivery to determine HBsAg status. If the test result
is positive, HBIG should be given as soon as possible
but no later than 1 week of age. Because infants
weighing less than 2 kg have unpredictable respons-
es to HBV, they should receive HBIG within 12
hours of birth if their mothers’ HBsAg status cannot
be determined during that time.

Older children, adolescents, and adults. Two
options exist for vaccinating older children, adoles-
cents, and adults against hepatitis B: the typical 3-
dose schedule at times 0, 1, and 6 months or, for ado-
lescents age 11 to 15 years, the adult 10-mcg dose of
Recombivax HB® on a 2-dose schedule at 0 and at 4
to 6 months (TABLE 1).

Haemophilus influenzae type b vaccines.13 Due
to possible induction of immune tolerance to the
antigen, vaccines that contain Hib should not be
administered to children younger than 6 weeks. The
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Hepatitis B vaccine recommendations for infants

Infant Weight
Maternal HBsAg Status ≥2000 g <2000 g

Positive • Administer hepatitis B vaccine and HBIG within • Administer hepatitis B vaccine and HBIG within
12 hours of birth 12 hours of birth

• Give 3 doses of hepatitis B vaccine at 0, 1, and • Give 4 doses of hepatitis B vaccine at 0, 1, 2 to 
6 months of age 3, and 6 to 7 months of age

• Check HBsAg and anti-HBs at 9-15 months of • Check HBsAg and anti-HBs at 9-15 months of age  
age (at least 1-2 months after last dose of (at least 1-2 months after last dose of hepatitis
hepatitis B vaccine) B vaccine)

• If child is negative for both HBsAg and anti-HBs, • If child is negative for both HBsAg and anti-HBs,
administer 3 more doses of hepatitis B vaccine at administer 3 more doses of hepatitis B vaccine at 
2-month intervals and retest; if HBsAg-positive, 2-month intervals and retest; if HBsAg-positive, 
treat as indicated; if anti-HBs ≥10 mIU/mL, treat as indicated; if anti-HBs ≥10 mIU/mL,  
child is protected child is protected 

Unknown • Administer hepatitis B vaccine within • Administer hepatitis B vaccine within 
12 hours of birth 12 hours of birth

• Test mother for HBsAg immediately; • Test mother for HBsAg immediately;
if positive, give HBIG within 7 days of birth if positive or not available by 12 hours, 

give HBIG by 12 hours of age
• Finish vaccinating with 3 doses as above • Finish vaccinating with 4 doses if mother proves 

to be HBsAg-positive as above or routine 3 doses 
if mother proves to be HBsAg-negative

• If mother is HBsAg-positive, test infant as above • If mother is HBsAg-positive, test infant as above
Negative • Administer hepatitis B vaccine at birth and • Administer first dose of hepatitis B vaccine when 

follow routine schedule child reaches age of 1 month or weight of 2 kg if 
child is medically stable, or at hospital discharge 
if child is younger than 1 month, and follow routine
vaccine schedule

Anti-HBs = antibody to hepatitis B surface antigen; HBIG = hepatitis B immunoglobin, 0.5 mL, given IM at a different site from hepatitis B vaccine; 
HBsAg = hepatitis B surface antigen; IM = intramuscular.
American Academy of Pediatrics. In: Red Book: 2006 Report of the Committee on Infectious Diseases. Elk Grove Village, Ill: American Academy of Pediatrics; 2006.
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Hib vaccines are not routinely indicated after 59
months of age because disease prevalence declines.

The schedule for Hib vaccination varies by prod-
uct: 2, 4, 6, and 12 to 15 months for PRP-HbOC
(HibTITER®) and PRP-T (ActHIB®), or 2, 4, and 12 to
15 months for PRP-OMP (PedvaxHIB®). For the com-
bination Hib-hepatitis B vaccine (Comvax®) the
schedule mirrors that of PRP-OMP (ie, no 6-month
dose). The series is completed on or after the first
birthday. Because of concerns about the immune
response to the Hib component, the combination vac-
cine TriHIBit (PRP-HbOC Hib, diphtheria, tetanus,
and acellular pertussis) is not approved for the pri-
mary immunization series in infants, but may be used
as a booster dose after any primary Hib vaccine series.

Influenza vaccine.14 Annual inactivated influenza
virus vaccine is indicated for children age 6 to 59
months, for individuals caring for a child age 0 to 59
months, during any trimester of pregnancy, for per-
sons age 50 years and older, and for individuals with
certain high-risk medical conditions. A new prepara-
tion of influenza vaccine for children younger than 3
years is thimerosal-free (Fluzone®, Influenza Virus
Vaccine, No Preservative: Ped Dose). Live attenuated
influenza vaccine is indicated for healthy persons age
5 to 49 years who do not live in close contact with
severely immunocompromised individuals. (For fur-
ther information, see the article “Recent Changes in
Influenza Vaccination Recommendations, 2007.”) 

Varicella vaccine.15 Pediatric varicella vaccine
(Varivax® containing 1350 PFU) is recommended at
any age 12 months or older with a second booster
dose at age 4 to 6 years. MMRV (ProQuad®) may be
used for both injections. Persons older than age 6
years but younger than age 13 years who received
only 1 dose of varicella vaccine should be given a
second dose at least 3 months after the first dose. For
persons age 13 years and older, the second dose is
given at least 1 month after the first dose. Adult vari-
cella vaccine (Zostavax® containing 19,400 PFU) is
recommended as a 1-time injection for adults age 60
years and older to reduce the incidence of shingles
and postherpetic neuralgia.

Meningococcal vaccine.16 MCV4 is recommended
as a single dose for all 11- to 12-year-olds and as
catch-up vaccination for persons entering high
school or college, especially freshmen planning to
live in dormitories. Consideration should be given to
revaccination with MCV4 3 to 5 years later for per-
sons who received meningococcal polysaccharide
vaccine and remain at high risk.

Diphtheria/tetanus/acellular pertussis vaccines.17,18

The childhood schedule for DTaP has not changed.
Two adolescent/adult formulations of Tdap,
Boostrix® for ages 10 to 18 years and Adacel® for
ages 11 to 64 years, are indicated for all children
ages 11 to 12 years and as catch-up vaccination for
older adolescents. Either vaccine is safe during preg-
nancy. (See “Vaccines for Persons at High Risk,
2007” for a discussion of vaccination during preg-
nancy.) A single booster dose should ideally be given
at least 5 years after the last DTaP/Td. Adacel is indi-
cated as a single dose for the ≥10-year booster or as
1 of the doses in the primary series for all adults age
64 years and younger; after an interval as short as 2
years, Adacel is indicated as 1 dose for all close con-
tacts of infants younger than 12 months and for all
health care workers with direct patient contact.

Other routine vaccines. Poliovirus, MMR, and
pneumococcal vaccines are discussed in the article
“Routine Vaccines Across the Life Span, 2007.”

Late vaccinations and interrupted schedules. If
the childhood vaccination schedule is started late or
interrupted by more than 1 month, the accelerated
(catch-up) vaccination schedule (COLOR CENTERFOLD)
should be used. Use of the minimal intervals between
planned doses ensures catch-up as quickly as possi-
ble. All prior doses of vaccine count toward fulfilling
requirements regardless of elapsed time. Required
vaccines and number of doses vary by age. The care-
ful clinician should consider vaccination status for
each patient regardless of the reason for medical care
and provide appropriate catch-up vaccination.19

Vaccine registries consolidate the vaccination
records of children with multiple health care
providers and identify children in need of vaccina-
tion.20 Registries can be used to generate recall
notices and may prevent excessive vaccination.

Check of vaccination status for preadolescents
and adolescents. According to the ACIP, AAFP, AAP,
and AMA, all children between the ages of 11 and
12 years should be checked for vaccination status for
varicella, hepatitis B, HPV, tetanus, pertussis,
meningococcus, and MMR and receive appropriate
immunization as outlined in the vaccine schedules
(COLOR CENTERFOLD). Preadolescent and adolescent
patients also should be screened for high-risk condi-
tions that indicate the need for influenza, pneumo-
coccal, or hepatitis A vaccines.

The Immunization Action Coalition (IAC) publishes
a screening questionnaire for child and adolescent
immunization needs assessment.
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Adults
The ACIP and the AAFP recommend that all 50-
year-old adults start annual influenza vaccination.
During influenza season, all persons at high risk or
who wish to be vaccinated should be offered
influenza vaccine at every contact regardless of site
(office, hospital, emergency department, etc) to
maximize vaccination opportunities. All adults
should be screened for high-risk conditions such as
chronic pulmonary or cardiac diseases, indicating
the need for annual influenza vaccination and 1-
time pneumococcal polysaccharide vaccine (PPV).
Persons younger than age 65 years should receive 1
dose of Tdap if 10 or more years have elapsed since
previous Td vaccination. After 1 dose of Tdap, all
adults should receive Td every 10 years. Currently,
individuals 65 years of age and older should receive
Td only. All persons 65 years and older should
receive 1 dose of PPV. For individuals 65 years and
older who previously received PPV prior to age 65,
the current recommendation is to repeat the PPV
once, 5 or more years after the prior PPV.

Hepatitis B vaccine should be given to any adult
seeking protection from HBV infection. Women ages
19 to 26 years should be offered HPV vaccine. All
adults born after 1957 should either receive 1 dose of
MMR or have proof of prior vaccination or physi-
cian-diagnosed disease. Two doses of varicella vac-
cine at least 4 weeks apart are indicated for persons
without evidence of immunity. Zoster vaccine should
be given once to persons age 60 years and older.

Check of vaccination status at age 50 years.
Screening adults for high-risk behaviors, such as IV
drug abuse or male homosexual activity, that
require prophylactic vaccination against hepatitis B
or other high-risk infections (hepatitis A, meningo-
coccus) is advised. Screening adults for occupation-
al hazards, such as employment in a dialysis unit,
also is advised. Such questioning may help uncover
specific risk factors. (For further information see the
article “Vaccines for Persons at High Risk, 2007.”) 

The IAC publishes a screening questionnaire for
adult vaccine needs assessment.

Vaccination Procedures
Minimal Intervals and Interference
Doses of a specific vaccine given too close together
or prior to the minimum age may be less immuno-
genic than appropriately spaced or timed doses (see
catch-up schedule, COLOR CENTERFOLD). However,
national authorities recommend a 4-day grace period.

A dose given 5 or more days earlier than the mini-
mum interval or prior to the minimum age is not
valid. A repeat dose should be given at or after the
proper age and follow the invalid dose by at least the
minimum dosage interval for that particular vaccine.

Simultaneous Vaccination 
and Combination Vaccines
Simultaneous administration of routine vaccines at
different anatomic sites is immunogenic, safe, and
recommended in order to increase vaccination rates
and avoid missed opportunities to vaccinate.
Simultaneous vaccination is preferred whenever pos-
sible because compliance with vaccination schedules
increases as the number of visits required to com-
plete immunizations decreases.

