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Preface

Vaccines are widely recognized as one of the greatest public health 
successes of the last century, signi�cantly reducing morbidity and mortality 
from a variety of bacteria and viruses. Diseases that were once the cause of 
many outbreaks, common causes of loss of health and life, are now rarely 
seen, because they have been prevented by vaccines. However, vaccines can 
in rare cases themselves cause illness. A rare potential for harm can loom 
large when people no longer experience or fear the targeted disease. In this 
regard, the public opinion of vaccines can be a victim of their success. The 
Institute of Medicine (IOM) was charged by Congress when it enacted the 
National Childhood Vaccine Injury Act in 1986 with reviewing the litera -
ture regarding the adverse events associated with vaccines covered by the 
program, a charge which the IOM has addressed 11 times in the past 25 
years. Following in this tradition, the task of this committee was to assess 
dispassionately the scienti�c evidence about whether eight different vaccines 
cause adverse events (AE), a total of 158 vaccine-AE pairs, the largest study 
undertaken to date, and the �rst comprehensive review since 1994.

The committee had a herculean task, requiring long and thoughtful 
discussions of our approach to analyzing the studies culled from more than 
12,000 peer-reviewed articles in order to reach our conclusions, which are 
spelled out in the chapters that follow. In the process, we learned some 
lessons that may be of value for future efforts to evaluate vaccine safety. 
One is that some issues simply cannot be resolved with currently available 
epidemiologic data, excellent as some of the collections and studies are. 
Particularly for rare events, we look to the day when electronic medical 
records truly are universal and when society reaches a broad-based con-

http://www.nap.edu/13164


x PREFACE

sensus about how these records may be used to detect very rare adverse 
events from vaccines as well as other drugs and medical interventions. Even 
then, challenges will remain. Some adverse events caused by vaccines are 
also caused by the natural infection. These effects often cannot be detected 
by epidemiologic methods, which typically cannot distinguish between 
the adverse events that are caused by the vaccine itself and the decrease in 
adverse events due to the decreased rate of natural infection. In addition, 
even very large epidemiologic studies may not detect or rule out rare events. 
Subgroup analysis or more focused epidemiologic studies, informed by as 
yet incomplete knowledge of the biologic mechanisms of vaccine-induced 
injury, may be required.

Examining mechanistic evidence to assess causation is also challenging. 
Many of the case reports the committee reviewed simply cited a temporal 
relation between vaccine administration and an adverse event. Associa-
tion, however, does not equal causation. More is required. The proof can 
be relatively straightforward, as when vaccine-speci�c virus is recovered 
from the cerebrospinal �uid of a patient who develops viral meningitis a 
few weeks after receiving the vaccine. Alleged adverse effects that appear 
to be immune mediated, as many of them are, are more challenging, in part 
because the biology is not completely understood. One potentially useful 
line of inquiry as science advances is to assess whether the vaccine recipient 
who suffers harm had a preexisting susceptibility to that particular adverse 
event as such studies may provide insight into the mechanisms by which 
such events occur. The committee is aware of the work funded by the Cen-
ters for Disease Control and Prevention (CDC) to study such individuals 
and looks forward to their �ndings. Most individuals, for example, who 
develop invasive infection from live vaccine viruses have demonstrated im-
munode�ciencies. Our work was also complicated by the wide variation in 
the case reports regarding what other tests had been done to rule out other 
potential causes. To improve the utility of these reports, periodically con-
vening a group of experts to suggest guidelines, based on the best available 
science, for providing mechanistic evidence that a particular adverse event 
was caused by a vaccine may be useful. These guidelines could be made 
available on the Web, and perhaps more important, shared with clinicians 
who report cases to the Vaccine Adverse Event Reporting System so their 
reports can be as complete and useful as possible.

The value of dialogue between both epidemiologic and mechanisms 
approaches cannot be overstated. Epidemiologic studies can identify par-
ticular at-risk groups, who can then be examined with more in depth test-
ing to explore predisposing factors. The �ndings of such studies can then 
inform more focused epidemiologic research as well as efforts to reduce 
risks. These conversations between different types of research can be dif-
�cult, but the results are worth it.
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Although the committee is optimistic that more can and will be known 
about vaccine safety in the future, the limitations of the currently available 
peer-reviewed data meant that, more often not, we did not have suf�cient 
scienti�c information to conclude whether a particular vaccine caused a 
speci�c rare adverse event. Where the data were inadequate to reach a sci-
enti�cally defensible conclusion about causation, the committee speci�cally 
chose not to say which way the evidence “leaned,” reasoning that such indi-
cations would violate our analytic framework. Some readers doubtless will 
be disappointed by this level of rigor. The committee particularly counsels 
readers not to interpret a conclusion of inadequate data to accept or reject 
causation as evidence either that causation is either present or absent. In-
adequate data to accept or reject causation means just that—inadequate. It 
is also important to recognize what our task was not. We were not charged 
with assessing the bene�ts of vaccines, with weighing bene�ts and costs, or 
with deciding how, when, and to whom vaccines should be administered. 
The committee was not charged with making vaccine policy. We did receive 
calls to stride into this contentious debate, but others, such as the Food and 
Drug Administration and the CDC, are tasked with formulating recom -
mendations for use that balance the risk of vaccines with the bene�ts, with 
studying the safety of the vaccines during pre-release trials, and monitoring 
them closely once the vaccine is in use in the population.

Our work could not have been accomplished without the concerted 
efforts of the committee members who did their work carefully with good 
cheer and open minds. The committee’s talented and intrepid staff,  Trevonne 
Walford, Erin Rusch, and Andrew Ford, led by the wisdom and experience 
of Kathleen Stratton, could not have been more wonderful to work with or 
more essential to the committee’s task.

Ellen Wright Clayton, Chair
Committee to Review Adverse Effects of Vaccines
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1

Summary

Congress passed the National Childhood Vaccine Injury Act (P.L. 99-660) 
in 1986. The legislation was intended to bolster vaccine research and devel-
op ment through federal coordination of vaccine efforts in government by 
providing relief to vaccine manufacturers who reported at the time that 
�nancial burdens from awards in the tort system threatened their �nancial 
viability. The legislation was also intended to address concerns about the 
safety of vaccines through a multipronged approach involving instituting 
a compensation program �nanced by an excise tax on covered vaccines, 
setting up a passive surveillance system for vaccine adverse events, and 
providing information to consumers.

Sections 312 and 313 of the legislation required the secretary of the 
U.S. Department of Health and Human Services to consult with the Institute 
of Medicine (IOM) to conduct a review of the scienti�c literature related 
to a set of serious adverse events1 following immunizations recommended 
for use in children. Two reports were issued (IOM, 1991, 1994). These 
reports contain a framework for causality assessment of adverse events 
following vaccination. The reports embraced all vaccines covered by the 
National  Vaccine Injury Compensation Program (VICP) up to that point: 
diphtheria- and tetanus-toxoids and whole cell pertussis (DTwP) vaccine2 
and other tetanus toxoid–containing vaccines; measles, mumps, and rubella 

1 Adverse events are distinguished from adverse effects in that an event is something that 
occurs but may not be causally associated, whereas an adverse effect implies causation. All 
adverse effects are adverse events, but not all adverse events are adverse effects.

2 Acellular pertussis vaccine (aP) has replaced whole cell pertussis vaccine in the United States.

http://www.nap.edu/13164


2 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY

(MMR) vaccines; Haemophilus in�uenzae type B vaccine; hepatitis B vac-
cine; and both inactivated and oral polio vaccines.3 The reports informed 
the secretary’s review of the Vaccine Injury Table. The reports have also 
been referenced extensively as a source of de�nitive scienti�c understanding 
of the evidence by Special Masters in decisions regarding injuries not listed 
on the Vaccine Injury Table.

The IOM was subsequently asked to review speci�c vaccine safety 
concerns in a series of reports requested by the Centers for Disease Control 
and Prevention (CDC). These reports (IOM, 2001a,b, 2002a,b, 2003a,b, 
2004a,b) included causality assessments similar to the previous IOM re-
ports, but included other conclusions and recommendations regarding re-
search, communications, and policy review.

CHARGE TO THE COMMITTEE

In 2009 the IOM entered into a contract with the Health Resources 
and Services Administration (HRSA)4 to convene a committee of experts 
to review the epidemiologic, clinical, and biological evidence regarding ad-
verse health events associated with speci�c vaccines covered by the VICP. 
The committee was composed of individuals with expertise in pediatrics, 
internal medicine, neurology, immunology, immunotoxicology, neurobiol-
ogy, rheumatology, epidemiology, biostatistics, and law.

The vaccines to be reviewed included varicella zoster vaccine; in�u-
enza vaccines;5 hepatitis B vaccine; human papillomavirus vaccine (HPV); 
tetanus toxoid–containing vaccines other than those containing the whole 
cell pertussis component; measles, mumps, and rubella vaccines; hepatitis 
A vaccine; and meningococcal vaccines. It is expected that the report will 
provide the scienti�c basis for review and adjudication of claims of vaccine 
injury by the VICP.

