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A bs tr ac t

Vaccines are among the most effective prevention tools available to clinicians. How-
ever, the success of an immunization program depends on high rates of acceptance 
and coverage. There is evidence of an increase in vaccine refusal in the United States 
and of geographic clustering of refusals that results in outbreaks. Children with 
exemptions from school immunization requirements (a measure of vaccine refusal) 
are at increased risk for measles and pertussis and can infect others who are too 
young to be vaccinated, cannot be vaccinated for medical reasons, or were vacci-
nated but did not have a sufficient immunologic response. Clinicians can play a 
crucial role in parental decision making. Health care providers are cited as the most 
frequent source of immunization information by parents, including parents of un-
vaccinated children. Although some clinicians have discontinued or have consid-
ered discontinuing their provider relationship with patients who refuse vaccines, the 
American Academy of Pediatrics Committee on Bioethics advises against this and 
recommends that clinicians address vaccine refusal by respectfully listening to 
parental concerns and discussing the risks of nonvaccination.

Vaccines are among the most effective tools available for pre-
venting infectious diseases and their complications and sequelae. High im-
munization coverage has resulted in drastic declines in vaccine-preventable 

diseases, particularly in many high- and middle-income countries. A reduction in 
the incidence of a vaccine-preventable disease often leads to the public perception 
that the severity of the disease and susceptibility to it have decreased.1 At the same 
time, public concern about real or perceived adverse events associated with vaccines 
has increased. This heightened level of concern often results in an increase in the 
number of people refusing vaccines.1,2

In the United States, policy interventions, such as immunization requirements for 
school entry, have contributed to high vaccine coverage and record or near-record 
lows in the levels of vaccine-preventable diseases. Herd immunity, induced by high 
vaccination rates, has played an important role in greatly reducing or eliminating 
continual endemic transmission of a number of diseases, thereby benefiting the 
community overall in addition to the individual vaccinated person.

Recent parental concerns about perceived vaccine safety issues, such as a purported 
association between vaccines and autism, though not supported by a credible body of 
scientific evidence,3-8 have led increasing numbers of parents to refuse or delay vacci-
nation for their children.9,10 The primary measure of vaccine refusal in the United 
States is the proportion of children who are exempted from school immunization re-
quirements for nonmedical reasons. There has been an increase in state-level rates of 
nonmedical exemptions from immunization requirements.11 In this article, we review 
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the evidentiary basis for school immunization re-
quirements, explore the determinants of vaccine 
refusal, and discuss the individual and community 
risks of vaccine-preventable diseases associated 
with vaccine refusal.

E volu tion of U.S.  Immuniz ation 
R equir emen t s

Vaccination was introduced in the United States at 
the turn of the 19th century. The first U.S. law to 
require smallpox vaccination was passed soon af-
terward, in 1809 in Massachusetts, to prevent and 
control frequent smallpox outbreaks that had sub-
stantial health and economic consequences.12-14 
Subsequently, other states enacted similar legisla-
tion.13 Despite the challenges inherent in estab-
lishing a reliable and safe vaccine delivery sys-
tem, vaccination became widely accepted as an 
effective tool for preventing smallpox through 
the middle of the 19th century, and the incidence 
of smallpox declined between 1802 and 1840.15 
In the 1850s, “irregular physicians, the advocates 
of unorthodox medical theories,”16 led challenges 
to vaccination. Vaccine use decreased, and small-
pox made a major reappearance in the 1870s.15 
Many states passed new vaccination laws, where-
as other states started enforcing existing laws. 
Increased enforcement of the laws often resulted 
in increased opposition to vaccination. Several 
states, including California, Illinois, Indiana, Min-
nesota, Utah, West Virginia, and Wisconsin, re-
pealed compulsory vaccination laws.15 Many other 
states retained them.

In a 1905 landmark case, Jacobson v. Massachu-
setts, which has since served as the foundation for 
public health laws, the U.S. Supreme Court en-
dorsed the rights of states to pass and enforce 
compulsory vaccination laws.17 In 1922, decid-
ing a case filed by a girl excluded from a public 
school (and later a private school) in San Antonio, 
Texas, the Supreme Court found school immuni-
zation requirements to be constitutional.18 Since 
then, courts have been generally supportive of 
the states’ power to enact and implement im-
munization requirements.

