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an adviser to the federal government and, upon its own initiative, to identify issues of
medical care, research, and education. Dr. Kenneth I. Shine is president of the Institute of
Medicine.
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are chairman and vice chairman, respectively, of the National Research Council.
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Foreword

Vaccines are among the greatest public health accomplishments of the past
century. In recent years, however, a number of concerns have been raised about
the safety of, and need for, certain immunizations. Indeed, immunization safety is
a contentious area of public health policy, with discourse around it having become
increasingly polarized and exceedingly difficult. The numerous controversies and
allegations surrounding immunization safety signify an erosion of public trust in
those responsible for vaccine research, development, licensure, schedules, and
policy-making. Because vaccines are so widely used—and because state laws re-
quire that children be vaccinated to enter day-care and school, in part to protect
others—immunization safety concerns should be vigorously pursued in order to
restore this trust.

It is in this context that the Institute of Medicine (IOM) was approached
more than a year ago by the Centers for Disease Control and Prevention and the
National Institutes of Health to convene an independent committee that could
provide timely and objective assistance to the Department of Health and Human
Services in reviewing emerging immunization-safety hypotheses.

The IOM was chartered by the National Academy of Sciences in 1970 to
serve as an adviser to the federal government on issues affecting the public’s
health, as well as to act independently in identifying important issues of medical
care, research, and education. The IOM thus brings to this mission three decades
of experience in conducting independent analyses of significant public health
policy issues. In particular, as described in more detail in this report, the IOM
has a long history of involvement in vaccine safety. The IOM published its first
major vaccine-safety report in 1977, followed by a subsequent report in 1988,
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x FOREWORD

both focused on the safety of polio vaccines. Two subsequent major reports,
published in 1991 and 1994, examined the adverse events of childhood vaccines.
Since then, the IOM has conducted several smaller studies and workshops fo-
cused on various vaccine-safety topics. These studies were all well-received by
both the public and policy-makers, and previous IOM committees on vaccine
safety issues have been viewed as objective and credible.

Given the sensitive nature of the present immunization safety review study,
the IOM felt it was especially critical to establish strict criteria for committee
membership. These criteria prevented participation by anyone with financial ties
to vaccine manufacturers or their parent companies, previous service on major
vaccine advisory committees, or prior expert testimony or publications on issues
of vaccine safety.

The rationale for imposing these stringent criteria was twofold. First, given
growing public concern about vaccine safety and the public scrutiny surrounding
this committee’s work, it was important to establish standards that would pre-
clude any real or perceived conflict of interest or bias on part of the committee
members. While the committee members all share a belief in the benefits of vac-
cines to the public health, none of them have any vested interest in any of the
vaccine safety issues that will come before them. Second, the IOM wanted to
ensure consistency in the committee membership and avoid having members
recuse themselves from the deliberations because they had participated in the
development or evaluation of a vaccine under study.

Thus, the IOM has convened a distinguished panel of 15 members who pos-
sess significant breadth and depth of expertise in a number of fields, including
pediatrics, neurology, immunology, internal medicine, infectious diseases, ge-
netics, epidemiology, biostatistics, risk perception and communication, decision
analysis, public health, nursing, and ethics. The committee members were cho-
sen because they are leading authorities in their respective fields, are well-
respected by their colleagues, and have no conflicts of interest. This committee
brought a fresh perspective to these critically important issues and approached
its charge with impartiality and scientific rigor. As with all reports from the
IOM, the committee’s work was reviewed by an independent panel of experts.

The IOM does not propose the use of the criteria it has laid out above in se-
lecting members for federal vaccine advisory committees. The IOM committee
was convened for a very different purpose from the usual federal vaccine advisory
committees and, as such, required different standards.

This report represents the unanimous conclusions and recommendations of
that dedicated committee whose members deliberated a critical health issue. The
report’s conclusions and recommendations should be of value to all concerned
about these important matters.

Kenneth I. Shine
President, Institute of Medicine
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Preface

With growing concerns about vaccine safety, the Centers for Disease Con-
trol and Prevention and the National Institutes of Health recognized the need for
an independent group to address these concerns in a timely and objective man-
ner. The establishment of the Immunization Safety Review committee in the
Institute of Medicine (IOM) represents both an extension of the IOM’s prior
work and an experiment. The committee is charged with examining three vac-
cine safety hypotheses each year during the 3-year study period of 2001–2003.
This pace represents a significant departure from previous reports and will re-
quire substantial staff and committee-member commitment, as well as a stream-
lining of the review process to assure timely reports of the traditional IOM cali-
ber. We expect that, as the committee gains experience with the process, we will
refine our procedures and approaches.

In doing its work, the committee proposes to be as open as possible. For
each of the hypotheses examined, a session open to the public will be held.
These meetings will take place in different parts of the country to facilitate pub-
lic access. Audio broadcasts of the open meetings and handouts from those ses-
sions will be posted on the committee’s web page (www.iom.edu/imsafety). A
listing of other materials reviewed by the committee will be available through
the National Academies Public Access and Records Office (202-334-3543).
Comments can be sent to imsafety@nas.edu.

Previous IOM vaccine-safety studies limited their conclusions to causality
assessments and recommendations on future research directions. By contrast, the
Immunization Safety Review Committee has been asked to consider not only the
scientific plausibility of the hypothesized association but also the significance of
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xii PREFACE

the issue in a broader societal context. This significance assessment addresses
such considerations as the burden of the adverse health event in question, the
burden of disease that vaccine use prevents, and the level and potential conse-
quences of public concern about the safety of vaccine use. The findings of both
the plausibility and significance assessments provide the basis for the commit-
tee’s recommendations regarding public health policy, current and future re-
search, surveillance, and effective communication strategies for the specific
immunization-safety questions.

While this report contains some specific recommendations with regard to
the hypothesized linkage between MMR vaccine and autism, the committee
members already recognize that a number of recurring issues will stimulate fur-
ther recommendations. Among these will surely be more systematic approaches
to the investigation of the adverse events; ready access to needed information
about vaccines, including the role of the Internet in disseminating information;
and the development of future vaccine policy. Thus, the fact that these issues are
not addressed in this first report of the committee does not indicate a lack of
attention, but rather a recognition of the need to gather more information and
develop a process to address them.

We thank those who have taken the time and effort to help us in this im-
portant project, and we look forward to the same thoughtful and concerned par-
ticipation in the remainder of the study. Perhaps the most noteworthy observa-
tion to date is that all participants share a commitment to assuring the safest
possible vaccine policy and program for the United States.

Marie McCormick
Committee Chair
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1

Executive Summary

Immunization is widely regarded as one of the most effective and beneficial
tools for protecting the public’s health. In the United States, immunization pro-
grams have resulted in the eradication of smallpox, the elimination of polio, and
the control and near elimination of once-common, often debilitating and poten-
tially life-threatening diseases, including measles, mumps, rubella, diphtheria,
pertussis, tetanus, and Haemophilus influenzae type b.

Along with the benefits of widespread immunization, however, have come
concerns about the safety of vaccines. No vaccine is perfectly safe or effective,
and vaccines may lead to serious adverse effects in some instances. Furthermore,
if a serious illness is observed after vaccination, it is often unclear whether that
sequence is coincidental or causal, and it can be difficult to determine the true na-
ture of the relationship, if any, between the vaccination and the illness.

Ironically, the successes of vaccine coverage in the United States have made
it more difficult for the public to weigh the benefits and complications of vac-
cines because the now-controlled diseases and their often-serious risks are no
longer familiar. However, because vaccines are so widely used—and because
state laws require that children be vaccinated before entering daycare and
school, in part to protect others—it is essential that safety concerns be fully and
carefully studied.

This report, the first of a series from the Institute of Medicine (IOM) Im-
munization Safety Review Committee, presents an assessment of the evidence
regarding a hypothesized causal association between the measles-mumps-rubella
(MMR) vaccine and autism, an assessment of the broader significance for soci-
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2 IMMUNIZATION SAFETY REVIEW

ety of the issues surrounding the MMR-autism hypothesis, and the committee’s
conclusions and recommendations based on those assessments.

OVERVIEW OF THE IMMUNIZATION SAFETY
REVIEW PROJECT

Since the mid-1990s, an increasing number of challenges to the safety of
vaccinations have gained attention in various settings. The Committee on Gov-
ernment Reform of the U.S. House of Representatives held seven hearings on
vaccine-safety issues during 1999–2000, and the media—including news pro-
grams such as 60 Minutes, 20/20, and Nightline—have covered these issues as
well. Also, many consumer and professional organizations have sponsored re-
lated conferences and scientific symposia, and the Internet is playing an in-
creasingly important communications role.

With these growing concerns about vaccine safety, the Centers for Disease
Control and Prevention (CDC) and the National Institutes of Health (NIH) rec-
ognized the need for an independent group to address safety concerns in a timely
and objective manner. In 1999, as a result of previous IOM work on vaccine
safety and the Institute’s access to independent scientific experts, CDC and NIH
began a year of discussions with IOM to develop the Immunization Safety Re-
view project to address existing and emerging vaccine-safety concerns.

The Immunization Safety Review Committee, convened in the fall of 2000,
comprises 15 members with expertise in pediatrics, neurology, immunology,
internal medicine, infectious diseases, genetics, epidemiology, biostatistics, risk
perception and communication, decision analysis, public health, nursing, and
ethics. To preclude any real or perceived conflicts of interest, committee mem-
bers were subject to strict selection criteria that excluded anyone who had finan-
cial ties to vaccine manufacturers or their parent companies, previous service on
vaccine advisory committees, or prior expert testimony or publications on issues
of vaccine safety.

The committee is charged with examining three vaccine-safety hypotheses
each year during the 3-year study period (2001–2003). The Interagency Vaccine
Group (IAG) comprising officials from the National Vaccine Program Office at
the U.S. Department of Health and Human Services (DHHS), the National Im-
munization Program and the National Center for Infectious Diseases at the CDC,
the National Institute for Allergy and Infectious Diseases at the NIH, the De-
partment of Defense, the Food and Drug Administration, the National Vaccine
Injury Compensation Program at the Health Resources and Services Admini-
stration, the Health Care Financing Administration, and the Agency for Interna-
tional Development, will select the hypotheses to be examined by the commit-
tee. The committee’s findings will be released to the public in a series of brief
consensus reports.

In contrast to previous IOM vaccine-safety studies (e.g. IOM, 1991, 1994a,b),
which limited their conclusions to causality assessments and recommendations on
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EXECUTIVE SUMMARY 3

future research directions, the Immunization Safety Review Committee has been
asked to assess not only the scientific plausibility of the hypothesized association
but also the significance of the issue in a broader societal context. The plausibility
assessment has two components: (1) an examination of the causal relationship
between the vaccine and the adverse event, and (2) an examination of any patho-
genic mechanisms that support the hypothesis. The significance assessment ad-
dresses such considerations as the burden of the adverse health event in question,
the burden of disease that the vaccine prevents, and the level and potential conse-
quences of public concern about the safety of vaccine use.

The findings of the plausibility and significance assessments provide the
basis for the committee’s recommendations regarding public health response,
immunization policy review, current and future research, and effective com-
munication strategies for the specific immunization-safety questions.

The committee adopted the framework for assessing causality developed by
the committees previously convened by the IOM (IOM, 1991, 1994a) to address
questions of vaccine safety. To evaluate the hypothesis on MMR vaccine and
autism, the committee collected information from several sources, including a
review of the published, peer-reviewed scientific and medical literature, and
commissioned a background paper reviewing the epidemiological studies of
MMR vaccine and autism. The committee also held an open scientific meeting
in March 2001 (see Appendix B) to review the current understanding of the eti-
ology and epidemiology of autism and on-going investigations regarding the
MMR vaccine and autism hypothesis.

THE HYPOTHESIZED RELATIONSHIP
BETWEEN MMR AND AUTISM

Autism is a complex and severe developmental disorder characterized by
impairments of social interaction, impairments in verbal and nonverbal commu-
nication, and restricted or repetitive and stereotyped patterns of behaviors and
interests (APA, 1994; Filipek et al., 1999). Over time, research has identified
subtle differences in the onset and progression of autistic symptoms. The term
“autistic spectrum disorders” (ASD), synonymous with “pervasive developmental
disorders” (PDD), refers to a continuum of related cognitive and neurobehavioral
disorders that reflects the heterogeneity of these symptoms. ASD includes autistic
disorder, childhood disintegrative disorder, Asperger’s syndrome, Rett’s syn-
drome, and pervasive developmental disorder not otherwise specified (PDD-NOS
or atypical autism). While the primary deficits are similar for all of these disor-
ders, patients vary in the severity of their symptoms and level of cognitive im-
pairment. Although Rett’s syndrome is included in the diagnostic category of
ASD, it is considered by many to be a distinct neurologic disorder and this diag-
nosis is not included in most research which has evaluated the association of the
MMR vaccine with autism. In this report, the terms “autism,” “autistic,” and
“autistic spectrum disorders” are used interchangeably to refer to this broader
group of pervasive developmental disorders. The term “autistic disorder” refers to
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4 IMMUNIZATION SAFETY REVIEW

a more narrow diagnosis defined by criteria in the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV) (APA, 1994).

Research has established a very strong genetic component in the etiology of
autism, but other factors, including infectious, neurologic, metabolic, immuno-
logic, and environmental insults, may play important roles. However, significant
gaps still remain in our understanding of the risk factors and etiologic mecha-
nisms of ASD.

Clinical descriptions of autism suggest two different types of presentation,
including early onset and regression, distinguished by the reported time-course
of the developmental abnormalities. Most cases of autism appear to be early
onset, resulting from prenatal or early postnatal insults (Bristol et al., 1996);
however, the diagnosis of early-onset cases is characteristically not made until
the second year of life, when symptoms become more pronounced. In a second
course, suggested in a minority of cases, apparently normal development is fol-
lowed by regression (or the sudden loss of previously established developmental
milestones), usually in the second year, which leaves open the possibility that
MMR vaccination precedes the onset of the disorder. However, there is no sci-
entifically established definition of regression.

Current attention to the possible relationship between MMR and ASD stems
primarily from a case series reported in 1998 (Wakefield et al., 1998). Twelve
children with a history of normal development followed by loss of acquired
skills and gastrointestinal symptoms were referred to a London gastroenterology
clinic that was interested in the connection between measles virus and bowel
disease. For eight of these children, the onset of their behavioral problems was
associated, through retrospective accounts by their parents or physicians, with
MMR vaccination. The resulting report, and numerous other cases reported by
parents, have generated considerable interest and concern about a possible link
between MMR vaccination and ASD, and regressive autism in particular.

There are also more general concerns in the United States and the United
Kingdom that the introduction and wide-scale use of the MMR vaccine coincide
with an apparent increase in the occurrence of ASD. Information about the rates
of ASD in the United States and changes in incidence or prevalence is limited,
reflecting a lack of epidemiological research on ASD in this country. However,
a recent report by the California Department of Developmental Services (1999),
which shows a significant increase between 1987 and 1998 in its caseload of
children with ASD, is often cited as evidence of this increasing trend, although
the reported increases occurred well after the licensure and introduction of
MMR in the United States in 1971. Published studies of trends in ASD preva-
lence and incidence, in fact, have been unable to resolve how much of the ob-
served increase is real or due to other factors such as reporting bias, changes in
diagnostic criteria, or better case ascertainment over time (Fombonne, 1999,
2001a; Gillberg and Wing, 1999).
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PLAUSIBILITY ASSESSMENT

The committee proceeded in order to answer the following question: What
is the causal relationship between MMR vaccine and ASD? The committee’s
primary finding is that a number of epidemiological studies (both uncontrolled
and controlled) provide no support for an association on a population level be-
tween MMR immunization and ASD (Dales et al., 2001; Gillberg and Heijbel,
1998; Kaye et al., 2001; Patja et al., 2000; Peltola et al., 1998; Taylor et al.,
1999). Findings from unpublished studies, which were shared with the commit-
tee publicly and through personal communications and which are in the process
of being submitted for publication (Fombonne, 2001b; Miller et al., 2001),
seemed to provide additional evidence of no association between MMR and
ASD, although the findings still need to be peer-reviewed, published, and sub-
jected to scrutiny by the broader scientific community.

Although these epidemiological studies do not support an association at a
population level, it is important to recognize the inherent methodological limita-
tions of such studies in establishing causality. Studies may not have sufficient pre-
cision to detect very rare occurrences on a population level. A poor understanding
of the risk factors and failure to use a standard case definition may also hamper the
ability of epidemiological studies to detect rare adverse events. In addition, since
MMR exposure is virtually universal in developed countries, elucidating any asso-
ciation with adverse outcomes requires the creative use of administrative and other
data sets and complex research designs. Furthermore, the rarity of the individual
autistic spectrum disorders and the difficulty in determining their exact onset, and
therefore the temporal relationship between onset and vaccination, make certain
epidemiological study designs (e.g., cohort studies) impractical.

Second, the committee concludes that the case series of children with ASD
and bowel symptoms (Wakefield et al., 1998) is uninformative with respect to
causality between MMR and ASD. The small number of cases, the potential
selection bias, the difficulty in diagnosing children with ASD, multiple diagno-
ses in the patients, and the lack of detail regarding the criteria for the behavioral
diagnoses of the children in the series limit the utility of this study in establish-
ing causality. Although parents or doctors made a temporal link between the
onset of their children’s behavioral disorders and the MMR vaccine, the authors
of the resulting paper acknowledge that their findings do not prove an associa-
tion between MMR and the condition they describe. Furthermore, it is not possi-
ble to describe from this study the nature of any relationship among vaccine-
strain measles virus infection, ASD, and bowel symptoms. In addition, case re-
ports submitted to the Vaccine Adverse Event Reporting System, a national pas-
sive surveillance system in the United States, sometimes note a temporal asso-
ciation between MMR vaccination and the onset of symptoms, but these reports
vary substantially in their level of detail and supporting medical documentation.
The committee found them uninformative in assessing causality.

Third, the biologic model linking MMR and ASD is incomplete and frag-
mentary. Possible immunologic and metabolic mechanisms have been described
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but have not been supported by validated and replicated controlled studies. While
some believe that disrupted viral immunity following administration of polyva-
lent vaccines could lead to atypical or persistent measles infection, possibly re-
sulting in ASD or bowel disease, there is no biological precedent or sufficient
evidence from existing research to support this scenario. Furthermore, with the
exception of the results from two groups (Kawashima 1996, 2000; Wakefield,
2001), there is no evidence to support persistent infection with vaccine-strain
measles virus except for individuals with compromised immunity. The groups’
findings, however, have not been adequately replicated and validated by con-
trolled studies. In the absence of such studies, the existence of persistent vaccine-
strain measles virus infection in ASD with bowel inflammation is uncertain.

Finally, there is no relevant animal model. The model based on Borna dis-
ease virus infection in rats may be useful for studying the induction of symp-
toms of ASD by insults, especially infectious, to brain development during the
prenatal and perinatal periods, but this model is not adequate for studying the
association between the MMR vaccine and the subsequent onset of ASD. Also,
primate models which are effective for the study of vaccine safety and immuno-
genicity or the neurobehavioral aspects of ASD do not adequately represent any
relationship between the MMR vaccine and ASD.

Thus, the committee concludes that the evidence favors rejection of a
causal relationship at the population level between MMR vaccine and autis-
tic spectrum disorders (ASD). The committee bases this conclusion on the
following evidence:

•  A consistent body of epidemiological evidence shows no association at
a population level between MMR vaccine and ASD.

•  The original case series of children with ASD and bowel symptoms
and other available case reports are uninformative with respect to causality.

•  Biologic models linking MMR vaccine and ASD are fragmentary.
•  There is no relevant animal model linking MMR vaccine and ASD.

However, the committee notes that its conclusion does not exclude the
possibility that MMR vaccine could contribute to ASD in a small number of
children, because the epidemiological evidence lacks the precision to assess
rare occurrences of a response to MMR vaccine leading to ASD and the
proposed biological models linking MMR vaccine to ASD, although far
from established, are nevertheless not disproved.

It is important to note that the committee evaluated the hypothetical asso-
ciation between MMR vaccine and ASD from a starting position of neutrality. A
shift from that position is possible only if sufficient evidence is available to con-
vince the committee that a causal association is either likely or unlikely.
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SIGNIFICANCE ASSESSMENT

In its significance assessment, the committee considered the burden (i.e.,
the seriousness, risk, and treatability) of the vaccine-preventable diseases (mea-
sles, mumps, and rubella) and the potential adverse event (ASD), and the level
of public concern surrounding this issue. Measles, mumps, and rubella can lead
to significant morbidity and mortality, and treatment of these infectious diseases
and their associated complications is limited to symptomatic relief and physiol-
ogic support until the condition resolves.