HRSA presented a list of speci�c adverse events for the committee 
to review (see Table S-1). The selection criteria was described at the �rst 
committee meeting (Johann-Liang, 2009) as including the vast majority of 
adverse events in the claims for compensation. The committee added ad-
verse events to the list if it identi�ed epidemiologic studies or case reports 
for an adverse event not originally assigned by HRSA. These additions were 
all-cause mortality and seizures following in�uenza vaccine; optic neuritis 

3 Vaccines are included in the VICP if they are recommended by the CDC for routine ad-
ministration in children and are subject to an excise tax. Adults who experience an adverse 
reaction to one of these “childhood” vaccines are also covered by the program.

4 The CDC and the National Vaccine Program Of�ce also provided funds for the project via 
the contract with HRSA.

5 The 2009 H1N1 in�uenza vaccine is covered by the Countermeasures Injury Compensation 
Program, and evidence about its safety is not covered in this report. 
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10 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY

following MMR, in�uenza, hepatitis B, and DTaP vaccines; neuromyelitis 
optica and meningitis following MMR vaccine; erythema nodosum follow -
ing hepatitis B vaccine; and stroke and small �ber neuropathy following 
varicella vaccine.

It is important to note that the committee was not tasked with assess-
ing the bene�ts (effectiveness) of vaccines or any policy issues related to 
vaccination. The committee’s task is focused only on an assessment of the 
risk of vaccines.

ASSESSING THE WEIGHT OF EVIDENCE

Two streams of evidence support the committee’s causality conclusions: 
epidemiologic evidence derived from studies of populations (most often 
based on observational designs but randomized trials when available), and 
mechanistic evidence derived primarily from biological and clinical studies 
in animals and individual humans (see Figure S-1). Some studies provide 
evidence capable of addressing both epidemiologic and mechanistic ques-
tions. Drawing from both sources of evidence to support causal inference 
is well established in the literature.

The committee made three assessments for each relationship reviewed. 
The �rst assessment applies to the weight of evidence from the epide-
miologic literature; the second applies to the weight of evidence from the 
mechanistic literature. Each individual article (or �ndings within an article 
if more than one outcome or vaccine was studied) was evaluated for its 
strengths and weaknesses. The committee then synthesized the body of evi-
dence of each type (epidemiologic or mechanistic) and assigned a “weight-
of-evidence” for each. These weights-of-evidence represent the committee’s 
assessment of the quality and quantity of evidence. The two weight-of-
evidence assessments contributed to the third assessment, a conclusion 
about the causal relationship.

Weight of Epidemiologic Evidence

Each peer-reviewed epidemiologic study was evaluated for its methodo-
logic limitations (e.g., �awed measurement of either vaccine administration 
or adverse event, or failure to adequately control confounding variables) 
and for the precision of the reported results (e.g., the width of the 95% 
con�dence interval around an effect estimate, re�ecting the statistical power 
to detect a signi�cantly increased risk of an adverse event). A speci�c study 
involving multiple outcomes or vaccines could have fewer limitations for 
the analysis of some vaccines or some outcomes than for others. Small clini-
cal studies can be well conducted but the low number of subjects may limit 
the ability to detect most adverse events. Although most ef�cacy studies 

http://www.nap.edu/13164
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12 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY

include a safety component, the results are often nonspeci�c (e.g., “no seri-
ous adverse events were detected”). The committee was rigorous in assess-
ing the strengths and weaknesses of each epidemiologic study. Some studies 
reviewed are likely the most reasonably methodologically sound given the 
nature of the exposure and the outcomes, even if the studies have some 
residual limitation due to the challenges that often attend such research. 
Summary paragraphs describe the epidemiologic evidence (as well as the 
mechanistic evidence and in some circumstances the causality conclusion) 
more fully than can be captured with the formal and consistent wording of 
the assessments used in this report.

The committee used a summary classi�cation scheme that incorporates 
both the quality and quantity of the individual epidemiologic studies and 
the consistency of the group of studies in terms of direction of effect (i.e., 
whether the vaccine increases risk, decreases risk, or has no effect on risk). 
Integral to the assessment is the con�dence the committee has that the 
true effect lies close to the average overall effect estimate for the body of 
evidence (i.e., collection of reports) reviewed (Schunemann et al., 2011).

The four weight-of-evidence assessments for the epidemiologic evidence 
are

�U�Ê ���ˆ�}�…�\�Ê�/�Ü�œ�Ê�œ�À�Ê�“�œ�À�i�Ê�Ã�Ì�Õ�`�ˆ�i�Ã�Ê�Ü�ˆ�Ì�…�Ê�˜�i�}�•�ˆ�}�ˆ�L�•�i�Ê�“�i�Ì�…�œ�`�œ�•�œ�}�ˆ�V�>�•�Ê�•�ˆ�“�ˆ�Ì�>-
tions that are consistent in terms of the direction of the effect, and 
taken together provide high con�dence.

�U�Ê ���œ�`�i�À�>�Ì�i�\�Ê�"�˜�i�Ê�Ã�Ì�Õ�`�Þ�Ê�Ü�ˆ�Ì�…�Ê�˜�i�}�•�ˆ�}�ˆ�L�•�i�Ê�“�i�Ì�…�œ�`�œ�•�œ�}�ˆ�V�>�•�Ê�•�ˆ�“�ˆ�Ì�>�Ì�ˆ�œ�˜�Ã�]�Ê�œ�À�Ê
a collection of studies generally consistent in terms of the direction 
of the effect, that provides moderate con�dence.

�U�Ê ���ˆ�“�ˆ�Ì�i�`�\�Ê�"�˜�i�Ê�Ã�Ì�Õ�`�Þ�Ê�œ�À�Ê�>�Ê�V�œ�•�•�i�V�Ì�ˆ�œ�˜�Ê�œ�v�Ê�Ã�Ì�Õ�`�ˆ�i�Ã�Ê�•�>�V�Ž�ˆ�˜�}�Ê�«�À�i�V�ˆ�Ã�ˆ�œ�˜�Ê�œ�À�Ê
consistency that provides limited, or low, con�dence.

�U�Ê ���˜�Ã�Õ�v�w�V�ˆ�i�˜�Ì�\�Ê� �œ�Ê�i�«�ˆ�`�i�“�ˆ�œ�•�œ�}�ˆ�V�Ê�Ã�Ì�Õ�`�ˆ�i�Ã�Ê�œ�v�Ê�Ã�Õ�v�w�V�ˆ�i�˜�Ì�Ê�µ�Õ�>�•�ˆ�Ì�Þ�°

Assessments of high and moderate include a direction of effect. These 
are to indicate increased risk of the adverse event, decreased risk of the 
adverse event, or no change in risk of the adverse event or “null.” Assess-
ments of limited or insuf�cient include no direction of effect.

Weight of Mechanistic Evidence

The committee assessed the mechanisms by which the vaccine could 
cause a speci�c adverse event by identifying and evaluating clinical and 
biological evidence. First, the committee searched for evidence in the peer-
reviewed literature that a vaccine was or may be a cause of an adverse 
event in one or more persons (from case reports or clinical studies) in a 
reasonable time period after the vaccination. Then the committee looked 
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for other information from the clinical and biological (human, animal, or in 
vitro studies) literature that would provide evidence of a pathophysiological 
process or mechanism that is reasonably likely to cause the adverse event 
or to occur in response to a speci�c immunization. Chapter 3 contains a 
discussion of the major mechanisms the committee invokes as possible ex-
planations of how a given adverse event can occur after vaccination.

The committee identi�ed many case reports in the literature describing 
adverse events following vaccination. For the purposes of this report, case 
report refers to a description of an individual patient; one publication could 
describe multiple case reports. The committee evaluated each case report 
using a well-established set of criteria called attribution elements for case 
evaluation (Miller et al., 2000). At a minimum, for a case to factor into 
the weight-of-evidence assessment, it had to include speci�c mention of the 
vaccine administered, evidence of a clinician-diagnosed health outcome, 
and a speci�ed and reasonable time interval (i.e., temporality or latency) 
between vaccination and symptoms. Case descriptions that did not have the 
three basic elements described above were not considered in the mechanistic 
weight-of-evidence assessments. These three criteria were only necessary 
but not suf�cient to affect the weight of mechanistic evidence. After identi-
fying cases with the three basic elements, the committee looked for evidence 
in the case descriptions and in other clinical or biological literature of a 
possible operative mechanism(s) that would support a judgment that the 
vaccination was related to the adverse event. See Chapter 3 for a description 
of possible mechanisms identi�ed by the committee.