Simultaneous administration of different inactivat-
ed vaccines and/or live viral vaccines does not inter-
fere with the immune response. Different live viral
vaccines administered on different dates within 28
days of each other pose a theoretical concern of inter-
ference. Whenever possible, live viral vaccines should
be administered on the same day or 4 or more weeks
apart. If live-virus vaccines are administered on differ-
ent days but less than 4 weeks apart, the vaccine
administered second should be considered invalid and
repeated at least 4 weeks after the invalid dose.

To reduce the number of injections and the costs
associated with receiving separate vaccines, combi-
nation vaccine products are preferred over separate
products, for example, MMRV vaccine instead of
separate injections for each vaccine component.

A combination of hepatitis B and PRP-OMP (Hib)
vaccines (Comvax) is licensed for use only for children
born to HBsAg-negative mothers. Because of an altered
immune response to all Hib vaccines, Comvax should
not be given to infants younger than 6 weeks. To avoid
confusion and the need to store several Hib products,
Comvax may be given at 2, 4, and 12 to 15 months
of age to all infants to provide protection against
both HBV and Hib. This approach is permissible
even though children who received a dose of hepatitis
B vaccine at birth receive 1 more dose than is required,
for a total of 4 doses. Extra doses of an immunizing
antigen are permitted when the benefits are felt to out-
weigh the risks. A dose of Comvax at 6 months of age
to cover hepatitis B is not necessary. For an infant born
to an HBsAg-positive mother, noncombination hepati-
tis B vaccine is utilized for the first injection and prefer-
ably for all follow-up injections, although some experts
allow Comvax to be used for the follow-up injections.

The  Jou rna l  o f  Fami l y  P r a c t i c e   •   F EBRUARY 2007   •   VOL . 56 , NO. 2 n   S51

 



V A C C I N E  S C H E D U L E S  A N D  P R O C E D U R E S ,  2 0 0 7

Pediarix® combination vaccine contains diphtheria
and tetanus toxoids, acellular pertussis antigens, all 3
poliovirus vaccines, and hepatitis B vaccine. This com-
bination is approved for infants between the ages of 6
weeks and 6 years and should be given either as a 3-
dose primary series at 2, 4, and 6 months of age, or
according to the primary series catch-up schedule (1-3
doses), but should not be used for booster shots.

A combination vaccine that protects against both
hepatitis A and hepatitis B (Twinrix®) is licensed for
adults 18 years of age and older and is administered
IM (but not in the buttocks) as a 1-mL dose in a 0-,
1-, and 6-month series.

A combination of MMR and varicella vaccines
forms MMRV (ProQuad), which is given at 12-15
months and repeated at 4-6 years of age. A minimum
of 3 months is necessary between doses.

Vaccine Shortages
Supplies of some vaccines can become inadequate.
The current influenza vaccine supply seems to be
adequate. If the supply becomes limited, only high-
risk patients and the persons who care for them
should be vaccinated with inactivated influenza vac-
cine. Due to prebooking of vaccine supplies prior to
the ACIP recommendation to vaccinate all children 6
to 59 months old, some clinicians may not have ade-
quate vaccine doses for all these children. Clinicians
and other health care providers who did not order
extra doses of influenza vaccine may need to priori-
tize vaccination of children 6 to 23 months of age.
Live, nasally administered influenza vaccine can be
given to well persons between the ages of 5 and 49
years inclusive if they desire vaccine protection.

When faced with shortages, the clinician should
consult either the CDC or the local health depart-
ment for management advice. Current shortages usual-
ly are listed in the news section of the CDC Web site at
http://www. cdc.gov/nip/news/shortages/. In addition,
keeping a list of all patients with deferred vaccines
allows rapid recall when vaccine supplies are again
adequate.

Interchangeability of Vaccines 
From Different Manufacturers
Different manufacturers produce vaccines to prevent
the same disease that vary in their contents. These vac-
cines may be interchanged when a particular antibody
titer is known to protect against disease (called the
serologic correlate of immunity) and when each of the
different vaccines induces protective antibody titers.

Hepatitis B, hepatitis A, or Hib vaccines from differ-
ent manufacturers, given appropriately, confer protec-
tive titers. Although all 3 brands of the Hib vaccine
are interchangeable, PRP-OMP requires only 2 doses
(as opposed to 3) during the first year of life.
However, if PRP-OMP and Hib vaccine from another
manufacturer are interchanged during the first year of
life, then 3 doses (at 2, 4, and 6 months of age) are rec-
ommended for the primary series. All Hib products
require a booster dose, preferably at 12 to 15 months
of age, when any Hib vaccine may be given.

For diseases such as pertussis, in which the serolog-
ic correlate of immunity is unknown, use of a vaccine
from a single manufacturer for at least the first 3 doses
is preferred until studies confirm that administration of
vaccines from different manufacturers in series confers
good protection. If the manufacturer of a child’s previ-
ous dose is unknown or that manufacturer’s product is
not available in the office, then any product is satisfac-
tory, rather than missing the opportunity to vaccinate.

International Adoptions
Information on vaccination of internationally adopt-
ed children is available from the CDC. The vaccine
records that accompany many internationally adopt-
ed children are unreliable. Evaluation of antibody
concentrations against vaccine antigens may be an
alternative method to determine that effective vac-
cines were given and thus to avoid reimmunization
with the full number of required vaccines due at the
child’s current age. To confirm immunity, IgG anti-
body levels can be assessed for measles, mumps,
rubella, varicella, poliovirus, diphtheria, tetanus,
hepatitis B, and hepatitis A. When in doubt, full
catch-up vaccination should be given (see catch-up
schedule, COLOR CENTERFOLD).

Contraindications
Two permanent contraindications to administering a
dose of vaccine are

1. Severe allergy to a vaccine component or his-
tory of anaphylactic reaction to a previous
dose of the vaccine.

2. For pertussis vaccine, encephalopathy without
a known cause 7 or fewer days after adminis-
tration.

If the pertussis component is withheld because of a
contraindication (eg, uncontrolled convulsions, worsen-
ing focal neurologic deficit, or other unstable neurolog-
ic condition) or precaution, pediatric DT should be
administered instead. For the case of true anaphylaxis,
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both the diphtheria and pertussis components are per-
manently contraindicated. In such instances, referral
may be made to an allergist for an assessment of
whether tetanus toxoid can be given or for possible
desensitization to tetanus toxoid.

Some allergies, including contact dermatitis from
neomycin, are not contraindications. Egg allergy is not
a contraindication to MMR or MMRV vaccine,
because the vaccine does not contain egg albumin.
However, influenza vaccine is contraindicated for a
patient who has previously experienced a severe allergic
reaction to eggs. Previous anaphylactic reactions after
MMR vaccination may be due to gelatin allergy. Other
contraindications to specific vaccines include allergy to
baker’s yeast for hepatitis B vaccine; anaphylactic reac-
tion to neomycin for MMR or MMRV, varicella, and
inactivated poliovirus vaccines; and anaphylactic reac-
tion to streptomycin for inactivated poliovirus vaccine.
(Contraindications to influenza vaccine are listed in the
article “Recent Changes in Influenza Vaccination
Recommendations, 2007.”) 

Conditions that are mistakenly labeled as con-
traindications to vaccination include local reactions,
low-to-moderate fevers after previous doses, a family
history of severe adverse events related to DTP vaccine,
mental retardation, stable neurologic disorders, breast-
feeding, or seasonal allergies. None of these conditions
are contraindications.

Four conditions considered temporary contraindica-
tions to vaccination are severe acute illness, immunosup-
pression (all live vaccines), pregnancy (all live vaccines),
and recent receipt of blood products, including
RhoGAM (MMR, MMRV, rotavirus, and varicella).

Severe acute illness. Severe illness, such as pneu-
monia with high fever requiring antibiotics and
bronchodilators, usually warrants postponement 
of vaccination until the patient has recovered from
the acute phase of illness. Low-grade fever and
minor respiratory disease are not contraindications
to vaccination.

Immunosuppression. Generally, suppressed
immune function as a result of an immune deficiency
disease, malignancy, or therapy with high-dose corti-
costeroid drugs (prednisone equivalency of ≥2 mg/kg
per day for ≥14 days), alkylating agents, antimetabo-
lites, or radiation is a contraindication to administra-
tion of live vaccines but not killed vaccines.
Rotavirus, MMR, and varicella vaccines should be
avoided. Although inactivated vaccines may be given
to immunosuppressed persons, immunosuppression
may decrease the antibody response.

The general principle proscribing live vaccines for
immunosuppressed persons has 2 exceptions. First,
persons infected with HIV who are not severely
immunosuppressed (defined as a low age-specific
CD4 count) should receive MMR vaccine when oth-
erwise routinely indicated; and second, although vari-
cella vaccine remains contraindicated for persons
with most cellular immunodeficiencies, it may be
given to persons with humoral immunodeficiencies
and HIV infection. Children infected with HIV who
are not severely immunosuppressed are at increased
risk for morbidity from varicella and herpes zoster
(ie, shingles) compared with healthy children. The
ACIP recommends that, after weighing potential risks
and benefits, 2 doses of varicella vaccine spaced 3
months apart should be considered for asymptomatic
or mildly symptomatic HIV-infected children in CDC
class N or A with age-specific CD4 T-lymphocyte per-
centages of 15% or more. (See ACIP recommenda-
tions for details.) Because of a greater risk for compli-
cations, these vaccinees should return for evaluation
if they experience a postvaccination reaction such as
a varicella-like or measles-like rash. Altered immuno-
competence is a precaution for rotavirus vaccine.

Hematopoietic stem cell transplant (HSCT) recip-
ients have special recommendations for inactivated
and live vaccines based on timing since HSCT (see
http://www.cdc.gov/ncidod/dhqp/gl_stemcell.html).

Pregnancy. Because of theoretical fetal risk,
administration of live-virus vaccines is contraindi-
cated during pregnancy. Women should avoid
becoming pregnant within 28 days of receiving
MMR, MMRV, or varicella vaccine. Inadvertent
administration of a live-virus vaccine during preg-
nancy is not an indication for pregnancy termination
because no data have actually linked live-virus vacci-
nation to fetal malformation. Inactivated vaccines
such as inactivated influenza vaccine, Td, and Tdap
may be used during pregnancy. On rare occasions,
live intranasal influenza vaccine can be given to
pregnant women if clearly indicated (category C).
Unless otherwise contraindicated, all vaccines may
be given to mothers who are breastfeeding.
Pregnancy is not a contraindication to vaccination of
susceptible children living in the same household.

Recent administration of blood products. Blood
products, including RhoGAM, can interfere with
development of an immune response to a live but not
an inactivated vaccine. MMR/MMRV vaccine
should not be given within 6 months after receipt of
whole blood or within 11 months of a large dose of
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IV immunoglobulin. If MMR/MMRV is given first,
blood product administration should preferably be
delayed at least 2 weeks. To ensure rubella immuni-
ty, susceptible women of childbearing age should be
given MMR/MMRV vaccination immediately after
delivery despite the use of RhoGAM and tested for
rubella antibody 8 weeks later. Reimmunization may
be necessary.

