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Overview:

Vaccine-preventable diseases were a major cause of mortality and morbidity in the United

States in the 20th century. With the advent of immunizations, there have been dramatic
rates of decline in these diseases. Clinical studies have shown vaccines to be efficacious and
cost effective. Despite the simplification of the immunization schedule, vaccination rates
are still suboptimal because of missed opportunities. Although several controversies have
arisen about the safety of childhood immunizations, they are yet to be validated. There
have been recent concerns about the stability of the infrastructure that supports the U.S.
immunization program. Research has established strong evidence that certain interven-
tions can increase vaccination coverage rates. The American College of Preventive
Medicine outlines recommendations for childhood immunizations.

(Am ] Prev Med 2003;25(2):169-173) © 2003 American Journal of Preventive Medicine

Burden of Suffering

accine-preventable diseases were a major cause

of morbidity and mortality in children prior to

the institution of routine immunizations. The
annual incidences of measles and pertussis in the
United States, for instance, was greater than 800,000
and 70,000, respectively, in the 1940s, with high associ-
ated rates of pneumonia, encephalitis, and death."*
Paralytic poliomyelitis occurred in epidemic waves, crip-
pling thousands of children in its wake, while Haemophilus
influenzaetype b (Hib) affected 1in 200 U.S. children with
severe systemic disease.”* Rubella was responsible for
causing devastating congenital defects in thousands of
children born to infected mothers.® Tetanus, mumps,
and diphtheria were likewise significant causes of child-
hood morbidity and mortality in prevaccination years.”
Hepatitis B, infecting approximately 200,000 individu-
als annually in the United States, may cause complica-
tions such as fulminant liver failure, cirrhosis, and
hepatocellular carcinoma.” The highly prevalent vari-
cella infection is generally mild in healthy children, but
results in lost school and workdays as well as leading
occasionally to serious medical complications and 100
deaths per year in the United States.” Each year in the
United States, an estimated 100 persons die as a result
of acute liver failure due to hepatitis A.” Finally, Strep-

From the Preventive Medicine Residency Program, Department of
Social Medicine, University of North Carolina at Chapel Hill, Chapel
Hill, North Carolina

Address correspondence and reprint requests to: Yemisi Adetunji,
MD, MPH, Center for Health Promotion and Disease Prevention,
CB# 7426, University of North Carolina at Chapel Hill, Chapel Hill
NC 27599-7426. E-mail: yadetunji@aol.com.

Am J Prev Med 2003;25(2)

© 2003 American Journal of Preventive Medicine e Published by Elsevier Inc.

tococcus pnewmoniae infection remains a leading cause of
serious illnesses such as pneumonia, bacteremia, and
meningitis in young children.®

Description of Preventive Measures

Childhood immunizations consist of a series of intra-
muscular or subcutaneous injections of inactivated
bacteria, toxoids, live attenuated viruses, or inactive
viral antigens. Currently it is recommended that all
children receive immunization against 11 diseases:
diphtheria, tetanus, pertussis, measles, mumps, rubella,
polio, H. influenza b (Hib), hepatitis B, varicella, and S.
pneumoniae. Most of the immunizations are given as
combined vaccines during routine well-child checks in
the first 2 years of life. A new unified schedule for
immunizations recommended by the American Acad-
emy of Pediatrics (AAP), the American Academy of
Family Physicians (AAFP), and the Centers for Disease
Control and Prevention’s (CDC) Advisory Committee
on Immunization Practices (ACIP) is reviewed regu-
larly, and an updated national schedule is issued annu-
ally in January to incorporate new vaccines and revised
recommendations. The January 2003 schedule simpli-
fied the dosing intervals and included the newly li-
censed pneumococcal conjugate vaccine (PCV7), as
well as new recommendations for polio vaccine (see
Figure 1). While pre-event smallpox vaccination is not
recommended in children,” the influenza vaccine is
recommended for children aged >6 months with cer-
tain risk factors and encouraged in healthy children
aged 6 to 23 months.'? Additionally, hepatitis A vaccine
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Figure 1. Continued.
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Table 1. Baseline 20th-century annual morbidity and 2001
provisional morbidity from nine diseases with vaccines
recommended before 1990 for universal use in children in
United States?3-26

20th-

century 2001

annual provisional
Disease morbidity morbidity % decrease
Congenital rubella 323 2 99.8
Diphtheria 175,885 2 100.0
Hib 20,000* 183 99.1
Measles 503,282 108 100.0
Mumps 152,209 231 99.8
Pertussis 147,271 5,396 96.3
Polio (paralytic) 16,316 0 100.0
Rubella 47,745 19 100.0
Smallpox 48,164 0 100.0
Tetanus 1,314 27 97.9

“Estimated number of cases from population-based surveillance stud-
ies before vaccine licensure in 1985.

is recommended for all children in selected geographic
areas and in certain high-risk groups.'’