An important attribute in the evaluation of the clinical evidence from 
case reports is rechallenge, an adverse event that occurred after more than 
one administration of a particular vaccine in the same individual. Each 
challenge in a patient, however, must meet the same attributes of reasonable 
latency, documentation of vaccination receipt, and clinician diagnosis of the 
health outcome. The value of any case report is much greater if the clinical 
workup eliminated well-accepted alternative explanations for the condition, 
thus increasing the possibility that the vaccine could be associated with the 
adverse event. A particularly strong piece of evidence in the case description 
is laboratory-con�rmed isolation of a vaccine strain virus in the patient.

The committee follows the convention of previous IOM committees in 
considering the effects of the natural infection as one type, albeit minor, of 
clinical or biological evidence in support of mechanisms.6 Other evidence, 

6 The committee relied on standard textbooks of infectious disease or internal medicine for 
this evaluation; the committee did not review original research to come to this determination. 
This is consistent with previous IOM committees tasked with reviewing evidence of causality 
for vaccine safety. Evidence consisting only of parallels with the natural infections is never 
suf�cient to merit a conclusion other than the evidence is inadequate to accept or reject a 
causal relationship.
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14 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY

described above, provided much stronger evidence in support of the mecha-
nistic assessment. Evidence from animal studies is also informative if the 
model of the disease (adverse outcome) is well established as applicable to 
humans, or if the basic immunology of the vaccine reaction is well under-
stood. In vitro studies can also be informative, but such data were eyed with 
skepticism regarding their relationship to the human experience.

The committee developed categories for the mechanistic weight-of-
evidence assessment. Each assessment includes consideration of the clinical 
information from case reports and consideration of clinical and experimen-
tal evidence from other sources. The four weight-of-evidence assessments 
for the mechanistic evidence are

�U�Ê �-�Ì�À�œ�˜�}�\�Ê�"�˜�i�Ê�œ�À�Ê�“�œ�À�i�Ê�V�>�Ã�i�Ã�Ê�ˆ�˜�Ê�Ì�…�i�Ê�•�ˆ�Ì�i�À�>�Ì�Õ�À�i�]�Ê�v�œ�À�Ê�Ü�…�ˆ�V�…�Ê�Ì�…�i�Ê�V�œ�“�“�ˆ�Ì-
tee concludes the vaccine was a contributing cause of the adverse 
event, based on an overall assessment of attribution in the available 
cases and clinical, diagnostic, or experimental evidence consistent 
with relevant biological response to vaccine.

�U�Ê ���˜�Ì�i�À�“�i�`�ˆ�>�Ì�i�\�Ê���Ì�Ê�•�i�>�Ã�Ì�Ê�Ì�Ü�œ�Ê�V�>�Ã�i�Ã�]�Ê�Ì�>�Ž�i�˜�Ê�Ì�œ�}�i�Ì�…�i�À�]�Ê�v�œ�À�Ê�Ü�…�ˆ�V�…�Ê�Ì�…�i�Ê
committee concludes the vaccine may be a contributing cause of 
the adverse event, based on an overall assessment of attribution 
in the available cases and clinical, diagnostic, or experimental evi-
dence consistent with relevant biological response to vaccine. On 
occasion, the committee reviewed evidence consisting of at least 
two cases that, taken together, while suggestive, are nonetheless 
insuf�cient to conclude that the vaccine may be a contributing 
cause of the adverse event. This evidence has been categorized as 
“low-intermediate.”

�U�Ê �7�i�>�Ž�\�Ê���˜�Ã�Õ�v�w�V�ˆ�i�˜�Ì�Ê�i�Û�ˆ�`�i�˜�V�i�Ê�v�À�œ�“�Ê�V�>�Ã�i�Ã�Ê�ˆ�˜�Ê�Ì�…�i�Ê�•�ˆ�Ì�i�À�>�Ì�Õ�À�i�Ê�v�œ�À�Ê�Ì�…�i�Ê�V�œ�“-
mittee to conclude the vaccine may be a contributing cause of the 
adverse event, based on an overall assessment of attribution in the 
available cases and clinical, diagnostic, or experimental evidence 
consistent with relevant biological response to vaccine.

�U�Ê ���>�V�Ž�ˆ�˜�}�\�Ê� �œ�Ê�V�•�ˆ�˜�ˆ�V�>�•�]�Ê�`�ˆ�>�}�˜�œ�Ã�Ì�ˆ�V�]�Ê�œ�À�Ê�i�Ý�«�i�À�ˆ�“�i�˜�Ì�>�•�Ê�i�Û�ˆ�`�i�˜�V�i�Ê�V�œ�˜�Ã�ˆ�Ã-
tent with relevant biological response to vaccine, regardless of the 
presence of individual cases in the literature.

CAUSALITY ASSESSMENT

The committee adopted the approach to causation developed by previ-
ous IOM committees. Implicit in these categories is that “the absence of 
evidence is not evidence of absence.” That is, the committee began its as-
sessment from the position of neutrality; until all evidence was reviewed, 
it presumed neither causation nor lack of causation. The committee then 
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moved from that position only when the combination of epidemiologic 
evidence and mechanistic evidence suggested a more de�nitive assessment 
regarding causation, either that vaccines might or might not pose an in-
creased risk of an adverse effect. The categories of causation used by the 
committee are the following:

�U�Ê ��Û�ˆ�`�i�˜�V�i�Ê�V�œ�˜�Û�ˆ�˜�V�ˆ�˜�}�•�Þ�Ê�Ã�Õ�«�«�œ�À�Ì�Ã7 a causal relationship—This ap-
plies to relationships in which the causal link is convincing, as with 
the oral polio vaccine and vaccine-associated paralytic polio.

�U�Ê ��Û�ˆ�`�i�˜�V�i�Ê�v�>�Û�œ�À�Ã�Ê�>�V�V�i�«�Ì�>�˜�V�i�Ê�œ�v�Ê�>�Ê�V�>�Õ�Ã�>�•�Ê�À�i�•�>�Ì�ˆ�œ�˜�Ã�…�ˆ�«—Evidence is 
strong and generally suggestive, although not �rm enough to be 
described as convincing or established.

�U�Ê ��Û�ˆ�`�i�˜�V�i�Ê�ˆ�Ã�Ê�ˆ�˜�>�`�i�µ�Õ�>�Ì�i�Ê�Ì�œ�Ê�>�V�V�i�«�Ì�Ê�œ�À�Ê�À�i�•�i�V�Ì�Ê�>�Ê�V�>�Õ�Ã�>�•�Ê�À�i�•�>�Ì�ˆ�œ�˜�Ã�…�ˆ�«—
The evidence is not reasonably convincing either in support of 
or against causality; evidence that is sparse, con�icting, of weak 
quality, or merely suggestive—whether toward or away from cau-
sality—falls into this category. Where there is no evidence meeting 
the standards described above, the committee also uses this causal 
conclusion.

�U�Ê ��Û�ˆ�`�i�˜�V�i�Ê�v�>�Û�œ�À�Ã�Ê�À�i�•�i�V�Ì�ˆ�œ�˜�Ê�œ�v�Ê�>�Ê�V�>�Õ�Ã�>�•�Ê�À�i�•�>�Ì�ˆ�œ�˜�Ã�…�ˆ�«—The evidence 
is strong and generally convincing, and suggests there is no causal 
relationship.

The category of “establishes or convincingly supports no causal rela-
tionship” is not used because it is virtually impossible to prove the absence 
of a relationship with the same certainty that is possible in establishing the 
presence of one. Even in the presence of a convincing protective effect of 
a vaccine based on epidemiology, studies may not rule out the possibility 
that the reaction is caused by vaccine in a subset of individuals. Thus, the 
framework for this and previous IOM reports on vaccine safety is asym-
metrical. The committee began not by assuming the causal relationship does 
not exist, but by requiring evidence to shift away from the neutral position 
that the evidence is “inadequate to accept or reject” a causal relationship.

The committee established a general framework by which the two 
streams of evidence (epidemiologic and mechanistic) in�uence the �nal cau-
sality conclusion (see Figure S-2). This framework needed to accommodate 
the reality that—for any given adverse event relationship reviewed—one or 
both of the types of evidence could be lacking, the two types of evidence 
could con�ict, or neither type of evidence might de�nitively in�uence the 
causality conclusion. The framework does not accommodate any informa-
tion regarding the bene�t of the vaccine to either population or individual 

7 Previous IOM committees used the term “establishes” instead of “convincingly supports.”
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health. The focus of this particular committee is only on the question of 
what particular vaccines can cause particular adverse effects.