Historically, concerns about the safety of vaccines have led to declines in
immunization coverage rates followed by outbreaks of disease, as observed with
pertussis in the United Kingdom during the 1970s. Similar outbreaks could eas-
ily occur were immunization rates to decline as a result of fears regarding MMR.
Yet, because MMR vaccine is a mandatory vaccine that is administered to
healthy children—in part, as a public health measure to protect the health of
others—the responsibility of the government to ensure the safety of this vaccine
is high, even if the adverse outcome is rare.

Thus, the significance of the hypothesized adverse event—ASD, a group of
incurable and serious behavioral disorder—requires consideration of all possible
etiologies. In addition, the level of public concern about MMR vaccine safety is
high.

RECOMMENDATIONS

Public Health Response

Although the committee has concluded that the evidence favors rejection of
the causal relationship at the population level between MMR vaccine and autis-
tic spectrum disorders, the committee nevertheless recommends that this is-
sue receive continued attention. It does so in recognition that its conclusion
does not exclude the possibility that MMR vaccine could contribute to ASD in a
small number of children, as well as the following factors: the identified limita-
tions of the evidence, the burden of ASD, the burden of the diseases prevented
by the vaccine, the immense concern of parents, and the prominence of the issue
in public debate.

Specific recommendations regarding policy review, research and surveil-
lance, and communication follow.

Policy Review

•  At this time, the committee does not recommend a policy review of the
licensure of MMR vaccine or of the current schedule and recommendations
for administration of MMR vaccine.
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8 IMMUNIZATION SAFETY REVIEW

Research Regarding MMR and ASD

The committee concludes that further research on the possible occurrence
of ASD in a small number of children subsequent to MMR vaccination is war-
ranted and has identified targeted research opportunities that could lead to a
clearer understanding of the relationship. The committee makes the following
research recommendations, recognizing that it has no basis for judging
whether the results of such research will alter the balance of evidence that led
to the committee’s original conclusion:

•  Use accepted case definitions and assessment protocols for ASD to en-
hance the precision and comparability of results from surveillance, epidemi-
ological studies, and biologic investigations.

•  Explore whether exposure to MMR vaccine is a risk factor for ASD in
a small number of children.

•  Develop targeted investigation of whether or not measles vaccine-
strain virus is present in the intestines of some children with ASD.

•  Encourage all who submit reports to the Vaccine Adverse Event Re-
porting System to provide as much detail and as much documentation as pos-
sible when any diagnosis of ASD is thought to be related to MMR vaccine.

•  Study the possible effects of different immunization exposures—for
example, studying children whose families have chosen not to have them re-
ceive the MMR vaccine.

•  Conduct further clinical and epidemiological studies of sufficient rigor
to identify risk factors and biological markers of ASD in order to better un-
derstand genetic or environmental causes.

Communications

The committee heard repeatedly in its open sessions and discussions with
parents and advocacy groups that obtaining unbiased and accurate information on
the possible relationship between MMR vaccine and ASD has been difficult. The
committee will address this issue more fully in the future. In the meantime, it
specifically recommends that government agencies and professional organi-
zations, CDC and the Food and Drug Administration (FDA) in particular,
review some of the most prominent forms of communication regarding the
hypothesized relationship between MMR vaccine and ASD, including infor-
mation they provide via the Internet and the ease with which Internet in-
formation can be accessed. They should especially be attentive to how commu-
nications are perceived and used by parents of children about to be immunized or
those who believe their child has been adversely affected by a vaccine. Direct
input from parents and other stakeholders would be invaluable in conducting a
systematic and effective evaluation of current communication tools.
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General and Crosscutting Issues

In its discussion of recommendations related specifically to the MMR-ASD
question, the committee identified more general concerns that it could not ade-
quately or appropriately address in this report. These include deficiencies in the
available information on the risks and benefits of vaccines, inadequate discus-
sion on the ethics of providing information regarding the risks and benefits of
vaccinations, the role of public input into vaccine advisory committees, and in-
adequate clinical-provider information on vaccine safety or the Vaccine Adverse
Event Reporting System. The committee sees a need for a dialogue between
vaccine safety advocates of every kind, in order to come to common under-
standing of how to align the appropriate public health attention with a possibly
small vaccine safety risk. Finally, the committee did not have time to address
responsibly the appropriateness of alternative immunization schedules or prac-
tices, which might be requested in a clinical setting. These concerns will be
more completely considered in future reports. In the meantime, the committee
urges the CDC, FDA, NIH, American Academy of Pediatrics (AAP), and simi-
lar organizations to take to heart the serious concerns and earnest offers of help
on information exchange and communication from the members of the public
concerned about the safety of vaccines.

SUMMARY

The Immunization Safety Review Committee concludes that the evidence
favors rejection of a causal relationship at the population level between MMR
vaccine and ASD. However, this conclusion does not exclude the possibility that
MMR vaccine could contribute to ASD in a small number of children, because
the epidemiological evidence lacks the precision to assess rare occurrences of a
response to MMR vaccine leading to ASD and the proposed biological models
linking MMR vaccine to ASD, although far from established, are nevertheless
not disproved.

Because of the limitations of the evidence, the significant public concern
surrounding the issue, the risk of disease outbreaks if immunization rates fall,
and the seriousness of ASD, the committee recommends that continued attention
be given to this issue. Thus, the committee has provided targeted research and
communication recommendations. However, at this time, the committee does
not recommend a policy review of the licensure of MMR vaccine or of the cur-
rent schedule and recommendations regarding administration of MMR vaccine.
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Immunization Safety Review:
Measles-Mumps-Rubella

Vaccine and Autism

Immunization is widely regarded as one of the most effective and beneficial
tools for protecting the public’s health. In the United States, immunization pro-
grams have resulted in the eradication of smallpox, the elimination of polio, and
the control and near-elimination of other once-common, often debilitating, and
potentially life-threatening diseases, including measles, mumps, rubella, diph-
theria, pertussis, tetanus, and Haemophilus influenzae type b.

Along with the benefits of widespread immunization, however, have come
concerns about the safety of the vaccines. No vaccine is perfectly safe or effective,
and vaccines may lead to serious adverse effects in some instances. Furthermore,
if a serious illness is observed following vaccination, it is often unclear whether
that sequence is coincidental or causal, and it can be difficult to determine the true
nature of the relationship, if any, between the vaccination and the illness.

Ironically, the successes of vaccine coverage in the United States have made
it more difficult for the public to weigh the benefits and risks of vaccines be-
cause the now controlled diseases and their often-serious complications, are no
longer familiar. However, because vaccines are so widely used—and because
state laws require that children be vaccinated before entering daycare and
school, in part to protect others—it is essential that safety concerns be fully and
carefully studied.

This report, the first of a series from the Immunization Safety Review
Committee, presents an assessment of the evidence regarding a hypothesized
causal association between the measles-mumps-rubella (MMR) vaccine and
autism, the committee’s conclusions and recommendations based on that as-
sessment, and an assessment of the broader significance for society of the issues
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surrounding the MMR-autism question. Since the late 1990s, this hypothesis has
received increasing attention from scientific researchers, Congress, the media,
parents, advocacy organizations, public health professionals, and vaccine manu-
facturers (60 Minutes, 2000; U.S. House Committee on Government Reform,
2000; Wakefield et al., 1998, 2000).

ORIGINS OF THE IMMUNIZATION SAFETY
REVIEW PROJECT

The federal government has responded to concerns about the safety of vac-
cines through several mechanisms. In 1986, Congress passed the National
Childhood Vaccine Injury Act (Public Law 99-660), followed by the Vaccine
Compensation Amendments of 1987 (Public Law 100-203). This legislation
mandated the establishment of a National Vaccine Injury Compensation Pro-
gram to handle related claims, and of the Vaccine Adverse Event Reporting
System (VAERS), which is a national passive surveillance system. The legisla-
tion also provided for the development of vaccine information statements for
parents of children receiving immunizations. These activities are managed by
three agencies of the U.S. Department of Health and Human Services (DHHS):
the Centers for Disease Control and Prevention (CDC), the Food and Drug Ad-
ministration (FDA), and the Health Resources and Services Administration
(HRSA). The compensation program is jointly administered by HRSA and the
Department of Justice.

The legislation also called for the Institute of Medicine (IOM) to review
evidence regarding possible adverse consequences of childhood immunizations.
The three expert committees convened by IOM produced the reports Adverse
Effects of Pertussis and Rubella Vaccines (IOM, 1991), Adverse Events Associ-
ated with Childhood Vaccines: Evidence Bearing on Causality (IOM, 1994a),
and DPT Vaccine and Chronic Nervous System Dysfunction: A New Analysis
(IOM, 1994b). Following the completion of the third study, IOM was asked to
organize the Vaccine Safety Forum to provide a framework for continued dis-
cussion of vaccine safety issues. Forum participants included representatives of
government agencies, advocacy groups, and pharmaceutical companies, as well
as parents, health care providers, academic researchers, and IOM staff. Forum
discussions, on topics such as research strategies and risk communication, were
documented in brief reports (IOM, 1996, 1997a,b) but were not intended to pro-
duce conclusions or recommendations. The final meeting of the Forum explored
the early emerging data regarding the hypothesized relationship between MMR
vaccine and autism. A list of research ideas from that open meeting can be found
in Appendix D.

In 1995 and 1997, in response to the findings and recommendations of Ad-
verse Events Associated with Childhood Vaccines: Evidence Bearing on Cau-
sality (IOM, 1994a), the Secretary of the DHHS updated the Vaccine Injury
Table, a list of post-vaccination events that must be reported to DHHS and that
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are covered by the National Vaccine Injury Compensation Program. Also in
1995, the National Vaccine Advisory Committee (NVAC) of the National Vac-
cine Program Office of DHHS added a Vaccine Safety Subcommittee to its ef-
forts. In 1999, this subcommittee expanded its scope and was renamed the Vac-
cine Safety and Communication Subcommittee. Concern over cases of vaccine-
associated paralytic poliomyelitis prompted another CDC committee—the Advi-
sory Committee on Immunization Practices—to recommend in 1997 that the
immunization schedule be changed to replace oral poliovirus vaccine with inac-
tivated poliovirus vaccine (CDC, 2000e).

But since the mid-1990s, a number of additional challenges to the safety of
vaccinations have gained attention in various settings. During 1999–2000, the
Committee on Government Reform of the U.S. House of Representatives held
seven hearings on vaccine-safety issues. The media have covered these issues on
news programs such as 60 Minutes, 20/20, and Nightline, and the Internet is play-
ing an increasingly important communications role. Also, many consumer and
professional organizations have sponsored conferences and scientific symposia to
address vaccine safety.

Given these growing concerns, CDC and the National Institutes of Health
(NIH) recognized the need for an independent, expert group to address vaccine
safety in a timely and objective manner. In 1999, as a result of IOM’s previous
work and its access to independent scientific experts, CDC and NIH began a
year of discussions with IOM to develop the Immunization Safety Review proj-
ect to address vaccine-safety issues both existing and emerging.

THE CHARGE TO THE COMMITTEE

The Immunization Safety Review Committee is responsible for examining a
broad variety of vaccine-safety concerns. Committee members have expertise in
pediatrics, neurology, immunology, internal medicine, infectious diseases, ge-
netics, epidemiology, biostatistics, risk perception and communication, decision
analysis, public health, nursing, and ethics. To preclude any real or perceived
conflicts of interest, candidate members were subject to strict selection criteria
that excluded anyone who had financial ties to vaccine manufacturers or their
parent companies, previous service on major vaccine advisory committees, and
prior expert testimony or publications on issues of vaccine safety. While all
committee members share a belief in the benefits of vaccines, none of them has
a vested interest in the vaccine-safety issues that will come before the group.
Additional discussion of the committee composition can be found in the Fore-
word, written by Dr. Kenneth Shine, President of the IOM.

The committee is charged with examining three vaccine-safety hypotheses
each year during the 3-year study period (2001–2003). The Interagency Vaccine
Group, comprising officials from the National Vaccine Program Office at
DHHS, the National Immunization Program and the National Center for Infec-
tious Diseases at the CDC, the National Institute for Allergy and Infectious Dis-
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eases at the NIH, the Department of Defense, the FDA, the National Vaccine
Injury Compensation Program at HRSA, the Health Care Financing Administra-
tion, and the Agency for International Development, selects the hypotheses to be
examined by the committee. For each hypothesis examined, the committee will
hold an open scientific meeting followed directly by a 1- to 2-day closed meet-
ing for committee deliberations and formulation of conclusions and recommen-
dations. The committee’s findings will be released to the public in a brief con-
sensus report 60-90 days after its meeting.

For each hypothesis to be examined, the committee has been asked to assess
both its scientific plausibility and the significance of the issue in a broader so-
cietal context. The plausibility assessment has two components: (1) an examina-
tion of the causal relationship between the vaccine and the adverse event and (2)
an examination of any pathogenic mechanism(s) in support of the hypothesis.
The significance assessment addresses such considerations as the nature of the
health risks associated with the vaccine-preventable disease and that of the ad-
verse event in question. Other considerations may include the perceived inten-
sity of public or professional concern or the feasibility of additional research to
help resolve scientific uncertainty regarding causal associations.

The findings of the plausibility and significance assessments provide the
basis for the committee’s recommendations on public health response, immuni-
zation-policy review, current and future research, and effective communication
strategies for the specific immunization-safety questions. Although the commit-
tee has been asked to make recommendations related to immunization policy,
there are clear limits on this element of the charge. For example, it would exceed
the authority of this committee to recommend a change in the licensure, sched-
uling, or administration of a vaccine. If the committee concluded that the scien-
tific evidence or other important factors justified such action, it could recom-
mend convening the appropriate advisory group(s) to examine the question.

THE STUDY PROCESS

The committee held an initial organizational meeting in January 2001. CDC
and NIH presented the committee’s charge at the meeting, and the committee con-
ducted a general review of immunization-safety concerns and determined its
methodology for assessing causality. This approach would be used for the hy-
potheses to be considered at subsequent meetings (see Appendix A).

To evaluate the hypothesis on MMR vaccine and autism, the committee
then collected information from several sources. An extensive review was per-
formed of the published, peer-reviewed scientific and medical literature perti-
nent to the hypothesis. A background paper reviewing the epidemiological
studies of MMR vaccine and autism was commissioned and made available on
the project’s website to inform the committee and to generate discussion among
committee members and other interested parties. Critiques of the paper were
reviewed during the committee’s deliberations. (The committee emphasizes that

Copyright © National Academy of Sciences. All rights reserved.

Immunization Safety Review:  Measles-Mumps-Rubella Vaccine and Autism
http://www.nap.edu/catalog/10101.html

http://www.nap.edu/catalog/10101.html


MMR AND AUTISM 17

this background paper does not represent the views of the committee, only those
of the authors.)

At an open scientific meeting in March 2001 (Appendix B), academic re-
searchers, NIH scientists and other federal officials, and representatives of vac-
cine safety advocacy groups gave presentations and offered comments. The
formal presentations reviewed the current state of knowledge of the etiology and
epidemiology of autism and current research efforts. The committee also heard
presentations from researchers currently investigating the MMR vaccine-autism
hypothesis. Unpublished data shared with the committee through presentations
and personal communications helped inform the committee’s conclusions and
recommendations. A working group of the committee conferred with parents of
autistic children, as well as vaccine-safety advocates and educators, to discuss
their concerns regarding the MMR vaccine, autism, and the hypothesized asso-
ciation between the two.

THE FRAMEWORK FOR ASSESSING CAUSALITY

The Immunization Safety Review Committee has adopted the framework
for assessing causality developed by the committees previously convened by the
IOM (1991, 1994a) to address questions of vaccine safety. Reviews begin from
a position of neutrality regarding the specific vaccine-safety hypothesis under
question. That is, there is no presumption that a specific vaccine does or does
not cause the adverse event in question. The weight of the available evidence
determines whether it is possible to shift that position toward causality (“the
evidence favors acceptance of a causal relationship”) or away from causality
(“the evidence favors rejection of a causal relationship”). The committee does
not conclude that the evidence favors rejecting causality merely if the evidence
toward causality is inadequate. Rather, the committee requires epidemiological
evidence showing no association before concluding that the evidence favors
rejection of a causal relationship. Furthermore, while biological plausibility
must be demonstrated in order to establish a causal relationship, demonstrated
biological plausibility in the absence of adequate epidemiological evidence is
not sufficient.

Standard approaches are used for evaluating evidence. Controlled epidemi-
ological studies published in peer-reviewed journals always carry the most
weight. Uncontrolled observational studies are important but generally are con-
sidered less definitive than controlled studies. Case reports and case series are
reviewed, although they are generally inadequate to establish causality. Despite
the limitations of case reports, the causality argument for at least one adverse
event (the relationship between vaccines containing tetanus-toxoid and Guillain-
Barré syndrome) was strengthened most by a single, well-documented case re-
port on recurrence of the adverse event following re-administration of the vac-
cine, referred to as a “rechallenge” (IOM, 1994a).
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Unpublished or non-peer-reviewed data presented to the committee are of-
ten reviewed. Such findings could be used in support of a body of published
literature with similar findings, but only in extraordinary circumstances could an
unpublished study refute a body of published literature. If, however, the com-
mittee felt that the unpublished data were well described, were obtained using
sound methodology, and presented very clear results, the committee could con-
sider, with sufficient caveats in the discussion, how those data fit with the entire
body of published literature.

Five categories are used to summarize the direction and strength of the evi-
dence for causality (see Table 1). The wording of the causality categories used
in the 1991 IOM report was revised in the 1994 report because the IOM had
found that some people misinterpreted the 1991 language. The changes in
wording are shown in Table 1. The types and strength of evidence required to
determine a specific level of causal association were the same for the two re-
ports. The Immunization Safety Review Committee is using the wording
adopted in 1994.

UNDER REVIEW: THE MMR–AUTISM HYPOTHESIS

The Immunization Safety Review Committee examined the hypothesized
causal relation between MMR vaccination and autism. Autism is a complex and
severe developmental disorder characterized by impairments of social interac-
tion, impairments in verbal and nonverbal communication, and restricted or re-
petitive and stereotyped patterns of behaviors and interests (APA, 1994; Filipek
et al., 1999). Over time, research has identified subtle differences in the onset
and progression of autistic symptoms. The term “autistic spectrum disorders”
(ASD), synonymous with “pervasive developmental disorders” (PDD), refers to
a continuum of related cognitive and neurobehavioral disorders that reflects the
heterogeneity of these symptoms. ASD includes autistic disorder, childhood
disintegrative disorder, Asperger’s syndrome, Rett’s syndrome, and pervasive
developmental disorder not otherwise specified (PDD-NOS or atypical autism).
While the primary deficits are similar for all of these disorders, patients vary in
the severity of their symptoms and level of cognitive impairment. Although
Rett’s syndrome is included in the diagnostic category of ASD, it is considered
by many to be a distinct neurologic disorder and this diagnosis is not included in
most research which has evaluated the association of the MMR vaccine with
autism. In this report, the terms “autism,” “autistic,” and “autistic spectrum dis-
orders” are used interchangeably to refer to this broader group of pervasive de-
velopmental disorders. The term “autistic disorder” refers to a more narrow di-
agnosis defined by criteria in the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (DSM-IV) (APA, 1994).
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TABLE 1  Summary Categories and Levels of Evidence Regarding Causality
Category IOM, 1991 IOM, 1994a Level of Evidence

1 No evi-
dence
bearing on a
causal
relation

No evidence
bearing on a
causal relation

No case reports or epidemiological
studies identified.

2 Evidence
insufficient
to indicate a
causal
relation

The evidence
is inadequate
to accept or
reject a causal
relation

One or more case reports or epide-
miological studies were located, but
the evidence for the causal relation
neither outweighs nor is outweighed
by the evidence against a causal
relation.

3 Evidence
does not
indicate a
causal
relation

The evidence
favors
rejection of a
causal relation

Only evidence from epidemiological
studies can be used as a basis for
possible rejection of a causal rela-
tion. Requires a rigorously per-
formed epidemiological study (or
meta-analysis) of adequate size that
did not detect a significant associa-
tion between the vaccine and the
adverse event.

4 Evidence is
consistent
with a
causal
relation

The evidence
favors
acceptance of
a causal
relation

The balance of evidence from one or
more case reports or epidemiological
studies provides evidence for a
causal relation that outweighs the
evidence against such a relation.

5 Evidence
indicates a
causal
relation

The evidence
establishes a
causal relation

Epidemiological studies and/or case
reports provide unequivocal evi-
dence for a causal relation.