Precautions
Some conditions may increase the risk for a serious
adverse event or may compromise vaccine-produced
immunity. The decision to vaccinate is made by
weighing an individual’s risk of acquiring the disease
in question against his or her risk for a vaccine-relat-
ed adverse event and the possibility that the disease
itself will not produce lasting immunity. Precautions
with respect to vaccination in general include mod-
erate-to-severe vomiting or diarrhea or localized
infection such as otitis media. Unless given to treat
specific underlying illness such as Kawasaki disease,
aspirin should be avoided during childhood. Specific
reactions to vaccine, such as thrombocytopenia to
MMR, are reviewed in the 2006 Red Book or prod-
uct circulars. Caution is advised when considering
administration of rotavirus vaccine to infants with
chronic gastrointestinal disorders.

Precautions and warnings for pertussis vaccination.
After pertussis vaccination, precautions to further
doses are (1) temperature of 40.5°C or higher
(≥105°F), not due to another identifiable cause,
within 48 hours of a dose, (2) collapse or shock-like
state (hypotonic-hyporesponsive episode) within 48
hours of a dose, (3) persistent, inconsolable crying
lasting 3 or more hours, occurring within 48 hours
of a dose, or (4) convulsions (possibly accompanied
by fever) within 3 days of a dose.

DTaP vaccination should be postponed for infants
with evolving neurologic disorders, unevaluated
seizures, or neurologic events that have occurred
between doses of pertussis vaccine. Vaccination
should be resumed after the condition is treated and
stabilizes.

Vaccine Information Statements 
for Patients and Parents
Patients or their legal guardians should receive
easy-to-understand information about the benefits
and risks of vaccination. Under the Public Health
Service Act, health care providers administering 
vaccines are required to provide copies of the most
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Prematurity, Epidemics,Tuberculin Testing

Prematurity. Premature infants should be vac-
cinated at the correct chronological age for all
vaccines (see above section on hepatitis B
vaccine). Even the most extremely premature
infants (<29 weeks’ gestation and weighing
<1000 g at birth) vaccinated at the recom-
mended chronological ages usually maintain
antibody titers in the protective range.

Epidemics and outbreaks. To control an epi-
demic, either MMR or measles vaccine may
be given as early as 6 months of age. This
dose does not count as the first dose of vac-
cine; 2 additional doses of MMR vaccine must
be given later as routinely scheduled. If
exposed to measles, unvaccinated persons
age ≥12 months should receive MMR/MMRV
vaccine within 72 hours of exposure. An
immunocompromised person exposed to
measles can be given immunoglobulin, 0.25
mL/kg per dose (maximum 15 mL), IM within
6 days of exposure. Vitamin A (single dose of
100,000-200,000 IU) reduces measles-related
morbidity and mortality in severely ill or mal-
nourished children. Varicella/MMRV vaccine
may reduce the severity of chickenpox if
given preferably within 3 days to a maximum
of 5 days postexposure.

The 2006 outbreaks of both measles and
mumps underscore the need for compliance
with vaccine schedules, particularly avoiding
any delay in vaccination that places persons
at higher risk in these situations. Guidelines
for management of specific outbreaks are
posted on the CDC Web site at http://
www.cdc.gov/nceh/vsp/surv/surv.htm. 

Tuberculin testing. Administering a tuber-
culin test and a live-virus vaccine on the same
day is acceptable. If MMR/MMRV vaccine is
given 1 or more days prior to a planned
tuberculin test, the test should be delayed at
least 4 weeks to avoid a false-negative result.

***********

Wounds and Tetanus Prophylaxis
Administration of tetanus toxoid with or with-
out immunoglobulin is indicated if the patient
did not complete an initial tetanus vaccina-
tion series or has not had a tetanus booster in
the last 5 to 10 years (TABLE 3).21 If indicated,
Td is given to patients age 7 years or older.
For individuals 10 years and older who have
not received a single dose of Tdap previously,
Tdap is preferred. The typical prophylactic
dose of tetanus immunoglobulin is 250 U,
administered IM at a site separate from that
for tetanus toxoid vaccination.

SPECIAL TOPIC
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recent relevant VISs to the patient (including
adults) or guardian prior to vaccination. VISs are 
downloadable in multiple languages from
http://www.cdc.gov/nip/publications/vis/ or http://
www.immunize.org/vis/index.htm. If a VIS is not
available, the provider should supply information
about disease risk, vaccination protection, vaccine-
related adverse event risk, and the recommended
course of action for a serious adverse event. Failure
to provide a current VIS prior to vaccination with
oral poliovirus vaccine has resulted in successful
litigation.

Adverse reaction reporting. Health care providers
are required to report certain adverse vaccination
reactions and may report any adverse reactions to
the Vaccine Adverse Event Reporting System
(VAERS). The VAERS forms and instructions can be
obtained by calling 800-822-7967 or by visiting the
VAERS Web site at http://vaers.hhs.gov/.

Vaccine Injury Compensation Program. The
National VICP provides no-fault compensation for
specified injuries that are temporally related to spec-
ified vaccinations, typically the childhood vaccines.
The program has reduced the risk of litigation for
both providers and vaccine manufacturers.
Information about specific covered adverse events is
available from the Health Resources and Services
Administration by telephoning 800-338-2382 or vis-
iting http://www.hrsa.gov/vaccinecompensation/.

Health care providers who administer VICP-cov-
ered vaccines are required to record, either in an
office log or the recipient’s permanent medical
record, the date of vaccine administration; the vac-
cine’s manufacturer and lot number; and the name,
address, and title of the person administering the
vaccine. Vaccines should be given in a timely manner,

using the appropriate doses and routes of adminis-
tration and following the recommended schedules as
closely as possible. Legal cases against providers who
failed to administer indicated doses of hepatitis B
vaccine or HBIG have been successful.

Pain Control Measures
Fear of the pain from a shot is nearly universal.
Under the current immunization schedule, some
infants or children may require up to 5 shots in 1
visit. Techniques to reduce anxiety for both patients
and parents include psychological preparation,
proper injection technique, and topical and oral
analgesics (both of which require time to work).

Psychological preparation. Providers should
counsel parents that multiple injections are generally
well tolerated. Parents should not use shots as
threats to improve their children’s behavior. Parents
should offer support and comfort, calm the child, or
provide distraction while vaccines are administered.
Children may be held either on a parent’s lap or
chest-to-chest to reduce fear, but the limb to be
injected must be held firmly, preferably against an
immobile surface, to limit recoil from the injection
and the need to repeat a partially injected vaccine
dose. For older children, truth about impending
immunization helps to establish trust for the future.
For infants, various nonpharmacologic techniques
said to be of value include using a pacifier, breast-
feeding, sugar on the tongue, rocking or stroking,
music, and gentle words of reassurance. For older
children, deep breathing exercises, blowing on a pin-
wheel or to make soap bubbles, reading, storytelling,
a magical switch that transforms pain into love
(close to the truth!), and singing are all reported to
reduce pain.
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Tetanus wound prophylaxis

Previous Immunization History

Uncertain or <3 Doses 3 or More Doses*

Type of Wound Give Tdap or Td? Give TIG? Give Tdap or Td? (No TIG Needed)

Clean, minor Yes No No, unless >10 years since previous dose
Contaminated with dirt, feces, or saliva Yes Yes No, unless >5 years since previous dose
Puncture or missile Yes Yes No, unless >5 years since previous dose
Burns, frostbite, or crush injury Yes Yes No, unless >5 years since previous dose

Tdap = tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis; Td = adult tetanus and diphtheria toxoids; TIG = tetanus immune globulin.
*If the individual has only 3 doses of the nonadsorbed (fluid) tetanus toxoid, administer a fourth dose of Td, Tdap, or tetanus toxoid. Nonadsorbed (fluid) vaccine
was only available as single antigen tetanus toxoid; diphtheria and tetanus toxoids and pertussis vaccine (DTP), Td, and pediatric diphtheria and tetanus toxoids (DT)
all use adsorbed preparations.
American Academy of Pediatrics. In: Red Book: 2006 Report of the Committee on Infectious Diseases. Elk Grove Village, Ill: American Academy of Pediatrics; 2006.

TABLE 3
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Topical anesthesia. Physical methods and medica-
tion can induce topical anesthesia. Because ice and
vapocoolant spray provide only brief anesthesia and
can be frightening or initially bothersome, some
sources do not recommend either. However, others
sing their praises. Pressure on or pinching of the skin
for 10 seconds prior to injection can reduce injection
pain. Eutectic (ie, lowest melting point) mixture of
local anesthetic (EMLA® Cream, 2.5% lidocaine and
2.5% prilocaine) effectively provides pain prophylax-
is to a depth of 5 mm. The cream must be applied 1
hour prior to the injection under an occlusive dress-
ing. EMLA cream seems not to reduce the immune
response. Lidocaine under iontophoresis for 10 min-
utes provides anesthesia to a depth of about 10 mm,
but the electrical current may cause discomfort.

Oral analgesics. Oral administration of acetamin-
ophen, 10 to 15 mg/kg, 30 to 60 minutes prior to
vaccination may lessen pain. Acetaminophen is com-
monly prescribed after vaccination to reduce side
effects. Some favor ibuprofen, 5 to 10 mg/kg, espe-
cially if EMLA cream is used, to avoid the unlikely
possibility that simultaneous administration of
EMLA cream and acetaminophen will produce
methemoglobinemia.

Vaccine Administration
DTaP/Tdap/Td, Hib, inactivated influenza, hepatitis
A, hepatitis B, pneumococcal conjugate, meningococ-
cal conjugate, and HPV vaccines are administered
IM. PPV and IPV can be administered either IM or
SQ, but most authorities recommend the IM route for
PPV and the SQ route for IPV. For IPV-containing
combination vaccine, the IM route is used. MMR,
MMRV, meningococcal polysaccharide, varicella,
and zoster vaccines all are administered SQ.
Rotavirus vaccine is given orally. Live attenuated
influenza vaccine is given intranasally. With the
exception of vaccines against rabies and hepatitis B,
vaccines that have not been administered via the rec-
ommended route should be considered valid. In cases
of doubt, the product circular should be consulted.

Site selection. The site for IM injection varies by
age. For children up to the age of 18 months and
often beyond, the anterolateral thigh is preferred.
The deltoid muscle may be used for older children
and adults. With the exception of immunoglobulin
injection, the buttocks should not be used as an
injection site. Preferred SQ injection sites include the
fatty outer aspect of the thigh or triceps area of the
upper arm.