The framework also had to accommodate known strengths and limi-
tations of both types of evidence. Mechanistic evidence can only support 
causation, but epidemiologic evidence can support a causal association 
or can support the absence of (“rejection of”) a causal association in the 
general population. Mechanistic evidence, particularly that emerging from 
case reports, occasionally provides compelling evidence of an association 
between exposure to a vaccine and an adverse event in the individual be-
ing studied, but it provides no meaningful information about the risk to 
the population. Epidemiologic analyses are usually unable to detect an in-
creased or decreased risk that is small, unless the study population is very 
large or the between-group (e.g., vaccinated vs. unvaccinated) difference in 
risk is very high (e.g., smoking increases the risk of lung cancer by at least 
10-fold). Epidemiologic analyses also cannot identify with certainty which 
individual in a population at risk will develop the condition.

The committee does not consider a single epidemiologic study—regard-
less of how well it is designed, the size of the estimated effect, or the nar-
rowness of the con�dence interval—suf�cient to merit a weight of “high” 
or, in the absence of strong or intermediate mechanistic evidence, suf�cient 
evidence to support a causality conclusion other than “inadequate to ac-
cept or reject a causal relationship.” This requirement might seem overly 
rigorous to some readers. However, the Agency for Healthcare Research 
and Quality advises the Evidence-based Practice Centers that it has funded 
to produce evidence reports on important issues in health care to view an 
evidence base of a single study with caution (Owens et al., 2010). It does so 
due to the inability to judge consistency of results, an important contribu-
tor to a strength of evidence, because one cannot “be certain that a single 
trial, no matter how large or well designed, presents the de�nitive picture of 
any particular clinical bene�t or harm for a given treatment” (Owens et al., 
2010). It is acknowledged by the committee and others (Owens et al., 2010) 
that policy makers must often make decisions based on only one study. 
However, the committee is not recommending policy, rather evaluating the 
evidence using a transparent and justi�able framework.

CAUSALITY CONCLUSIONS

Convincingly Supports

The framework allows for a causality conclusion of “convincingly sup-
ports” based on an epidemiologic weight-of-evidence assessment of high in 
the direction of increased risk (which requires at least two well-conducted 
epidemiologic studies). Strong mechanistic evidence, which requires at least 
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one case report in which compelling evidence exists that the vaccine indeed 
did cause the adverse event, always carries suf�cient weight for the com-
mittee to conclude the evidence convincingly supports a causal relationship. 
The committee considered the detection of laboratory-con�rmed, vaccine-
strain virus compelling evidence to attribute the disease to the vaccine-strain 
virus and not other etiologies. This conclusion can be reached even if the 
epidemiologic evidence is rated high in the direction of no increased risk 
or even decreased risk.

The simplest explanation in this circumstance is that the adverse effect 
is real but also very rare. Stating this another way, if the vaccine did cause 
the adverse effect in one person, then it can cause the adverse effect in 
someone else; however, the isolated report of one convincing case provides 
no information about the risk of the adverse effect in the total population 
of vaccinated individuals compared with unvaccinated individuals.

The committee concluded the evidence convincingly supports 14 spe-
ci�c vaccine–adverse event relationships. In all but one of these relation-
ships, the conclusion was based on strong mechanistic evidence with the 
epidemiologic evidence rated as either limited con�dence or insuf�cient. 
The convincing evidence regarding varicella vaccine and disseminated Oka 
varicella zoster virus (VZV) and Oka VZV viral reactivation depended on 
identi�cation of vaccine-strain virus as documented by polymerase chain 
reaction, as was the evidence regarding MMR vaccine and measles inclu-
sion body encephalitis. Epidemiologic evidence, as well as mechanistic 
evidence, convincingly supported the causal relationship between MMR 
vaccine and febrile seizures. Clinical evidence from case reports and a well-
identi�ed mechanism of hypersensitivity reactions convincingly supported 
the conclusions regarding anaphylaxis and six vaccines (MMR, varicella, 
in�uenza, hepatitis B, meningococcal, and tetanus toxoid vaccine). Mecha-
nistic evidence provided the convincing support for the conclusion that 
injection of vaccine, independent of the antigen involved, can lead to two 
adverse events: syncope and deltoid bursitis (see Table S-2).

Favors Acceptance

A conclusion of “favors acceptance of a causal relationship” must be 
supported by either epidemiologic evidence of moderate certainty of an 
increased risk or by mechanistic evidence of intermediate weight. The com-
mittee concluded the evidence favors acceptance of four speci�c vaccine–
adverse event relationships. These include HPV vaccine and anaphylaxis, 
MMR vaccine and transient arthralgia in female adults, MMR vaccine and 
transient arthralgia in children, and certain trivalent in�uenza vaccines used 
in Canada and a mild and temporary oculorespiratory syndrome. The con-
clusion regarding anaphylaxis was supported by only mechanistic evidence. 
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The other conclusions were supported by both epidemiologic evidence and 
by mechanistic evidence (see Table S-2).

Favors Rejection

The framework allows the committee to “favor rejection” of a causal 
relationship only in the face of epidemiologic evidence rated as high or 
moderate in the direction of no effect (the null) or of decreased risk and 
in the absence of strong or intermediate mechanistic evidence in support 
of a causal relationship. The committee concluded the evidence favors 
rejection of �ve vaccine–adverse event relationships. These include MMR 
vaccine and type 1 diabetes, diphtheria, tetanus, and pertussis (DTaP) vac-
cine and type 1 diabetes, MMR vaccine and autism, inactivated in�uenza 
vaccine and asthma exacerbation or reactive airway disease episodes, and 
inactivated in�uenza vaccine and Bell’s palsy. The evidence base for these 
conclusions consisted of epidemiologic studies reporting no increased risk; 
this evidence was not countered by mechanistic evidence (see Table S-2).

Inadequate to Accept or Reject

The committee identi�ed two main pathways by which it concludes 
that the evidence is “inadequate to accept or reject” a causal relationship. 
The most common pathway to this conclusion occurs when the epidemio-
logic evidence was of limited certainty or insuf�cient and the mechanistic 
evidence was weak or lacking. Another pathway occurs when the epidemio-
logic evidence is of moderate certainty of no effect but the mechanistic evi-
dence is intermediate in support of an association. The committee analyzed 
these sets of apparently contradictory evidence and ultimately depended 
upon their expert judgment in deciding if a conclusion to favor acceptance 
based on the intermediate mechanistic data was warranted, or if the con-
clusion remained as “inadequate to accept or reject” a causal relationship.

The vast majority of causality conclusions in the report are that the 
evidence was inadequate to accept or reject a causal relationship. Some 
might interpret that to mean either of the following statements:

�U�Ê �	�i�V�>�Õ�Ã�i�Ê�Ì�…�i�Ê�V�œ�“�“�ˆ�Ì�Ì�i�i�Ê�`�ˆ�`�Ê�˜�œ�Ì�Ê�w�˜�`�Ê�V�œ�˜�Û�ˆ�˜�V�ˆ�˜�}�Ê�i�Û�ˆ�`�i�˜�V�i�Ê�Ì�…�>�Ì�Ê�Ì�…�i�Ê
vaccine does cause the adverse event, the vaccine is safe.

�U�Ê �	�i�V�>�Õ�Ã�i�Ê�Ì�…�i�Ê�V�œ�“�“�ˆ�Ì�Ì�i�i�Ê�`�ˆ�`�Ê�˜�œ�Ì�Ê�w�˜�`�Ê�V�œ�˜�Û�ˆ�˜�V�ˆ�˜�}�Ê�i�Û�ˆ�`�i�˜�V�i�Ê�Ì�…�>�Ì�Ê�Ì�…�i�Ê
vaccine does not cause the adverse event, the vaccine is unsafe.

Neither of these interpretations is correct. “Inadequate to accept or 
reject” means just that—inadequate. If there is evidence in either direction 
that is suggestive but not suf�ciently strong about the causal relationship, it 

http://www.nap.edu/13164


24 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY

will be re�ected in the weight-of-evidence assessments of the epidemiologic 
or the mechanistic data. However suggestive those assessments might be, 
in the end the committee concluded that the evidence was inadequate to 
accept or reject a causal association.

A list of all conclusions, including the weights of evidence for both 
the epidemiologic evidence and the mechanistic evidence, can be found in 
Appendix D.

SUSCEPTIBILITY

The literature supporting several of the causality conclusions discussed 
in the previous section indicates that individuals with certain characteristics 
are more likely to suffer adverse effects from particular immunizations. 
Individuals with an acquired or genetic immunode�ciency are clearly recog-
nized as at increased risk for speci�c adverse reactions to live viral vaccines 
such as MMR and varicella vaccine. Age is also a risk factor; seizures after 
immunization, for example, are more likely to occur in young children. 
Thus, the committee was able at times to reach more limited conclusions 
that did not generalize to the entire population.

CONCLUDING COMMENT

Committee members spent an enormous amount of time reading thou-
sands of articles. The committee makes 158 causality conclusions in this 
report. It tried to apply consistent standards when reviewing individual 
articles and when assessing the bodies of evidence. Some of the conclusions 
were easy to reach; the evidence was clear and consistent or, in the extreme, 
completely absent. Some conclusions required substantial discussion and 
debate. Inevitably, there are elements of expert clinical and scienti�c judg-
ment involved.