Difficulties with efforts to control measles in 
the 1960s and 1970s ushered in the modern era 
of immunization laws in the United States.12 In 
1969, a total of 17 states had laws that required 
children to be vaccinated against measles before 
entering school, and 12 states had legally man-

dated requirements for vaccination against all 
six diseases for which routine immunization was 
carried out at the time.13 During the 1970s, ef-
forts were made to strengthen and strictly en-
force immunization laws.12,13 During measles 
outbreaks, some state and local health officials 
excluded from school those students who did not 
comply with immunization requirements, result-
ing in minimal backlash, quick improvement in 
local coverage, and control of outbreaks.19-22 Ef-
forts by the public health community and other 
immunization advocates to increase measles vac-
cine coverage among school-age children resulted 
in enforcement of immunization requirements for 
all vaccines and the introduction of such require-
ments in states that did not already have them. By 
the beginning of the 1980s, all 50 states had 
school immunization requirements.

R ecen t Scho ol Immuniz ation 
R equir emen t s

Because laws concerning immunization are state-
based, there are substantial differences in require-
ments across the country. The requirements from 
state to state differ in terms of the school grades 
covered, the vaccines included, the processes and 
authority used to introduce new vaccines, rea-
sons for exemptions (medical reasons, religious 
reasons, philosophical or personal beliefs), and 
the procedures for granting exemptions.23

State immunization laws contain provisions for 
certain exemptions. As of March 2008, all states 
permitted medical exemptions from school im-
munization requirements, 48 states allowed reli-
gious exemptions, and 21 states allowed exemp-
tions based on philosophical or personal beliefs.23 
Several states (New York, Arkansas, and Texas) 
have recently expanded eligibility for exemptions.

Secul a r a nd Geo gr a phic Tr ends 
in Immuniz ation R efus a l

Between 1991 and 2004, the mean state-level rate 
of nonmedical exemptions increased from 0.98 to 
1.48%. The increase in exemption rates was not 
uniform.11 Exemption rates for states that allowed 
only religious exemptions remained at approxi-
mately 1% between 1991 and 2004; however, in 
states that allowed exemptions for philosophical 
or personal beliefs, the mean exemption rate in-
creased from 0.99 to 2.54%.11
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Like any average, the mean exemption rate 
presents only part of the picture, since geograph-
ic clustering of nonmedical exemptions can result 
in local accumulation of a critical mass of sus-
ceptible children that increases the risk of out-
breaks. There is evidence of substantial geograph-
ic heterogeneity in nonmedical-exemption rates 
between and within states.24 For example, in the 
period from 2006 through 2007, the state-level 
nonmedical-exemption rate in Washington was 
6%; however, the county-level rate ranged from 1.2 
to 26.9% (Fig. 1).25 In a spatial analysis of Michi-
gan’s exemption data according to census tracts, 
23 statistically significant clusters of increased 
exemptions were identified.26 Similar heteroge-
neity in exemption rates has been identified in 
Oregon27 and California (unpublished data). 

The reasons for the geographic clustering of 
exemptions from school vaccination requirements 
are not fully understood, but they may include 
characteristics of the local population (e.g., cul-
tural issues, socioeconomic status, or educational 
level), the beliefs of local health care providers 
and opinion leaders (e.g., clergy and politicians), 
and local media coverage. The factors known to 
be associated with exemption rates are heteroge-
neity in school policies28 and the beliefs of school 
personnel who are responsible for compliance 
with the immunization requirements.29

Instead of refusing vaccines, some parents de-
lay vaccination of their children.30-32 Many par-
ents follow novel vaccine schedules proposed by 
individual physicians (rather than those devel-
oped by expert committees with members repre-
senting multiple disciplines).32,33 Most novel 
schedules involve administering vaccines over a 
longer period than that recommended by the 
Advisory Committee on Immunization Practic-
es and the American Academy of Pediatrics or 
skipping the administration of some vaccines.

Indi v idua l R isk a nd Vaccine 
R efus a l

Children with nonmedical exemptions are at in-
creased risk for acquiring and transmitting vac-
cine-preventable diseases.34,35 In a retrospective 
cohort study based on nationwide surveillance 
data from 1985 through 1992, children with ex-
emptions were 35 times as likely to contract mea-
sles as nonexempt children (relative risk, 35; 95% 
confidence interval [CI], 34 to 37).34 In a retro-

spective cohort study in Colorado based on data 
for the years 1987 through 1998, children with 
exemptions, as compared with unvaccinated chil-
dren, were 22 times as likely to have had measles 
(relative risk, 22.2; 95% CI, 15.9 to 31.1) and al-
most six times as likely to have had pertussis 
(relative risk, 5.9; 95% CI, 4.2 to 8.2).35 Earlier 
data showed that lower incidences of measles and 
mumps were associated with the existence and 
enforcement of immunization requirements for 
school entry.12,36-38