Injection technique. Proper injection technique
requires rapid insertion of the needle through the skin
after a brief warning to the patient. The limb should
be relaxed and placed firmly against an immovable
object. Injection sites in the limb should be spaced at
least 1 to 2 inches apart. Aspiration on the plunger is
NOT required prior to injection. TABLE 45,22 lists rec-
ommended needle gauges and lengths.

For IM injection, the skin is entered at a 90° angle.
Some recommend a Z-shaped track, created by sliding
the stretched skin over the muscle before injection. To
avoid leaving any portion of an IM vaccine in fatty tis-
sue, the syringe plunger should not be depressed when
the needle is withdrawn. For SQ injection, the skin is
entered at a 45° angle while the SQ tissue is pinched
upward to avoid injection into the muscle.

Vaccine Storage
Proper storage is imperative for vaccine efficacy
(TABLE 5).23-25 Because manufacturers may alter stor-
age recommendations after initial FDA approval,
personnel who administer vaccines must review
product circulars periodically.

Vaccine storage requires a continuous electrical feed
outlet with a plug safety lock to the refrigerator/freez-
er, a thermometer used to maintain a daily temperature
log, and cold-chain monitor cards.Vaccines must be on
a tray in the central storage area of the unit, not on the
door. Cold sinks such as water bottles or ice trays can
fill empty refrigerator/freezer space. Food or radioactive
materials must not be in the same refrigerator. Providers
should regularly inspect the refrigerator/freezer for out-
dated vaccines and discard old products. All shipped
vaccine should be received within 48 hours and the
enclosed cold-chain monitor card reviewed prior to
storage. Vaccines for Children (VFC) Program immu-
nizations should be kept separate from commercial vac-
cine supplies. Designating one person in the office
responsible for the vaccine program, preferably with a
second person as back-up, should reduce the burden of
these tasks.

Keeping Current With 
Vaccine Recommendations 
Keeping up with rapidly changing new vaccines and
new recommendations is a challenge for any busy 
physician, but a check of just a few key resources can
confirm the most up-to-date practices and information.
The annually updated, ACIP-generated and AAFP- and
AAP-approved Recommended Immunization Schedules
for Children and Adolescents (COLOR CENTERFOLD) 
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are online at http://www.cdc.gov/nip/recs/child-
schedule.htm. That site also provides the vaccine
catch-up schedule, updates since the last schedule,
and links to other related resources, as well as
instructions on how to access, download, and print
the information, including pocket-size cards. The
ACIP, AAFP, and ACOG Recommended Adult
Immunization Schedule is at http://www.cdc.gov/
nip/recs/adult-schedule.htm, along with a variety of
printing options and related links.

Among the contents of the CDC’s National
Immunization Program (NIP) Web site (http://www.
cdc.gov/nip) are the most recent VISs and informa-
tion about safety concerns, vaccine shortages/delays,
specific vaccines, and other clinical concerns. The
site has pages for both health care professionals and
the general public. The CDC phone immunization
hotline is 800-232-INFO(4636). The Morbidity and
Mortality Weekly Report (MMWR), at http://

www.cdc.gov/mmwr, publishes ACIP recommenda-
tions and links for a free weekly e-mail subscription.
The Pink Book from the CDC contains a large
amount of easily read material on vaccine-preventa-
ble diseases and is available for order by mail, phone
(877-252-1200), fax, or email, or for downloading
(including slides) at http://www.cdc.gov/nip/publica-
tions/pink. The CDC offers educational opportuni-
ties online, by satellite conference, or for self-study,
including course materials and slides, through the
NIP’s Health Professional Home Page at
http://www.cdc.gov/nip/home-hcp.htm or by calling
800-41-TRAIN (800-418-7246). Vaccine informa-
tion for travelers, including CDC’s The Yellow Book,
is available at http://www.cdc.gov/travel or by 
calling the Travelers’ Health Automated Information
Line at 877-FYI-TRIP (877-394-8747).

The AAFP and AAP each publish updated immu-
nization information and policies on their Web sites
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Recommended injection details, based on patient characteristics1,2

Needle 
Injection Needle Patient Length Administration 

Vaccines Route Size Characteristics (inches) Site

DTaP, DT IM 22-25 gauge Very small or preterm infants 5/8 Anterolateral thigh
Hepatitis A Neonate to toddler (12-18 months) 7/8-1 Anterolateral thigh
Hepatitis B Toddler (12-18 months) to older child (36 months) 7/8-1.25 Anterolateral thigh  
Hib or deltoid
HPV Older child (≥36 months) to adolescent (18 years) 7/8-1.5 Deltoid or 
Influenza inactivated anterolateral thigh
Meningococcal conjugate Adolescents and adults by sex and weight:

vaccine Female/male ≤60 kg 5/8-1 Deltoid
Pneumococcal conjugate Male 60-120 kg 1-1.5

vaccine Male >120 kg 1.5-2
Pneumococcal Female 60-90 kg 1-1.5

polysaccharide vaccine* Female >90 kg 1.5-2
Rabies vaccine
IPV* SQ 23-25 gauge — 5/8-3/4 Fat of anterolateral
MMR, MMRV thigh or upper arm
Meningococcal

polysaccharide vaccine
Pneumococcal         

polysaccharide vaccine*
Varicella vaccine
Zoster vaccine
Rotavirus vaccine Oral
Influenza virus, live Intranasal Intranasal: 1/2 dose

in each nostril

DTaP = diphtheria, tetanus, acellular pertussis; DT = diphtheria, tetanus (pediatric); Hib = Haemophilus influenzae type b conjugated; HPV = human papillomavirus;
IM = intramuscular; IPV = inactivated poliovirus vaccine; MMR = measles, mumps, rubella; MMRV = measles, mumps, rubella, varicella; SQ = subcutaneous.
*IPV and pneumococcal polysaccharide vaccine can be given either IM or SQ; most authorities recommend the SQ route for IPV, IM route for PPV.
1American Academy of Pediatrics. In: Red Book: 2006 Report of the Committee on Infectious Diseases. Elk Grove Village, Ill: American Academy of Pediatrics; 2006.
2Immunization Action Coalition. Available at: http://www.immunize.org/catg.d/p3085.htm. Accessed August 6, 2006.

TABLE 4
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(http://www.aafp.org and http://www.aap.org, respec-
tively) and in their publications, the weekly newsletter
AAFP News Now and in the journals American
Family Physician and Pediatrics. The AAFP home
page provides a link to immunization resources,
including schedules, new vaccine recommendations,
and shortage/delay information at http://www.
aafp.org/online/en/home/clinical/immunizationres.html.
Patient information and handouts are available at
http://www.familydoctor.org. The AAP’s Childhood
Immunization Support Program provides parent and

physician information and AAP policies at
http://www.cispimmunize.org. Clinicians can sign up
to receive the AAP Immunization Initiatives
Newsletter at http://www.cispimmunize.org/pro/
pro_main.html. The AAP publishes the Red Book,
available in an electronic version at http://aapredbook.
aappublications.org/, with an option to subscribe to
the Red Book Online for updates or free Red Book
Online e-mail announcements.

The IAC offers publications and resources on immu-
nizations such as standing orders and a compilation of
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Vaccine storage requirements1,2

Vaccine Length of Storage Storage Temperature

DTaP* Not longer than 18 months from MCSD 2°-8°C (35.6°-46.4°F) 
DT* NOT to be frozen 
Tdap* Not longer than 2 years from MCSD
Td*
All Hib conjugate 2 years from MCSD, discard reconstituted vaccine after 24 hours
All hepatitis vaccines* 2 years from MCSD
HPV† Use before expiration date
Influenza: inactivated Use only in year of issue
IPV 1 year from date of issue; do not use vaccine with color, turbidity, 

or particulate matter
MMR or individual 1-2 years from MCSD: protect from light (virus inactivation); may be  
component vaccines frozen, but diluent should NOT be frozen but can be at room 

temperature; discard reconstituted vials within 8 hours
Meningococcal 2 years from MCSD; stable at 37°C (98.6°F) for 4 days; use reconstituted 
(polyvalent and single-dose vial within 24 hours, multidose vials within 5 days
conjugated)
Pneumococcal (polyvalent Expiration date on vial
and conjugated)
Japanese encephalitis virus Expiration date on vial; discard 8 hours after reconstitution
Rabies Expiration date on vial; up to 30 days at room temperature; 

use reconstituted vaccine immediately
Typhoid (inactivated and oral) Expiration date on vial; potency not injured by freezing or 

exposure to ≤27˚C (80˚F)
Varicella‡ 18 months from date of issue; protect from light (virus inactivation); ≤ -15°C (5°F); diluent should not 
MMRV‡ discard reconstituted vials after 30 minutes be frozen and can be at room 
Zoster‡ temperature
Rotavirus vaccine Use before expiration date; protect from light; Transport and refrigerate at 

use immediately after removal from refrigerator 2°-8°C (36°-46°F) 
Yellow fever Shipped in dry ice; expiration date on vial <0°C (32°F)
Influenza: live nasal Shipped in dry ice; use within 30 minutes of warming; available in Store ≤ -15°C (5°F) (frozen type) 

refrigerated formulation or at 2°-8°C (36°-46°F) 
(refrigerated type)

DTaP = diphtheria, tetanus, acellular pertussis; DT = diphtheria, tetanus (pediatric); Hib = Haemophilus influenzae type b conjugated; HPV = human papillomavirus;
IPV = inactivated poliovirus vaccine; MMR = measles, mumps, rubella; MMRV = measles, mumps, rubella, varicella; MCSD = manufacturer’s cold storage date; Tdap =
tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis; Td = adult tetanus and diphtheria toxoids.
*Discard if contains clumps of material that cannot be suspended with vigorous shaking. May occur with 24 hours or longer temperature <2°C (35.6°F) or >25°C (77°F).
†Do not use if particulates present or solution discolored.
‡May store unreconstituted vaccine at 2°-8°C (35.6°-46.4°F) for ≤72 hours.
1Centers for Disease Control and Prevention. Available at: http://www.cdc.gov/nip/vfc/st_immz_proj/vacc_mgmt_guide_utah.pdf. Accessed August 6, 2006.
2American Academy of Pediatrics. In: Red Book: 2006 Report of the Committee on Infectious Diseases. Elk Grove Village, Ill: American Academy of Pediatrics; 2006.

TABLE 5

2°-8°C (35.6°-46.4°F)
NOT to be frozen 
(potency reduced or destroyed)
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other resources on the Web site http://www.immu-
nize.org. The IAC publishes Needle Tips
(http://www.immunize.org/nt/) semi-annually for
health professionals, covering all vaccines and hepa-
titis B, and offers IAC Express (http://www.
immunize.org/express/), a periodic e-mail newsletter
of immunization news, new ACIP recommendations,
and new immunization resources, free of charge.

The National Network for Immunization
Information, a partnership of multiple organizations, is
dedicated to providing scientifically valid information
and news releases to parents, health care professionals,
and the public at its Web site, http://www.
immunizationinfo.org. Their Resource Kit for Health
Care Professionals is available at www.immunizationinfo.
org/healthProfessionals/resource_kit.cfm. E-mail updates
to the kit can be requested.