The committee used the best evidence available at the time. The com-
mittee hopes that the report is suf�ciently transparent such that when new 
information emerges from either the clinic or the laboratory, others will be 
able to assess the importance of that new information within the approach 
and set of conclusions presented in this report.
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1

Introduction

Protecting health is a major priority of society, families, and individual 
parents. Over the past 100 years there has been a revolution in the ability 
to protect health in the developed world, where there are resources to en-
able this to happen. In 1900, among every 1,000 babies born in the United 
States, 100 would die before their �rst birthday, and �ve before 5 years of 
age (Guyer et al., 2000). By 2007, fewer than seven were expected to die 
before their �rst birthday, and only 0.29 per 1,000 before 5 years of age 
(HHS, 2010). Diseases severe enough to kill children and adults can also 
leave survivors disabled in some way, and as mortality has fallen, so has 
the chance of severe disability from these diseases.

Among the dangers for children and adults that have greatly diminished 
over the past century are infectious diseases. For bacterial diseases, antibi-
otics have been developed to treat infections before permanent harm can 
occur. For many viral and bacterial diseases, vaccines now exist.

In the early 20th century, smallpox (which has 30 percent mortality 
and a very high rate of dis�gurement and other less common sequelae 
including blindness and encephalopathy) and rabies (virtually 100 percent 
fatal) could be prevented with immunization (CDC, 2001, 2008). With the 
fast growing understanding of microbes and immunity from 1920 onward, 
the development of immunizations became a race to “conquer” infectious 
disease. Beginning with the combination diphtheria, pertussis, and tetanus 
immunization during World War II and most recently with immunization to 
prevent cervical cancer (the human papillomavirus vaccine), immunizations 
have changed our expectations for child and adult health. Infections are less 
of a terror, and children are expected to survive to adulthood.
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Vaccines function by stimulating the immune system and prompt-
ing a primary immune response to an infecting pathogen or to molecules 
derived from a particular pathogen. The immune response elicited by this 
primary exposure to vaccine pathogen creates immunological memory, 
which involves the generation of a pool of immune cells that will recognize 
the pathogen and mount a more robust or secondary response upon subse-
quent exposure to the virus or bacterium. In successful immunization, the 
secondary immune response is suf�cient to prevent disease in the infected 
individual, as well as prevent the transmission of the pathogen to others. 
For communicable diseases, immunizations protect not only the individual 
who receives the immunization, but also others with whom he or she has 
contact. High levels of vaccination in a community increase the number 
of people who are less susceptible or resistant to illness and propagation 
of the infectious agent. Unvaccinated individuals or those who have not 
developed immunity to this pathogen are afforded an indirect measure of 
protection because those with immunity reduce the spread of the pathogen 
throughout the entire population. The larger the proportion of people with 
immunity, the greater the protection of those without immunity. This effect 
is called “herd immunity.” Herd immunity is an important phenomenon 
as immunization programs rarely achieve 100 percent immunization in 
a population; and in some cases, previously vaccinated persons may not 
exhibit effective immunity and disease may result from exposure to the 
pathogen. For protection, immunization of not only ourselves but also our 
neighbors is important.

The overwhelming safety and effectiveness of vaccines in current use in 
preventing serious disease has allowed them to gain their preeminent role 
in the routine protection of health. Before an immunization is introduced 
for population-wide use, it is tested for ef�cacy and safety. However, im-
munization is not without risks. For example, it is well established that 
the oral polio vaccine on rare occasion causes paralytic polio and that 
vaccines sometimes lead to anaphylactic shock. Given the widespread use 
of vaccines; state mandates requiring vaccination of children for entry into 
school, college, or day care; and the importance of ensuring that trust in im-
munization programs is justi�ed, it is essential that safety concerns receive 
assiduous attention.

Congress passed the National Childhood Vaccine Injury Act (NCVIA, 
P.L. 99-660) in 1986. The legislation was intended to bolster vaccine re-
search and development through federal coordination of the vaccine ef-
forts in government and by providing relief to vaccine manufacturers who 
reported at the time that �nancial burdens from awards in the tort system 
threatened their �nancial viability. The legislation was also intended to ad-
dress concerns about the safety of vaccines by instituting a compensation 
program �nanced by an excise tax on covered vaccines, setting up a passive 
surveillance system for vaccine adverse events, and by providing informa-
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tion to consumers (CDC, 2010). Key provisions of the 1986 legislation 
include

�U�Ê �/�…�i�Ê�i�Ã�Ì�>�L�•�ˆ�Ã�…�“�i�˜�Ì�Ê�œ�v�Ê�Ì�…�i�Ê� �>�Ì�ˆ�œ�˜�>�•�Ê�6�>�V�V�ˆ�˜�i�Ê�*�À�œ�}�À�>�“�Ê�"�v�w�V�i�]�Ê�Ü�…�ˆ�V�…�Ê
coordinates immunization-related activities between all Depart-
ment of Health and Human Services (HHS) agencies including the 
Centers for Disease Control and Prevention (CDC), the Food and 
Drug Administration, the National Institutes of Health, and the 
Health Resources and Services Administration (HRSA).

�U�Ê �/�…�i�Ê�À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ê�Ì�…�>�Ì�Ê�>�•�•�Ê�…�i�>�•�Ì�…�Ê�V�>�À�i�Ê�«�À�œ�Û�ˆ�`�i�À�Ã�Ê�Ü�…�œ�Ê�>�`�“�ˆ�˜�ˆ�Ã�Ì�i�À�Ê
vaccines provide a vaccine information statement (VIS) to the vac-
cine recipient, or his or her parent or legal guardian, prior to each 
dose. Each VIS contains a brief description of the disease as well 
as the risks and bene�ts of the vaccine. The CDC develops VISs 
and distributes them to state and local health departments as well 
as individual providers.

�U�Ê �/�…�i�Ê�À�i�µ�Õ�ˆ�À�i�“�i�˜�Ì�Ê�Ì�…�>�Ì�Ê�…�i�>�•�Ì�…�Ê�V�>�À�i�Ê�«�À�œ�Û�ˆ�`�i�À�Ã�Ê�“�Õ�Ã�Ì�Ê�À�i�«�œ�À�Ì�Ê�V�i�À�Ì�>�ˆ�˜�Ê
and are encouraged to report other adverse events (health effects 
occurring after immunization that may or may not be related to 
the vaccine) following vaccination to the Vaccine Adverse Event 
Reporting System.

�U�Ê �/�…�i�Ê�V�À�i�>�Ì�ˆ�œ�˜�Ê�œ�v�Ê�Ì�…�i�Ê� �>�Ì�ˆ�œ�˜�>�•�Ê�6�>�V�V�ˆ�˜�i�Ê���˜�•�Õ�À�Þ�Ê�
�œ�“�«�i�˜�Ã�>�Ì�ˆ�œ�˜�Ê�*�À�œ-
gram (VICP) to compensate those injured by vaccines on a no-fault 
basis. Importantly, this compensation system has two parts:

 �|   The Secretary of Health and Human Services has created a 
Vaccine Injury Table (Table) that “lists and explains injuries/ 
conditions that are presumed to be caused by vaccines. It also 
lists time periods in which the �rst symptom of these injuries/
conditions must occur after receiving the vaccine. If the �rst 
symptom of these injuries/conditions occurs within the listed 
time periods, it is presumed that the vaccine was the cause of 
the injury or condition unless another cause is found” (http://
www.hrsa.gov/vaccinecompensation/table.htm) and compensa-
tion is awarded.

 �|   Individuals who assert that they suffered an injury from a 
vaccine that is not on the Table (“off-Table” or “causation-in-
fact”) must pursue their claim before Special Masters, who are 
appointed by the United States Court of Federal Claims, which 
hears any appeals. Claimants bear the burden of proving that 
the vaccine caused their injury, although the burden of proof 
is lower than that in the tort system.

A key component of the legislation, found in Sections 312 and 313, 
required the HHS secretary to consult with the Institute of Medicine (IOM) 
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to review the scienti�c literature on vaccine safety. Two reports were  issued 
(IOM, 1991, 1994). These reports contain a framework for causality as-
sessment of vaccine adverse events.1 The reports addressed the vaccines 
covered by the VICP up to that point: diphtheria and tetanus toxoids and 
whole cell pertussis vaccine and other tetanus toxoid–containing vaccines; 
measles, mumps, and rubella (MMR) vaccines; Haemophilus  in�uenzae type 
B vaccine; hepatitis B vaccine; and both inactivated and oral polio vaccines.2 
The reports informed the secretary’s review of the Vaccine Injury Table. The 
reports have also been referenced extensively as a source of de�nitive scien-
ti�c understanding of the evidence by Special Masters in decisions regarding 
injuries not listed on the Vaccine Injury Table.