Most cases of ASD appear to result from prenatal or early postnatal insults
(Bristol et al., 1996). Although it is clear that a vaccine given in the second year
of life, as MMR is, could not cause the cases of autism originating in the prena-
tal or early postnatal period, the emergence of more pronounced symptoms at
the time of vaccination may leave the temporal relationship with vaccine expo-
sure uncertain. Moreover, because in some cases autistic symptoms emerge after
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a period of apparently normal development (i.e., regression), usually in the sec-
ond year of life, the possibility is left open that MMR vaccination may provoke
the onset of the disorder.

The MMR vaccine, which consists of three separate, attenuated viruses di-
rected against three different diseases, has been hypothesized many times over
the years to cause neurologic disorders, especially encephalitis or encephalopa-
thy. Biologic plausibility is demonstrated for this association, because natural or
wild-type measles clearly infects the central nervous system (CNS) and can lead
to clinical neurologic events. In addition, rubella virus is known to produce
CNS–related birth defects. Although neurologic effects are biologically plausi-
ble, the totality of biological, clinical, and epidemiological data led previous
IOM committees to conclude that the evidence is inadequate to accept or reject a
causal relationship between MMR vaccine and encephalopathy, subacute scle-
rosing panencephalitis (SSPE), or residual seizure disorder. The specific ques-
tion of MMR and ASD was not addressed in the 1991 or 1994 IOM reports.

Current attention to the possible relationship between MMR and ASD stems
primarily from a case series reported in 1998 (Wakefield et al., 1998). The
authors investigated 12 children, consecutively referred to a London gastroen-
terology clinic, who exhibited regression in development (loss of previously
acquired developmental milestones) and gastrointestinal symptoms. For eight of
these children, according to retrospective accounts by their parents or physi-
cians, the onset of their behavioral problems was associated with MMR vacci-
nation. While the authors acknowledge that the study did not prove an associa-
tion between MMR and the conditions seen in these children, the report
generated considerable interest and concern about a possible link between MMR
vaccination and ASD, and regressive autism in particular. Subsequent epidemi-
ological studies have investigated the possible relationships among the MMR
vaccine, ASD, and bowel disease. Some studies have focused on ASD with no
specific relation to bowel disease; other studies have focused on the bowel dis-
ease with no particular relationship to ASD.

There are also more general concerns in the United States and the United
Kingdom that the introduction and wide-scale use of the MMR vaccine coin-
cides with an apparent increase in the incidence of autism. A report by the Cali-
fornia Department of Developmental Services (1999) showed a significant in-
crease between 1987 and 1998 in its caseload of children with autism, and this
report is often cited as supporting an increase in ASD occurrence, although these
reported increases occurred well after the licensure and introduction of MMR in
the United States in 1971. The evidence from other studies of trends in ASD
prevalence and incidence is unclear. While several recent reviews have found an
increase in autism prevalence rates, these observed increases may reflect such
factors as reporting bias, changes in diagnostic criteria for ASD, and better de-
tection of cases (Fombonne, 1999, 2001a; Gillberg and Wing, 1999). Given
these broader concerns and uncertainties about ASD, parents of autistic children
who spoke to members of the IOM committee urged consideration of biologic
mechanisms other than those involving bowel disorders.
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The possible association between MMR vaccine and autism has been the
focus of high-level scientific research and review, both in the United Kingdom
and the United States. British health authorities have issued statements that the
evidence shows MMR vaccine does not cause autism and MMR vaccine should
be administered in its trivalent form (U.K. DOH, 2001a). The World Health
Organization (WHO) has likewise issued a statement in support of the trivalent
vaccine (WHO, 2001). In the United States, the American Academy of Pediat-
rics (AAP), at the request of CDC, convened a workshop in June 2000 to ex-
plore the data on this relationship. The report, due to be released in May 2001,
was embargoed and therefore not available to this committee for review. How-
ever, a letter from the vice-president of AAP to the AAP membership states that
“The bottom line is that a considerable body of evidence does not support a
causal relationship between MMR vaccine and autism or inflammatory bowel
disease. No data exist to suggest that separate administration of measles-mumps-
rubella vaccines would offer any potential benefit over the MMR vaccine cur-
rently used in the United States” (Cooper, 2001).

PLAUSIBILITY ASSESSMENT

The Immunization Safety Review Committee undertook to answer the fol-
lowing question: What is the causal relationship between the MMR vaccine and
ASD? The sources of evidence considered by the committee in its plausibility
assessment include biological plausibility, reports of individual cases or series of
cases, and epidemiological studies. Epidemiological studies assess health-related
exposures or outcomes in a defined sample of subjects and making inferences
about the values of those characteristics or the associations among them in the
population from which the study sample originates. Epidemiological studies can
either be uncontrolled (descriptive) or controlled (analytic), observational (survey)
or experimental (clinical trial). Controlled and experimental studies are given more
weight in causality assessments because of their more rigorous study designs.

 It is important to emphasize that the focus is on the hypothesized relation-
ship between MMR vaccine and ASD, not the presence or absence of bowel
disease in children with ASD. The committee recognizes the contribution to
clinical medicine of the presentation of bowel disease in a subset of children
with ASD, but the possible presence and role of measles vaccine-strain virus in
the bowel of these children is not central to assessing the relationship between
MMR vaccine and ASD. It does, however, suggest a potential biologic mecha-
nism to link MMR vaccine and ASD, which is discussed below in the review of
biologic plausibility. Further research on this subject might have more bearing
on the possible role of measles-related virus in the etiology of bowel disease
than on its role in the etiology of ASD.
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Clinical Description of Autistic Spectrum Disorders

Autism was first described by Kanner in 1943, and a serious effort by Rut-
ter and others to define the disorder more precisely came in the 1970s (Volkmar
and Lord, 1998). Efforts to develop clear definitions for each of the autistic
spectrum disorders have culminated in a convergence of the diagnostic criteria
in DSM-IV (APA, 1994) and the latest version of the WHO’s International
Classification of Diseases, ICD-10 (Filipek et al., 1999; WHO, 1993). Wide-
spread acceptance of these diagnostic criteria is expected to produce more con-
sistent identification and categorization of cases, which will be more conducive
to research and comparative studies.

Kanner initially described “infantile autism” as exhibition of poor social
and communication skills but not necessarily cognitive impairment. He de-
scribed these impairments as being evident at birth or shortly thereafter and not
associated with any medical conditions. Early research on autism was hampered
by confusion resulting from the placement of autism in a continuum of psychotic
disorders related to schizophrenia. Autism was also erroneously associated with
high parental achievement, parental psychopathology, and dysfunctional parent-
child interactions and care. In fact, autism occurs in families of all socioeco-
nomic levels and ethnic backgrounds. Autism has been found to be associated
with various organic abnormalities such as structural abnormalities in the brain,
seizure disorders and EEG abnormalities, and mental retardation (Volkmar and
Lord, 1998).

Autopsy studies of a small number of brains of individuals who had autism
have shown neuroanatomic abnormalities, including decreased cell size, increased
cell density, and stunting of dendritic branching bilaterally in the limbic system
(Bauman and Kemper, 1997; Kemper and Bauman, 1998). The limbic system is
important for learning, memory, emotion, and behavior. A decrease in Purkinje
cell density and, to a lesser extent, granule cell density in the cerebellum has also
been described (Bauman, 1999; Bauman and Kemper, 1997). The cerebellum is
linked to control of emotion, motivation, learning, memory, and the processing
and integration of sensory and motor information. The pattern of neural abnor-
malities in the limbic system and the lack of reactive gliosis or other evidence of
an inflammatory or infectious event in the autopsied brains suggest that the etio-
logic insult occurred in early embryonic development (Kemper, 2001). Further-
more, the existence of Purkinje cell lesions with the preservation of related olivary
neurons as described in the brains of autistic patients is consistent with a prenatal
insult because cerebellar lesions after birth generally lead to regression of the oli-
vary neurons (Bauman and Kemper, 1997).

Autism is believed to be the most genetic of all psychiatric disorders (Rutter
et al., 1997). It is generally thought that the genetic mechanism is a complex
interaction among multiple genes. However, interactions of other factors, in-
cluding infectious, neurologic, metabolic, immunologic, and environmental in-
sults, may also play an important role in the onset of autism. (Bristol-Power,
2001). An increased risk of autism in siblings of a child with autism and a high

Copyright © National Academy of Sciences. All rights reserved.

Immunization Safety Review:  Measles-Mumps-Rubella Vaccine and Autism
http://www.nap.edu/catalog/10101.html

http://www.nap.edu/catalog/10101.html


MMR AND AUTISM 23

concordance rate in monozygotic twins have been found (Bailey et al., 1995;
Trottier et al., 1999). In a recent study, Bailey and colleagues (1995) re-
evaluated the subjects of an original British twin study and also evaluated a new
sample of twins. Consistent with previous studies, the study revealed a signifi-
cant difference in the concordance rate of monozygotic (identical) versus dizy-
gotic (fraternal) twins, 60% and 0%, respectively. Autism has been associated
with a variety of clearly inherited (genetic) medical conditions including fragile
X syndrome, tuberous sclerosis, Rett’s syndrome, and phenylketonuria (Trottier
et al., 1999). Furthermore, aberrations of almost all chromosomes, including the
X and Y (sex-linked) chromosomes, have been described in some children diag-
nosed with autism (Gillberg, 1998). The frequency of the association of known
medical conditions with autism has been a point of much debate, but the rate of
concurrence is thought to be approximately 10% (Rutter et al., 1994).

Clinical descriptions of autism suggest several different types of presenta-
tions, including early onset and regression. In the early-onset cases, develop-
mental abnormalities appear within the first year or few months of life, and may
be apparent as early as birth. Most cases of autism appear to be early onset
(Bristol et al., 1996); however, the diagnosis is characteristically not made until
the second year of life, when symptoms become more prominent. In a second
course suggested by the minority of cases, apparently normal development is
followed by regression, or the sudden or insidious loss of previously established
developmental milestones, which may exhibit a fluctuating pattern (Rapin,
1997; Tuchman et al., 1991). There is no scientifically established definition of
regressive autism, and data are not available regarding the fundamental differ-
ences in course or other features between early onset and regressive autism. The
distinction is drawn by the reported time-course of developmental abnormalities.
Differentiation between these two courses of autism may be confounded by de-
layed parental recognition of developmental problems that were actually present
much earlier in childhood (Mars et al., 1998; Rogers and DiLalla, 1990;
Tuchman and Rapin, 1997). Furthermore, it is possible that the regressive form
does not represent actual regression of development but rather a failure to prog-
ress (Volkmar, 2001). It is an important possibility that regressive autism is a
manifestation of a later insult that exacerbates an earlier insult, such as those
outlined above. There are conflicting views regarding the frequency and timing
of regression, and these are the subject of current research efforts aimed at pro-
ducing a better understanding of this course of autism. Below, the specific diag-
noses classified under ASD or PDD are briefly described.

Autistic disorder occurs more often in boys than girls and is thought to have
multiple etiologies that are not well described. Genetic factors are known to
have a very strong influence in the etiology (Rutter et al., 1997). The standard
criteria used for diagnosis, as described in DSM-IV/ICD-10 (see Table 2), in-
clude qualitative impairments of social interaction, such as lack of emotional
reciprocity and failure to develop peer relationships; qualitative impairment in
spoken or behavioral communication; and restrictive, repetitive and stereotyped
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TABLE 2  DSM-IV Criteria for Autistic Disorder (299.0)
A. A total of at least six items from (1), (2) and (3), with at least two

from (1), and one each from (2) and (3):
(1) Qualitative impairment in social interaction, as manifested by at

least two of the following:
(a) marked impairment in the use of multiple nonverbal behav-

iors such as eye-to-eye gaze, facial expression, body pos-
tures, and gestures to regulate social interaction;

(b) failure to develop peer relationships appropriate to develop-
mental level;

(c) markedly impaired expression of pleasure in other people’s
happiness;

(d) lack of social or emotional reciprocity.
(2) Qualitative impairments in communication as manifested by at

least one of the following:
(a) delay in or total lack of the development of spoken language

(not accompanied by an attempt to compensate through alter-
native modes of communication such as gestures and mime);

(b) in individuals with adequate speech, marked impairment in
the ability to initiate or sustain conversation with others;

(c) stereotyped and repetitive use of language or idiosyncratic
language;

(d) lack of varied spontaneous make-believe play or social imi-
tative play appropriate to developmental level.

(3) Restricted repetitive stereotyped patterns of behavior, interests
and activities, as manifested by at least one of the following:

(a) encompassing preoccupation with one or more stereotyped
and restricted patterns of interest that is abnormal either in
intensity or focus;

(b) apparently compulsive adherence to specific, nonfunctional
routines or rituals;

(c) stereotyped and repetitive motor mannerisms (e.g., hand or
finger flapping or twisting, or complex whole body move-
ments);

(d) persistent preoccupation with parts of objects.
B. Delays or abnormal functioning in at least one of the following areas,

with onset prior to age three: (1) social interaction, (2) language as
used in social communication, or (3) symbolic or imaginative play.

C. Not better accounted for by Rett’s Disorder or Childhood Disinte-
grative Disorder.

Reprinted with permission from the Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition. Copyright 1994 American Psychiatric Association.
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behaviors, interests, and activities (APA, 1994; WHO, 1993). By definition
these symptoms must be present prior to 36 months of age. They are usually
recognized by the caretaker during the first 2 years of life and include concerns
about language delays, hearing impairment, and impaired social interaction
(Volkmar, 2001).

Childhood disintegrative disorder, also known as Heller’s syndrome or
disintegrative psychosis, is marked by a precipitous developmental deterioration
of a normally progressing child, usually between 3 and 4 years of age (Filipek et
al., 1999; Volkmar and Lord, 1998). The symptoms overlap those of autistic
disorder but are more severe, with minimal recovery of lost language, motor,
and social skills. CDD has a greater association with seizure risk than does
autism (Tanguay, 2000). Because of the period of normal development followed
by loss of skills in CDD, it is similar to the regressive course of autism, which as
described above, is not well-defined (Filipek et al., 1999).

Asperger’s syndrome, which primarily affects males, overlaps with the
characteristics of autistic disorder in numerous areas and is sometimes consid-
ered a “higher-functioning” form of autistic disorder (Tanguay, 2000). Individu-
als with Asperger’s exhibit a preservation of language skills compared to those
diagnosed with autistic disorder. The DSM-IV criteria for Asperger’s are the
same as those for autistic disorder with respect to social impairments and ab-
normal patterns of behavior and interests but describe no evidence of significant
language impairment and near-normal IQ. Because of the less-impaired lan-
guage development, the syndrome often becomes apparent later in childhood (3-
4 years of age).

Rett’s syndrome, first described in 1966, is evident only in girls and only
after a brief period of normal development. The syndrome is marked by devel-
opment of motor impairments (apraxia and ataxia), deceleration of head growth,
profound mental retardation, and breathing dysfunctions. Rett’s disorder is
caused by an X-linked, dominantly expressed genetic mutation that is nearly
always lethal in males (Amir et al., 1999; Tanguay, 2000; Volkmar and Lord,
1998). Recent studies, however, suggest that males can also be affected by a
form of Rett’s Syndrome (Clayton-Smith et al., 2000; Salomao et al., 1999).

PDD-NOS, or atypical autism, is a residual category for subtypes of autism
that have many of the characteristics of other pervasive developmental disor-
ders, such as abnormal social interaction and communication skills, but that do
not meet the strict DSM-IV/ICD-10 diagnostic criteria for one of the previously
described disorders. Atypical autism also includes autistic characteristics that
develop after 36 months of age (Volkmar and Lord, 1998).

Epidemiology of Autistic Spectrum Disorders

There is considerable uncertainty about the prevalence (the proportion of in-
dividuals in a population with a given condition) and incidence (the number of
new cases) of autistic disorder and other ASD and their trends over time. A recent
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review of 23 epidemiological studies from multiple countries that were pub-
lished in English between 1966 and 1998 found estimates of the prevalence of
autistic disorder ranging from 0.7 per 10,000 to 21.1 per 10,000, with a median
value of 5.2 per 10,000 (Fombonne, 1999).1 In a recent unpublished update of
this review, which includes 32 studies conducted between 1966 and 2001,
prevalence rates of autistic disorder ranged from 0.7 per 10,000 to 72.6 per
10,000, with a median value of 8.7 per 10,000 (Fombonne, 2001b). After ex-
cluding studies with low precision and focusing on recent surveys, the best con-
servative estimate of the prevalence of autistic disorder is thought to be 10 per
10,000 (Fombonne, 2001b). A separate review of 18 epidemiological studies
conducted outside the United States between 1966 and 1997 also concluded that
the most reasonable conservative (mean) estimate of the prevalence of autistic
disorder is about 10 in 10,000 children (Gillberg and Wing, 1999).

These figures do not include other categories of ASD such as Asperger’s syn-
drome, childhood disintegrative disorder, Rett’s syndrome, or atypical autism.
Clearly, prevalence estimates would be higher if these categories were included.
While no large-scale studies have been conducted on the prevalence of other ASD,
estimates suggest that their prevalence is more frequent than the prevalence of
autistic disorder (Fombonne, 1999, 2001b; Gillberg and Wing, 1999).

Most of the published literature is uninformative for gauging trends in
autism rates (Fombonne, 1999, 2001b). Although recent reviews have concluded
that the prevalence of autism has increased over time (Fombonne, 1999, 2001b;
Gillberg and Wing, 1999), many of the studies examined varied in terms of their
diagnostic criteria, case-finding methods, participation rates, precision, and the
age and size of the populations studied. Thus, it is difficult to discern how much
of the observed increase is real or possibly due to other factors, such as the
adoption of a broader diagnostic concept of autism, improved recognition of
autism, or variations in the precision of the studies (Fombonne, 1999, 2001b;
Gillberg and Wing, 1999). Time trends can be evaluated only in studies in which
these parameters are held constant.

Furthermore, even if the prevalence of autism has increased over time, this
trend cannot be interpreted as evidence of an increase in the incidence of autism.
Standardizing study methodology and focusing on incidence rather than preva-
lence will facilitate comparisons across populations and analysis of trends in
autism over time.

Information about rates of autism in the United States and changes in inci-
dence or prevalence is limited, reflecting a lack of epidemiological research on
autism in this country. In the recent review by Gillberg and Wing (1999), only two
major United States prevalence studies met the criteria for inclusion (Burd et al.,
1987; Ritvo et al., 1989). These studies, both of which were published in the
1980s, were based on sufficiently large populations to avoid the risk of chance
findings (Gillberg and Wing, 1999). The two studies provide similar prevalence
                                                          

1 The review included only studies that surveyed autism in clearly demarcated, non-
overlapping samples. (Fombonne, 1999).
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estimates of autistic disorder, 3.3 per 10,000 and 3.6 per 10,000, although these
rates differ substantially from the prevalence rates found in non-U.S. studies con-
ducted during the same period and more recently (Gillberg and Wing, 1999).

In a recent unpublished epidemiological study conducted by the CDC in
Brick Township, New Jersey, the estimated prevalence of autistic disorder was
40 per 10,000 (95% CI: 28–56) while the estimated prevalence of ASD was 67
per 10,000 (95% CI: 51–87) (CDC, 2000f). These rates are higher than the rates
reported in previously published studies although, as noted above, there is sig-
nificant controversy about the actual rate of ASD in the United States. Factors
that may have contributed to the higher rates include the intensity of case-
finding methods, the small size of the target population, the heightened aware-
ness of the issue in the community, and the use of the Autism Diagnostic Obser-
vation Schedule-G (ADOS-G) diagnostic tool, which may have led to the inclu-
sion of children with more subtle signs of ASD. The authors comment that
interpreting the rate of autism in Brick Township is difficult given the lack of
comparable data on the prevalence of ASD in other large and diverse popula-
tions in the United States (CDC, 2000f). As noted in the report, the in-migration
of families with children with ASD to Brick Township may have led to a clus-
tering of cases in that town and is a possible explanation for the higher rate of
autism and ASD found in this study.

The previously mentioned report from the California Department of Devel-
opmental Services (1999), which showed a large increase from 1987 to 1998 in
the number of children with ASD registered in the California Developmental
Services system, has been widely cited as evidence of an increase in the inci-
dence of ASD in the United States. The report stresses that the study was not
designed to measure trends in autism incidence, and the data should therefore be
interpreted with caution. Several methodological limitations have been cited,
including the failure to account for changes over time in the population size or
composition, in diagnostic concepts, in case definitions, or in age of diagnosis
(Fombonne, 2001a). The lack of epidemiological data on ASD in the United
States points to the need for studies to establish reliable baseline estimates of
incidence and prevalence for large and diverse populations in the United States.