Another partnership between public and private
organizations, the National Partnership for
Immunization has a Web site at http://www.
partnersforimmunization.org that includes IOM
reports on vaccines, a report on racial and ethnic
disparities in vaccination rates, and travel vaccine
information.

The Johns Hopkins University Institute for
Vaccine Safety at http://www.vaccinesafety.edu/ and
the Vaccine Education Center at The Children’s
Hospital of Philadelphia at http://www.chop.edu/
consumer/jsp/microsite/microsite.jsp?id=75918 pro-
vide reliable vaccine safety information for both
health care professionals and the public.

The Web site of the Group on Immunization
Education (GIE) of the STFM, http://www.
ImmunizationEd.org, which is particularly useful for
the educator, presents photographs, and PowerPoint
slide shows. Providers who visit the site can sign up
to receive the GIE newsletter via e-mail. A CDC-
approved handheld computer (Palm OS and
PocketPC) program, Shots 2007, is available online
or for downloading from either the GIE Web site or
the CDC Web site. Shots is updated at least annual-
ly. The GIE also publishes this supplement to the
Journal of Family Practice every other year.

State and local health departments offer immu-
nization support; state immunization program Web
sites are listed at http://www.immunize.org/
states/index.htm. The CoCASA, an immunization
assessment tool, is available through many state
health departments or the CDC at http://
www.cdc.gov/nip/cocasa. The AFIX program
(http://www.cdc.gov/nip/afix/default.htm) takes 

CoCASA a step further with strategies to raise immu-
nization coverage and standards of practice for vac-
cine providers.

Vaccine manufacturers provide a great deal of con-
tinuing medical education and product information.
Product circulars should always be consulted whenev-
er questions arise. Most manufacturers manage
provider inquiries through their respective Web sites.
Some manufacturers offer vaccine assistance to low-
income, underinsured individuals, for example, Merck’s
program at http://www.merck.com/merckhelps/vaccines/
how_works.html. Manufacturers’ Web sites generally
provide guides to these resources.

To have the most up-to-date information sent
electronically, providers should sign up for
Morbidity and Mortality Weekly Report at
http://www.cdc.gov/mmwr/mmwrsubscribe.html
and IAC Express at http://www.immunize.org/
subscribe/. Keeping up with immunization informa-
tion can be a challenge, but regular use of a few of
the aforementioned resources will provide opportu-
nities to stay informed and to offer patients the best
protection against infectious disease.
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Addressing immunization 
barriers, benefits, and risks

SANFORD R. KIMMEL, MD; ILENE TIMKO BURNS, MD, MPH; ROBERT M. WOLFE, MD;
AND RICHARD KENT ZIMMERMAN, MD, MPH

Vaccines have been highly effective in eliminating or significantly decreasing the occurrence of
many once-common diseases. Barriers to immunization are a significant factor in the rising
incidence rates of some vaccine-preventable diseases. Cost, reduced accessibility to immuniza-
tions, increasingly complex childhood and adolescent/adult immunization schedules, and
increasing focus on the potential adverse effects of vaccines all contribute to difficulty in meet-
ing the 2010 immunization goals. Physicians must not only be knowledgeable about vaccines
but they must incorporate systems in their offices to record, remind, and recall patients for vac-
cinations. They must also clearly communicate vaccine benefits and risks while understanding
those factors that affect an individual's acceptance and perception of those benefits and risks.

Vaccines have almost eliminated or significantly
reduced the incidence of many diseases, but tens

of thousands of children and adults in the United
States continue to develop vaccine-preventable dis-
eases. Reported cases of pertussis have increased from
a low of 1010 cases in 19761 to 25,827 in 2004,2 with
the majority of these cases occurring in adolescents
and adults. Potential reasons for this include genetic
changes in Bordetella pertussis (which make vaccines
less effective), decreased potency of pertussis vaccines,
greater awareness of pertussis, and improved diagnos-
tic tests.3 However, many of these cases are believed to
be caused by waning immunity or inadequate immu-
nization. In 2005, only 76.1% of US children aged 19
to 35 months had received all of the recommended
doses of DTaP, Hib, hepatitis B, MMR, polio, and vari-
cella vaccines, although rates of those who received
most individual vaccines were higher.4 A Healthy
People 2010 goal is to immunize 90% of young chil-
dren and adolescents with age-appropriate vaccines.5

Barriers to immunization are grouped as systems
barriers (eg, those involving the organization of the
health care system and economics), health care
provider barriers (eg, inadequate clinician knowledge
about vaccines and contraindications to their use), and
parent or patient barriers (eg, fear of immunization-

related adverse events).6 These barriers affect immu-
nization rates and increase the burden of preventable
disease in our society.

Systems Barriers to Immunization
Factors affecting the supply and distribution of vaccines
are among the most noticeable systems barriers. The
supply of influenza, conjugate pneumococcal, and,
most recently, tetravalent conjugate meningococcal
(MCV4) vaccines have been inadequate due to a lack of
manufacturing capacity.7 A misdistribution of vaccines
has also occurred. Uninsured and Medicaid-insured
children may qualify to receive vaccines through the
Vaccines for Children program (VFC), but VFC does
not provide funding to reimburse providers for the
costs of administering those vaccines. Uninsured adults
represent another major systems problem.

Provider Barriers to Immunization
Providers may lack knowledge about the indications
for and contraindications to immunization.
Expanded uses for current vaccines such as hepatitis
A vaccine for children aged 12 months or older and
new vaccines against rotavirus and zoster make it
difficult for health care providers to stay current
with immunization schedules. A study of California
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practices found that knowledge deficits regarding
immunization schedules, vaccine contraindications,
and vaccine side effects were present among physi-
cians and nonphysician office staff.8

One early study indicated that almost one half of
nurses (as reported by physicians) were resistant to
giving children 3 or more injections and that parents
and physicians were also uncomfortable about this.9

However, a later study at an inner-city pediatric clin-
ic indicated that parents overwhelmingly complied
with physicians’ recommendations for immuniza-
tions.10 Thus, the attitude the physician transmits to
his or her staff about the importance of immuniza-
tions is crucial. Combination vaccines that decrease
the number of shots administered at a single visit
also enhance compliance.

Logistical barriers faced by health care providers
include the cost of immunizations, vaccine storage
or capacity, and lack of access to patients’ prior immu-
nization records. Vaccines with stringent storage
requirements, such as varicella vaccine or live attenuat-
ed influenza vaccine, may present a challenge.
Fragmentation of patient care makes it more likely that
providers will not have complete immunization records
for patients currently in their care. This can lead to
incomplete immunization and overimmunization.

Missed visits and missed opportunities for immu-
nization when necessary vaccines are not administered
at a visit are also notable barriers to timely completion
of immunization requirements. When health care
providers have routinely assessed a patient’s immu-
nization status and notified patients and parents about
vaccinations that were due (reminders) or overdue
(recalls), immunization rates have improved.
Reminder/recall systems can be time-consuming and
cost-intensive, and they are used infrequently.11 Greater
use of electronic medical record systems should make
reminder/recall systems more efficient.

Immunization registries are computerized databases
that consolidate vaccination data from multiple health
care providers within a defined geographic area and
can generate reminder and recall notices. Currently,
48% of children younger than 6 years old participate
in an immunization registry.12 One national health
objective calls for a participation rate of 95% of chil-
dren younger than 6 years old by the year 2010.5

Patient and Parent 
Barriers to Immunization 
Patients or their parents or guardians may lack
knowledge about immunizations, be fearful of vac-

cine safety, or lack transportation. They may be
unaware of the threat of vaccine-preventable dis-
eases or that safe and effective vaccines are available
against these diseases. Complicated immunization
schedules, fragmented care records, inconvenient
clinic hours, long wait times for immunizations,
transportation problems, and cost are other exam-
ples of logistical barriers to immunization. One
study found that mothers in rural West Virginia were
more likely to have fully immunized children if they
felt that the clinic they attended was “supportive,”
which included variables such as staff who would
clarify immunization schedules, convenient office
hours, and limited wait time for immunizations.6

The VFC program has funded immunizations for
uninsured and Medicaid-insured children since its
inception in 1994, but not all underinsured children
can visit their usual source of health care and receive
these vaccines at no cost. Even low-income parents
of children who qualify for immunizations through a
VFC program at their usual source of care may not
be aware of this program, and these parents contin-
ue to cite cost as a barrier to immunization.13

Families who might qualify for free vaccinations
may face other barriers such as transportation prob-
lems. To limit additional patient trips to health care
providers, all eligible physicians should become VFC
providers so that immunizations can be given at the
child’s medical “home.” However, children who have
health insurance that does not cover immunizations
must continue to receive their vaccinations at public
or federally funded health clinics.

Solutions
Despite the many barriers described above, research
has shown that some interventions can—and do—
improve immunization rates (TABLE 1). In diverse
adult populations, one of the strongest predictors of
influenza immunization is a physician’s recommenda-
tion to receive the vaccine.14,15 In low-income pediatric
populations, enrollment in the Special Supplemental
Nutrition Program for Women, Infants and Children
(WIC)—which offers programs to educate parents
about the importance of immunizations—improves
immunization rates among both urban and nonurban
pediatric populations.13,16

Educational resources for parents who decline
vaccination because of antivaccine misinformation
can be found both in print and on the Internet.
Providers should tell parents about Web sites that
present more balanced and useful information on the
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risks and benefits of vaccination as well as links to
other sources. Among these Web sites are the following:

• American Association of Pediatrics (AAP):
www.aap.org 

• US Centers for Disease Control and Pre-
vention (CDC): www.cdc.gov/nip

• Society of Teachers of Family Medicine’s
Group on Immunization Education (GIE):
www.ImmunizationEd.org 

• Vaccine Information Center at the Children’s
Hospital of Philadelphia: www.chop.edu 

• Immunization Action Coalition (IAC):
www.vaccineinformation.org 

Parents opposed to immunizations are often dis-
trustful of “official” sources but may be more willing
to accept information from their personal physician
who takes time to listen to their concerns and
respond in a thoughtful manner.

Immunization registries are being developed in all
states and in the District of Columbia.17 In 2002, 43%
of all US children had at least 2 immunizations record-
ed in a registry. However, about 40% of children in the
registries had incomplete or missing data on adminis-
tered doses of vaccine.17 Lack of time or staff to enter
data as well as possible transcription errors may make
some physicians hesitant to use these systems; howev-
er, they save time when immunization records are
requested for school or camp forms and improve
immunization rates.18 Another study also showed that
complete computerization of paper immunization
records saved both time and money.19

The Task Force on Community Preventive
Services recommended or strongly recommended
implementation of the following measures to
increase immunization rates20:

• Reminder/recall systems for patients, families,
and providers 

• Requirement of vaccination as a prerequisite
for enrollment in school and childcare

• Decreases in out-of-pocket costs for patients/
families

• Assessment of—and collection of feedback
regarding—immunization rates for individual
providers

• Issuance of standing orders for adult immunization
• Provision of immunization services in homes

and WIC settings
• Implementation of multicomponent interven-

tions that expand access to services and provide
education to target populations.