Evidence of Effectiveness

Clinical studies of vaccines have shown them to be 85%
to 100% effective after appropriate dosing, with the
exception of pertussis, which is 62% to 92% effec-
tive.">'7 The clinical effectiveness of immunizations,
however, is best substantiated by observing the dramatic
decline in incidence of disease since their institution.
Poliomyelitis has been eradicated from the western
hemisphere and many other parts of the world (<20
countries now have circulating wild polioviruses).'®'?
Measles, which once infected essentially every child
born in the United States, is no longer an endemic
disease.?” During the first 6 years after licensure of an
effective vaccine, the incidence of invasive H. influenzae
disease, for example, declined by 95% among children
aged <5 years.”' This rapid decline occurred in spite of
a vaccination rate of only 36% in 12- to 23-month-old
children in 1992.*' In 1997, coverage for three doses of
Hib by age 24 months reached 93%, and the number of
reported Hib invasive disease cases among children
aged <5 years declined 99%.%* Similar dramatic rates
of decline of reported cases are seen with many of the
other vaccine-preventable diseases™® (see Table 1).
Since hepatitis B affects chiefly adolescents and adults,
the benefits of its vaccine will likely not be appreciated
for another 10 to 20 years. Long-term studies of hepa-
titis B vaccine indicate that immune memory remains
intact for =12 years and protects against chronic hep-
atitis B infection, even though antibody concentrations
are low or undetectable.” No postlicensure data are yet
available for the effect of the recently licensed pneu-
mococcal conjugate vaccine; however, clinical trials sug-
gest >90% efficacy in the prevention of invasive disease.®

Most of the adverse effects of immunizations, such as
fever, local tenderness at the site of administration, and
irritability, are mild and selflimited. Of the more
serious side effects, the whole cell pertussis vaccine
(DTwP) is most likely to cause adverse events with
incidence of seizures or hypotonic-hyporesponsive epi-
sodes in 1 per 1750 doses.” The rates of similar adverse
events following immunization with acellular pertussis
vaccine have not yet been determined, but because the
diphtheria, tetanus, and acellular pertussis (DTaP)
vaccine causes high fever less frequently than DTwP,
seizures are anticipated to be much less likely following
receipt of DTaP.” The measles, mumps, and rubella
(MMR) vaccine is rarely associated with encephalopa-
thy (1 in 1 million doses).” Although the risk of
vaccine-associated paralytic polio (VAPP) is low (1 in
2.4 million doses of oral polio vaccine [OPV]), an
inactivated polio vaccine (IPV)-only schedule for all
doses has been adopted in order to eliminate VAPP.*?”
The significant public health benefits of these vaccines
far outweigh their infrequent harm. Eliciting a brief
history prior to administration can minimize other risks
such as transmission of disease with live-virus vaccines
to immunocompromised individuals or the risk of
anaphylaxis in egg-allergic individuals (e.g., MMR).
The full list of adverse effects from immunizations is
listed in the AAP’s Red Book Report of the Committee on
Infectious Diseases.”

Public Policy Considerations

Funding for vaccines comes from federal Section 317
grants and state revenues, state Child Health Insurance
plans, the Vaccines for Children program, and private
insurance. Recent fluctuations in healthcare programs
and reductions in federal Section 317 grants have
resulted in instability in the public health infrastructure
that supports the U.S. immunization program.?® The
cost effectiveness of routine childhood immunizations
has been well documented, with one estimate suggest-
ing that for each dollar spent now on immunization,
$10 to $14 will be saved by preventing diseases in the
future.*

Despite the incontrovertible evidence that vaccines
are an efficient and cost-effective means of reducing
morbidity and mortality, immunization coverage re-
mains suboptimal in preschool children. In 2000, only
76% of 19- to 35-month-old children were fully immu-
nized.” Coverage levels in areas of poverty and many
metropolitan areas with large populations of low-in-
come residents remain below national levels. In 1996
and 1999, there was a 13.6% and 10% difference,
respectively, in vaccination coverage between children
living in severe poverty and those living above pover-
ty.*! Although series-complete vaccination rates are
suboptimal among U.S. children, individual vaccine
coverage rates exceed 90% for three or more of DTP,

172 American Journal of Preventive Medicine, Volume 25, Number 2



one or more doses of a measles-containing vaccine,
three or more doses of hepatitis B vaccine, and three or
more doses of Hib vaccine. Coverage rates are lower for
three or more doses of OPV, four or more doses of DTP
vaccine, and one dose of varicella vaccine.