Evidence Regarding Association: Biologic Plausibility

Biologic plausibility relies on the existence of a scientifically viable mecha-
nism by which the vaccine could be associated with the adverse event in ques-
tion. Evidence for this association is based on the demonstration, through clini-
cal, animal, and in vitro studies, of the mechanism. The biological plausibility of
the potential association of MMR and ASD (through discussion of immunologic
mechanisms and appropriate animal models) and of MMR and autism/bowel
disease (through discussion of the opioid excess hypothesis, autoimmune
mechanism, and isolation of the vaccine-strain measles virus in the gut) are de-
scribed below.
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Mechanisms for a Potential Causal Relationship Between MMR and ASD

Immunologic Mechanisms.  An increasing concern has been voiced by
some that the polyvalent MMR vaccine may cause an alteration in the immune
response to one vaccine component due to the effects of one or more of the other
vaccine component(s) (Wakefield and Montgomery, 1999). Vaccines are given
in combination, as with MMR, to reduce the number of separate vaccinations
and health-care contacts that individuals must receive to achieve full immuniza-
tion coverage over a lifetime. Polyvalent vaccines are tested for their immuno-
logical efficacy and for adverse host reactions to the combination (Goldenthal et
al., 1995). A concern regarding simultaneously administered vaccines is the po-
tential alteration in immunogenicity (increase or decrease) of the component
vaccines (Choo and Finn, 1999; Goldenthal et al., 1995; Insel, 1995). Some evi-
dence from animal models suggests that prior or subsequent infection with dif-
ferent viruses can alter the magnitude and quality of the T cell response to these
viruses, and thereby alter viral clearance and tissue injury (Selin et al., 1998,
1999). This raises the possibility that concomitant infection with multiple vi-
ruses in a combination vaccine might modify T-cell-dependent immune re-
sponses to one or more of its components. However, there is no evidence that
this occurs in the context of MMR vaccine. Altered immunogenicity can be at-
tributable to various causes, including physical or chemical interactions, inter-
actions between live viruses, or immunological interference (Insel, 1995;
Schutze et al., 1989).

There are multiple mechanisms that may be involved in an alteration of im-
munity as a result of the administration of a vaccine. Those that are relevant in
the assessment of the causal relationship between MMR and ASD are noted here.

First, the presence of an increased number of types of viral proteins from a
combination vaccine may increase the potential for peptide competition for
binding to major histocompatibility complex (MHC) molecules. This can then
influence the T-cell response to viral peptides in that only the dominant peptides
(those with the greatest affinity to MHC molecules) will elicit a response (Griffin
et al., 1994). Also, similar MHC-peptide structures formed by different peptides
can induce cross-reactive T-cell responses. Such responses can result in the desir-
able effect of cross-protection between two different viruses or in undesirable
effects, including anergy, cell death, cross-reactive response to self antigens
(causing an autoimmune response), or altered function of the cross-reactive T-
cell, resulting in impaired resistance (Selin et al., 1998, 1999; Welsh et al., 2000).

Second, since viral replication in the host is an important factor in the in-
duction of a robust, protective immune response, viral interference may lead to a
reduced immune response that could reduce protection. This and the other
mechanisms noted above may contribute to the need to modify the concentra-
tions or strains of the individual measles, mumps, and rubella components in
combination vaccines compared to single component vaccines (Andre and
Peetermans, 1986; Berger and Just, 1988; Insel, 1995). Third, T-cell-mediated
immune responses, by a variety of mechanisms, might be reduced for a period of
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time following infection or immunization by vaccine-strain measles virus (Karp,
1999; Marie et al., 2001).

Finally, studies have consistently shown that pre-existing or maternally de-
rived measles virus antibodies can interfere with the response to the vaccine for
the same virus during early infancy (Galletti et al., 1995; Redd, et al., 1999).
Maternal antibodies may neutralize the vaccine virus before immunity develops.
For this reason, the MMR vaccine is not given prior to 12 months of age, when
antibody titers are still high. It has been suggested that the maternal antibody
levels are lower after receiving the measles vaccine than after a natural measles
infection, which may then result in lower antibody titers in the infant and, con-
sequently, improved ability to respond to the vaccine at an earlier age (Nates et
al., 1999; Pabst et al., 1992).

While in principle these mechanisms for decreased viral immunity could
impair or otherwise alter clearance of one or more of the vaccine-strain viruses
in MMR, there is no biological precedent or sufficient evidence from existing
research to support this scenario.

Animal Models.  Animal models are useful for studying the pathogenesis of
human disease. However, no adequate animal model currently exists through
which to study any relationship between MMR vaccination and autism. One
model that is being studied by some autism researchers is the effect of neonatal
and prenatal Borna disease virus (BDV) infection on brain development in rats.
BDV is a RNA virus that has also been associated with some forms of psychiatric
diseases in humans. The BDV-infected rat has been proposed as an adequate
model of the neuroanatomical and behavioral aspects of autism induced by a per-
sistent viral infection with a minimal inflammatory response (Carbone et al., 1991;
Pletnikov et al., 1999, 2000; Rubin et al., 1999). However, BDV is not related to
measles virus, and this model has not been shown to be useful in addressing the
potential link between autism and the attenuated measles virus found in MMR
vaccines. In addition, BDV is not illustrative of a potential postnatal viral insult or
of some symptoms of ASD that are distinctly human such as verbal communica-
tion. Investigators are continuing to develop a neurovirulence rat model for
mumps vaccine strains (Rubin et al., 1998, 2000). Effective primate models of
vaccine safety and immunogenicity and neurobehavioral aspects of autism have
been developed (Bachevalier, 1996; Kennedy et al., 1997) but are not useful at this
time to study the association between MMR vaccine and ASD onset specifically.

Potential Mechanisms Linking MMR, Bowel Disease, and Autism

Opioid Excess Hypothesis.  The observation of bowel inflammation or
enterocolitis in a group of children with ASD (Wakefield et al., 1998, 2000) has
raised the possibility that exposure to MMR vaccine is linked to inflammation-
mediated intestinal permeability that results in incomplete breakdown and ex-
cessive absorption of gut-derived peptides from certain foods (Wakefield, 2001).
These peptides in turn are postulated to exert opioid effects on the central nerv-
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ous system, resulting in the dysregulation of the endogenous opioid system and
disruption of normal brain development (Wakefield et al., 1998).

First proposed by Hermann and Panksepp (1978), hyperfunction of the en-
dogenous opioid system has been implicated in symptoms associated with ASD in
both animals and humans including reduced socialization, decreased crying, con-
vulsive activity, stereotyped behavior, and reduced clinging specifically in animals
(Gillberg, 1995; Sahley and Panksepp, 1987). Also, children who were exposed to
opiates in utero experienced similar medical problems (Sandman et al., 1990).

Suggested causes of excess opioid levels include overproduction, reduced
degradation, abnormal feedback mechanisms, and developmental delay of matu-
rational processes that reduce opioid levels in the brain (Gillberg, 1995). This
hypothesis continues to be controversial, and studies have not consistently found
increased beta endorphin levels in cerebrospinal fluid in patients with childhood
autism (Gillberg et al., 1985, 1990; Nagamitsu et al., 1997) or symptomatic im-
provement after administration of an opioid antagonist such as naltrexone
(Black, 1994; Campbell et al., 1993; reviewed in Chabane et al., 2000; Leboyer
et al., 1992).

Autoimmune Etiology.  Immune-mediated injury can be induced by a vi-
ral infection. One mechanism for such injury can be seen in the production of a
cross-reactive autoimmune response to self antigens by activated T-cells and B-
cells (ter Meulen and Liebert, 1993). Measles virus is known to cause post-
infectious encephalitis when T-cells directed against myelin basic protein enter
the CNS through loss of integrity of brain microvascular endothelial cells (John-
son, 1987; Liebert, 1997). However, no cases of vaccine-strain measles virus
have been isolated in immunocompetent individuals with encephalitis (IOM,
1994a). Induction of autoimmunity due to cross-reactive immunity to self-
antigens as an explanation for MMR-induced ASD or enterocolitis is unsup-
ported because of the absence of characteristic markers for immune injury or
inflammation.

Measles Viral Presence in the Gut.  Although measles virus has not been
isolated by culture, it has been suggested that measles virus N protein on the
surface of T-  and B-cells and follicular dendritic cells from the lamina propria
of the terminal ileum can be identified by immuno-histochemical procedures and
flow cytometry in patients with bowel symptoms and ASD (Wakefield, 2001).
There are, however, concerns regarding the significance of these findings, be-
cause it has not been possible to detect measles virus genetic material using
standard RT-PCR assays. Although unpublished studies (Wakefield, 2001) sug-
gest that the presence of measles virus genetic material can be detected using
very sensitive real-time RT-PCR studies (Wakefield, 2001), conventional RT-
PCR should have been sufficiently sensitive to readily detect viral genetic mate-
rial in these samples, given the apparent abundance of immunologically detected
viral antigens. This suggests that inadvertent sample contamination or other er-
rors may account for the real-time RT-PCR findings. It is also possible that the
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results can be explained by the presence of nonviable vaccine-strain virus in the
lymphoid tissue after degradation of the viral RNA.

A published study that has investigated persistent measles virus infection
in autistic patients with bowel disease is that by Kawashima and colleagues
(2000). This group reported the identification, by RT-PCR, of measles virus
genetic material in the peripheral mononuclear cells (PBMC) of individuals
with inflammatory bowel disease (Crohn’s and ulcerative colitis) and of indi-
viduals with autism and bowel disease. They further report that the measles
virus sequence from the patients with ulcerative colitis and autistic enterocoli-
tis more closely matched that of the vaccine-strain measles virus. These find-
ings have not been replicated by other laboratories.

Similarly, over the last several years, various investigators have reported
identifying vaccine-strain measles virus in the intestinal lymphoid tissues of
patients with Crohn’s disease (Wakefield et al., 1993, 1999). Although an asso-
ciation between Crohn’s disease and autism has not been suggested, these find-
ings have bearing on the plausibility argument for persistent vaccine-strain mea-
sles virus infection. The identification of vaccine-strain measles virus in Crohn’s
patients remains highly controversial. Virus has not been isolated from patient
samples by culture. Studies seeking to detect viral antigens by immunological
approaches and viral genetic material in patient samples have given conflicting
results regarding the identification of measles-virus materials in the gut of pa-
tients with inflammatory bowel disease (Afzal et al., 1998, 2000a; Chadwick et
al., 1998; Lewin et al., 1995; Miyamoto et al., 1995; Wakefield, et al., 1993).
The majority of studies have found no evidence for the presence of measles vi-
rus or measles virus materials (either wild-type or vaccine strain) in the gut of
patients with inflammatory bowel disease (reviewed in Afzal et al., 2000). Fur-
thermore, large epidemiological studies investigating a potential relationship
between measles virus (wild-type and vaccine-strain) exposure and occurrence
of inflammatory bowel disease have been inconsistent in their findings and un-
helpful in establishing or refuting an association (Ekbom et al., 1996; Morris et
al., 2000; Pardi et al., 1999, 2000; Thompson et al., 1995).

There is support for the biologic plausibility of persistent measles virus in-
fection, but the only reproducible and convincing evidence for this is in the
CNS. This is illustrated by the documented persistence of altered measles vi-
ruses developed from wild-type strains in brain tissues of patients with subacute
sclerosing panencephalitis (SSPE) (Connolly et al., 1967; Horta-Barbosa et al.,
1969; Payne et al., 1969). SSPE is a rare disorder, most commonly associated
with acquisition of wild-type measles infection in early life. However, studies
have shown a propensity for similar tissue tropism among wild-type and attenu-
ated viruses (Ward and DeWals, 1997). Moreover, in the case of individuals
who are immunosuppressed (e.g., by HIV infection, cancer, etc.), persistent
wild-type and vaccine-strain virus in tissue and cerebral spinal fluid (CSF) has
been isolated (Bitnun et al., 1999; McQuaid et al., 1998; Ohuchi et al., 1987). This
raises the possibility that persistent CNS infection with vaccine-strain virus could
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occur. However, vaccine-strain measles virus has not been specifically isolated in
brain tissue of immunocompetent patients with SSPE, and the evidence is inade-
quate to accept or reject a causal relationship between SSPE and MMR vaccina-
tion (reviewed in IOM, 1994a). In fact, both measles vaccination and MMR vacci-
nation have been associated with a marked reduction in SSPE incidence (IOM,
1994a; Ward and DeWals, 1997). Although the gut is richly innervated, there is no
evidence of persistent measles virus infection in gut neurons, and the apparent
localization of measles-virus antigens and genetic material in the studies by the
Wakefield group is not in intestinal neurons (Wakefield, 2001).

There are a number of other reports suggesting the presence of measles vi-
rus mRNA, as detected by RT-PCR, in blood or multiple tissues at the time of
autopsy in apparently healthy individuals and in individuals with a variety of
disorders (Helfrich et al., 2000; Katayama et al., 1998; Kurihara et al., 2000; Ooi
et al., 2000). However, such findings are controversial and have not demon-
strated the presence of vaccine-strain measles virus mRNA.

Thus, with the exception of the results from two groups (Kawashima et al.,
1996, 2000; Wakefield, 2001;), there is no evidence to support persistent infection
with vaccine-strain measles virus except for individuals with compromised immu-
nity. The extant evidence is internally inconsistent, supporting the need for care-
fully controlled studies to explore these inconsistencies. In the absence of such
studies, the evidence does not demonstrate persistent vaccine-strain measles virus
infection in ASD, inflammatory bowel disease, or ASD with bowel inflammation.
Furthermore, it is not possible with the available evidence to describe the direction
of any relationship among vaccine-strain measles virus infection, autism, and en-
terocolitis—i.e., is it possible that autism creates greater susceptibility to entero-
colitis following a viral insult?

Evidence Regarding Association: Case Reports, Case Series,
and Uncontrolled and Controlled Epidemiological Studies

Below, we summarize the case reports and epidemiological studies related
to MMR and autism. The epidemiological studies are summarized in Table 3.

Case Reports

VAERS Reports.  Over the last 10 years, the Vaccine Adverse Event Re-
porting System (VAERS), a national passive surveillance system, has received a
total of approximately 112,000 adverse-event reports for all vaccines (CDC,
2001c). Between January 1990 and January 2001, 291 unique reports (excluding
foreign reports) were identified that involved MMR or another measles-
containing vaccine and any of the following adverse events: autism, speech dis-
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order, mental retardation, schizophrenic reaction, colitis, ileitis, enteritis, and/or
gastrointestinal disorder.2

Overall, 40% of the 291 reports involve MMR vaccine alone; three reports are
for measles-rubella (MR) vaccine or monovalent measles (M). The remainder of
the reports involve a measles-containing vaccine along with some other vaccine.
Of the 129 reports involving autism, 46% are for MMR vaccine alone; for the 38
reports involving gastrointestinal disorders, 55% are for MMR vaccine alone.

Among the 291 cases, 50% of the reports providing information on the
timing of the adverse event indicate that symptoms developed within 9 days
after vaccination. In 21% of these cases, symptoms manifested themselves the
same day as the vaccination. The time interval was listed as unknown in ap-
proximately 24% of reports. The average time interval was comparable for gas-
trointestinal conditions but was longer for reports of autism.

About 54% of these 291 reports were for children aged 12-23 months at
recognition of the adverse event. Males account for 63% all reports, but for the
129 cases with an outcome of autism they account for 88%, which is consistent
with the higher proportion of males seen with many developmental disorders.

Copies of the VAERS reports were made available by CDC to the commit-
tee for review. The reports varied substantially in the amount of detail and sup-
porting documentation provided. At the March meeting, FDA reported to the
committee on plans for a follow-up study of the VAERS reports on autism to
develop more detailed documentation of the timing and clinical characteristics
of each case using standard assessment tools (Woo, 2001).

Nevertheless, the committee concluded that these case reports were not in-
formative on the issue of causality. The analytic limitations of passive surveil-
lance systems like VAERS (e.g., underreporting, lack of detail, inconsistent di-
agnostic criteria, inadequate denominator data) are well known (Ellenberg and
Chen, 1997; Singleton et al., 1999). However, well-documented reports of
similar outcomes in response to an initial exposure to a vaccine and a repeat
exposure to the same vaccine, referred to as “rechallenge,” would constitute
strong evidence of an association. No rechallenge cases for regressive autism in
response to MMR vaccination were identified in the VAERS case reports pro-
vided to the committee. Possible rechallenge cases from another source are dis-
cussed in a subsequent section.

UK Working Party on MMR Vaccine.  In the United Kingdom, the
Medicines Control Agency convened a working group to review and assess sev-
eral hundred case reports of children who had developed autism, Crohn’s dis-
ease, or similar disorders after vaccination with MMR or the measles-rubella
(MR) vaccine (MCA, 1999). It collected additional information about the possi-
ble adverse events, including sending questionnaires to parents and physicians
who had cared for these children.
                                                          
2 Cases identified for each outcome category are not unique. Cases may fall into multiple categories.
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TABLE 3  Studies Reviewed Addressing an Association Between MMR Vaccine and Autistic Spectrum Disorder
Reference Type of Study Study Subjects Controls
Wakefield et al., 1998
(United Kingdom)

Case series 12 children with a history of normal development
followed by a loss of acquired skills, and gastrointes-
tinal symptoms. In 8 of the 12 children, the onset of
behavioral problems was associated by a parent or
physician with MMR vaccination.

None

Peltola et al., 1998
(Finland)

Case series 31 vaccines who developed gastrointestinal symp-
toms after MMR vaccination; drawn from adverse
event reports sent to Finland’s national passive sur-
veillance system between 1982 and 1996.

None

Patja et al., 2000
(Finland)

Case series 169 vaccines who reported 173 serious adverse
events following MMR vaccination; drawn from
adverse event reports sent to Finland’s national pas-
sive surveillance system between 1982 and 1996.

None

Dales et al., 2001
(United States)

Ecological Samples of children born in 1980-1994, enrolled in
California (CA) kindergartens; cases of children with
a diagnosis of autistic disorder reported to the CA
Department of Developmental Services between
1980 and 1994.

None

Kaye et al., 2001
(United Kingdom)

Ecological 305 children 12 years of age and younger diagnosed
with autism between 1988–99. Cases were identified
through the UK general practice research database.

None

Copyright © National Academy of Sciences. All rights reserved.

Immunization Safety Review:  Measles-Mumps-Rubella Vaccine and Autism
http://www.nap.edu/catalog/10101.html

http://www.nap.edu/catalog/10101.html


35

Gillberg and Heijbel,
1998
(Sweden)

Ecological, reanalysis
of data from 1991
population study of
autism (Gillberg et
al.)

55 children with autistic disorder (according to
DSM-III) and 19 children with atypical autism (ac-
cording to ICD-10) divided into 2 birth cohorts (as
proxy for MMR exposure): individuals born
07/01/80 – 12/31/84 (post-MMR); individuals born
01/01/75 – 06/30/80 (pre-MMR)

None

Taylor et al., 1999
(United Kingdom)

Cross-sectional
prevalence study

498 children with ASD: including 261 with typical
(core) autism; 166 with atypical autism; and 71 with
Asperger’s syndrome. Subjects identified from spe-
cial needs/disability registries and special schools in
8 health North Thames districts, UK

Self-
controlled
and
population
controls

Fombonne et al.,
2001b (unpublished,
under review)
(United Kingdom)

Ecological 2400 autistic individuals born 1959–1993, divided
into 4 birth year cohorts (as a proxy for changes in
measles vaccine exposure): 1959–1967; 1968–1986;
1987–August 1991; September 1991–1993

4640
individuals
with Down
Syndrome

Fombonne et al.
2001b (unpublished,
under review)
(United Kingdom)

Cross-sectional
survey

Representative group of 97 individuals with ASD
identified through a survey in Stafford (UK), who
had received the MMR vaccine

68 autistic
subjects
exposed to
MMR and
89 subjects
not-exposed
to MMR

NOTE: Studies are ordered as they appear in the text
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The Working Party reported that its detailed evaluation of 92 cases with
autism/PDD and 15 cases with confirmed Crohn’s disease revealed no unusual
features that suggested a novel syndrome. They found that only 8 of the 92 cases
with autism and 4 of the 15 cases with Crohn’s disease had evidence adequate to
confirm the following elements: the diagnosis, a close temporal association be-
tween administration of the vaccine and onset of symptoms, no prior history of
the disorder, and absence of an alternative cause.