The IOM was subsequently asked to review speci�c vaccine safety 
concerns in a series of reports requested by the CDC. These reports (IOM, 
2001a,b, 2002a,b, 2003a,b, 2004a,b) included causality assessments simi-
lar to the previous IOM reports, but included other conclusions and recom-
mendations regarding research, communications, and policy review.

CHARGE TO THE COMMITTEE

In 2009 HRSA requested that the IOM convene a committee of experts 
to review the epidemiological, clinical, and biological evidence regarding 
adverse health events associated with speci�c vaccines covered by the VICP. 
The committee was charged with developing a consensus report with con-
clusions on the evidence bearing on causality and the evidence regarding 
the biological mechanisms that underlie speci�c theories for how a speci�c 
vaccine is related to a speci�c adverse event. The vaccines to be reviewed 
include varicella zoster vaccine, in�uenza vaccines (but not 2009 H1N1 
vaccine), hepatitis B vaccine, human papillomavirus vaccine, tetanus-con-
taining vaccines other than those containing the whole cell pertussis com-
ponent, MMR vaccine, hepatitis A vaccine, and meningococcal vaccines. It 
is expected that the report will provide the scienti�c basis for review and 
adjudication of claims of vaccine injury by the VICP.

HRSA presented a list of speci�c adverse events for the committee to 
review (see Table 1-1). The selection criteria were described at the �rst 
committee meeting (Johann-Liang, 2009) as including the vast majority of 
adverse events in the claims for compensation. The committee added ad-
verse events to the list if it identi�ed epidemiologic studies or case reports 

1 Adverse events are distinguished from adverse effects in that an event is something that 
occurs but may not be causally associated, whereas an adverse “effect” implies causation. All 
adverse effects are adverse events, but not all adverse events are adverse effects.

2 Vaccines are included in the VICP if they are recommended by the CDC for routine admin-
istration in children and are subject to an excise tax. Adults who experience an adverse reac-
tion to one of these “childhood” vaccines are also covered by the program.
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36 ADVERSE EFFECTS OF VACCINES: EVIDENCE AND CAUSALITY

for an adverse event not originally assigned by HRSA. These additions were 
all-cause mortality and seizures following in�uenza vaccine; optic neuritis 
following MMR, in�uenza, hepatitis B, and diphtheria, tetanus, and pertus -
sis (DTaP) vaccines; neuromyelitis optica and meningitis following MMR 
vaccine; erythema nodosum following hepatitis B vaccine; and stroke and 
small �ber neuropathy following varicella vaccine.

The committee was also tasked with addressing, as time and evidence 
allowed, general considerations. These included: underlying (susceptible) 
populations, “immune dysfunction,” vaccine administration issues, appro-
priate time intervals for anaphylaxis and autoimmune diseases, and sequen-
tial vaccination issues. The committee addressed some of these, as described 
in Chapters 4–12. It is important to note that the committee was not tasked 
with assessing the bene�ts (effectiveness) of vaccines or any policy issues 
related to vaccination. The task is clearly focused on an assessment only of 
the risk of vaccines.

COMMITTEE PROCESS

The committee was composed of individuals with expertise in pediat-
rics, internal medicine, neurology, immunology, immunotoxicology, neu-
robiology, rheumatology, epidemiology, biostatistics, and law. Appendix F 
includes biographical sketches of the committee members. The committee 
met eight times between April 2009 and March 2011. The committee held 
open sessions at three of these meetings. Appendix G includes agendas of 
these open meetings. The committee’s methodology and approach to their 
task is described in Chapter 2.

OUTLINE OF THE REPORT

Chapter 2 details the committee’s methodology. Chapter 3 discusses 
generally possible mechanisms of vaccine injury. Chapters 4–11 present the 
evidence reviewed by the committee for each of the eight vaccines covered 
and the conclusions it reaches. Chapter 12 presents causality assessments 
for adverse events that can occur with any injected vaccine regardless of 
the vaccine antigen and components. The committee discusses some special 
considerations of its work in Chapter 13.
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2

Approach

Charged with assessing the epidemiologic, clinical, and biological ev-
idence regarding the causal relationship between speci�c vaccines and 
speci�c adverse events, the committee drew upon previous reports by com-
mittees of the Institute of Medicine (IOM, 1991, 1994, 2001a,b, 2002a,b, 
2003a,b, 2004a,b), other vaccine safety researchers (Halsey, 2002; Loke 
et al., 2008; WHO, 2001), general epidemiologic principles (Hill, 1965), 
and other systematic reviews in clinical medicine and public health (Liberati 
et al., 2009; Owens et al., 2010; Schunemann et al., 2011; Stroup et al., 
2000; USPSTF, 2008). The committee adopted, with one exception,1 the 
wording for the categories of causal conclusions used by the Institute of 
Medicine (IOM) committees in the past. The categories used previously 
were considered appropriate and the bene�ts of consistency were deemed 
compelling enough to extend the categories to this report.

Two streams of evidence from the peer-reviewed literature support the 
committee’s causality conclusions: (1) epidemiologic evidence derived from 
studies of populations (most often based on observational designs but ran-
domized trials when available), and (2) clinical and biological (mechanistic) 
evidence derived primarily from studies in animals and individual humans 
or small groups. Some studies provide evidence relevant to both epidemio-
logic and mechanistic questions. Drawing from both lines of evidence to 
support causal inference is well established in the literature. When con-
fronted with epidemiologic and mechanistic evidence suggesting—however 

1 As described in a subsequent section, previous IOM committees described the strongest evi-
dence as establishing a causal relationship; this committee uses the term convincingly supports.
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strongly or however weakly—that a vaccine is associated with an adverse 
event, one asks, “Does this make sense given what is known and generally 
accepted about the biological response to the natural infection, to the vac-
cine, and what is known about the pathophysiology of the adverse health 
outcome?”

LITERATURE SEARCHING

As described in Chapter 1, the committee was tasked to assess the rela-
tionship between a speci�c adverse health outcome and a speci�c vaccine. 
A professional medical librarian conducted three waves of comprehensive 
literature searches of the published, peer-reviewed biomedical literature 
using MEDLINE (1950–present); EMBASE (1980–present); BIOSIS (1969–
2005); Web of Science, consisting of the Science Citation Index (1900–pres-
ent) and the Social Science Citation Index (1956–present); and search terms 
speci�c to each vaccine–adverse event relationship under study. Appendix 
C contains the search strategies used. The �rst wave of searches included 
the earliest date of the database to the date of the �rst search. Follow-up 
searches were conducted in August 2010 and late December 2010 to ensure 
that articles published after the initial search were not missed. On occasion, 
specialized searches were conducted to supplement the general searches. 
Also, review of the reference list of an article sometimes revealed studies 
not captured by the general search. These studies were retrieved.

Titles and abstracts, where available, were reviewed to screen out 
articles that did not address one of the potential vaccine adverse events 
to be reviewed or that were not primary research articles. See Figure 2-1. 
For example, the committee did not assess review articles. The committee 
restricted its review to those vaccines used in the United States, even if the 
study was conducted outside of the United States, with a few exceptions 
that will be discussed in the vaccine-speci�c chapters that follow. Articles 
were retrieved and reviewed again for relevance to the committee charge. 
Articles written in languages other than English were translated using 
Google Translate or a professional translation service. The committee did 
not include in its reviews data presented only in abstract form or in oth-
erwise unpublished formats, with one exception described in Chapter 9, 
“Human Papillomavirus Vaccine.” An individual report from the Vaccine 
Adverse Event Reporting System was reviewed only if it had been described 
in a peer-reviewed research study and the committee wanted additional in-
formation. Decisions from the Vaccine Injury Compensation Program were 
not reviewed, because they are not published in the peer-reviewed medical 
literature. The committee did not review the conclusions contained in ear-
lier IOM reports. The committee reviewed the data and made conclusions 
independently.
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The committee’s bibliographic retrieval was posted on the project web-
site with a request for public comment regarding missing articles.2 The 
committee received one submission, which was reviewed. The bibliography 
was separated into two sections. Section I contained those articles on which 
the committee focused its initial review. Section II contained those citations 
for articles that did not meet the committee’s criteria (i.e., original research, 
vaccine used in the United States, adverse event within the committee’s 
scope, animal or in vitro studies of relevance).

WEIGHT OF EVIDENCE

The committee made three assessments for each relationship reviewed. 
The �rst assessment applies to the weight of evidence from the epide-
miologic literature; the second applies to the weight of evidence from the 
biological and clinical (mechanistic) literature. The third assessment is 
the committee’s conclusion about causality. In assessing the weights of 
evidence, each individual article (or �ndings within an article if more than 
one outcome or vaccine was studied) was evaluated for its strengths and 
weaknesses. The committee then synthesized the body of evidence of each 
type (epidemiologic or mechanistic) and assigned a “weight of evidence” 
for each. These weights of evidence are meant to summarize the assessment 
of the quality and quantity of evidence. The committee then reviewed the 
two weight-of-evidence assessments in order to make a conclusion about 
the causal relationship. The committee’s approach to each of these three 
assessments will be discussed in the following sections.