Part of the problem lies with healthcare providers
who misinterpret contraindications or miss opportuni-
ties, such as sick visits, emergency room visits, or visits
during which a sibling or parent is being seen, to
administer needed vaccines. During the 1989-1991
measles outbreak, 53% of preschool children in Dallas
and New York who developed measles had been eligible
to receive the vaccine at the time of a healthcare visit.>
In addition, parents frequently face many obstacles,
both logistic and financial, in seeking immunizations
for their children. Inconvenient office hours, long
waiting times, and the often-unnecessary prerequisite
for a full “well-child” check impede the efficient deliv-
ery of vaccines. Currently, all states have immunization
mandates for school and daycare facilities.*”

In addition to the direct protection of individuals
who are vaccinated, vaccines also protect the commu-
nity by decreasing the spread of infectious agents. For
diseases spread through person-to-person contact, a
high level of immunization in a community may disrupt
the transmission of disease, thus protecting those who
have not been immunized or who did not respond to
the immunization. This indirect protection is called
“herd immunity.” Exact levels of community immuni-
zation needed for herd immunity are not known.**

In order to address these issues, the National Vaccine
Advisory Committee (NVAC) developed the Standards
for Child and Adolescent Immunization Practices,
which includes 17 standards that constitute essential
vaccine policiess‘a’?'6 (see Table 2). In addition, vaccina-
tion registries, follow-up and reminder systems, incen-
tives, and performance measures such as the Health
Plan Employer Data and Information Set 3.0 (HEDIS)
can enhance compliance, especially for preschool
children.?”*"

Although vaccines undergo extensive safety and effi-
cacy evaluations prior to licensure, postlicensure evalu-
ation is critical because of the risk of rare reactions.
Providers should help ensure vaccine safety by support-
ing ongoing surveillance and monitoring systems. Re-
porting suspected side effects to the Vaccine Adverse
Events Reporting System (VAERS), good record keep-
ing, adequate spacing of vaccines, and adherence to
storage and administration recommendations are es-
sential. In 1986, the U.S. Congress passed the National
Childhood Vaccination Act, resulting in the creation of
the Vaccine Injury Compensation Program (VICP),
which compensates individuals for health concerns
arising after vaccination. This program provides liabil-
ity protection for manufacturers and pediatricians in
order to ensure their continued participation in the
vaccination program.

Table 2. National Vaccine Advisory Committee’s Standards
for Child and Adolescent Immunization Practices

1. Vaccination services are readily available.

2. Vaccinations are coordinated with other health/care
services and provided in a medical home when possible.

3. Barriers to receiving vaccines are identified and
minimized.

4. Patient costs are minimized.

5. Healthcare professionals review the vaccination and
health status of patients at every encounter to
determine which vaccines are indicated.

6. Healthcare professionals assess for and follow only
medically accepted contraindications.

7. Parents/guardians and patients are educated about the
benefits and risks of vaccination in a culturally
appropriate manner and in easy-to-understand
language.

8. Healthcare professionals follow appropriate procedures
for vaccine storage and handling.

9. Up-to-date written vaccination protocols are accessible
at all locations where vaccines are administered.

10. Persons who administer vaccines and staff who manage
or support vaccine administration are knowledgeable
and receive ongoing education.

11. Healthcare professionals simultaneously administer as
many indicated vaccine doses as possible.

12. Vaccination records for patients are accurate, complete,
and easily accessible.

13. Healthcare professionals report adverse events following
vaccination promptly and accurately to the Vaccine
Adverse Event Reporting System (VAERS) and are
aware of a separate program, the National Vaccine
Injury Compensation Program (VCIP).

14. All personnel who have contact with patients are
appropriately vaccinated.

15. Systems are used to remind parents/guardians, patients,
and healthcare professionals when vaccinations are due
and to recall those who are overdue.

16. Office or clinic-based patient record reviews and
vaccination coverage assessments are performed
annually.

17. Healthcare professionals practice community based
approaches.

Recommendations of Other Groups

Two major groups, the AAP’s Committee on Infectious
Diseases and ACIP, have traditionally developed vac-
cine guidelines since the 1960s. Because of the poten-
tial for confusion over their slightly differing immuni-
zation schedules, however, these two groups joined with
the AAFP in 1995 to produce a unified schedule for
childhood immunizations. These recommendations ap-
pear regularly in the CDC’s Morbidity and Mortality
Weekly Report and the AAP’s Red Book. The joint group
also included representatives from the National Insti-
tutes of Health and the Food and Drug Administration,
and received input from state immunization programs,
the Maternal and Child Health Bureau of the Health
Resources and Services Administration, and vaccine
manufacturers.