The Working Party concluded that it was impossible to prove or refute the
suggested associations between MMR vaccine and ASD or inflammatory bowel
disease due to limitations such as selection bias and lack of a control. Based on
the available evidence, the Working Party found that there was no support for a
causal association between MMR and autism, and there was no cause for con-
cern about the safety of either the MMR or MR vaccine.

The IOM committee did not independently review these cases and cannot
verify their usefulness in determining causality.

Case Series

United Kingdom.  Wakefield and colleagues (1998) examined 12 children
(11 males, 1 female; aged between 3 and 10 years) consecutively referred to the
pediatric gastroenterology department of the Royal Free Hospital and School of
Medicine in London, England. These children each had a history of normal de-
velopment followed by a loss of acquired skills, including language, and of in-
testinal symptoms (diarrhea, abdominal pain, bloating, and food intolerance). 

Eleven subjects were found to have chronic or acute nonspecific colitis
(non-Crohn’s disease or ulcerative colitis). Eight of the 12 subjects were re-
ported to have reactive ileal lymphoid hyperplasia; three of them also had co-
lonic lymphoid hyperplasia, and one subject had just colonic lymphoid hyper-
plasia. In addition, nine of the subjects were found to have lymphoid nodular
hyperplasia of the terminal ileum. Urinary methylmalonic-acid excretion was
significantly elevated in eight children who were tested. The authors report that
there is no clear correlation between the endoscopic appearances and the histo-
logic findings, although none of the findings from the 12 subjects were seen in a
series of five ileocolonic biopsies from age-matched and site-matched controls
with normal mucosa. In a later study, Wakefield and colleagues (2000) further
examined the endoscopic and histopathological features of patients with devel-
opmental disorders and bowel symptoms. The cohort of 60 children includes the
12 described above.

The authors reported the following behavioral diagnoses for 10 of the children
they examined: “autism” for eight subjects; “autism? disintegrative disorder?” for
one subject; and “autistic spectrum disorder” for one subject. Two subjects were
diagnosed with “post-vaccinial encephalitis?” or “post-viral encephalitis?”. The
methods used to assess behavioral problems were not clearly stated.
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MMR vaccine was the exposure identified by parents or a doctor as linked
to the onset of behavioral problems in six of the eight subjects with definitive
autism and in the subject with suspected “post-vaccinial encephalitis.” The other
two subjects diagnosed with autism had received MMR vaccine, but no specific
exposure was linked to the onset of behavioral symptoms. Recurrent otitis media
was the exposure identified for the subject with ASD; this subject had previ-
ously received MMR vaccine. Measles infection was the identified exposure in
the subject with suspected “post-viral encephalitis?”; this subject also had previ-
ously received MMR vaccine. For the subject with a diagnosis of either
“autism? or disintegrative disorder?”, MMR vaccine was linked to deterioration
in behavior, and this subject was also reported to have shown slowed develop-
ment following an earlier exposure to monovalent measles vaccine.

The time between suspected exposure and first clinical and behavioral
symptoms ranged from 24 hours to 2 months, with a median of 1 week. Of the
eight subjects for whom MMR had been identified as the exposure linked to the
onset of behavioral problems, five had early adverse reactions (fever, rash, con-
vulsions). Self-injury behavior was reported for three subjects; gaze avoidance
(n = 2), repetitive behavior (n = 1), loss of self-help (n = 1) were also reported.
One subject was reported to have recurrent viral pneumonia for 8 weeks fol-
lowing vaccination. For the 11 of the 12 subjects for whom age at onset was
reported, the range in age at the onset of first clinical and behavioral symptoms
was 12 months to 4.5 years, with a median of 15 months. The age at first bowel
symptoms was reported for 6 of 12 subjects and ranged from 18 to 30 months,
with a median of 19 months.

Although these findings may identify a distinctive gastrointestinal condition
in a set of children diagnosed with ASD, or showing symptoms of ASD, who
received MMR vaccine, they are not helpful in assessing the hypothesized
causal association between MMR vaccine and autism. First, it is difficult to
identify a specific time of onset of developmental and gastrointestinal problems
in young children because of the overlap in timing between the typical age at
which ASD symptoms are initially suspected and the schedule for MMR and
other vaccinations. And second, given the relatively high vaccine coverage rates,
many children with such problems will have received the MMR vaccine within
months of the onset of symptoms.

Finland.  In 1982 the Finnish National Board of Health and National Pub-
lic Health Institute launched a long-term MMR vaccination program aimed at
the elimination of measles, mumps, and rubella from Finland (Patja et al., 2000;
Peltola et al., 1998). All children were to be vaccinated twice with MMR, be-
tween the ages of 14 and 18 months and at 6 years. In addition to the primary
target groups, intermediate age groups were vaccinated in catch-up programs,
unvaccinated adolescents were vaccinated during outbreaks, and adult groups at
increase risk of exposure to these diseases (e.g., defense workers and health care
workers) were also vaccinated. The live-virus MMR vaccine produced by Merck
& Co., Inc. (West Point, PA) was primarily used, except in 1992-1996, when
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2,570 doses of Trivirten (Swiss Serum and Vaccine Institute, Berna, Switzer-
land) were administered to individuals with severe hypersensitivity. Vaccine
coverage was around 95%, with almost 3 million doses distributed and approxi-
mately 1.8 million vaccines by 1996.

Following introduction of MMR, a country-wide passive surveillance sys-
tem, based on reporting by health care personnel, was established to gather in-
formation about the incidence and nature of all severe adverse events following
MMR vaccination. A potentially serious adverse event was defined as any event
following MMR vaccination, without time limit, that met at least one of three
criteria: (1) a potentially life-threatening disorder (e.g., anaphylaxis), (2) a
chronic disease that possibly had been triggered by vaccination (e.g., rheumatoid
arthritis, diabetes), or (3) hospitalization for reasons possibly attributable to
MMR vaccine. If an event occurred, a report was filed by health care personnel.
The first part of a two-part form was sent immediately, with a serum sample if
possible. The second part of the form was completed 2–3 weeks later and sent
with a second serum sample. Reports were evaluated, and contacts were made
with the hospital or health center treating the vaccinated person if more infor-
mation was needed. The authors note that passive surveillance systems may lead
to under reporting and that active surveillance may more reliably detect adverse
events. However, awareness of this potential problem prompted organization of
an extensive campaign to encourage health care workers and the public to report
serious events thoroughly.

Through 1996, a 14-year surveillance period, adverse events were reported
for 437 vaccines. For 169 of these vaccines, 173 events were considered serious
according to the criteria noted above. Age at the time of vaccination ranged from
13 months to 23 years. The interval from MMR vaccination to onset of symp-
toms ranged from a few minutes to 80 days, with peaks during the first 24 hours
and at 7–10 days. These cases were grouped into several categories: death, likely
allergic reactions, neurologic disorders, and miscellaneous reactions. The neu-
rologic disorders included febrile seizures, epilepsy, undefined seizure, en-
cephalitis, meningitis, Guillain-Barré syndrome, gait disturbance, and confusion
during fever.

Patja and colleagues (2000) reviewed all 173 serious adverse events reported
during this period. Of these, there was one death, 73 cases (42%) of likely aller-
gic reactions, 77 (45%) cases of neurologic disorders, and 22 cases (13%) of mis-
cellaneous reactions. Peltola and colleagues (1998) followed up surveillance-
system reports on 31 children, aged from 1 year 2 months to 13 years at vaccina-
tion, who developed gastrointestinal symptoms, all except one after the first vac-
cine dose. Hospital or health records were reviewed or local public health nurses
were interviewed. The interval between the reported event and follow-up ranged
from 16 months to 15 years and 1 month (median of 10 years and 8 months).
Neurological symptoms originally reported in these 31 children included febrile
seizures (5 cases), headache (2 cases), and ataxia (1 child).

During the 14 years of MMR vaccination surveillance, no cases of ASD
were reported or identified during the follow-up of the 31 children for whom
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gastrointestinal disorders were reported after vaccination. Similarly, no cases of
ulcerative colitis, Crohn’s disease, or any other chronic disorder affecting the
gastrointestinal system were reported. The authors conclude that there is no evi-
dence to support the hypothesis of an association between MMR vaccine and
ASD or inflammatory bowel disease.

Uncontrolled, Observational (Ecological) Studies

United States.  Dales, Hammer, and Smith (2001) examined trends in
autism and MMR immunization coverage among young children in California to
determine whether a correlation exists between the two. Data on age at first
MMR immunization for children born between 1980 and 1994 who were en-
rolled in California kindergartens were derived from annual reviews of a sample
of school records (approximately 600–1900 children per year). The California
Department of Developmental Services provided data on regional service-center
caseloads for children born between 1980 and 1994 and with an ICD-9 diagnosis
of autistic disorder, which excludes other pervasive developmental disorders.

The authors observed a substantial increase in autism caseloads for succes-
sive birth cohorts but relatively stable immunization rates at ages 17 or 24
months. They conclude that these data do not support an association between
MMR immunization and an increase in the incidence of autism.

The authors note that they were unable to link individual immunization and
autism records for the same children. In addition, the data do not provide precise
breakdowns of the percentage of children who received the MMR vaccine ver-
sus separate administration of monovalent or other combinations of measles,
mumps, and rubella vaccines. Historical information suggests, though, that sepa-
rate administration was rare in the United States during the period of study.

United Kingdom.  Kaye and colleagues (2001) used population-based data
from the United Kingdom general practice research database (GPRD) to conduct
a time-trend analysis to estimate changes in the risk of autism, and specifically to
assess the temporal relationship between MMR vaccination in the United King-
dom and the incidence of autism. The authors note that the GPRD has been used
for numerous published studies and is considered to be complete with respect to
vaccination records.

From GPRD records, 305 incident cases of autism in children aged 12 or
younger and diagnosed between 1988 and 1999 were identified. Of these cases,
83% were male and 81% were referred to a specialist for evaluation of the diag-
nosis. The estimated annual incidence of diagnosed autism increased 7-fold
from 0.3 per 10,000 person-years in 1988 to 2.1 per 10,000 person-years in
1999. The median age at first recorded diagnosis was 4.6 years. The authors
performed further analyses to estimate the four-year risk of diagnosed autism for
each annual birth cohort. These analyses were restricted to 114 boys born be-
tween 1988 and 1993 who were first diagnosed with autism between 2 and 5
years of age. The prevalence of MMR vaccination was calculated separately for
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each annual birth cohort (restricted to children who were registered with the
GPRD within 60 days of birth and had at least 2 years of recorded follow up).

The 4-year risk of autism increased nearly fourfold from 8 per 10,000 per-
son-years in 1988 to 29 per 10,000 person-years in 1993, while the prevalence
of MMR vaccination remained constant at 97%. The authors hypothesized that if
MMR vaccine were a major cause of the increasing incidence of autism, then the
risk of autism in successive birth cohorts would be expected to stop rising within
a few years of the vaccine being widely used. However, because the incidence
of autism among 2- to 5–year-olds increased markedly from 1988 to 1993 while
MMR vaccine coverage was over 95% for successive birth cohorts, the authors
conclude that the results do not support a causal association between MMR vac-
cination and the risk of autism.

The authors note they did not review full clinical records for the children
diagnosed with autism; such a review would be necessary to provide a more
detailed characterization of these children and their diagnosis and to explore
other possible explanations for the increase in the observed incidence of autism
during the past decade.

Sweden.  In a brief commentary, Gillberg and Heijbel (1998) reanalyzed
data from a population study of autism conducted in the late 1980s in Sweden
(Gillberg et al., 1991). A total of 55 children were diagnosed with autistic disor-
der based on DSM-III-R criteria, and an additional 19 individuals met criteria
for atypical autism based on ICD-10 criteria. The MMR vaccine was introduced
into Sweden for 18-month-old children in 1982, and coverage soon rose above
90%. The authors divided the subjects into two groups according to era of birth,
as a proxy for exposure to the MMR vaccine: children born between January 1,
1975, and June 30, 1980 (pre-MMR), and children born between July 1, 1980,
and December 31, 1984 (post-MMR). The authors hypothesized that if autism
were associated with MMR vaccination, children born since July 1980, who
were 18 months or younger at the time of MMR introduction, would be at in-
creased risk of having developed autism.

The analysis indicated that 47 of the children (34 with autistic disorder, 13
with atypical autism) were born during the earlier period, and 27 (21 with autistic
disorder, 6 with atypical autism) were born during the later period. Since the num-
bers in the later period were much less than expected had there been a strong effect
at the population level of MMR on the prevalence of autism, the authors con-
cluded that this study does not support the hypothesized association between
MMR vaccine and autism. One limitation of this study is that children born from
1980 through 1984 did not have the same length of follow-up as those born earlier,
with the maximum follow-up age of 4 years for those born in 1984. Although most
cases of autism are diagnosed prior to this age, if there was some age dependency
in the MMR effect, this study would have been unable to detect it.
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Controlled Observational Studies

United Kingdom.  In a population-based study of children in eight health
districts of the North East Thames region in the United Kingdom, Taylor and
colleagues (1999) investigated trends in the incidence of ASD before and after
the introduction of MMR vaccine in 1988 and tested for post-vaccination clus-
tering of diagnoses or other indicators of onset. Children with ASD born since
1979 were identified in mid-1998 from computerized specialized-
needs/disability registries and from records in special schools. Information was
extracted on the age at which the disorder was diagnosed, the recorded age at
which parents first became concerned about the child’s developmental course,
and the age at which regression became obvious (if it occurred). The authors
identified 498 children with ASD: 261 with typical (core) autism, 166 with
atypical autism, and 71 with Asperger’s syndrome. When ICD-10 criteria were
applied to available records, these diagnoses were confirmed for 82% of core
autism cases, 31% of atypical autism cases, and 38% of Asperger’s syndrome
cases. While not all cases were verified according to ICD-10 criteria, most cases
were documented as having been assessed by a specialist clinician. All 498
cases were included in the analyses. Data on the vaccination histories of these
children were obtained from a separate regional information system. Three sta-
tistical analyses were undertaken.

First, in a time series analysis, Poisson regression was used to fit an expo-
nential trend to the number of cases diagnosed by age 60 months for children
born between 1979 and 1992. Children born later were excluded because a diag-
nosis might not have been made by the time of the study. The analysis of actual
numbers and the fitted trend showed a significant increase in cases for core and
atypical autism but produced no evidence of a sudden “step up” after MMR vac-
cine was introduced in the United Kingdom in either the number of cases or in
the exponential trend.

The second analysis focused on children born after 1987. Among the 389
study subjects in this group, the proportion who had received MMR vaccine by
their second birthday (86.4%) was reported to be similar to that for the North
East Thames region in general. A further analysis was limited to 356 children
who were diagnosed with core or atypical autism at age 18 months or later. Of
these cases, 233 received MMR vaccine before this age, 64 never received
MMR vaccine, and 59 received MMR vaccine at 18 months or later. Children
with Asperger’s syndrome were excluded because of small numbers and their
older age at diagnosis. There were no statistically significant differences in mean
age at diagnosis between those vaccinated before 18 months of age, those vacci-
nated afterward, and those never vaccinated. There was no temporal association
between changes in the incidence of autism by birth cohort since 1987 and
changes in vaccine coverage.

The final analysis focused on the timing of diagnosis, first parental concern,
and regression in children who received one or more MMR vaccine doses. With
one exception, the authors found no clustering of diagnosis, parental concern, or
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autistic regression in the periods following vaccination. (The authors investi-
gated periods within 12 or 24 months after vaccination for diagnosis; periods
within 6 or 12 months after vaccination for parental concern; and periods within
2, 4, or 6 months after vaccination for regression). A statistically significant
clustering of parental concern was found within 6 months of diagnosis (relative
incidence 1.48; 95% C.I. 1.04 – 2.12), and was attributed to a large peak in re-
corded parental concern at 18 months and a peak in MMR vaccination at 13
months. Since the convergence of parental reports around age 18 months may
reflect recall uncertainty and age 13 months corresponds to the recommended
vaccination schedule, this association was interpreted by the authors as an arti-
fact related to the difficulty of precisely defining the onset of symptoms. The
authors concluded that their analyses did not support a causal association be-
tween MMR vaccination and autism or the onset of autistic regression.

Taylor and colleagues recently updated their study by reviewing all preva-
lent autism cases identified by the end of 2000 in five of the eight districts in the
North Thames region. Their objectives were to test whether there has been an
increase in the proportion of cases with regressive features associated with
MMR vaccination and whether there was an association between bowel symp-
toms and MMR exposure in children with and without regressive symptoms.
The authors report that they found no evidence in support of these two hypothe-
ses (Miller et al., 2001). These results have been submitted for publication and
were recently presented at a conference in Cold Spring Harbor, New York
(Taylor, 2001). These data have not been reviewed by the IOM committee be-
cause of the publication submission. If published in the peer-reviewed literature,
these data would lend additional support to the Taylor et al. (1999) study, which
found no association between MMR vaccination and autism on a population
level.

United Kingdom.  At the committee’s public workshop on March 8, 2001,
Dr. Eric Fombonne presented unpublished findings from two studies designed to
address the hypothesized link between MMR vaccination and ASD. In the first
study, which is currently under review, the investigators test the possible impact
of change in vaccine policy in the United Kingdom on the incidence of ASD,
and in particular, whether the introduction of MMR vaccine in 1988 was associ-
ated with a step-up in the incidence of ASD.

In that study, 2400 autistic subjects born between 1959 and 1993 were
identified from the membership of the U.K. National Autistic Society. A group
of 4,640 individuals with Down syndrome were recruited as controls. The sub-
jects were grouped into four birth cohorts, defined on the basis of changes in
measles vaccine use: (1) 1959–1967, prior to the introduction of measles-
containing vaccines in the United Kingdom; (2) 1968–1986, use of only mono-
valent measles vaccine; (3) 1987 through August 1991, introduction of MMR
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vaccine with different vaccine products (e.g., Urabe and Jeryl-Lynn strains)3 in
use; and (4) September 1991 through 1993, exclusive use of the Jeryl-Lynn
strain of the mumps component in the MMR vaccine. Autism incidence rates
were compared across successive periods to assess whether incidence changed
as a function of vaccine use. Fombonne and colleagues found no increase in the
incidence of autism from period 1 to 2 with the introduction of monovalent mea-
sles vaccine. The comparison between periods 2 and 3, when MMR was intro-
duced, data did not show a “step-up” but rather a significant “step-down” in the
incidence of autism. While this downward trend cannot be explained, the data do
not support any increase in autism as a function of MMR introduction. Finally,
the change to exclusive use of the Jeryl-Lynn MMR vaccine was associated with
no change in the incidence rates of autism. The authors concluded from this
analysis that vaccine policy changes had no effect on the incidence of autism.

The second set of research findings presented by Dr. Fombonne focused on
the evidence for a new variant of ASD defined by regression and bowel symp-
toms. As background, he provided data and clinical descriptions predating the
use of MMR vaccine demonstrating that regression has been recognized as a
developmental pattern in ASD for many years and is not a new phenomenon.
Three prior studies, the earliest from 1966, showed that there is wide variability
in the estimated proportion of persons with ASD who manifest a regressive tra-
jectory. Although childhood disintegrative disorder, which is characterized by
normal development until age 2 or older with a rapid degeneration, is rare
(Volkmar, 2001), a pattern of apparently normal development followed by fluc-
tuating skill acquisition is well known.

Dr. Fombonne reported unpublished findings from a recent epidemiological
survey in the United Kingdom that was designed to test the frequency of bowel
symptoms in children with ASD and their possible association with regression
using different strategies. The survey, which was conducted in Stafford, identi-
fied a representative group of 97 individuals with a diagnosis of a pervasive de-
velopmental disorder (synonymous with ASD) using the Autism Diagnostic
Interview-Revised (ADI-R) instrument. Of these individuals, 96 had received
the MMR vaccine. The investigator compared that group with two other groups:
one comprised of 68 autistic subjects who had also been exposed to MMR and
were seen in a clinic setting; the second comprised of 89 subjects, none of whom
had been exposed to MMR.

Three analyses were performed. The first statistical analysis showed no dif-
ferences across three samples (one pre-MMR and two post-MMR samples) in the
mean age at which parents reported the first symptoms in their child, showing that
in the two post-MMR samples there was no shift towards a younger age of onset
as compared to the pre-MMR sample. In a second analysis, the investigator re-
ported comparisons in the rates of regression in the epidemiological sample of 97
children, and found no evidence of an increased frequency of regression in this
                                                          

3 These vaccine types refer to the mumps component of MMR. The United States
uses the Jeryl-Lynn strain of the mumps component in MMR.
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post-MMR sample as compared to pre-MMR comparison group. In addition, chil-
dren who regressed did not differ from those without regression in terms of age at
first parental concerns or severity of autistic symptoms. A third analysis of the first
epidemiological sample of 97 children, where data on gastrointestinal (GI) symp-
toms were also available, found no association between regression and GI symp-
toms in this study population. The investigator concluded that this study does not
support a new variant of ASD with features of regression and bowel symptoms
(Fombonne, 2001b).