The consequences of delayed vaccination, as 
compared with vaccine refusal, have not been 
studied in detail. However, it is known that the 
risk of vaccine-preventable diseases and the risk 
of sequelae from vaccine-preventable diseases are 
not constant throughout childhood. Young chil-
dren are often at increased risk for illness and 
death related to infectious diseases, and vaccine 
delays may leave them vulnerable at ages with a 
high risk of contracting several vaccine-prevent-
able diseases. Moreover, novel vaccine schedules 
that recommend administering vaccines over a 
longer period may exacerbate health inequities, 
since parents with high socioeconomic status are 
more likely to make the extra visits required 
under the alternative schedules than parents with 
low socioeconomic status.39

Clus ter ing of Vaccine R efus A L S 
a nd Communi t y R isk

Multiple studies have shown an increase in the 
local risk of vaccine-preventable diseases when 
there is geographic aggregation of persons refus-
ing vaccination. In Michigan, significant overlap 
between geographic clusters of nonmedical ex-
emptions and pertussis clusters was document-
ed.26 The odds ratio for the likelihood that a cen-
sus tract included in a pertussis cluster would 
also be included in an exemptions cluster was 2.7 
(95% CI, 2.5 to 3.6) after adjustment for demo-
graphic factors.

In Colorado, the county-level incidence of 
measles and pertussis in vaccinated children from 
1987 through 1998 was associated with the fre-
quency of exemptions in that county.35 At least 
11% of the nonexempt children who acquired 
measles were infected through contact with an 
exempt child.35 Moreover, school-based outbreaks 
in Colorado have been associated with increased 
exemption rates; the mean exemption rate among 
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schools with outbreaks was 4.3%, as compared 
with 1.5% for the schools that did not have an 
outbreak (P = 0.001).35

High vaccine coverage, particularly at the com-
munity level, is extremely important for children 
who cannot be vaccinated, including children who 
have medical contraindications to vaccination and 
those who are too young to be vaccinated. These 
groups are often more susceptible to the compli-
cations of infectious diseases than the general 
population of children and depend on the pro-
tection provided by the vaccination of children 
in their environs.40-42

Vaccine R efus a l a nd the R ecen t 
Incr e a se in Me a sles c a ses

Measles vaccination has been extremely success-
ful in controlling a disease that previously contrib-
uted to considerable morbidity and mortality. In 
the United States, the reported number of cases 
dropped from an average of 500,000 annually in 
the era before vaccination (with reported cases 
considered to be a fraction of the estimated total, 
which was more than 2 million) to a mean of 62 

cases per year from 2000 through 2007.43-45 Be-
tween January 1, 2008, and April 25, 2008, there 
were five measles outbreaks and a total of 64 
cases reported.45 All but one of the persons with 
measles were either unvaccinated or did not have 
evidence of immunization. Of the 21 cases among 
children and adolescents in the vaccine-eligible 
age group (16 months to 19 years) with a known 
reason for nonvaccination, 14, or 67%, had ob-
tained a nonmedical exemption and all of the 10 
school-age children had obtained a nonmedical 
exemption.45 Thirteen cases occurred in children 
too young to be vaccinated, and in more than a 
third of the cases (18 of 44) occurring in a known 
transmission setting the disease was acquired in 
a health care facility.45

Outbreaks of vaccine-preventable disease of-
ten start among persons who refused vaccina-
tion, spread rapidly within unvaccinated popula-
tions, and also spread to other subpopulations. 
For example, of the four outbreaks with discrete 
index cases (one outbreak occurred by means of 
multiple importations) reported January through 
April 2008, three out of four index cases occurred 
in people who had refused vaccination due to per-
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Figure	1.	Rates	of	Exemption	from	Vaccination	for	Nonmedical	Reasons	in	Washington	Counties,	2006–2007.

Data are from the Washington State Department of Health, School Status Reports, 2006–2007.25
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sonal beliefs; vaccination status could not be veri-
fied for the remaining cases.45,46 In Washington 
State, a recent outbreak of measles occurred be-
tween April 12, 2008, and May 30, 2008, involving 
19 cases. All of the persons with measles were 
unimmunized with the exception of the last case, 
a person who had been vaccinated. Of the other 
18 cases, 1 was an infant who was too young to 
be vaccinated, 2 were younger than 4 years of age, 
and the remaining 15 were of school age (unpub-
lished data).