Epidemiologic Evidence

Experimental studies (trials) are generally considered more rigorous 
than observational studies; controlled studies are generally considered more 
rigorous than uncontrolled studies. A brief description of major study 
designs and methodological considerations can be found in Appendix A. 
Surveillance studies were reviewed, but the absence of a control group lim-
ited their contribution to the weight of epidemiologic evidence; studies that 
included individual case descriptions were reviewed for their contribution 
to the evaluation of mechanistic evidence (discussed in subsequent sections). 
Small clinical studies that were not controlled for vaccine administration 
were generally reviewed for contributions to the mechanistic weight of 
evidence.

2 See http://www.iom.edu/~/media/Files/Bibliography.pdf.
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Evaluation of Individual Studies

Each epidemiologic study was evaluated for its methodological limita-
tions (e.g., �awed measurement of either vaccine administration or adverse 
event, failure to adequately control confounding variables, incomplete or 
inadequate follow-up, failure to develop and apply appropriate eligibility 
criteria) and for the precision of the reported results (e.g., the width of the 
95% con�dence interval around an effect estimate, which also re�ects the 
statistical power to detect a signi�cantly increased risk of an adverse event). 
Studies that were deemed to be very seriously �awed did not contribute to 
the weight of evidence; they are identi�ed in the text for completeness but 
are not discussed in depth.

It is important to note that a speci�c study could be well designed and 
well conducted but also have very serious limitations for the purposes of 
this committee’s analysis. A speci�c study could have fewer limitations for 
some vaccines or some outcomes than for others. Small clinical studies can 
be well conducted but the number of subjects may be too small to detect 
most adverse events. Although most ef�cacy studies include a safety com-
ponent, the results are often nonspeci�c (e.g., “no serious adverse events 
were detected”). Even some larger safety studies failed to detect an adverse 
event. Studies in which no cases of a speci�c adverse event were identi�ed 
are uninformative for this review, because if the vaccinated cohort does not 
include enough cases to approximate background rates, the study is under-
powered to inform an assessment. The upper limit of the 95% con�dence 
interval will always overlap with the background rate unless the vaccine is 
protective. Some might use that information as means to approximate an 
upper limit on risk, but the committee did not see that as its charge (see 
Chapter 13). Studies such as these were considered to have very serious 
limitations for the purpose of the committee’s assessment.

The committee was rigorous in assessing the strengths and weaknesses 
of each epidemiologic study. For many of the conditions and adverse events 
considered by the committee, the expected incidence and prevalence rates 
in the general unvaccinated population as well as in unvaccinated but po-
tentially susceptible subgroups may be very low. Assembling a valid stan-
dard for comparison (e.g., an unvaccinated cohort of similar demographic 
composition and followed over a similar time period of risk, or a control 
group free of the adverse event but otherwise suf�ciently similar to cases 
diagnosed with the adverse event) and objectively verifying the timing and 
type of vaccination and the details surrounding the onset and diagnosis 
of the adverse event are complex if not prohibitively expensive research 
endeavors. Although randomized clinical trials aiming to study vaccine 
ef�cacy may provide the most valid, controlled circumstances in which to 
also study vaccine safety, such trials inevitably enroll too few study par-
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ticipants to be able to detect anything but extreme increases in the risks 
of relatively rare adverse events of potential concern. Some studies, as will 
be documented in chapters that follow, reviewed are likely the most meth-
odologically sound that can be done given the nature of the exposure and 
the outcomes, even if the studies have some residual limitation due to the 
challenges that often attend such research. The reader will see in the sum-
mary paragraphs for the epidemiologic studies and, in some circumstances, 
the causality conclusion the committee’s interpretation of the evidence more 
fully than can be captured with the formal and consistent wording of the 
conclusions used in this report.

Evaluation of the Body of Studies

The committee reviewed methodological approaches of other system-
atic review efforts, but it was unable to identify one approach that incor-
porated all of the committee’s needs and could be adopted for immediate 
use. Cochrane reviews, for example, focus on randomized controlled  trials, 
which is an uncommon design in vaccine safety studies. Other efforts 
 focused on evidence for or against a clinical practice or intervention (Guyatt 
et al., 2008; USPSTF, 2008).

Consequently, the committee adopted key components of these other 
approaches to develop a summary classi�cation scheme that incorporates 
both the quality and quantity of the individual studies and the consistency 
of the group of studies in terms of direction of effect (i.e., is the effect of 
the vaccine to increase risk, decrease risk, or have no effect on risk). A key 
concept to these classi�cations is con�dence, which refers to the con�dence 
the committee has that the true effect lies close to that of the estimate of the 
average overall effect for the body of evidence (i.e., collection of reports) 
reviewed (Schunemann et al., 2011), and integrates committee evaluation 
of validity, precision, and consistency. Validity refers to the absence of 
confounding, selection bias and information or measurement bias (i.e., 
internal validity), and the generalizability (external validity) of the �ndings 
( Rothman et al., 2008b). Precision refers to the width of the con�dence 
interval (e.g., a 95% con�dence interval) around an effect estimate, which 
re�ects the sample size of the study as well as the variability of the outcome 
measurement (Rothman et al., 2008a). The wider the 95% con�dence inter-
vals, the less statistical power to detect a difference as signi�cant.

The four weight-of-evidence assessments for the epidemiologic litera-
ture are as follows:

�U�Ê ���ˆ�}�…�\�Ê�/�Ü�œ�Ê�œ�À�Ê�“�œ�À�i�Ê�Ã�Ì�Õ�`�ˆ�i�Ã�Ê�Ü�ˆ�Ì�…�Ê�˜�i�}�•�ˆ�}�ˆ�L�•�i�Ê�“�i�Ì�…�œ�`�œ�•�œ�}�ˆ�V�>�•�Ê�•�ˆ�“�ˆ�Ì�>-
tions that are consistent in terms of the direction of the effect and 
taken together provide high con�dence.
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�U�Ê ���œ�`�i�À�>�Ì�i�\�Ê�"�˜�i�Ê�Ã�Ì�Õ�`�Þ�Ê�Ü�ˆ�Ì�…�Ê�˜�i�}�•�ˆ�}�ˆ�L�•�i�Ê�“�i�Ì�…�œ�`�œ�•�œ�}�ˆ�V�>�•�Ê�•�ˆ�“�ˆ�Ì�>�Ì�ˆ�œ�˜�Ã�]�Ê�œ�À�Ê
a collection of studies generally consistent in terms of the direction 
of the effect, provides moderate con�dence.

�U�Ê ���ˆ�“�ˆ�Ì�i�`�\�Ê�"�˜�i�Ê�Ã�Ì�Õ�`�Þ�Ê�œ�À�Ê�>�Ê�V�œ�•�•�i�V�Ì�ˆ�œ�˜�Ê�œ�v�Ê�Ã�Ì�Õ�`�ˆ�i�Ã�Ê�•�>�V�Ž�ˆ�˜�}�Ê�«�À�i�V�ˆ�Ã�ˆ�œ�˜�Ê�œ�À�Ê
consistency provides limited, or low, con�dence.

�U�Ê ���˜�Ã�Õ�v�w�V�ˆ�i�˜�Ì�\�Ê� �œ�Ê�i�«�ˆ�`�i�“�ˆ�œ�•�œ�}�ˆ�V�Ê�Ã�Ì�Õ�`�ˆ�i�Ã�Ê�œ�v�Ê�Ã�Õ�v�w�V�ˆ�i�˜�Ì�Ê�µ�Õ�>�•�ˆ�Ì�Þ�Ê�v�œ�Õ�˜�`�°

Assessments of high and moderate include a direction of effect. These 
are to indicate increased risk of the adverse event, decreased risk of the 
adverse event, or no change (“null”) in the risk of the adverse event. As-
sessments of limited or insuf�cient include no direction of effect.

The committee does not consider a single study—regardless of how 
well it is designed, the size of the estimated effect, or the narrowness of 
the con�dence interval—suf�cient to merit a weight of “high” or, in the 
absence of strong or intermediate mechanistic evidence, suf�cient to sup-
port a causality conclusion other than “inadequate to accept or reject a 
causal relationship.” This requirement might seem overly rigorous to some 
readers. However, the Agency for Healthcare Research and Quality advises 
the Evidence-based Practice Centers that it has funded to produce evidence 
reports on important issues in health care to view an evidence base of a 
single study with caution (Owens et al., 2010). It does so due to the inabil-
ity to judge consistency of results, an important contributor to a strength 
of evidence, because one cannot “be certain that a single trial, no matter 
how large or well designed, presents the de�nitive picture of any particular 
clinical bene�t or harm for a given treatment” (Owens et al., 2010). It is 
acknowledged by the committee and others (Owens et al., 2010) that policy 
makers must often make decisions based on only one study. However, the 
committee is not recommending policy, rather evaluating the evidence using 
a transparent and justi�able framework.