Controlled Clinical Trials

No controlled clinical trials have tested the specific hypothesis of a causal
association between MMR vaccine and ASD.

CAUSALITY ARGUMENT

A number of epidemiological studies (both uncontrolled and controlled)
consistently provide no support for an association at the population level be-
tween MMR immunization and ASD. The study by Taylor et al. (1999) is the
most extensive epidemiological study and the strongest published evidence
against the hypothesis that MMR vaccine causes ASD. The case series by Pel-
tola et al. (1998) and Patja et al. (2000) provide additional, albeit weaker, evi-
dence of no association between MMR vaccine and ASD. In addition, four
studies examined whether an ecological correlation (i.e., observations of parallel
trends in the same population over time or across different populations) exists
between ASD rates and MMR coverage, but found no evidence to support such
an association on a population level (Dales et al., 2001; Gillberg and Heijbel,
1998; Kaye et al., 2001; Taylor et al., 1999). Although evidence of an ecological
correlation would be consistent with the hypothesis that the MMR vaccine
causes ASD, it would not constitute strong evidence of causality, and additional
studies would be needed to establish the causal association. However, lack of an
association or a negative finding does favor rejection of a causal relationship
(Gellin and Schaffner, 2001; IOM, 1994a).

Findings from several unpublished studies, currently being peer-reviewed
for publication, provide additional evidence of no association between MMR
vaccine and ASD on a population level. The recent unpublished update (Miller
et al., 2001; Taylor, 2001) of the Taylor et al. study of 1999 reportedly found
no increase in the proportion of autism cases with regressive features associ-
ated with MMR vaccination and no association between bowel symptoms and
MMR exposure in children with and without regressive symptoms. Similarly,
the unpublished findings from a case-control study that Dr. Fombonne pre-
sented at the committee’s meeting provided no evidence to support an increase
in autism in the United Kingdom as a result of changes over time in measles-
vaccination policy or of the introduction of MMR vaccine. In addition, in an
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epidemiological sample with assessments based on standardized diagnostic
measures, he reported finding no evidence to support a new variant of ASD de-
fined by regression and bowel symptoms or an association between bowel
symptoms and regression.

Even though the collective epidemiological evidence provides no support for
an association, it is important to recognize the inherent methodological limita-
tions of such studies in establishing causality. They cannot rule out the possibility
of an unusual and rare response to an exposure because they do not have suffi-
cient precision to detect very rare occurrences on a population level. A poor un-
derstanding of the risk factors and lack of a consistent case definition may also
hamper the ability of epidemiological studies to detect rare adverse events. In
addition, since MMR exposure is virtually universal in developed countries, elu-
cidating any association with adverse outcomes requires imaginative use of ad-
ministrative and other data sets, and complex research designs. Furthermore, be-
cause ASD is a relatively rare disorder, and because it is difficult to determine the
exact onset of autistic conditions, and therefore the temporal relationship between
onset and vaccination, certain epidemiological study designs (e.g., cohort studies)
are impractical.

Second, the committee concludes that the original case series of children
with ASD and bowel symptoms (Wakefield et al., 1998) is uninformative with
respect to causality between MMR vaccine and ASD. The small number of
cases, the potential selection bias (cases were referred to a gastroenterology
group interested in studying the relationship between MMR vaccine and IBD),
the failure to use standard methods of diagnosis, multiple diagnoses in the pa-
tients, and the lack of detail regarding the criteria for the behavioral diagnoses of
the children in the series limit the utility of this study in establishing causality.
Although parents made a temporal link between the onset of their children’s
behavioral disorders and the MMR vaccine, the authors acknowledge that their
findings do not prove an association between MMR and the condition described
(Wakefield et al., 1998). In addition, case reports submitted to VAERS that note a
temporal association between MMR vaccination and the onset of symptoms vary
substantially in their level of detail and supporting medical documentation. The
committee found these reports uninformative in assessing causality.

Third, the biologic model linking MMR vaccine and ASD is incomplete and
fragmentary. Potential immunologic and metabolic mechanisms have been de-
scribed but have not been supported by validated and replicated controlled
studies.

Finally, there is no relevant animal model. The model based on Borna dis-
ease virus infection in rats may be useful for studying the induction of symp-
toms of ASD by insults, especially infectious insults, to brain development dur-
ing the prenatal and perinatal periods but this model is not adequate for studying
the association between the MMR vaccine and the subsequent onset of ASD.
Also, primate models which are effective for the study of vaccine safety and
immunogenicity or the neurobehavioral aspects of ASD do not adequately repre-
sent any relationship between the MMR vaccine and ASD.
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Thus, the committee concludes that the evidence favors rejection of a
causal relationship at the population level between MMR vaccine and ASD.
The committee bases this conclusion on the following evidence:

•  A consistent body of epidemiological evidence shows no association at
a population level between MMR vaccine and ASD.

•  The original case series of children with ASD and bowel symptoms
and other available case reports are uninformative with respect to causality.

•  Biologic models linking MMR vaccine and ASD are fragmentary.
•  There is no relevant animal model linking MMR vaccine and ASD.

However, the committee notes that its conclusion does not exclude the
possibility that MMR vaccine could contribute to ASD in a small number of
children, because the epidemiological evidence lacks the precision to assess
rare occurrences of a response to MMR vaccine leading to ASD and the
proposed biological models linking MMR vaccine to ASD, although far
from established, are nevertheless not disproved.

SIGNIFICANCE ASSESSMENT

In contrast to previous IOM vaccine-safety studies, which limited their con-
clusions to causality assessments and their recommendations to future research
directions, the Immunization Safety Review Committee has been asked to make
recommendations regarding a broad range of actions—including potential policy
reviews, for example, and changes in communication to the public and to health
care providers about issues of vaccine safety. In so doing, the committee consid-
ers the significance of the hypothesized associations between vaccines and ad-
verse events in a broader social context—the context in which policy decisions
must be made. These considerations include the burden (i.e., the seriousness,
risk, and treatability) of the adverse health event in question, the burden of dis-
ease that the vaccine prevents, and the level and potential consequences of pub-
lic concern about the safety of vaccine use.

Public concerns about immunization safety are particularly important to un-
derstand and to weigh, because most vaccines are given to children not only for
their direct protection but also to help protect others in the population. In fact, to
achieve this broader level of protection, vaccinations are mandatory in all 50
states for school and daycare entry. Exemptions on medical grounds (contraindi-
cations) are allowed though they are considered too limited by some (Fisher,
2001), and exemptions on religious and philosophic grounds are also allowed in
48 and 15 states, respectively (Evans, 1999). But such exemptions are rare, and
it is argued that these public health mandates, particularly because they are im-
posed on healthy children, place a particular responsibility on the government
for rigorous attention to safety issues, even for rare adverse outcomes.
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Basis for Concern Regarding ASD as a Possible Adverse Event

Autistic spectrum disorders are serious and incurable developmental disor-
ders characterized by deficits in communication and behavioral, emotional, and
social functioning. As the review of the literature on the epidemiology of ASD
demonstrated, there are no agreed-upon estimates of the prevalence or incidence
of ASD in the United States. ASD cannot be cured, but behavioral therapies are
used to manage symptoms (Wing, 1997) and medication may help alleviate
symptoms such as hyperactivity, anxiety, and repetitive behavior (Lainhart and
Piven, 1995). Furthermore, early educational and social interventions may im-
prove functioning and integration into society for some children with ASD (Har-
ris and Handelman, 1997; Howlin and Goode, 1998)

ASD leads to substantial challenges for the families of affected individuals
because many people with ASD remain dependent throughout their lives. Many
families may spend $18,000 on special education costs per year, and $30,000
per year for more specialized programs. The annual cost of care in a residential
school may be as much as $80,000–100,000 (CDC, 1999). In addition to the
substantial financial strains, families of children with ASD face other demands.
During its public meeting (March 2001), the committee heard about the difficul-
ties of caring for autistic children firsthand. Parents described around-the-clock
efforts to care for their child, the difficulty of finding knowledgeable and sym-
pathetic health-care providers, the challenges in finding high-quality informa-
tion, and the frustrations of seeing their child regress from being active and en-
gaged to being aloof and nonresponsive.

Although ASD is recognized as a serious condition and many strides have
been made in understanding the disease in many areas, significant gaps remain
in understanding its etiology and risk factors. These gaps include uncertainty
about trends in the prevalence and incidence; limited knowledge about the natu-
ral history of ASD, including early-onset and regressive forms; the lack of a
strong biologic model for ASD; limited understanding of potentially associated
features (e.g., immune alterations, enterocolitis); and no current basis for identi-
fying possible subtypes of ASD with different pathogenesis related to genetic
and environmental interactions. Research has been hindered by changing case
definitions and the heterogeneity of study populations that may include cases
linked to other known medical risk factors (e.g., Fragile X).

Basis for Concern Regarding Prevention of Measles, Mumps, and Rubella

Disease Burden

Measles is a serious infectious disease that causes significant morbidity and
mortality. Complications of measles infection include otitis media (in 7–9% of
cases), pneumonia (in 1–6% of cases), diarrhea (in 6% of cases), postinfectious
encephalitis (in .1–.2% of cases), and subacute sclerosing panencephalitis (in
.001–.018% of cases) (Redd et al., 1999; Miller et al., 1992). Most measles cases
are not treated directly, but antiviral agents and other preparations are sometimes
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used in serious infections (Redd et al., 1999) and other treatments may be appro-
priate for certain symptoms (e.g., fever, pain) or complications (e.g., pneumonia)
(Gershon, 1998). In the United States, measles is fatal in 1.0–2.0 per 1000 cases
(CDC, 1998). Worldwide, approximately 1 million children die each year from
measles infection (CDC, 1997c).

Mumps and rubella, though not as serious as measles, carry the risk of seri-
ous complications. As with measles, treatment is usually limited to certain
symptoms and complications. The classic symptom of mumps is parotitis, which
occurs in 15–20% of cases (Plotkin and Wharton, 1999). A serious complication
of mumps in children is sensorineural deafness. Other complications, which
occur more often in adults than children, include orchitis, pancreatitis, mumps
meningoencephalitis, and mastitis (Plotkin and Wharton, 1999).

Acquired rubella, although a benign disease in itself, can cause such compli-
cations as arthralgia and arthritis in adults. Less common complications are
thrombocytopenia and encephalitis (Plotkin, 1999). The greatest concern centers
on rubella in pregnant women, because the infection may affect the developing
fetus, causing a variety of teratological and inflammatory abnormalities, referred
to as congenital rubella syndrome (CRS). It is estimated that CRS occurs in about
20–25% of infants born to women who were infected with rubella during the first
20 weeks of pregnancy (CDC, 1998), but at least one study found that 85% of
infants contracted CRS when their mothers were infected with rubella at 8 weeks
into the pregnancy (Peckham, 1972). The most common CRS abnormalities are
sensorineural deafness, cataracts, pigmentary retinopathy, and patent ductus arte-
riosus (Plotkin, 1999). Rubella infections during early pregnancy can also lead to
miscarriages, stillbirths, and early terminations of pregnancy (CDC, 1998).

Impact of Immunization on the Incidence of Measles, Mumps, and Rubella

The introduction of vaccines against measles, mumps, and rubella has
brought dramatic reductions in the incidence of these diseases. Prior to the in-
troduction of the measles vaccine in the United States in 1963, an average of
400,000 measles cases were reported each year (CDC, 1998) (Figure 1). Since
most children acquired measles, this number is likely to be a serious underesti-
mate, attributable to underreporting and other factors. A more accurate estimate
of measles incidence prior to 1963 is probably 3.5 million to 4 million cases per
year, essentially an entire birth cohort (CDC, 1998). One analysis suggests that
the 4 million cases of measles per year in the U.S. resulted in the following
complications per year: 150,000 cases of respiratory complications, 100,000
cases of otitis media, 48,000 hospitalizations, 7,000 instances of seizures, and
4,000 cases of encephalitis (Bloch et al., 1985). Using the incidence rate of 4
million cases per year and the measles case fatality rate of 1.0–2.0 deaths per
1,000 cases (CDC, 1998), an estimated 4,000–8,000 deaths would have occurred
annually from measles complications.
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With the measles, mumps, and rubella vaccines available, diseases pre-
vented by these vaccines have declined (Figure 2) and vaccine coverage rates
have increased. Measles cases decreased to 22,000–75,000 per year through the
late 1970s (CDC, 1998). During the period from 1981 to 1988, following the
introduction of the current MMR vaccine, there were generally fewer than 5,000
cases per year, but the number rose to almost 28,000 cases in 1990 during a se-
rious measles outbreak (Atkinson, 1992; CDC, 1998). By 1993, however, with
renewed immunization efforts, transmission of indigenous measles in the United
States ceased (Watson et al., 1998). In 1999, only 100 cases of measles were
reported, and a majority of these were imported or import-linked cases (CDC,
2000b). By 2000, measles was no longer considered endemic in the United
States (CDC, 2000b).

Similarly, there have been substantial declines in the numbers of mumps
and rubella cases. Since the introduction of the mumps vaccine in 1967, cases
declined from 185,691 in 1968 to 391 in 1999 (CDC, 1998, 2001e). Following
U.S. licensure of the rubella vaccine in 1969 (CDC, 1998), rubella cases de-
creased from 57,600 in 1970 to 271 cases in 1999 (CDC, 1998, 2001e). Simi-
larly, during the last U.S. rubella epidemic, an estimated 20,000 cases of CRS
occurred in 1964–1965 before the rubella vaccine became available (CDC,
1998). In 1999, only 6 cases of CRS were reported (CDC, 2001d).

A combined MMR vaccine was originally introduced in 1971 and re-
placed by the current MMR vaccine in 1979. By 1998, MMR vaccination cov-
erage had reached its highest level ever, with an estimated 92% of children
aged 19–35 months vaccinated (CDC, 2000d). The coverage estimate for 1999

FIGURE 1  Measles cases per year in the U.S. (1912–2000). SOURCE: CDC, 2001a.
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is slightly lower, at 90.6% (CDC, 2000a).4 With coverage rates at this level, it
means that each year about 3.4 million children aged 12–24 months receive
the MMR vaccine.

Immunization Gaps and Disease Risk: U.S. Measles Outbreak in 1989–1991

Although measles cases are currently at an all time low in the United States,
there is reason to be concerned that reductions in immunization coverage could
still lead to disease outbreaks. As recently as 1989–1991, inadequate vaccination
coverage, specifically in preschool-aged children, led to a major measles out-
break in the United States. More than 55,000 cases of measles were reported
during the outbreak’s 3 years, compared with about 12,000 cases during the pre-
vious 3 years (CDC, 1998). There were more than 120 deaths (CDC, 1998), with
a majority occurring in preschool-aged children (55%) (Orenstein et al., 1993).
Infants less than 12 months old accounted for 22% of those deaths. In addition,

                                                          
4 The targeted vaccine coverage rate needed to eliminate indigenous measles in the

United States is estimated to be roughly 90% or greater in each successive birth cohort at
age 12 months (CDC, 1997b). However, factors such as population density across areas
of the U.S. (i.e., urban versus rural areas), population movement, and immigration of
individuals from countries with inadequate levels of immunization coverage may alter the
vaccine coverage rates needed to eliminate indigenous cases (Fine, 1993; CDC, 2000b).

FIGURE 2   Measles, mumps, and rubella cases per year in the U.S. (1960–2000).
“Licensed” means FDA approval for use in the U.S. “Introduced” implies that the
vaccine was recommended for use in the immunization program. SOURCES: CDC,
2001a. *CDC, 1998; **Plotkin, 1999; ***Redd et al., 1999; ****CDC, 1989.
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there were 11,000 hospitalizations, and about 20% of reported cases experienced
one or more complications, including diarrhea (9%), otitis media (8%), pneu-
monia (6%), and encephalitis (0.1%) (Orenstein et al., 1993).

Prior to 1989, most measles cases were reported in school-age children (5–
19 years) rather than in preschool-aged children (less than 5 years). From 1980
to 1988, the median percentage of reported cases in children less than 12 months
old was 8%. During the 1989–1991 outbreak, however, the majority of cases
occurred in the younger children, with up to 19% of reported cases in children
less than 12 months old (Orenstein et al., 1993).

The outbreak demonstrated the vulnerability of unvaccinated younger chil-
dren and led to efforts to increase immunization coverage. The current recom-
mendation for a two-dose MMR immunization schedule aims at maximizing
protection for infants and school-aged children alike. The current high rates of
vaccination and historically low rates of disease support the effectiveness of this
strategy. At the same time, smaller measles outbreaks continue to occur in un-
vaccinated populations, pointing to the continued risk of disease. In 1994, out-
breaks occurred in Missouri and Illinois, where all of the cases were unvacci-
nated (CDC, 1994). In outbreaks in Utah and Alaska in 1996, the majority of
measles infections occurred in persons who were not vaccinated or who had
received only one dose of a measles-containing vaccine (CDC, 1996, 1997a). In
a recent outbreak in the Netherlands from 1999 to 2000, 95% of the cases were
among unvaccinated populations, the majority of whom (84%) had declined
vaccination for religious reasons (CDC, 2000c).

Level and Potential Consequences of Public Concern
Regarding MMR and ASD

Publication of reports hypothesizing an association between the MMR vac-
cine, bowel disease, and ASD (e.g., Thompson et al., 1995, Wakefield et al.
1998, Wakefield and Montgomery, 2000) has resulted in extensive and con-
tinuing attention from the public, the media, and health officials in the United
States and the United Kingdom. While the media attention to this issue may be a
reflection of the public’s concerns about the possible link between MMR vac-
cine and ASD, it may also be helping to maintain and spread such concern, de-
spite reassurances from health professionals.

UK Response to Concerns about MMR Vaccine

In the United Kingdom, MMR coverage rates for 2-year-old children de-
clined from 92% in 1995 to 88% in 1998, where they appear to have stabilized
(Communicable Disease Report, 2001). Researchers and public health authori-
ties have suggested that publicity—in particular, coverage of the studies pro-
posing a link between the vaccine and bowel disease and ASD—may be a factor
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in the decrease in MMR coverage (Communicable Disease Report, 2001; Pareek
and Pattison, 2000; Thomas et al., 1998).

The United Kingdom’s Department of Health has taken various steps to
deter any further decline in MMR coverage rates. Soon after publication of the
1998 study (Wakefield et al., 1998) and after numerous media reports about the
study, the Medical Research Council (MRC) held an independent scientific
seminar with an ad-hoc committee of experts to review the evidence. The group
reported finding no evidence to support a link with MMR and a change in MMR
vaccination policy (MRC, 1998).

The findings of the Working Party on MMR Vaccine, an advisory group
created by the Medicines Control Agency (MCA) in 1998, have already been
discussed in the committee’s review of evidence for its plausibility assessment.
The group concluded in June 1999 that the available evidence did not support
the suggested causal associations or give concern about the safety of MMR or
MR vaccines (MCA, 1999).

Early in January 2001, two independent scientific advisory committees—
the Committee on Safety of Medicines, which advises the British government on
the licensing and safety of human medicines, including vaccines; and the Joint
Committee on Vaccination and Immunization, which advises on vaccina-
tion/immunization policy—issued a press release reassuring the public that the
MMR vaccine is safe (U.K. DOH, 2001a). However, in late January 2001, a
paper questioned the safety of the MMR vaccine and suggested that the vaccine
was licensed prematurely (Wakefield and Montgomery, 2000.) In response, nu-
merous professional and medical organizations issued statements reiterating
their confidence in the safety of the MMR vaccine (MCA and DOH, 2001; U.K.
DOH, 2001b). Also in January 2001, the Department of Health announced a ₤3
million publicity campaign targeted to health professionals and parents, in order
to counter publicity that called the safety of the MMR vaccine into question.

Evidence of Concern about MMR in the United States

There are several possible indicators of heightened public awareness or
concern about a possible association between MMR vaccination and ASD. Re-
ports to VAERS concerning MMR vaccine and ASD appear to have increased
sharply from 29 in 1998, to 47 in 1999, and 75 in 2000. Of all such reports, 55%
have been received since 1998. For VAERS reports on all vaccines, about
10,000 are received each year, and about 20% are classified as serious (Braun
and Ellenberg, 1997).