W ho R efuses Vaccines a nd W h y

Using data from the National Immunization Sur-
vey for the period from 1995 through 2001, Smith 
et al. compared the characteristics of children 
between the ages of 19 and 35 months who did 
not receive any vaccine (unvaccinated) with the 
characteristics of those who were partially vacci-
nated (undervaccinated).47 As compared with the 
undervaccinated children, the unvaccinated chil-
dren were more likely to be male, to be white, to 
belong to households with higher income, to have 
a married mother with a college education, and 
to live with four or more children.47 Other stud-
ies have shown that children who are unvaccinated 
are likely to belong to families that intentionally 
refuse vaccines, whereas children who are under-
vaccinated are likely to have missed some vacci-
nations because of factors related to the health care 
system or sociodemographic characteristics.48-51

In a case–control study of the knowledge, at-
titudes, and beliefs of parents of exempt chil-
dren as compared with parents of vaccinated 
children, respondents rated their views of their 
children’s vulnerability to specific diseases, the 
severity of these diseases, and the efficacy and 
safety of the specific vaccines available for them. 
Composite scores were created on the basis of 
these vaccine-specific responses. As compared 
with parents of vaccinated children, significantly 
more parents of exempt children thought their 
children had a low susceptibility to the diseases 
(58% vs. 15%, P<0.05), that the severity of the 
diseases was low (51% vs. 18%, P<0.05), and that 
the efficacy and safety of the vaccines was low 
(54% vs. 17% for efficacy and 60% vs. 15% for 
safety, P<0.05 for both comparisons).52 More-
over, parents of exempt children were more likely 
than parents of vaccinated children both to have 

providers who offered complementary or alterna-
tive health care and to obtain information from 
the Internet and groups opposed to aspects of im-
munization.52 The most frequent reason for non-
vaccination, stated by 69% of the parents, was 
concern that the vaccine might cause harm.52

Other studies have also reported the impor-
tance of parents’ concerns about vaccine safety 
when they decide against vaccination.53-56 A na-
tional survey of parents from 2001 through 2002 
showed that although only 1% of respondents 
thought vaccines were unsafe, the children of these 
parents were almost three times as likely to not 
be up to date on recommended vaccinations as the 
children of parents who thought that vaccines were 
safe.54 In a separate case–control study with a na-
tional sample, underimmunization was associated 
with negative perceptions of vaccine safety (odds 
ratio, 2.0; 95% CI, 1.2 to 3.4).55 And in another 
case–control study, Bardenheier et al. found that 
although concerns regarding general vaccine safe-
ty did not differ between the parents of vaccinated 
children and the parents of undervaccinated or 
unvaccinated children, more than half of the case 
and control parents did express concerns about 
vaccine safety to their child’s health care provid-
er.57 Moreover, parents of undervaccinated or un-
vaccinated children were more likely to believe that 
children receive too many vaccines.57

The Role of He a lth C a r e 
Prov ider s

Clinicians and other health care providers play a 
crucial role in parental decision making with re-
gard to immunization. Health care providers are 
cited by parents, including parents of unvaccinat-
ed children, as the most frequent source of infor-
mation about vaccination.52

In a study of the knowledge, attitudes, and 
practices of primary care providers, a high propor-
tion of those providing care for children whose 
parents have refused vaccination and those pro-
viding care for appropriately vaccinated children 
were both found to have favorable opinions of 
vaccines.58 However, those providing care for un-
vaccinated children were less likely to have con-
fidence in vaccine safety (odds ratio, 0.37; 95% CI, 
0.19 to 0.72) and less likely to perceive vaccines as 
benefitting individuals and communities.58 More-
over, there was overlap between clinicians’ unfa-
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vorable opinions of vaccines and the likelihood 
that they had unvaccinated children in their 
practice.58

There is evidence that health care providers 
have a positive overall effect on parents’ decision 
making with regard to vaccination of their chil-
dren. In a study by Smith et al., parents who re-
ported that their immunization decisions were 
influenced by their child’s health care provider 
were almost twice as likely to consider vaccines 
safe as parents who said their decisions were not 
influenced by the provider.59

In focus-group discussions, several parents who 
were not certain about vaccinating their child were 
willing to discuss their immunization concerns 
with a health care provider and wanted the pro-
vider to offer information relevant to their spe-
cific concerns.56 These findings highlight the 
critical role that clinicians can play in explaining 
the benefits of immunization and addressing pa-
rental concerns about its risks.