Interventions tailored to the culture of a
provider’s practice and its patients should increase
immunization rates. A study of tailored standing
orders, reminders, and express vaccination services
in inner-city clinics found that these measures led to
an increase in influenza immunization rates.21

Communicating the Benefits 
and Risks of Vaccines
The benefits of immunization are often obvious to
health care providers; however, patients, parents, and
the general public may have questions or concerns.
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Barriers and solutions to vaccination

Barriers Solutions

Knowledge deficits
• Patients and families • Education through WIC, community outreach, provider recommendation, Web sites 
• Providers • Recognized sources of information/guidelines (AAFP, AAP, and CDC Web sites, AAP Red Book, 

Shots software from www.ImmunizationEd.org)
Fragmented care • Immunization registries
Vaccine shortages • Improved vaccine infrastructure

• Fair reimbursement for vaccines 
Missed visits, missed opportunities • Reminder/recall systems

• Fair reimbursement for vaccination
• Standing orders
• Shared responsibility for identifying needed vaccines with nursing personnel 

during vital signs or through smart electronic records
• Combination vaccines to decrease number of shots required at a visit

AAFP = American Academy of Family Physicians; AAP = American Academy of Pediatrics; CDC = Centers for Disease Control and Prevention; WIC = Special
Supplemental Nutrition Program for Women, Infants and Children.

TABLE 1
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As knowledge of the devastation caused by many
vaccine-preventable diseases fades from public mem-
ory, attention shifts to the occasionally serious
adverse events that may follow immunization. The
dissemination of (mis)information and anecdotal
reports of alleged vaccine reactions by the media, the
Internet, and antivaccine groups causes parents,
patients, and even some health care providers to
question the justification for immunizations.22 Some
physicians may be reluctant to administer immuniza-
tions because of liability concerns. An Ohio study
demonstrated that liability concerns influenced the
decisions of 9% of family physicians and 23% of
pediatricians in their choice of polio vaccines.23

Consequently, vaccines have become victims of their
own success. If a loss of confidence in the vaccine
develops, then an outbreak of disease may ensue,
resulting in resumption of vaccine use.24

Public Perceptions of Vaccine Safety
Parents of incompletely immunized British children
were likely to report that immunization was riskier for
their child than was nonimmunization due to concerns
about vaccine-related side effects, the belief that their
child was not at risk for the disease, or the belief that
the disease was not serious.16 In the United States, con-
cerns about vaccine safety are more common among
parents of underimmunized children, but many par-
ents of fully immunized children have also expressed
such concerns.25 Most family physicians and almost all
pediatricians reported at least 1 vaccine refusal from
parents during the year 2000.26 A Canadian study
found that most mothers would accept a 1:100,000 to
1:1,000,000 risk for a severe vaccine side effect; how-
ever, 14% would not tolerate any serious risk.27

Common Misconceptions 
About Vaccines
Most parents support immunizations for their chil-
dren, but misconceptions do exist. Some parents
believe that the administration of too many immu-
nizations will weaken their child’s immune system28

or cause chronic diseases such as asthma, autism,
diabetes mellitus (DM), or multiple sclerosis (MS).29

Some believe that vaccine-preventable diseases had
already begun to disappear prior to the use of vac-
cines or that there are “hot lots” of vaccines that
have a greater frequency and/or severity of adverse
events.29 Others believe that vaccines are not “natu-
ral” and thus prefer disease-induced immunity.
Individuals often use cognitive shortcuts or heuris-

tics to simplify complex decisions and judgments.30

Parents who are nonvaccinators may believe they
can control their child’s susceptibility to disease,
have doubts about the reliability of vaccine informa-
tion, prefer errors of omission over errors of com-
mission, or rely on herd immunity to protect their
child.31 TABLE 2 summarizes heuristic factors that
affect vaccine-related risk perception.30

Multiple Vaccines and the Immune System
Almost 25% of parents believe that “children get
more immunizations than are good for them.”28

However, most parents and many providers may not
realize that the actual number of antigens in these
vaccines has decreased. For example, the older
whole-cell pertussis vaccine had approximately 3000
antigens compared with 2 to 7 for newer acellular
pertussis vaccines.32 Rather than weakening the
immune system, vaccines may prevent infections that
predispose individuals to serious diseases. For exam-
ple, varicella is often complicated by necrotizing
group A beta-hemolytic streptococcal fasciitis in
children or by pneumonia in adults.32

Explaining Vaccine Benefits and Risks
Physicians serve as the primary source of immuniza-
tion information for most parents and patients. In
one national survey, 84% of respondents indicated
that they received immunization information from a
doctor.28 Physicians must accurately portray the ben-
efits of immunization while acknowledging that vac-
cines are not always effective and—in rare cases—
may be accompanied by serious adverse events.
Providers should inform patients that vaccines are
biologic agents intended to stimulate immunity and
commonly cause local reactions such as redness,
swelling, and soreness at the injection site.

Physicians or other providers must provide the 
current Vaccine Information Statement (VIS) each 
time they administer a vaccine covered under the
National Vaccine Injury Compensation Program
(www.hrsa.gov/vaccinecompensation/table.htm) or
purchased through a CDC grant.33 They must record in
each patient’s medical record the date of administra-
tion, the vaccine manufacturer, the lot number, and the
name and business address of the provider, along with
the edition of the VIS that was given to the patient and
the date on which the vaccine was administered.33

Copies of each VIS can be obtained from the CDC at
www.cdc.gov/nip/publications/vis or the Immunization
Action Coalition at www.immunize.org. Because physi-
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cians and nurses cite time as the most common barrier
to communicating with patients about vaccine risks
and benefits,34 providing the appropriate VIS before a
visit or while a patient and his or her parent(s) are wait-
ing may facilitate subsequent discussions.

Addressing Parents’ Concerns 
Parents who refuse immunization for their children
may have personal, cultural, religious, or experiential
reasons for their refusal. Physicians should acknowl-
edge parents’ concerns and respectfully try to correct
any misinformation. Allowing parents to express their
concerns will increase their willingness to listen to the
physician’s views. In some cases, parents may be will-
ing to accept partial vaccination or to allow the physi-
cian to gradually administer vaccinations if they are
provided slowly over several visits. If a patient or
his/her parents continue to refuse vaccination, then the
physician should document the discussion in the med-
ical record. Some physicians may wish to have parents
(or children if they are legally able to give consent) sign
a statement acknowledging that vaccinations were
refused. A sample form can be obtained from
www.cispimmunize.org/pro/pdf/RefusaltoVaccinate_

2pageform.pdf. The CDC pamphlet Six Common
Misconceptions About Vaccination and How to Respond 
to Them can be obtained from www.cdc.gov/nip/
publications/6mishome.htm.

When parents exhibit omission bias (TABLE 2),
the physician may reframe the issue from the child’s
point of view. One investigator found that “individu-
als opposed to vaccination could be persuaded to vac-
cinate if they placed themselves in the child’s position
and then asked themselves whether they preferred a
greater or lesser chance of death, and whether it mat-
tered if the outcome occurred as the result of some-
one’s act or omission.”30 Parents may subsequently
acknowledge that, from the child’s point of view, it
would not matter whether injury resulted from a nat-
urally occurring disease or a vaccine injury.

Parents who refuse immunization because they
believe that immunization of other children protects
their child (“freeloading”) should be informed that
such action actually increases the risk for disease
with respect to not only their child but also others’
vaccinated children. A Colorado study demonstrated
that children exempted from vaccines were at least
22 times more likely to acquire measles and almost
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Factors or heuristic processes that affect vaccine acceptance

Factors or Processes That May Decrease Vaccine Acceptance

Factor Comment

Compression Overestimate frequency of rare risks (eg, vaccine reactions) and underestimate frequency of common 
risks (eg, morbidity and mortality from vaccine-preventable diseases).

Omission (not taking action) bias May lead to vaccine refusal by parent who thinks, “If my child gets a vaccine reaction, it’s my fault; 
versus commission (action) bias if my child gets a disease, it’s an act of God or Nature.” The parent feels less liable or guilty from an

act of omission than from an act of commission.
Ambiguity aversion Known risks may be more acceptable than unknown risks of lesser magnitude, eg, risks of disease 

vs new vaccine.
Voluntary, controllable risks More acceptable than involuntary risks, eg, some oppose mandatory immunizations, citing lack of choice.
Natural risks More acceptable than man-made risks, eg, risk for natural disease is more acceptable than 

man-made vaccine-related risk.
Frightening or memorable risks Frightening risks are less acceptable than less frightening or memorable risks, eg, dying from a shark 

attack is more frightening than an automobile accident.
Availability An event that is available (accessible or easily remembered) can lead to overestimation of its frequency, 

eg, sensationalized media reports alleging vaccine injury.
Freeloading Vaccine refusers rely on high vaccination rate and herd immunity to protect their unvaccinated loved ones. 

However, this increases the risk for everyone.

Factors or Processes That May Increase Vaccine Acceptance

Factor Comment

Bandwagoning Vaccinate because everyone else is.
Altruism Accept personal risk to benefit community or society.

Ball LK, et al. Pediatrics. 1998;101:453-458.
Copyright © 2005, Society of Teachers of Family Medicine. Used with permission.
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6 times more likely to develop pertussis than were
vaccinated children.35

Common Vaccine Risks
Pain, swelling, and redness at the injection site are
common local reactions following immunization.
Sterile abscesses occasionally occur after injection of
inactivated vaccines.33 Fever and irritability are com-
mon systemic reactions that may be attenuated by giv-
ing acetaminophen. More reports of fever, redness,
swelling, and pain at the injection site have been made
after the fourth dose than the first dose of each of the
licensed DTaP vaccines. Swelling of the entire thigh or
upper arm that lasts for a mean of 4 days has occurred
in 2% to 3% of children after their fourth or fifth
dose of the same DTaP.36 However, local reactions to
vaccines or their components usually are not consid-
ered contraindications for vaccine administration.

Uncommon Vaccine Risks
Allergic reactions occur infrequently after immu-
nizations. For example, the rate of anaphylaxis after
hepatitis B vaccine is 1 in 600,000.33 Yeast proteins
may cause this reaction.37 Gelatin, a vaccine stabiliz-
er, is used in the production of the MMR and vari-
cella vaccines. However, persons with a history of
food allergy to gelatin rarely develop anaphylaxis
after vaccine administration.33 The MMR vaccine—
but not the influenza vaccine—may be given to per-
sons with egg allergy. Neomycin is used in the pro-
duction of the MMR, varicella, inactivated
poliovirus vaccines, and some combination vaccines
(eg, HAV/HBV and DTaP/IPV/HBV) and may cause
a delayed-type local hypersensitivity reaction 48 to
96 hours after administration.33

Febrile seizures, persistent crying that lasts 3
hours or more, and hypotonic-hyporesponsive
episodes have been reported very rarely after DTaP.38

TABLES 3 AND 4 compare the risks for wild
measles, mumps, rubella, and varicella disease with the
risks for adverse events reported after administration
of the MMR and varicella vaccines.33,39-51 The temporal
relation of adverse events to vaccine administration
does not prove causation. TABLES 3 AND 4 also cite
the efficacy of the vaccines in preventing disease.