The increase in VAERS reports on MMR vaccine may be due to publicity
about the issue. From December 1996 to February 2001, 184 news stories on
MMR vaccine and ASD appeared on television and radio; and from April 1997
to March 2001, 110 such stories appeared in print (CDC, 2001b). Although the
connection between publicity and the number of VAERS reports is difficult to
measure directly, there are suggestive patterns. For example, a segment on
MMR vaccine and autism that appeared on CBS’s 60 Minutes in November
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2000 might have contributed to a surge in reporting to VAERS; 43% of VAERS
reports submitted in 2000 on measles-containing vaccine and autism, speech
disorder, mental retardation, schizophrenic reaction, colitis, ileitis, enteritis,
and/or gastrointestinal disorder arrived in the reporting quarter from October–
December 2000.

Changes in immunization rates might also signal public concern about a
vaccine. In 1998, MMR coverage in children aged 19–35 months was at its
highest—92.1% (+/- 0.6, 95% CI)—but it decreased slightly to 90.6% (+/-0.6,
95% CI) in 1999 (CDC, 2000a,d). Coverage rates for other vaccines also de-
clined slightly from 1998 to 1999 (CDC, 2000a,d).

The Internet, through which reports from a broad range of sources can be eas-
ily accessed and shared, has emerged as an important mechanism for gathering
and exchanging information about vaccine-safety concerns (Gellin et al., 2000).
But the quality and reliability of such information varies. For some, the Internet
merely complements information obtained through published sources and through
conversations with health care providers and other personal interactions. For oth-
ers, however, the Internet has become a primary information source.

Various organizations and institutions have responded to the public’s con-
cern over the safety of the MMR vaccine. Since August 1999, the U.S. House of
Representatives Committee on Government Reform has held seven hearings on
vaccine safety. In April 2000, a hearing specifically on autism and vaccines in-
cluded testimony from federal researchers, health care providers, and parents of
autistic children. Parents reported on the challenges in caring for autistic children,
such as the difficulties in finding medical experts, therapies, research, and appro-
priate education. The June 2000 American Academy of Pediatrics conference on
ASD and vaccines has already been mentioned. The meeting was open to the
public and included presentations from experts in epidemiology, gastroenterol-
ogy, autism, virology, immunology, and neurobiology and from representatives
of advocacy organizations. A report of the conference findings on the hypothe-
sized link between MMR vaccine and ASD was released in May 2001 subsequent
to the finalization of this report.

Potential Consequences: Evidence from Pertussis Outbreaks in the 1970s

There is concern that because of the seriousness of ASD and the many un-
knowns related to its etiology, the current focus on the possibility of a causal
link between MMR and autism may alter immunization practices in ways that
increase the risk of measles, mumps, or rubella infection. For example, some
have suggested using monovalent vaccines in place of MMR (Wakefield and
Montgomery, 2000). However, there is concern that substitution of separate
monovalent vaccines will prove less effective in controlling disease. Use of
three separate vaccines is likely to delay immunization against at least two of the
three diseases compared with use of MMR. The added burden of additional
health care visits for separate vaccinations may contribute to further delays.
Such changes, or a net decline in immunization coverage for measles, mumps,
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and rubella, could cause serious public health problems. The history of whole-
cell pertussis vaccine use provides evidence that measurable reductions in vac-
cination coverage can occur in response to concerns about vaccine safety and
that increases in disease can result.

Several influences contributed to a marked decline in the 1970s in pertussis-
vaccine coverage in a number of countries, including Japan, Sweden, and the
United Kingdom (Gangarosa et al., 1998). There was an assumption that pertus-
sis was no longer a serious health problem, given the low number of pertussis
cases. There also was publicity about risks of adverse events attributed to the
vaccine, and some respected medical and public health leaders questioned the
safety of the vaccine. As the public’s confidence in the protective effects of the
vaccine decreased, use of the vaccine was either interrupted or declined mark-
edly. As coverage rates decreased, pertussis cases increased and several epi-
demics occurred. In Sweden from 1974 to 1979, DPT (diphtheria and pertussis
and tetanus toxoids) vaccine coverage decreased from 90% to 12%, and in sub-
sequent years more than 10,000 pertussis cases were reported annually. In Japan
from 1974 to 1976, pertussis coverage dropped from 80% to 10%; in an epi-
demic in 1979, 13,000 cases were reported and 41 people died. In the United
Kingdom, from the late 1960s to the late 1970s, vaccine coverage declined from
81% to 31%. From 1976 to 1988, three epidemics accounted for 300,000 cases
of pertussis and at least 70 deaths (Gangarosa et al., 1998; Nicoll et al., 1998).

Conclusion

In its significance assessment, the committee considered the burden (seri-
ousness, risk, and treatability) of the vaccine-preventable diseases (measles,
mumps, and rubella), the burden of the potential adverse event (ASD), and the
level of public concern surrounding this issue. Measles, mumps, and rubella are
serious infectious diseases that can lead to significant morbidity and mortality.
Treatment of these diseases and their associated complications is limited to
symptomatic relief and physiologic support until the condition resolves. Histori-
cally, concerns about the safety of vaccines have led to declines in immunization
coverage rates and outbreaks of disease, as observed during the pertussis out-
breaks in United Kingdom during the 1970s. Similar disease outbreaks could
easily occur, with devastating effects, were immunization rates to decline as a
result of fears regarding MMR vaccine. Yet, because it is a mandatory vaccine
that is administered to healthy children—in part, as a public health measure to
protect the health of others—the responsibility of the government to ensure the
safety of this vaccine is high, even if the hypothesized adverse outcome is rare.
Thus, the seriousness of the adverse event—ASD, a group of incurable and seri-
ous behavioral disorders—requires rigorous consideration of all possible etiolo-
gies. In addition to the seriousness of both the vaccine-preventable disease and
the hypothesized adverse event, the level of public concern about MMR vac-
cine-safety is high. The possible association between MMR vaccine and ASD
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has become the subject of parliamentary debates and congressional hearings as
well as numerous media reports.

RECOMMENDATIONS

Public Health Response

Although the committee has concluded that the evidence favors rejection of
the causal relationship at the population level between MMR vaccine and ASD,
the committee recommends that this issue receive continued attention. It
does so in recognition that its conclusion does not exclude the possibility that
MMR vaccine could contribute to ASD in a small number of children and in
recognition as well of the following factors discussed in this report including:
the identified limitations of the evidence, the seriousness of ASD, the serious-
ness of the diseases prevented by the vaccine, the immense concern of parents,
and the prominence of the issue in public debate.

The committee recognizes that there are conditions under which a conclu-
sion favoring rejection of the hypothesized causal relationship would result in a
recommendation that no further research, surveillance, communication, or pol-
icy attention be mounted. Those conditions include strong evidence against the
relationship; an understanding that no further mechanistic or pathogenesis re-
search could shift the balance of evidence; an adverse event of little medical or
public health significance; a vaccine-preventable disease posing little danger of
significant morbidity or mortality should immunization rates fall; and little pub-
lic, political, or media attention to the problem. The hypothesized relationship
between MMR vaccine and ASD does not meet these conditions at this time.

Specific recommendations regarding policy review, research and surveil-
lance, and communication follow.

Policy Review

•  The committee does not recommend a policy review at this time of the
licensure of MMR vaccine or of the current schedule and recommendations
for administration of MMR vaccine.

Research Regarding MMR and ASD

The committee concludes that further research on the possible occurrence of
ASD in a small number of children subsequent to MMR vaccination is war-
ranted, and it has identified targeted research opportunities that could lead to
firmer understanding of the relationship. The committee makes the following
research recommendations, recognizing that it has no basis for judging whether
the results of such research will alter the balance of evidence that led to the
committee’s original conclusion:
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•  Use accepted and consistent case definitions and assessment protocols
for ASD in order to enhance the precision and comparability of results from
surveillance, epidemiological, and biologic investigations.

Currently, a number of research studies are in progress regarding the etiol-
ogy, brain structure and/or function, developmental course, and epidemiology of
ASD—for example, those being conducted by the Collaborative Programs of
Excellence in Autism (CPEA), a network of 10 multidisciplinary programs
funded by the National Institute for Child Health and Human Development. To
evaluate and compare these current and future studies, accepted and consistent
case-definitions and assessment protocols are critical.

•  Explore whether exposure to MMR vaccine is a risk factor for ASD in
a small number of children.

This research might be most usefully conducted once there is a marker of
some kind for identifying children at risk for the “regressive” form of ASD or
for key steps along a proposed pathogenic model. Currently, not enough is
known about either to propose such a marker.

•   Develop targeted investigations of whether or not measles vaccine-
strain virus is present in the intestines of some children with ASD.

The committee recommends this research for several reasons. The data
most salient in the public debate over the hypothesized relationship between
MMR vaccine and ASD is the case series reported in 1998 (Wakefield et al.,
1998). It is feasible and important to resolve at least one controversy sur-
rounding those data, the presence or absence of measles vaccine-strain virus.
Positive findings would provide the basis for encouraging research to under-
stand the role that measles vaccine-strain virus might play in the occurrence of
ASD and bowel disease. Negative findings would provide the basis for di-
recting research on pathogenic mechanisms in other directions.

Current research is attempting to answer these questions. The committee is
aware that a paper has been submitted for publication that will address this issue
(Wakefield, 2001). Furthermore, in conjunction with the CDC’s National Im-
munization Program, the CPEA is beginning an autism regression and vaccina-
tion study that will assess the temporal association between MMR vaccination
and autism, distinguishing between the early-onset and regressive forms; and
will replicate studies of persistent measles infection in children with autism
compared to control children (Bristol-Power, 2001).

•  Encourage all who submit reports to VAERS of any diagnosis of ASD
thought to be related to MMR vaccine to provide as much detail and as much
documentation as possible.

The limitations of passive surveillance systems such as VAERS are well
recognized (Ellenberg and Chen, 1997; Singleton et al., 1999). Even though
such systems have biases, better documented reports could be useful. Submis-
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sion of clinical material specifically related to the diagnosis of ASD could be
helpful for further research, and documentation of the behavioral, neurologic,
and cognitive status of the child prior to vaccination would be crucial.

The committee did not have the time during the preparation of this report to
consider thoroughly how best to encourage improved VAERS reporting. This is-
sue will undoubtedly re-emerge when future hypotheses are considered, and the
committee hopes to address this issue more specifically in the future. Meanwhile,
the committee encourages the government agencies responsible for VAERS (CDC
and FDA), as well as immunization providers (physicians and nurses) and parents
to use the VAERS reporting system conscientiously and thoroughly.

In particular, case reports in VAERS or elsewhere of “rechallenge” should
be identified, documented, and followed up. In the context of MMR vaccine and
ASD, rechallenge refers to children who appeared to have experienced some
form of neurologic regression after a first dose of MMR or other measles-
containing vaccine and who appeared to have experienced another regression
following a second dose of MMR or other measles-containing vaccine. The
committee is aware that there might be some cases of rechallenge that could be
assessed (Wakefield, 2001). If well-documented and reviewed by appropriate
clinicians, these reports and similar data could provide evidence in favor, but not
necessarily prove causality, of the hypothesized relationship in a small number
of children. It is not clear, however, that such evidence would necessarily shift
the balance of evidence away from a causality determination favoring rejection
of the relationship at the population level with ASD. (See IOM, 1994a, for a
discussion of the contribution of rechallenge cases in causality determinations.)

•  Study the possible effects of different MMR immunization exposures.

For instance, studies might enroll children whose families have chosen not
to have them receive the MMR vaccine, although the number of these children
may be insufficient to draw population-level conclusions.

This recommendation should not be perceived as promoting non-
vaccination or alternative schedules of vaccination. But, it is naïve to ignore the
fact that some parents are selecting alternative approaches to vaccination. Chil-
dren who are immunized in an alternative manner, such as different vaccine
types or at different ages, should be studied, although the number of children
enrolled in these studies and issues of selection bias would affect the design and
interpretation of the results. However, clinical investigations could be well-
designed to study these children. A careful review of the ethical implications of
such a study would be essential, however, and the informed consent of the fami-
lies would need to be ensured through Institutional Review Boards.
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•  Conduct further clinical and epidemiological studies of sufficient
rigor to identify risk factors and biological markers of ASD in order to better
understand genetic or environmental causes.

The committee further concludes that there is a need to support and continue
the NIH- and CDC-funded research already under way on all aspects of ASD. The
committee does so because of the burden of ASD and because some general re-
search might one day shed additional light on the hypothesized relationship be-
tween MMR and ASD. As definitions or understanding of autism are enhanced
and clarified, epidemiological studies are needed to document the prevalence and
incidence of ASD, temporal trends, and the incidence and prevalence of different
courses of ASD (e.g., regressive vs. early onset). As noted earlier, information
about the rates of ASD in the United States and changes in incidence or prevalence
is limited, reflecting a lack of epidemiological research on ASD in this country.
Further studies are also needed to identify risk factors for ASD and biological
links or markers to be better able to study links with genetic or environmental
causes, as well as to decrease misclassification of cases.

Furthermore, the committee would like to acknowledge the many com-
ments, received from parents of autistic children, that part of the burden of this
disease is the lack of access to knowledgeable providers and to interventions. A
complete ASD research portfolio should include identifying the service needs of
this population and the barriers to services; in that way, persons with ASD, and
their families and caregivers, can be better served.

Communications

The committee heard repeatedly in its open sessions and in discussions with
parents and advocacy groups that obtaining unbiased and relevant information on
the possible relationship between MMR vaccine and ASD has been difficult. This
issue is discussed generically in the next section and will be addressed more fully
in the future. However, the committee specifically recommends at this time that
governmental and professional organizations, CDC and FDA in particular, re-
view some of the most prominent forms of communication regarding the hy-
pothesized relationship between MMR vaccine and ASD—for example, infor-
mation provided via the Internet. Attention should be given to how the material is
perceived and used by those with the right and desire to know—the parents of
children about to be immunized or those who believe their child has been ad-
versely affected. Direct input from parents and other stakeholders would be in-
valuable in conducting a systematic and effective evaluation of current communi-
cation tools. The health communication section of Healthy People 2010 (U.S.
DHHS, 2000) could be used to provide evaluations of Internet communications.
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General and Crosscutting Issues

In its discussion of recommendations related specifically to the MMR-
autism question, the committee identified more general concerns that it could
not adequately or appropriately address in this report. These concerns are briefly
noted here in anticipation of more complete consideration at a later time.

First, a recurring dilemma in the minds of many concerned about vaccine
safety focuses on how to align the appropriate public health attention with a pos-
sibly small vaccine safety risk. The committee had little difficulty recommend-
ing that continued attention be devoted to the hypothesized MMR and ASD link
with the specific recommendation being for targeted research. However, the
committee recognizes that in addressing future safety issues, a recommendation
regarding the level of future public health response might be quite difficult.

The committee sees a need for a dialogue between various vaccine-safety
advocates—including researchers, parents, manufacturers, immunization pro-
gram implementers, and policymakers—in order to come to a common under-
standing of key issues that factor into this alignment. These discussions might
include but are not limited to: the difficulty of proving the null hypothesis (i.e.,
no association between two events), identification of a level of vaccine risk that
is acceptable given the benefit of the vaccine, the meaning to various
stakeholders of terms such as associations and causality and the evidence re-
quired to support scientific conclusions such as these, and how to research vac-
cine exposure as a trigger for conditions of multifactorial etiologies. The com-
mittee regrets that it could not begin to address explicitly these issues in its first
report. Some of the reactions to this report will center on our inability to do so at
this time. The committee will address these issues in the future and welcomes
assistance from all who are concerned about vaccine safety.

Second, the committee is concerned about the current status of research on
vaccine risk and benefit communication. The committee is aware from its back-
ground reading and from discussions that some members of the public perceive
serious deficiencies in the available information on the risks and benefits of vac-
cines. For example, some have noted that the CDC and FDA websites are diffi-
cult to navigate and that important material is “hidden” within the sites. It has
also been said that the role of public input into federal advisory committees on
vaccines and immunization policy is unclear and in some cases minimal. In ad-
dition, clinical-provider information about the VAERS system or about vaccine
safety is reportedly lacking. Another concern is the relative lack of discussion
about the ethical issues regarding provision of information on the small but pre-
dictable risks of vaccinations, even for those that are mandatory and for which
exemptions on religious or philosophic grounds are uncommon.

The committee acknowledges the seriousness of these concerns but was un-
able to address them appropriately in this first report. There have been many
discussions in recent years about vaccine communication, but the impact of
these discussions is unclear. To date, only a few papers have examined issues in
vaccine risk communication (see Bostrom, 1997). More research needs to be
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done on risk communication, including a better understanding of trade-off issues
and of the complexity of developing and explaining quantitative risk-benefit
estimates. In the meantime, the committee urges CDC, FDA, NIH, AAP, and
similar organizations to take to heart the serious concerns and earnest offers
from the concerned public to help with information exchange and communica-
tion strategies.

Finally, the committee did not have time to address responsibly the appropri-
ateness of alternative immunization schedules or practices, which might be re-
quested in a clinical setting. This has been discussed by others, especially re-
cently with regard to MMR vaccine, and is of great interest and concern to many.

Because the committee believes these to be issues that will emerge in many
of its subsequent meetings, it will hold specific comments, conclusions, and
recommendations for the future. The committee does pledge to address these
matters over the next 3 years and will develop a mechanism for further input
into its work in this area.

SUMMARY

The Immunization Safety Review committee concludes that the evidence
favors rejection of a causal relationship at the population level between MMR
vaccine and ASD. However, this conclusion does not exclude the possibility that
MMR vaccine could contribute to ASD in a small number of children. Because
of the limitations of the evidence, the significant public concern surrounding the
issue, the risk of disease outbreaks if immunization rates fall, and the serious-
ness of ASD, the committee recommends that continued attention be given to
this issue. This committee has provided targeted research and communication
recommendations. However, the committee does not recommend a policy re-
view at this time of the licensure of MMR vaccine or of the current schedule and
recommendations regarding administration of MMR vaccine.
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January 11, 2001
Meeting Agenda

IMMUNIZATION SAFETY REVIEW COMMITTEE
ORGANIZATIONAL MEETING

National Academies Building
2101 Constitution Avenue, NW

Washington, DC

9:00–9:15 a.m. Welcome and Introductions
Marie McCormick, M.D., Sc.D., Chair, Immunization

Safety Review Committee

9:15–9:45 a.m. Presentation of the Charge to the Committee
Martin G. Myers, M.D., Director, National Vaccine Program

Office, Department of Health and Human Services
Walter A. Orenstein, M.D., Director, National Immunization

Program, Centers for Disease Control and Prevention
Carole A. Heilman, Ph.D., Director, Division of Microbiol-

ogy and Infectious Diseases, National Institute for Aller-
gies and Infectious Diseases, National Institutes of Health

9:45–10:45 a.m. Perspectives on Vaccine Safety
The Honorable Henry Waxman, Ranking minority member,

Committee on Government Reform, United States House
of Representatives

The Honorable Dave Weldon, United States House of Rep-
resentatives
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S. Elizabeth Clay, Professional Staff Member, Com-
mittee on Government Reform, United States
House of Representatives

11:00–11:30 a.m. Perspectives on Vaccine Safety
Louis Cooper, M.D., Professor of Pediatrics, Colum-

bia University, and Vice-President, American
Academy of Pediatrics

11:30 a.m.–12:00 p.m. Perspectives on Vaccine Safety
Barbara Loe Fisher, President and Co-Founder, Na-

tional Vaccine Information Center

12:00–12:30 p.m. Current Vaccine Safety Data Sources
Robert T. Chen, M.D., M.A., Chief, Vaccine Safety

and Development Activity, National Immunization
Program, Centers for Disease Control and Preven-
tion

1:30–2:00 p.m. Causality Assessments in IOM Vaccine Safety Studies
Richard B. Johnston, Jr., M.D., Professor of Pediat-

rics, University of Colorado

2:00–2:30 p.m. Methodological Considerations in Evaluating Evidence
David Tollerud, M.D., M.P.H., Professor, Public

Health, Medicine, and Community and Preventive
Medicine (EOH), Director, Center for Environ-
mental and Occupational Health, School of Public
Health, MCP Hahnemann University

2:30–3:00 p.m. Decision-Making Under Uncertainty: The Case of
Iodine-131
Robert S. Lawrence, M.D., Edyth Schoenrich Profes-

sor of Preventive Medicine and Professor of Health
Policy, Johns Hopkins University School of Hy-
giene and Public Health

3:15–3:45 p.m. Risk Assessment and Management Under Uncer-
tainty: Lessons From Swine Flu and HIV in Blood
Products
Michael Stoto, Ph.D., Professor and Chair, Epide-

miology & Biostatistics, George Washington Uni-
versity
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3:45–4:15 p.m. Decision Analysis: Applications to Immunization Policy
Richard Rheingans, Ph.D., Research Assistant Profes-

sor, Rollins School of Public Health, Emory Univer-
sity

4:15–4:45 p.m. Risk Perception and Risk Communication Overview
Baruch Fischhoff, Ph.D., Professor of Social and Deci-

sion Sciences and of Engineering and Public Policy,
Carnegie Mellon University

4:45–5:00 p.m. Research in Public Perceptions of Vaccine Safety
Beth Hibbs, R.N., M.P.H., Vaccine Safety and Devel-

opment Activity, National Immunization Program,
Centers for Disease Control and Prevention

5:00–5:30 p.m. Framework for Considering Issues and Recommenda-
tions
Amy Fine, M.P.H., B.S.N., Health Policy/Program Con-

sultant, Washington, DC

5:30–6:00 p.m. Open Discussion
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March 8, 2001
Meeting Agenda

IMMUNIZATION SAFETY REVIEW COMMITTEE
MEASLES-MUMPS-RUBELLA VACCINE AND

AUTISM MEETING

National Academies Building
2101 Constitution Ave., NW

Washington, D.C.