Clinici a ns’  R esponse 
t o Vaccine R efus a l

Some clinicians have discontinued or have con-
sidered discontinuing their provider relationship 
with families that refuse vaccines.60,61 In a na-
tional survey of members of the American Acad-
emy of Pediatrics, almost 40% of respondents 
said they would not provide care to a family that 
refused all vaccines, and 28% said they would not 
provide care to a family that refused some vac-
cines.61

The academy’s Committee on Bioethics advises 
against discontinuing care for families that de-
cline vaccines and has recommended that pedia-
tricians “share honestly what is and is not known 
about the risks and benefits of the vaccine in ques-
tion.” 62 The committee also recommends that cli-
nicians address vaccine refusal by respectfully lis-
tening to parental concerns, explaining the risk 
of nonimmunization, and discussing the specific 
vaccines that are of most concern to parents.62 
The committee advises against more serious ac-
tion in a majority of cases: “Continued refusal after 
adequate discussion should be respected unless 
the child is put at significant risk of serious harm 
(e.g., as might be the case during an epidemic). 
Only then should state agencies be involved to 
override parental discretion on the basis of medi-
cal neglect.”62

Polic y-Le v el De ter mina n t s  
of Vaccine R efus a l

Immunization requirements and the policies that 
ensure compliance with the requirements vary 
considerably among the states; these variations 
have been associated with state-level exemption 
rates.11,63 For example, the complexity of proce-
dures for obtaining exemption has been shown 
to be inversely associated with rates of exemp-
tion.63 Moreover, between 1991 and 2004, the 
mean annual incidence of pertussis was almost 
twice as high in states with administrative proce-
dures that made it easy to obtain exemptions as 
in states that made it difficult.11

One possible way to balance individual rights 
and the greater public good with respect to vac-
cination would be to institute and broaden ad-
ministrative controls. For example, a model law 
proposed for Arkansas suggested that parents 
seeking nonmedical exemptions be provided 
with counseling on the hazards of refusing vac-
cination.64

States also differ in terms of meeting the rec-
ommendations for age-appropriate coverage for 
children younger than 2 years of age.65 School im-
munization requirements ensure completion by 
the time of school entry, but they do not directly 
influence the timeliness of vaccination among 
preschoolers. However, there is some evidence that 
school immunization laws have an indirect effect 
on preschool vaccine coverage. For example, va-
ricella vaccine was introduced in the United States 
in 1995 and has played an important role in re-
ducing the incidence of chickenpox.66 In 2000, 
states that had implemented mandatory immu-
nization for varicella by the time of school entry 
had coverage among children 19 to 35 months old 
that was higher than the average for all states. 
Having an immunization requirement could be 
an indicator of the effectiveness of a state’s im-
munization program, but the effect of school-
based requirements on coverage among preschool-
ers cannot be completely discounted.

Conclusions

Vaccine refusal not only increases the individual 
risk of disease but also increases the risk for the 
whole community. As a result of substantial gains 
in reducing vaccine-preventable diseases, the mem-
ory of several infectious diseases has faded from 
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the public consciousness and the risk–benefit cal-
culus seems to have shifted in favor of the per-
ceived risks of vaccination in some parents’ minds. 
Major reasons for vaccine refusal in the United 
States are parental perceptions and concerns about 
vaccine safety and a low level of concern about 
the risk of many vaccine-preventable diseases. If 
the enormous benefits to society from vaccina-
tion are to be maintained, increased efforts will 
be needed to educate the public about those ben-
efits and to increase public confidence in the sys-
tems we use to monitor and ensure vaccine safe-
ty. Since clinicians have an influence on parental 
decision making, it is important that they under-
stand the benefits and risks of vaccines and an-
ticipate questions that parents may have about 
safety. There are a number of sources of informa-
tion on vaccines that should be useful to both 

clinicians and parents (e.g., Appendix 1 in the 
fifth edition of Vaccines, edited by Plotkin et al.; 
the list of Web sites on vaccine safety posted on 
the World Health Organization’s Web site; and 
the Web site of the National Center for Immuni-
zation and Respiratory Diseases).67-69

Dr. Salmon reports serving on the Merck Vaccine Policy Advi-
sory Board; Dr Orenstein, receiving research funds from Novar-
tis, Merck, and Sanofi Pasteur and a training grant from the 
Merck Foundation and serving on data and safety monitoring 
boards associated with GlaxoSmithKline and Encorium; and Dr. 
Halsey, receiving research funds from Wyeth and Berna, lecture 
fees from Sanofi, and payments for testimony to the Depart-
ment of Justice regarding several vaccine compensation cases 
and serving on data and safety monitoring committees associ-
ated with Novartis and Merck. No other potential conflict of 
interest relevant to this article was reported.

We thank Tina Proveaux of the Johns Hopkins Bloomberg 
School of Public Health for reviewing an earlier version of the 
manuscript and Dr. Jane Seward of the Centers for Disease Con-
trol and Prevention for providing input on new measles cases.

References

Chen RT, Hibbs B. Vaccine safety: cur-1.	
rent and future challenges. Pediatr Ann 
1998;27:445-55.

Chen RT, DeStefano F. Vaccine ad-2.	
verse events: causal or coincidental? Lan-
cet 1998;351:611-2.

DeStefano F. Vaccines and autism: evi-3.	
dence does not support a causal associa-
tion. Clin Pharmacol Ther 2007;82:756-9.