Controversial and Unproven Risks
Chronic diseases such as autism often are attributed to
vaccines because immunizations are given at a time in
children’s lives when the signs and symptoms of those
diseases first become apparent. Parents are under-

standably frustrated by the lack of an identifiable
cause of their child’s autism and, in their search for
answers, may allege that vaccines caused their child’s
illness because of the temporal relationship between
immunization and disease manifestation.

Well-controlled studies have not documented a
causal relation between administration of the
MMR vaccine and development of autism. A study
by Wakefield et al of 12 children with gastrointesti-
nal diseases and developmental regression hypoth-
esized that such a causal relation might exist.52

However, Taylor et al conducted a study that
included 498 autistic children in the North Thames
health district of the United Kingdom and found no
causal association between MMR vaccine and
autism.53 Patja et al did not identify any cases of
autism associated with almost 3 million doses of
MMR vaccine given to 1.8 million individuals in
Finland over 14 years.44 Madsen et al compared the
records of more than 400,000 Danish children who
received MMR vaccine with those of more than
90,000 unvaccinated children.54 The investigators
did not find any increase in the relative risk for
autistic disorder in vaccinated children over that
for unvaccinated children.54

Allegations also have been made that hepatitis B
vaccine causes chronic fatigue syndrome, MS, or
other autoimmune disorders.55 The Nurses’ Health
Study in the United States evaluated more than
200,000 women and did not find an association
between hepatitis B vaccine and MS.56 A European
study found that administration of the tetanus,
hepatitis B, or influenza vaccines did not increase
the risk for short-term relapse in MS patients.57

Vaccines have not been shown to increase the
risk for type 1 DM.58,59 A Swedish study found that
vaccination against tuberculosis, smallpox, tetanus,
pertussis, rubella, or mumps did not increase the
risk for type 1 DM.60 A Vaccine Safety Datalink
project of the CDC did not find an increased risk for
type 1 DM with any of the routinely recommended
childhood vaccines, including those for DTaP, hepa-
titis B, Hib, MMR, and varicella.61 A Danish study
did not find any significant association of type 1
DM with Hib, DTaP, MMR, or oral polio vaccines.60

Concern also has been expressed that thimerosal,
an ethyl mercury-containing vaccine preservative,
might lead to greater mercury exposure in infants
receiving multiple thimerosal-containing vaccines.
However, multiple epidemiologic studies have not
found a causal association between autistic-
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spectrum disorders and thimerosal-containing 
vaccines.62,63 The Institute of Medicine concluded
that “the evidence favors rejection of a causal rela-
tionship between thimerosal-containing vaccines
and autism.”64 Common childhood vaccines now

contain either no thimerosal or trace amounts of it.
Hepatitis B vaccines, Hib vaccine, and all brands of
DTaP vaccine have formulations that are available
for infants that contain either no thimerosal or trace
amounts of it. There is no thimerosal in the inacti-
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Measles, mumps, and rubella disease and vaccine fact sheet

Risks and Sequelae Measles Disease Mumps Disease Rubella Disease Measles, Mumps, Rubella Vaccine
Risk of acquiring disease

Highest number 894,134 in 19411 152,209 in 19681 12 million in 1964-19651; No cases of congenital rubella 
of US cases 57,686 in 1969 (20,000 reported after immunization of 

cases of congenital rubella pregnant women, but the theoretical 
in 1964-1965)1 maximum risk is 2% vs at least 30% 

risk after wild rubella infection in 
first trimester5

Recent number 66 in 20052 314 in 20052 11 in 20052

of US cases (1 case of congenital 
rubella in 2005)2

Transmission route Droplet spray Direct contact, Direct contact, 
airborne droplets, nasopharyngeal droplet 
and fomites1 contact, or transplacental

Rate of transmission to 90%1 50%-60% of susceptible 
susceptible household family members and 
contacts almost 100% in 

closed populations1

Risk of sequelae
Case-fatality rate 1-3 deaths/1000 1.6-3.8 per 1 death per 30,000 cases 1 death not attributed to vaccine.6

measles cases1,3 10,000 cases3 due to 20% fatality from Fatal measles pneumonitis in one 
2% fatality if encephalitis1 21-year-old man with advanced HIV7

patient develops 
encephalitis1

Encephalitis 1-2 cases/1000 2.5 cases per 1000 1/5000-1/6000 rubella <1 case/million doses3

measles cases1 mumps cases1 cases1,5

Subacute sclerosing 8.5 cases/1 million 20 total cases of progressive 0-0.7 cases/million doses1

panencephalitis measles cases4 rubella  panencephalitis 
since 19741

Pneumonia 1%-6%3 2 cases/million doses6

Thrombocytopenia 1/3000 rubella cases1,5 0.5-40 cases/million recipients3

Orchitis 14%-35% 0.3 case/million doses6

adolescent 
and adult men1

Anaphylaxis 5 cases/million doses; 
none were fatal6

Vaccine efficacy 95% with single dose at 12 months of 
age 
>99% if receive 2 doses separated by 
at least 4 weeks and first dose given 
≥12 months of age3

Copyright © 2005, Society of Teachers of Family Medicine. Used with permission.
1Maldonado Y. In: Behrman et al, eds. Nelson Textbook of Pediatrics. Philadelphia, Pa: WB Saunders Co; 2004; 2Centers for Disease Control and Prevention.
MMWR Morb Mortal Wkly Rep. 2006:55;883-903; 3Pickering LD, ed. Red Book: 2003 Report of the Committee on Infectious Diseases. Elk Grove Village, Ill:
American Academy of Pediatrics; 2003; 4Feikin DR, et al. JAMA. 2000;284:3145-3150; 5Gershon A. In: Mandell et al, eds. Principles and Practice of Infectious
Diseases. Philadelphia, Pa: Churchill Livingstone; 2000; 6Patja A, et al. Pediatr Infect Dis J. 2000;19:1127-1134; 7Baum SG, Litman N. In: Mandell et al, eds.
Principles and Practice of Infectious Diseases. Philadelphia, Pa: Churchill Livingstone; 2000.
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vated poliovirus, MMR, varicella, pneumococcal
conjugate, or MCV4 vaccines. Pediatric and adult
influenza vaccines that contain trace amounts of
thimerosal are now available in unit doses.

Reporting Vaccine Adverse Events
Manufacturers, state health coordinators, health
care providers, and parents may submit reports of
adverse events to the Vaccine Adverse Event
Reporting System (VAERS) by calling 800-822-
7967, visiting the VAERS Web site (http://
vaers.hhs.gov), or using a form found in the
Physicians’ Desk Reference. Definitions of injuries
that may merit compensation and further informa-
tion regarding eligibility and documentation of
claims may be obtained from the National Vaccine
Injury Compensation Program at 800-338-2382 or
at www.hrsa.gov/vaccinecompensation/.

Conclusion
All physicians who provide vaccinations should assess
and develop approaches to increase immunization
rates in their own practices. They should educate
themselves and other health care providers in their
practices about current vaccine recommendations
(including contraindications) and educate patients
and families about the benefits and risks of immuniza-
tions. In this age of information and disinformation,
the importance of properly communicating the bene-
fits and risks of vaccines cannot be overstated.
Physicians should not dismiss parents’ concerns out of
hand. Exploring the reasons for these concerns and
sharing accurate information can go a long way
toward alleviating parental anxiety. Providing basic
immunization information is not only good medicine,
but the appropriate VIS must be provided each time a
vaccine is administered.
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Varicella disease and vaccine fact sheet

Risks and Sequelae Varicella Disease Varicella Vaccine

Risk of acquiring disease

Average number of US cases/year 3.7 million (1980-1990)1

Rate of transmission to 90%1 3 confirmed cases secondary to transmission 
susceptible contacts in immunocompetent persons3,6

Transmission route Direct contact or airborne spread respiratory
tract secretions; transplacental passage

Risk of sequelae

Localized rash 3%-5%3

Generalized varicella-like rash 100% 3%-5%3

Invasive group A streptococcal disease 5.2/100,000 with varicella vs 1 case from 1995-1998 in VAERS6*
0.09/100,000 without varicella2

Anaphylaxis 30 nonfatal cases in VAERS6* 
Herpes zoster (children <20 years old) 68/100,000 person-year3 2.6/100,000 doses3

Thrombocytopenia 1%-2%4 0.3/100,000 doses in VAERS6* 
Arthropathy 0.5/100,000 doses in VAERS6* 
Cerebellar ataxia 1/4000 cases5 0.4/100,000 doses in VAERS6* 
Encephalitis 0.1%-0.2%5 0.3/100,000 doses in VAERS6* 
Pneumonia 1/400 adult cases5 0.2/100,000 doses in VAERS6* 

Congenital varicella syndrome 0.4% between 0 and 12 weeks1

2% between 13 and 20 weeks
Deaths 2-3/100,000 cases4 14 from 1995-1998 in VAERS6*

Vaccine not confirmed as cause

Vaccine effectiveness 70%-85% against mild infection3

>95% against moderate to severe disease3

*VAERS is the Vaccine Adverse Event Reporting System, a passive surveillance system. Data from VAERS do not prove association of an adverse event with the 
vaccine, but may prompt further investigation. The VAERS reporting rate is adverse event per estimated vaccine doses sold.6

1ACIP. MMWR Recomm Rep. 1996;45(RR-11):1-36; 2Laupland KB, et al. Pediatrics. 2000;105:e60; 3Pickering LD, ed. Red Book: 2003 Report of the Committee 
on Infectious Diseases. Elk Grove Village, Ill: American Academy of Pediatrics; 2003; 4Myers MG, et al. In: Behrman et al, eds. Nelson Textbook of Pediatrics.
Philadelphia, Pa: WB Saunders Co; 2004; 5Whiteley RJ. In: Mandell et al, eds. Principles and Practice of Infectious Diseases. Philadelphia, Pa: Churchill Livingstone;
2000; 6Wise RP, et al. JAMA. 2000;284:1271-1279.