SESSION I: ETIOLOGY, DIAGNOSIS, AND
EPIDEMIOLOGY OF AUTISM

8:30–8:35 a.m. Opening Remarks
Marie McCormick, M.D., Sc.D., Chair, Immunization

Safety Review Committee

8:35–9:00 a.m. Neurobiology and Neuropathology of Autism
Thomas Kemper, M.D., Professor, Department of Neurol-

ogy, Anatomy, and Pathology, Boston University
School of Medicine

9:00–9:30 a.m. Etiology of Autism and NIH Research
Marie Bristol-Power, Ph.D., Special Assistant on Autism,

Office of the Director, National Institute of Child
Health and Human Development, National Institutes of
Health
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9:30–10:00 a.m. Diagnosis and Assessment of Autism
Fred Volkmar, M.D., Professor of Child Psychiatry, Pedi-

atrics, and Psychology, Yale Child Study Center

10:15–10:45 a.m. Epidemiological Evidence on Rates of Autism and Time
Trends
Eric Fombonne, M.D., FRCPsych, Reader in Epidemiol-

ogical Child Psychiatry, Institute of Psychiatry,
King's College London

10:45–11:00 a.m. Trends in Students with Autism in IDEA Programs
Louis Danielson, Ph.D., Director of Research to Practice

Division, Office of Special Education Programs, De-
partment of Education

11:00–11:45 a.m. Discussion Panel
Kathryn Carbone, M.D., Chief, Laboratory of Pediatric

and Respiratory Viral Diseases, Center for Biologics
Evaluation and Research, Food and Drug Admini-
stration

Karin Nelson, M.D., Senior Investigator, Neuroepidemi-
ology Branch, National Institute for Neurological
Disorders and Stroke, National Institutes of Health

Ezra Susser, M.D., Head, Division of Epidemiology, Jo-
seph L. Mailman School of Public Health, Columbia
University

SESSION II: MMR AND AUTISM HYPOTHESIS

12:30–1:30 p.m. Hypothesis and Data Linking MMR, Bowel Symptoms
and Autism
Andrew Wakefield, M.D., Royal Free & University Col-

lege Medical School, United Kingdom
Kenneth Aitken, Ph.D., Independent Consultant Child

Clinical Neuropsychologist

1:30–2:00 p.m. Overview of Epidemiological Studies Examining Poten-
tial Link Between MMR, Bowel Symptoms, and
Autism
Michael Stoto, Ph.D., Chair, Department of Epidemiology

and Biostatistics, George Washington University

2:00–2:30 p.m. New Data and Research Findings Regarding a Potential
Link Between MMR, Bowel Symptoms, and Autism
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Eric Fombonne, M.D., FRCPsych, Reader in Epidemiologi-
cal Child Psychiatry, Institute of Psychiatry, King's
College London

2:45–4:00 p.m. Discussion Panel
Scott Montgomery, Ph.D., Karolinska Institute, Sweden
Brian Ward, M.D., Associate Professor, Medicine & Micro-

biology, McGill University and Montreal General Hos-
pital Research Institute

Michael Gershon, M.D., Professor and Chair, Department of
Anatomy and Cell Biology, Columbia University

Kathryn Carbone, M.D., Chief, Laboratory of Pediatric and
Respiratory Viral Diseases, Center for Biologics Evalua-
tion and Research, Food and Drug Administration

Karin Nelson, M.D., Senior Investigator, Neuroepidemiology
Branch, National Institute for Neurological Disorders
and Stroke, National Institutes of Health

4:00–4:15 p.m. Study of Autism and the Vaccine Adverse Event Reporting
System (VAERS)
Jane Woo, M.D., M.P.H., Fellow, Vaccine Safety Branch,

Division of Epidemiology, Center for Biologics Evalua-
tion and Research, Food and Drug Administration

4:15–5:00 p.m. Public Comment Session
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Immunization Safety Review
Committee Biosketches

Marie McCormick, M.D., Sc.D., (Chair), is Summer and Esther Feldberg Pro-
fessor and Chair of the Department of Maternal and Child Health at the Harvard
School of Public Health. She received her M.D. degree from Johns Hopkins
Medical School, and her Sc.D. degree from Johns Hopkins School of Hygiene
and Public Health. Dr. McCormick is a member of the Institute of Medicine and
has served as chair of the Committee on Preventing Perinatal Transmission of
HIV and the Committee on Prenatal and Newborn Screening for HIV Infection,
and as a member of the Committee on Unintended Pregnancy. Her research in-
volves epidemiological and health services research investigations in areas re-
lated to infant mortality and outcomes of high-risk neonates. Her expertise is in
pediatrics, maternal and child health policy, and program evaluation.

Ronald Bayer, Ph.D., is Professor in the Division of Sociomedical Sciences at
the Joseph L. Mailman School of Public Health at Columbia University. Dr.
Bayer received his Ph.D. in political science from the University of Chicago.
Since 1982, he has been involved in the study of the ethical and policy dimen-
sions of the AIDS epidemic. He served on the National Research Council’s
Committee on the Social Impact of AIDS and more recently, the Committee on
the Elimination of Tuberculosis in the United States. He is author of numerous
articles on ethical issues posed by AIDS and tuberculosis, including Private
Acts, Social Consequences: AIDS and the Politics of Public Health, and Blood
Feuds: AIDS, Blood, and the Politics of Medical Disaster. His most recent co-
authored book is AIDS Doctors: Voices From the Epidemic.

Alfred Berg, M.D., M.P.H., is Professor and Chair of the Department of Family
Medicine at the University of Washington School of Medicine. Dr. Berg re-
ceived his M.D. from Washington University and his M.P.H. from the Univer-
sity of Washington. He is a member of the Institute of Medicine. Dr. Berg pres-
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ently serves as chair of the third U.S. Preventive Services Task Force and is a
member of the American Academy of Family Physicians and the Society of
Teachers of Family Medicine. He is also an Associate Editor for the Journal of
the American Board of Family Practice. Dr. Berg's research interests include
clinical epidemiology, evidence-based medical practice, preventive medicine,
and clinical practice guidelines.

Rosemary Casey, M.D., is an Associate Professor of Pediatrics at Jefferson
Medical College, and the Director and practicing physician of Lankenau Faculty
Pediatrics. Dr. Casey is Board certified in Pediatrics, and a member of the
American Academy of Pediatrics and the Ambulatory Pediatric Association. She
also serves as editorial consultant on several journals, including Pediatrics, Pe-
diatric Emergency Care, Clinical Pediatrics, and Journal of the Ambulatory
Pediatric Association. Her interests include diagnostic problems and behavioral
pediatrics. Dr. Casey received her M.D. from Harvard Medical School and com-
pleted her residency in pediatrics at the Children’s Hospital of Philadelphia. She
was a Robert Wood Johnson Clinical Scholar at the University of Pennsylvania.

Joshua Cohen, Ph.D., is a Senior Research Associate with the Harvard Center
for Risk Analysis. Dr. Cohen received his Ph.D. in Decision Sciences from Har-
vard University. His research includes assessing population risk related to styrene
production and use, developing a computer model to quantify the risk of bovine
spongiform encephalopathy being introduced into the United States and contami-
nating the food supply. In addition, he is the project director for a comparative
evaluation of alternative propulsion systems for heavy duty urban vehicles. He is
the author of a case study conducted for U.S. EPA demonstrating the application
of decision analytic techniques to the evaluation of alternative drinking water
treatment technologies. His research focuses on the application of decision ana-
lytic techniques to environmental risk management problems, with a special em-
phasis on the proper characterization and analysis of uncertainty.

Vernice Davis-Anthony, M.P.H., R.N., is Senior Vice President of Corporate
Affairs and Community Health at St. John Health System in Detroit, Michigan,
where she oversees system-wide management and development of community
health policies and programs, strategic planning, marketing and public relations,
and government relations. Ms. Davis-Anthony was the former Director of the
Michigan Department of Public Health, where she achieved the lowest infant
mortality rate in Michigan’s history and reduced the teen pregnancy rate in that
state. In addition, Ms. Davis-Anthony established the Michigan Task Force of
Violence Reduction and Prevention and the Michigan Abstinence Partnership.
She was also appointed to serve as a Governor of Wayne State University. She
received her M.P.H. from the University of Michigan School of Public Health
and Bachelor of Science in Nursing from Wayne State University.
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Betsy Foxman, Ph.D., is Professor in the Department of Epidemiology at the
University of Michigan School of Public Health, and Director of the Center for
Molecular and Clinical Epidemiology of Infectious Diseases. Her research fo-
cuses on the combination of epidemiologic field methods and modern molecular
techniques to examine the individual and joints effects of host behaviors, host
characteristics and agent characteristics on disease risk, especially on urinary
tract infection, vulvovaginal candidiasis, lactation mastitis and otitis media. She
serves on various professional organizations, including Chair of the Epidemio-
logy Division of the American Public Health Association, is a member of the
program committee for the first North American Congress of Epidemiologists,
and is a fellow of the Infectious Diseases Society of America. She received her
Ph.D. in epidemiology from the University of California, Los Angeles.

Constantine Gatsonis, Ph.D., is Professor of Medical Science and Applied
Mathematics, and Director of the Center for Statistical Sciences at Brown Uni-
versity. He has served on numerous review and advisory panels, including, as a
consultant/ad hoc panel member on the FDA Center for Devices and Radiologi-
cal Health, the Data Safety and Monitoring Board of the VA Cooperative Stud-
ies in Health Services, the Commission of Technology Assessment of the
American College of Radiology, the NINDS Data Safety and Monitoring Board,
and the HCFA Technical Experts Panel. Dr. Gatsonis is the founding editor-in-
chief of Health Services and Outcomes Research Methodology and is on the
editorial board of Academic Radiology, Statistics in Medicine, and Medical De-
cision Making. His research interests include Bayesian inference and its appli-
cations to problems in biostatistics, methodologic aspects of health services and
outcomes research, and medical technology evaluation with emphasis on diag-
nostic radiology. Dr. Gatsonis received his Ph.D. in mathematical statistics from
Cornell University.

Steven Goodman, M.D., M.H.S., Ph.D., is Associate Professor of Oncology,
Pediatrics, Epidemiology and Biostatistics at the Johns Hopkins Schools of
Medicine and Public Health. Dr. Goodman received his M.D. from New York
University, his M.H.S. and Ph.D. degrees from Johns Hopkins University, and
trained in pediatrics at Washington University in St. Louis. He has been a mem-
ber of two IOM committees: the Committee for a Review of Evidence Regard-
ing the Link between Exposure to Agent Orange and Diabetes, and the Com-
mittee to Review the Health Effects in Vietnam Veterans of Exposure to
Herbicides: Second Biennial Update. As a statistician for the Johns Hopkins
Oncology Center, General Clinical Research Center and Pediatric Clinical Re-
search Unit, he has participated in the design and analysis of a wide range of
clinical and epidemiologic studies. He is co-director of the Johns Hopkins Evi-
dence-Based Practice Center, and has served as Statistical Editor for the Annals
of Internal Medicine since 1987. His research interests include meta-analysis,
statistical inference, the ethics of clinical trials, and the use of likelihood and
Bayesian methodology in clinical research.
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Ellen Horak, M.S.N., is Chief of Local Health Services in the office of Local
and Rural Health at the Kansas Department of Health and Environment. Ms.
Horak is the Past President of the Association of State and Territorial Directors
of Nursing, as well as Past District President of the Kansas State Nurses Asso-
ciation. She is also a member of the American Public Health Association and
Kansas Public Health Association. Ms. Horak received her M.S.N. from the
University of Kansas.

Michael Kaback, M.D., Michael Kaback is Professor of Pediatrics and Repro-
ductive Medicine at the University of California in San Diego. He is an Institute
of Medicine member and has served on previous IOM committees, including the
Committee on Assessing Genetic Risks: Issues and Implications for Health. His
expertise is in medical genetics and pediatrics, and his research interests include
the applications of human genetic technology to treatment and prevention of
hereditary disease and congenital defects; technical, social, psychological, legal,
and ethical implications of new genetic technologies; and public health and
medical practice implications. Dr. Kaback received his M.D. from the Univer-
sity of Pennsylvania School of Medicine.

Gerald Medoff, M.D., is Professor of Medicine and Microbiology and Immu-
nology, and Senior Advisor to the Chairman of the Internal Medicine Depart-
ment at Washington University School of Medicine. He was formerly Head of
the Infectious Disease Division at Washington University School of Medicine.
He has served on various committees, including the Committee on Infectious
Diseases of the American Board of Internal Medicine, the Executive Board of
the AIDS Clinical Trials Unit, and the Pharmacy and Therapeutics Committee of
Blue Cross and Blue Shield. In addition, he was Chairman of the AIDS Re-
search Advisory Committee of the National Institute of Allergy and Infectious
Diseases. Dr. Medoff’s research interests include AIDS, fungal diseases, other
infectious diseases, and antimicrobial agents. He received his M.D. from Wash-
ington University School of Medicine.

Rebecca Parkin, Ph.D., M.P.H., is Associate Research Professor at The
George Washington University Medical Center. Dr. Parkin received her Ph.D.
and M.P.H. from Yale University. She is a former director of scientific, profes-
sional, and section affairs at the American Public Health Association as well as
assistant commissioner for the Division of Occupational and Environmental
Health of the New Jersey Department of Health. She is a member of the Na-
tional Research Council Water Science and Technology Board, and has served
on several NRC committees. She is a liaison member of the DHHS's National
Advisory Committee on Childhood Lead Poisoning Prevention, and a peer re-
viewer for the New Jersey Cancer Research Commission. She continues to serve
on subcommittees of EPA's Science Advisory Board, and has been a member of
study panels of Agency for Toxic Substance Disease Registry. She is currently
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conducting research in the areas of environmental epidemiology, risk assess-
ment, risk perception and communication, and immunization programs.

Bennett A. Shaywitz, M.D., is Professor of Pediatrics and Neurology and Chief
of Pediatric Neurology at the Yale University School of Medicine where he is
also Co-Director of the Yale Center for the Study of Learning and Attention. He
has served on previous IOM committees, including the Committee to Study Fe-
tal Alcohol Syndrome, the Committee on New Research on Vaccines, the
Committee to Review the Adverse Consequences of Pertussis and Rubella Vac-
cines, Committee for a Review of an Epidemiology Study of Neurologic Illness
and Vaccination in Children, and the Committee on the Reye Syndrome and
Medication. Currently, he leads a research group that is using functional mag-
netic resonance imaging (fMRI) to investigate the neural basis of reading and
reading disability (dyslexia). Recently, he and his colleagues have used this
technology to discover differences in brain organization and function in children
and adults with dyslexia, and he has now begun to use fMRI to study how the
brain changes as children with dyslexia are taught to read.

Christopher Wilson, M.D., is Professor and Chair of the Department of Immu-
nology at the University of Washington. He is a fellow of the American Asso-
ciation for the Advancement of Science, the Infectious Diseases Society of
America, and the American Academy of Pediatrics. He was also a member of
the Maternal and Child Health Research Committee of the National Institute of
Child Health and Human Development. His research includes laboratory work
on the elucidation of the molecular mechanisms by which functional differences
between naïve and memory/effector T-cells are imposed, thereby allowing them
to exhibit fixed and heritable patterns of effector functions. In addition, his work
includes addressing mechanisms governing the development of immunity fol-
lowing primary function, in particular with the intracellular pathogens M. tuber-
culosis, Listeria monocytogenes, and herpes simplex virus. Dr. Wilson received
his M.D. from the University of California, Los Angeles.
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Jewish Medical and Research Center at the University of Colorado School of
Medicine. He was formerly the Medical Director of the March of Dimes Birth
Defects Foundation, and Chief of the Section of Immunology in the Department
of Pediatrics at Yale University School of Medicine. Among his previous ap-
pointments are the position of Chairman of Pediatrics, University of Pennsylva-
nia. He is a member of the Association of American Physicians and the Institute
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of Medicine and a Fellow of the American Association for the Advancement of
Science. His publications include work on immune diseases in children and
mechanisms of host defense and inflammation. Dr. Johnston is a past president
of the society for Pediatric Research and the American Pediatric Society. He is a
member of the Board on Health Promotion Disease Prevention of the Institute of
Medicine and has chaired four IOM committees, including Multiple Sclerosis:
Current Status and Strategies for the Future, the Assessment of Asthma and In-
door Quality, and the Vaccine Safety Committee. He has served on several other
IOM committees, including the Committee to review Adverse Consequences of
Pertussis and Rubella Vaccines and the Immunology Benchmarking Guidance
Group.
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APPENDIX D

Research Needs and
Opportunities
Related to the

Measles-Mumps-Rubella
Vaccine and Autism

Jane S. Durch and Kathleen R. Stratton, Institute of Medicine Staff

In October 1998, the Institute of Medicine’s Vaccine Safety Forum held an
open meeting to hear about emerging research on the newly published hypothe-
sis that Measles-Mumps-Rubella (MMR) vaccine might be related in some way
to autism. Researchers were invited to present their data and ideas to the Forum
members and to other participants. Several research ideas were suggested by the
participants, and these are summarized below.

The discussions highlighted several considerations in pursuing research on a
possible vaccine-autism link. It was stressed that a clear case definition will be
essential for many types of studies. An argument was made to resist focusing only
on childhood disintegrative disorders or regressive autism cases until the full
spectrum of the disorder is better understood. Care was also urged in ensuring that
case definitions not be biased by prior assumptions about cause. Because diagnosis
depends on observation of behavior, studies will also need to rely on well-trained
observers to apply standard, validated assessment instruments.

Expertise from a variety of disciplines will be needed to address the ques-
tions related to autism and vaccine use. Some activities are already under way.
A 5-year, $27 million international collaborative research program supported by
the National Institutes of Health is focusing on the neurobiology and genetics of
autism. The Metropolitan Atlanta Birth Defects Study has added school-based
surveillance for autism and other conditions classified as pervasive develop-
mental disorders. More than 400 cases have been identified between 1995 and
1998. In addition, a multidisciplinary panel has been established to conduct
more detailed follow-up studies of autism cases reported to VAERS.

Other suggestions by workshop participants included a formal study of the
effectiveness of the intravenous immunoglobulin treatment being given to some
children with autism. If the treatment is effective, further study might shed addi-
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tional light on the mechanisms that produce autism. Cross-national studies were
also mentioned because autism rates seem to be similar across countries that
have differing immunization levels and practices. To gain a better understanding
of the basic neuroanatomy and neurochemistry of the autistic brain, systematic
and more frequent postmortem examinations should be encouraged. In addition,
new technologies, such as noninvasive imaging, have the potential to provide
better information on brain function and structure.

Research studies might also explore whether identifiable features of genet-
ics, immune function, or other factors predispose some children to an adverse
vaccine reaction and whether the brain can be protected in such children. For
example, animal models point to changes in brain vulnerability as neonates age,
so the effect of changes in the timing of immunization might be studied. It was
noted that although the idea of finding markers for genetic susceptibility is ap-
pealing, such tools might be hard to use because of the cost of screening all chil-
dren.

Copyright © National Academy of Sciences. All rights reserved.

Immunization Safety Review:  Measles-Mumps-Rubella Vaccine and Autism
http://www.nap.edu/catalog/10101.html

http://www.nap.edu/catalog/10101.html