Doja A, Roberts W. Immunizations 4.	
and autism: a review of the literature. Can 
J Neurol Sci 2006;33:341-6.

Fombonne E, Cook EH. MMR and au-5.	
tistic enterocolitis: consistent epidemio-
logical failure to find an association. Mol 
Psychiatry 2003;8:133-4.

Fombonne E. Thimerosal disappears 6.	
but autism remains. Arch Gen Psychiatry 
2008;65:15-6.

Schechter R, Grether JK. Continuing 7.	
increases in autism reported to Califor-
nia’s developmental services system: mer-
cury in retrograde. Arch Gen Psychiatry 
2008;65:19-24.

Thompson WW, Price C, Goodson B, 8.	
et al. Early thimerosal exposure and neu-
ropsychological outcomes at 7 to 10 years. 
N Engl J Med 2007;357:1281-92.

Offit PA. Vaccines and autism revisit-9.	
ed — the Hannah Poling case. N Engl J 
Med 2008;358:2089-91.

Smith MJ, Ellenberg SS, Bell LM, Rubin 10.	
DM. Media coverage of the measles-
mumps-rubella vaccine and autism con-
troversy and its relationship to MMR im-
munization rates in the United States. 
Pediatrics 2008;121(4):e836-e843.

Omer SB, Pan WK, Halsey NA, et al. 11.	
Nonmedical exemptions to school immu-
nization requirements: secular trends and 
association of state policies with pertus-
sis incidence. JAMA 2006;296:1757-63.

Orenstein WA, Hinman AR. The im-12.	
munization system in the United States 
— the role of school immunization laws. 
Vaccine 1999;17:Suppl 3:S19-S24.

Jackson CL. State laws on compulsory 13.	
immunization in the United States. Public 
Health Rep 1969;84:787-95.

Colgrove J, Bayer R. Could it happen 14.	
here? Vaccine risk controversies and the 
specter of derailment. Health Aff (Mill-
wood) 2005;24:729-39.

Kaufman M. The American anti-vacci-15.	
nationists and their arguments. Bull Hist 
Med 1967;41:463-78.

Stern BJ. Should we be vaccinated? A 16.	
survey of the controversy in its historical 
and scientific aspects. New York: Harper 
& Brothers, 1927:93-109.

Jacobson v. Massachusetts, 197 U.S. 11 17.	
(1905).

Zucht v. King, 260 U.S. 174 (Nov. 13, 18.	
1922).

Middaugh JP, Zyla LD. Enforcement of 19.	
school immunization law in Alaska. JAMA 
1978;239:2128-30.

Lovejoy GS, Giandelia JW, Hicks M. 20.	
Successful enforcement of an immuniza-
tion law. Public Health Rep 1974;89:456-8.

Fowinkle EW, Barid S, Bass CM. A com-21.	
pulsory school immunization program in 
Tennessee. Public Health Rep 1981;96:61-6.

Measles — Florida, 1981. MMWR 22.	
Morb Mortal Wkly Rep 1981;30:593-6.

Vaccine Exemptions. Johns Hopkins 23.	
Bloomberg School of Public Health — In-
stitute for Vaccine Safety, 2008. (Accessed 
April 16, 2009, at http://www.vaccinesafety.
edu/ccexem.htm.)

National Center for Immunization and 24.	
Respiratory Diseases. School and child-
care vaccination surveys. May 2007. (Ac-
cessed April 13, 2009, at http://www.cdc.

gov/vaccines/stats-surv/schoolsurv/default. 
htm.)

School Status Data Reports. Washing-25.	
ton State Department of Health, 2009. 
(Accessed April 16, 2009, at http://www.
doh.wa.gov/cfh/Immunize/schools/
schooldatarprts.htm.)

Omer SB, Enger KS, Moulton LH, 26.	
Halsey NA, Stokley S, Salmon DA. Geo-
graphic clustering of nonmedical exemp-
tions to school immunization require-
ments and associations with geographic 
clustering of pertussis. Am J Epidemiol 
2008;168:1389-96.

Attitudes, networking and immuniza-27.	
tions in a community with a high rate of 
religious exemptions. Presented at the 37th 
National Immunization Conference, Chi-
cago, March 17–20, 2003. abstract.

Salmon DA, Omer SB, Moulton LH, et 28.	
al. Exemptions to school immunization 
requirements: the role of school-level re-
quirements, policies, and procedures. Am 
J Public Health 2005;95:436-40. [Erratum, 
Am J Public Health 2005;95:551.]