Copyright © 2005 Society of Teachers of Family Medicine. Used with permission.
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Society of Teachers of Family Medicine
(STFM)
S59
Special Supplemental Nutrition Program for
Women, infants and Children (WIC)
S62
Splenectomy
C5
STFM (Society of Teachers of Family
Medicine)
S59
STI (sexually transmitted infection)
S1–S5, S44–S45
Storage of vaccines
S59; human papillomavirus, S5; rotavirus, S9
Streptococcus pneumoniae
C2; incidence, S26–S27; mortality, S26; and
race, S26; risk factors, S26–S27, S38
Students
S41–S42; measles, mumps, and rubella 
vaccine for, S30; meningococcal conjugate
vaccine for, S19; meningococcal disease in,
S35, S41

T
Task Force on Community Preventive Services
S63
Td (tetanus and diphtheria toxoids) vaccine
and adults, S51; and pregnancy, S41; recom-
mended administration, S25
Tdap (adult/adolescent tetanus, diphtheria,
and acellular pertussis vaccine)
S19; adverse reactions, S24; efficacy,
S23–S24; for health care workers, S43; and
pregnancy, S41; rationale, S23; recommended
administration, S24 
Tetanus
complications, S25; incidence, S25
Tetanus and diphtheria toxoids (Td) vaccine
and adults, S51; and pregnancy, S41; recom-
mended administration, S25
Tetanus, diphtheria, and acellular pertussis
vaccine (Tdap, adult/adolescent tetanus,
diphtheria, and acellular pertussis vaccine)
S19; adverse reactions, S24; efficacy,
S23–S24; for health care workers, S43; and
pregnancy, S41; rationale, S23; recommended
administration, S24
Thimerosal
S15, S23, S26, S35, S50, S66–S68
TIV (trivalent inactivated influenza vaccine)
S13–S16
Travelers to foreign countries and vaccines
S46; meningococcal disease, S35
Trivalent inactivated influenza vaccine (TIV)
S13–S16
Tuberculin testing
S54
Typhoid
S42, S45–S46, S58

V
Vaccination procedures
S51–S56; combination vaccines, S51; inter-
vals and interference, S51; pain control, S55;
simultaneous vaccination, S51
Vaccine Adverse Event Reporting System
(VAERS)
S35, S55, S68

The Vaccine Fund
S11
Vaccine Information Statement (VIS)
S54, S64
Vaccine Injury Compensation Program
(VICP)
S55
Vaccines
and adults, S51; and childhood diseases, S18;
and high-risk medical conditions, S38–S46;
immunization schedule for adults, C4–C5;
immunization schedule for ages 0–6, C6;
immunization schedule for ages 7–18, C7;
immunization schedule for children and 
adolescents starting late, C8; immunization-
schedule changes, S47; indications, S18, S45;
occupational risks, S41–S44; perceptions and
misconceptions, S64; and preadolescents and
adolescents, S50; precautions, S54; rationale
for, S19; recent changes, S19; routine vaccines
across the life span, S18-S37; shortages, S36,
S52; U.S. policy and program, S47; See also
Vaccination procedures; Vaccine Information
Statement
Vaccines for Children (VFC) Program
S4, S62
VAERS (Vaccine Adverse Event Reporting
System)
S35, S55, S68
Varicella vaccine
S19, S31–S32, S40; and adults, S51; adverse
reactions, S32; catch-up, S41; and children
and adolescents, S50; efficacy, S31; 
immunogenicity, S31; postexposure 
prophylaxis, S31; rationale, S31; 
recommended administration, S32
Varicella-zoster virus (VZV) infection
C2–C3; complications, S31; evidence of
immunity to, S32, S41; incidence, S31–S32;
mortality, S31–S32, S41
Veterinarians/animal handlers and vaccines
S41, S44; hepatitis A virus infection, S44;
rabies virus infection, S44
VFC (Vaccines for Children) Program
S4, S62
VICP (Vaccine Injury Compensation 
Program)
S55
VIS (Vaccine Information Statement)
S54, S64
VZV (varicella-zoster virus infection)
C2–C3; complications, S31; evidence of
immunity to, S32, S41; incidence, S31–S32;
mortality, S31–S32, S41

W
WHO (World Health Organization)
S11, S13, S29
Whooping cough (pertussis)
C1; communicability, S22; complications,
S22; diagnosis, S22; incidence, S22; 
transmission, S22
WIC (Special Supplemental Nutrition 
Program for Women, Infants and Children)
S62
World Health Organization (WHO)
S11, S13, S29
Wounds and tetanus prophylaxis
S54

Y
Yellow Fever
S42, S46, S58

Z
Zoster vaccine 
S19, S32–S33; and adults, S51; adverse 
reactions, S33; complications, S33; 
contraindications, S33; efficacy, S33; 
rationale, S33; recommended administration,
S33
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ActHIB (sanofi pasteur) – Hib
Adacel (sanofi pasteur) – Tdap 

Attenuvax (Merck) – measles 

BioRab (BioPort) – rabies 
BioThrax (BioPort) – anthrax 
Boostrix (GlaxoSmithKline) – Tdap

Comvax (Merck) – HBV/Hib 

Daptacel (sanofi pasteur) – DTaP 
Decavac (sanofi pasteur) – Td 

Dryvax (Wyeth) – Vaccinia (smallpox) 

Engerix-B (GlaxoSmithKline) – HBV 

Fluarix (GlaxoSmithKline) – influenza 
FluMist (MedImmune) – influenza 

(intranasal)
Fluvirin (Chiron) – influenza 
Fluzone (sanofi pasteur) – influenza 

Gardasil (Merck) – HPV 

Havrix (GlaxoSmithKline) – HAV 
HibTITER (Wyeth) – Hib

AAFP American Academy of 
Family Physicians

AAP American Academy of Pediatrics
ACIP Advisory Committee on 

Immunization Practices
ACOG American College of Obstetricians 

and Gynecologists
AFIX Assessment Tips, Feedback Tips, 

Incentive Tips, Exchange of 
Information Tips

AIS adenocarcinoma in situ
AMA American Medical Association

anti-HBs antibody to hepatitis B surface antigen
ARSN Asian Rotavirus Surveillance Network

AVA anthrax vaccine adsorbed

BCG bacillus of Calmette and Guérin 
(tuberculosis) vaccine

BPD bronchopulmonary dysplasia

CAIV-T Cold-adapted influenza vaccine-
trivalent 

CDC Centers for Disease Control 
and Prevention

CIN cervical intraepithelial neoplasia
CoCASA Comprehensive Clinic Assessment 

Software Application

DM diabetes mellitus
DT pediatric diphtheria and 

tetanus vaccine
DTaP diphtheria, tetanus, and acellular 

pertussis vaccine
DTP diphtheria, tetanus, and whole-cell 

pertussis vaccine

FDA US Food and Drug Administration

GIE Group on Immunization Education  
GBS Guillain-Barré syndrome

HAV hepatitis A virus
HBIG hepatitis B immune globulin 

HBsAg hepatitis B surface antigen

HBV hepatitis B virus
Hib Haemophilus influenzae type b
HIV human immunodeficiency virus

HPV human papillomavirus
HSCT hematopoietic stem cell transplantation

HZ herpes zoster
HZV herpes zoster virus

IAC Immunization Action Coalition
IgG immunoglobulin G

IGIV intravenous immune globulin
IM intramuscular

IOM Institute of Medicine
IPV inactivated poliovirus vaccine

IV intravenous

JE Japanese encephalitis

LAIV live attenuated influenza vaccine

MCV4 meningococcal conjugate 
vaccine (tetravalent) 

MMR measles, mumps, and rubella vaccine
MMRV measles, mumps, rubella, and

varicella vaccine
MPSV4 meningococcal polysaccharide 

vaccine (tetravalent) 
MS multiple sclerosis
NIP National Immunization Program 

NNT number needed to treat
NREVSS National Respiratory and Enteric 

Virus Surveillance System

OPV oral poliovirus vaccine
OSHA Occupational Safety and 

Health Administration

PATH Program for Appropriate 
Technology in Health

PCR polymerase chain reaction
PCV pneumococcal conjugate 

vaccine (7-valent)
PFU plaque-forming unit

PHN postherpetic neuralgia

PPV pneumococcal polysaccharide 
vaccine (23-valent)

PRV pentavalent rotavirus vaccine 
(ie, RotaTeq)

QALY quality-adjusted life year

RIG rabies immune globulin
RSV respiratory syncytial virus

RV rotavirus
RVP Rotavirus Vaccine Program

SQ subcutaneous
STFM Society of Teachers of Family Medicine

STI sexually transmitted infection

Td adult tetanus and diphtheria 
toxoid vaccine

TD pediatric tetanus and diphtheria 
toxoid vaccine

Tdap adult/adolescent tetanus, diphtheria, 
and acellular pertussis vaccine 

TIV trivalent inactivated influenza vaccine
TT tetanus toxoid

URI upper respiratory illness

VAERS Vaccine Adverse Event 
Reporting System

VAPP vaccine-associated paralytic 
poliomyelitis 

VAR varicella vaccine
VariZIG varicella-zoster immune globulin  

VFC Vaccines for Children program
VICP Vaccine Injury Compensation Program

VIS Vaccine Information Statement
VLP virus-like particle
VZV varicella-zoster virus

WHO World Health Organization
WIC Special Supplemental Nutrition 

Program for Women, Infants and 
Children

YF yellow fever 

Centers for Disease Control and Prevention. US Vaccine Names. www.cdc.gov/nip/vaccine/vacc-tradenames.htm. Accessed November 27, 2006.

CURRENTLY LICENSED VACCINES: TRADE NAME (MANUFACTURER)

KEY ABBREVIATIONS

Imovax Rabies (sanofi pasteur) – rabies 
Infanrix (GlaxoSmithKline) – DTaP 

Ipol (sanofi pasteur) – polio 

JE-Vax (sanofi pasteur) – 
Japanese encephalitis 

Menactra (sanofi pasteur) – 
meningococcal conjugate 

Menomune (sanofi pasteur) – 
meningococcal  polysaccharide 

Meruvax II (Merck) – rubella 
M-M-R II (Merck) – MMR 

Mumpsvax (Merck) – mumps 

Pediarix (GlaxoSmithKline) – 
DTaP/IPV/HBV

PedvaxHIB (Merck) – Hib 
Pneumovax 23 (Merck) – pneumococcal 

polysaccharide 
Prevnar (Wyeth) – pneumococcal 

conjugate 
ProQuad (Merck) – MMRV

RabAvert (Chiron) – rabies
Recombivax HB (Merck) – HBV 

RotaTeq (Merck) – rotavirus 

TriHIBit (sanofi pasteur) – DTaP/Hib 
Tripedia (sanofi pasteur) – DTaP 
Twinrix (GlaxoSmithKline) – HAV/HBV 

Typhim Vi (sanofi pasteur) – typhoid 

Vaqta (Merck) – HAV
Varivax (Merck) – varicella 

Vivotif Berna (Berna) – typhoid (oral) 

YF-Vax (sanofi pasteur) – yellow fever 

Zostavax (Merck) – zoster (shingles) 

Generic DT (sanofi pasteur) 

Generic Td (Massachusetts Biological Labs)

Generic TT (sanofi pasteur)