In its Guide to Clinical Preventive Services, the U.S.
Preventive Services Task Force recommendations for

Am | Prev Med 2003;25(2) 173



childhood immunizations echo those of the joint
group. The Task Force on Community Preventive Ser-
vices, which accepts these recommendations for child-
hood immunizations, conducted a systematic review of
the literature to address interventions to improve vac-
cine coverage. The Task Force concluded that strong
evidence exists that client reminder recall; multicom-
ponent interventions (including education, reducing
out-of-pocket costs, and expanding access in medical or
public health clinical settings as part of a multicompo-
nent intervention); provider reminder/recall interven-
tions; assessment and feedback of vaccination coverage
information to providers; as well as standing orders in
adults are effective in improving vaccination cover-
age.”*” They also found that there is sufficient evi-
dence that vaccination requirements for childcare,
school, and college attendance, interventions in
Women, Infant, and Child (WIC) settings, and home
visit interventions are effective in improving vaccina-
tion coverage.””*” These findings are recommended
and are contained in one of the first completed chap-
ters in its upcoming Guide to Community Preventive
Services. The current child and adolescent immuniza-
tion schedule is designed to facilitate early administra-
tion of vaccines while providing flexibility for individual
circumstances.

Rationale Statement

All the vaccines licensed for routine use in children and
recommended by the joint committee have been effi-
cacious in studies. Most of them—including measles,
mumps, rubella, polio, diphtheria, pertussis, tetanus,
hepatitis B, varicella, hepatitis A, and Hib—have also
been proven effective and safe during their many years
of use. Whether the newer pneumococcal conjugate
vaccine will result in similar public health benefits is
uncertain, although studies do suggest that it is safe and
cost effective.®

Several controversies in the area of childhood immu-
nizations have recently arisen. In response to recent
studies showing acellular pertussis vaccine to be equally
efficacious to the whole cell vaccine with fewer side
effects, it is now the preferred option.*' Preliminary
postlicensure studies suggested an increased risk of
intussusception following vaccination with the recently
licensed rotavirus vaccine. Although the incidence of
intussusception was low (125 per 100,000 infant years),
the concern led to a suspension of the recommenda-
tion for rotavirus vaccination.*” Case-control studies
conducted subsequently resulted in the withdrawal of
rotavirus vaccine.” Also recent concerns about mercu-
ry-based preservatives in vaccines have led to the devel-
opment of Thimerosal-free vaccines.** Although there
has been growing public concern about possible links
of the MMR vaccine to autism and inflammatory bowel
disease, several studies have shown a lack of causal

association.” *® Similar concerns between hepatitis B

vaccine and multiple sclerosis have not been validat-
ed.* The Institute of Medicine Immunization Safety
Review Committee recently found no epidemiologic
evidence supporting a causal relationship between mul-
tiple immunizations and an increase in the incidence of
infections by other pathogens.”

Recommendations of the American College of
Preventive Medicine

All  children without established contraindications
should receive DTaP, MMR, Hib, hepatitis B, varicella,
IPV, and pneumococcal conjugate vaccinations as out-
lined in the Unified Schedule of Childhood Immuni-
zations and as detailed in the ACIP’s General Recom-
mendations on Immunization. Children in selected
areas with high rates of hepatitis A should receive
hepatitis A vaccination.” Children with special risk
factors, such as compromised immune systems, may
require additional immunizations.”

All healthcare providers should adopt the Standards
for Child and Adolescent Immunization Practices de-
veloped by the National Vaccine Advisory Committee
outlined in Table 2, and promote the Healthy People
2010°" goal of 90% vaccination rate of 2-year-olds in
their communities.

Research priorities should include:

e Development of new vaccines for diseaseImprove-
ment of immunogenicity and minimizing of the
adverse effects of existing vaccines

e Development of new combinations of vaccines and
needleless vaccine delivery systems, which will help to
minimize the emotional and physical trauma and
inefficiency of multiple injections in children while
promoting compliance

e Ensuring uninterrupted supplies of vaccines, includ-
ing increased funds for vaccine supplies, strengthen-
ing the VICP to include all active and inactive vaccine
ingredients in the definition of the vaccine, and
streamlining and strengthening the regulatory pro-
cess for vaccine production

e Definition of optimum systems-level interventions for
childhood immunizations, including investigation of
the role of managed care entities in immunization
delivery, the impact of local, state, and national
immunization registries, and exploration of other
community-wide programs and projects aimed at
enhanced immunization (e.g., the role of schools)

e Investigation of the effectiveness, applicability, eco-
nomic impact, and barriers to recommended inter-
ventions for improving vaccine coverage rates”*"

e Adoption of strategies that would increase funding to
strengthen the infrastructure of immunization pro-
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grams, reorganize Section 317 grants to improve
infrastructure stability, introduce state match re-
quirements for increased funding, and develop con-
sistent measures for monitoring the status of children
enrolled in public and private health plans®*
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