Salmon DA, Moulton LH, Omer SB, et 29.	
al. Knowledge, attitudes, and beliefs of 
school nurses and personnel and associ-
ations with nonmedical immunization 
exemptions. Pediatrics 2004;113(6):e552-
e559.

Luman ET, Barker LE, Shaw KM, Mc-30.	
Cauley MM, Buehler JW, Pickering LK. 
Timeliness of childhood vaccinations in 
the United States: days undervaccinated 
and number of vaccines delayed. JAMA 
2005;293:1204-11.

Luman ET, Shaw KM, Stokley SK. 31.	
Compliance with vaccination recommen-
dations for U.S. children. Am J Prev Med 
2008;34:463-70. [Erratum, Am J Prev Med 
2008:35:319.]

The New England Journal of Medicine 
Downloaded from nejm.org on August 26, 2018. For personal use only. No other uses without permission. 

 Copyright © 2009 Massachusetts Medical Society. All rights reserved. 



n engl j med 360;19 nejm.org may 7, 20091988

Vaccine Refusal, Mandatory Immunization, and the Risks of Vaccine-Preventable Diseases

Cohen E. Should I vaccinate my baby? 32.	
Cable News Network. 2008. (Accessed 
April 13, 2009, at http://www.cnn.com/ 
2008/HEALTH/family/06/19/ep.vaccines/
index.html.)

Sears R. Dr. Bob’s blog categories: 33.	
alternative vaccine schedule. (Accessed 
April 13, 2009, at http://askdrsears.com/ 
thevaccinebook/labels/Alternative%20
Vaccine%20Schedule.asp.)

Salmon DA, Haber M, Gangarosa EJ, 34.	
Phillips L, Smith NJ, Chen RT. Health 
consequences of religious and philosoph-
ical exemptions from immunization laws: 
individual and societal risk of measles. 
JAMA 1999;282:47-53. [Erratum, JAMA 
2000;283:2241.]

Feikin DR, Lezotte DC, Hamman RF, 35.	
Salmon DA, Chen RT, Hoffman RE. Indi-
vidual and community risks of measles 
and pertussis associated with personal ex-
emptions to immunization. JAMA 2000; 
284:3145-50.

Measles — Unites States. MMWR 36.	
Morb Mortal Wkly Rep 1977;26:109-11.

Robbins KB, Brandling-Bennett D, 37.	
Hinman AR. Low measles incidence: as-
sociation with enforcement of school im-
munization laws. Am J Public Health 
1981;71:270-4.

van Loon FP, Holmes SJ, Sirotkin BI, 38.	
et al. Mumps surveillance — United 
States, 1988–1993. MMWR CDC Surveill 
Summ 1995;44:1-14.

Williams IT, Milton JD, Farrell JB, 39.	
Graham NM. Interaction of socioeconomic 
status and provider practices as predic-
tors of immunization coverage in Virginia 
children. Pediatrics 1995;96:439-46.

Bisgard KM, Pascual FB, Ehresmann 40.	
KR, et al. Infant pertussis: who was the 
source? Pediatr Infect Dis J 2004;23:985-9.

Deen JL, Mink CA, Cherry JD, et al. 41.	
Household contact study of Bordetella 
pertussis infections. Clin Infect Dis 1995; 
21:1211-9.

Poehling KA, Talbot TR, Griffin MR, 42.	
et al. Invasive pneumococcal disease 
among infants before and after introduc-
tion of pneumococcal conjugate vaccine. 
JAMA 2006;295:1668-74.

Bloch AB, Orenstein WA, Stetler HC, 43.	
et al. Health impact of measles vaccina-
tion in the United States. Pediatrics 1985; 
76:524-32.

Orenstein WA, Papania MJ, Wharton 44.	
ME. Measles elimination in the United 
States. J Infect Dis 2004;189:Suppl 1:S1-S3.

Measles — United States, January 45.	

1–April 25, 2008. MMWR Morb Mortal 
Wkly Rep 2008;57:494-8.

Update: measles — United States, Jan-46.	
uary–July 2008. MMWR Morb Mortal Wkly 
Rep 2008;57:893-6.

Smith PJ, Chu SY, Barker LE. Children 47.	
who have received no vaccines: who are 
they and where do they live? Pediatrics 
2004;114:187-95.

Allred NJ, Wooten KG, Kong Y. The 48.	
association of health insurance and con-
tinuous primary care in the medical home 
on vaccination coverage for 19- to 
35-month-old children. Pediatrics 2007; 
119:Suppl 1:S4-S11.

Daniels D, Jiles RB, Klevens RM, Her-49.	
rera GA. Undervaccinated African-Ameri-
can preschoolers: a case of missed oppor-
tunities. Am J Prev Med 2001;20:Suppl: 
61-8.

Luman ET, McCauley MM, Shefer A, 50.	
Chu SY. Maternal characteristics associ-
ated with vaccination of young children. 
Pediatrics 2003;111:1215-8.

Smith PJ, Santoli JM, Chu SY, Ochoa 51.	
DQ, Rodewald LE. The association be-
tween having a medical home and vacci-
nation coverage among children eligible 
for the Vaccines for Children program. 
Pediatrics 2005;116:130-9.

Salmon DA, Moulton LH, Omer SB, 52.	
Dehart MP, Stokley S, Halsey NA. Factors 
associated with refusal of childhood vac-
cines among parents of school-aged chil-
dren: a case-control study. Arch Pediatr 
Adolesc Med 2005;159:470-6.

Humiston SG, Lerner EB, Hepworth 53.	
E, Blythe T, Goepp JG. Parent opinions 
about universal influenza vaccination for 
infants and toddlers. Arch Pediatr Ado-
lesc Med 2005;159:108-12.

Allred NJ, Shaw KM, Santibanez TA, 54.	
Rickert DL, Santoli JM. Parental vaccine 
safety concerns: results from the National 
Immunization Survey, 2001-2002. Am J 
Prev Med 2005;28:221-4.

Gust DA, Strine TW, Maurice E, et al. 55.	
Underimmunization among children: ef-
fects of vaccine safety concerns on immu-
nization status. Pediatrics 2004;114(1): 
e16-e22.

Fredrickson DD, Davis TC, Arnould 56.	
CL, et al. Childhood immunization refus-
al: provider and parent perceptions. Fam 
Med 2004;36:431-9.

Bardenheier B, Yusuf H, Schwartz B, 57.	
Gust D, Barker L, Rodewald L. Are paren-
tal vaccine safety concerns associated with 
receipt of measles-mumps-rubella, diph-

theria and tetanus toxoids with acellular 
pertussis, or hepatitis B vaccines by chil-
dren? Arch Pediatr Adolesc Med 2004;158: 
569-75.

Salmon DA, Pan WK, Omer SB, et al. 58.	
Vaccine knowledge and practices of pri-
mary care providers of exempt vs. vacci-
nated children. Hum Vaccin 2008;4:286-91.

Smith PJ, Kennedy AM, Wooten K, 59.	
Gust DA, Pickering LK. Association be-
tween health care providers’ influence on 
parents who have concerns about vaccine 
safety and vaccination coverage. Pediat-
rics 2006;118(5):e1287-e1292.

Freed GL, Clark SJ, Hibbs BF, Santoli 60.	
JM. Parental vaccine safety concerns: the 
experiences of pediatricians and family 
physicians. Am J Prev Med 2004;26:11-4.

Flanagan-Klygis EA, Sharp L, Frader 61.	
JE. Dismissing the family who refuses vac-
cines: a study of pediatrician attitudes. Arch 
Pediatr Adolesc Med 2005;159:929-34.

Diekema DS. Responding to parental 62.	
refusals of immunization of children. Pe-
diatrics 2005;115:1428-31.

Rota JS, Salmon DA, Rodewald LE, 63.	
Chen RT, Hibbs BF, Gangarosa EJ. Pro-
cesses for obtaining nonmedical exemp-
tions to state immunization laws. Am J 
Public Health 2001;91:645-8.

Salmon DA, Siegel AW. Religious and 64.	
philosophical exemptions from vaccination 
requirements and lessons learned from 
conscientious objectors from conscription. 
Public Health Rep 2001;116:289-95.

Luman ET, Barker LE, McCauley MM, 65.	
Drews-Botsch C. Timeliness of childhood 
immunizations: a state-specific analysis. 
Am J Public Health 2005;95:1367-74.

Seward JF, Watson BM, Peterson CL, 66.	
et al. Varicella disease after introduction 
of varicella vaccine in the United States, 
1995-2000. JAMA 2002;287:606-11.

Wexler DL, Anderson TA. Web sites 67.	
that contain information about immuni-
zation. In: Plotkin S, Orenstein WA, Offit 
PA, eds. Vaccines. 5th ed. Philadelphia: 
Saunders, 2008:1685-90.

Vaccine safety web sites meeting cred-68.	
ibility and content good information prac-
tices criteria. Geneva: World Health Orga-
nization, September 2008.

National Center for Immunization 69.	
and Respiratory Diseases. Centers for 
Disease Control and Prevention, 2009. 
(Accessed April 16, 2009, at http://www.
cdc.gov/ncird/.)
Copyright © 2009 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org on August 26, 2018. For personal use only. No other uses without permission. 

 Copyright © 2009 Massachusetts Medical Society. All rights reserved. 