Mechanistic Evidence

The committee assessed the mechanisms of vaccine adverse events by 
identifying and evaluating clinical and biological evidence. First, the com-
mittee looked for evidence in the peer-reviewed literature that a vaccine was 
or may be a cause of an adverse event in one or more persons (from case 
reports or clinical studies) in a reasonable time period after the vaccination. 
Then the committee looked for other information from the clinical and 
biological (human, animal, or in vitro studies) literature that would provide 
evidence of a pathophysiological process or mechanism that is reasonably 
likely to cause the adverse event or to occur in response to speci�c im-
munization. Chapter 3 contains a discussion of the major mechanisms the 
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committee invokes as possible explanations of how a given adverse event 
can occur after vaccination.

The committee identi�ed many case reports in the literature describ-
ing adverse events following vaccination. For the purposes of this report, 
case report refers to a description of an individual patient; one publication 
could describe multiple case reports. The cases considered by the commit-
tee in weighing evidence of mechanisms were not derived from the large 
epidemiology studies considered above; there was no “double counting.” 
The committee evaluated each case report using a well-established set of 
criteria (“attribution elements”) for case evaluation (Miller et al., 2000). 
At a minimum, for a case to factor into the weight-of-evidence assessment, 
it had to include speci�c mention of the vaccine administered, evidence of 
clinician-diagnosed health outcome,3 and a speci�ed and reasonable time 
interval (i.e., temporality or latency) between vaccination and symptoms.4 
Case descriptions that did not have the three basic elements described above 
were not considered in the mechanistic weight-of-evidence determinations. 
As discussed in the next section, however, these three criteria were only 
necessary but not suf�cient to affect the weight of mechanistic evidence. 
After identifying cases with the three basic elements, the committee looked 
for evidence in the case descriptions and in other clinical or biological litera-
ture of a possible operative mechanism(s) that would support a judgment 
that the vaccination was related to the adverse event. See Chapter 3 for a 
description of possible mechanisms identi�ed by the committee.

Rechallenge cases, in which an adverse event occurred after more than 
one administration of a particular vaccine in the same individual, could 
in�uence the weight of evidence. Each rechallenge, however, must meet 
the same attributes of reasonable latency, documentation of vaccination 
receipt, and clinician diagnosis of the health outcome. It is possible that 
one or more of the “challenges” in an individual case patient reporting is 
related to a coincidental exposure; thus, the committee looked for other 
information, as described below, that would support a role for the vaccine 
in each challenge. The value for the committee of rechallenge cases is much 
greater for monophasic conditions (events that typically happen only once, 

3 On occasion, the case report author describes clinical test results or observations but does 
not proffer a diagnosis. In these cases, the committee assigned the case report to the health 
outcome it felt appropriate. Some authors of older case reports use a diagnosis appropriate for 
the time, but by today’s understanding of clinical disease and pathophysiology, the committee 
offers a different diagnosis and the case report is described within that committee-directed 
assessment.

4 What constitutes reasonable latency will vary across vaccines and across adverse events. 
For example, most adverse reactions from live virus vaccines would not be expected to occur 
within hours of vaccination; rather, time must elapse for viral replication.
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e.g., vasculitis) than for relapsing-remitting conditions, such as multiple 
sclerosis or rheumatoid arthritis.

Another factor that affected the weight of evidence was information in 
the clinical workup that eliminated well-accepted alternative explanations 
for the condition, thus increasing the possibility that the vaccine could be 
associated with the adverse event. For example, Guillain-Barré syndrome 
(GBS) is known to be associated with speci�c infections (e.g., Campylo-
bacter). Case reports of GBS following vaccination weighed more heavily in 
the committee’s assessment if the authors reported that tests for those com-
mon infections were negative, thus eliminating some likely causes for the 
GBS other than vaccination. Another particularly strong piece of evidence 
in the case description that affected the weight of evidence is isolation of 
vaccine strain virus from the patient.

The committee follows the convention of previous IOM committees in 
considering the effects of the natural infection as one type, albeit minor, of 
clinical or biological evidence in support of mechanisms.5 Other evidence, 
described above, provided much stronger evidence in support of the mecha-
nistic assessment.

Evidence from animal studies is also informative if the model of the 
disease is well established as applicable to humans or if the basic immunol-
ogy of the vaccine reaction is well understood. In vitro studies can also be 
informative, but such data must be eyed with skepticism regarding their 
relationship to the human experience. Speci�c examples of relevant clinical 
or biological information are discussed in Chapter 3 generally and in the 
vaccine-speci�c Chapters 4 through 11.

Evaluation of the Body of Clinical and Biological (Mechanistic) Evidence

The committee reviewed the approach of previous IOM committees 
addressing vaccine safety (IOM, 1991, 1994, 2001a,b, 2002a,b, 2003a,b, 
2004a,b) in evaluating the body of evidence of biological mechanisms. The 
committee also searched for other appropriate frameworks for evaluating 
biological evidence as support for causation analyses. The committee devel-
oped four categories for the weight-of-evidence assessment. Each category 
includes consideration of the clinical information from case reports and 
consideration of clinical and experimental evidence from other sources. 

5 The committee relied on standard textbooks of infectious disease or internal medicine for 
this evaluation; the committee did not review original research to come to this determination. 
This is consistent with previous IOM committees tasked with reviewing evidence of causality 
for vaccine safety. Evidence consisting only of parallels with the natural infections is never 
suf�cient to merit a conclusion other than the evidence is inadequate to accept or reject a 
causal relationship.
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The following are the categories for the mechanistic weight-of-evidence 
assessments:

�U�Ê �-�Ì�À�œ�˜�}�\�Ê�"�˜�i�Ê�œ�À�Ê�“�œ�À�i�Ê�V�>�Ã�i�Ã�Ê�ˆ�˜�Ê�Ì�…�i�Ê�•�ˆ�Ì�i�À�>�Ì�Õ�À�i�]�Ê�v�œ�À�Ê�Ü�…�ˆ�V�…�Ê�Ì�…�i�Ê�V�œ�“�“�ˆ�Ì-
tee concludes the vaccine was a contributing cause of the adverse 
event, based on an overall assessment of attribution in the available 
cases and clinical, diagnostic, or experimental evidence consistent 
with relevant biological response to vaccine.

�U�Ê ���˜�Ì�i�À�“�i�`�ˆ�>�Ì�i�\�Ê���Ì�Ê�•�i�>�Ã�Ì�Ê�Ì�Ü�œ�Ê�V�>�Ã�i�Ã�]�Ê�Ì�>�Ž�i�˜�Ê�Ì�œ�}�i�Ì�…�i�À�]�Ê�v�œ�À�Ê�Ü�…�ˆ�V�…�Ê�Ì�…�i�Ê
committee concludes the vaccine may be a contributing cause of 
the adverse event, based on an overall assessment of attribution 
in the available cases and clinical, diagnostic, or experimental evi-
dence consistent with relevant biological response to vaccine. On 
occasion, the committee determined that at least two cases, taken 
together, while suggestive, are nonetheless insuf�cient for the com-
mittee to conclude the vaccine may be a contributing cause of the 
adverse event, based on an overall assessment of attribution in the 
available cases and clinical, diagnostic, or experimental evidence 
consistent with relevant biological response to vaccine. This evi-
dence has been identi�ed in the text as “low-intermediate.”

�U�Ê �7�i�>�Ž�\�Ê���˜�Ã�Õ�v�w�V�ˆ�i�˜�Ì�Ê�i�Û�ˆ�`�i�˜�V�i�Ê�v�À�œ�“�Ê�V�>�Ã�i�Ã�Ê�ˆ�˜�Ê�Ì�…�i�Ê�•�ˆ�Ì�i�À�>�Ì�Õ�À�i�Ê�v�œ�À�Ê�Ì�…�i�Ê�V�œ�“-
mittee to conclude the vaccine may be a contributing cause of the 
adverse event, based on an overall assessment of attribution in the 
available cases and clinical, diagnostic, or experimental evidence 
consistent with relevant biological response to vaccine.

�U�Ê ���>�V�Ž�ˆ�˜�}�Ê�i�Û�ˆ�`�i�˜�V�i�Ê�œ�v�Ê�>�Ê�L�ˆ�œ�•�œ�}�ˆ�V�Ê�“�i�V�…�>�˜�ˆ�Ã�“�\�Ê� �œ�Ê�V�•�ˆ�˜�ˆ�V�>�•�]�Ê�`�ˆ�>�}�˜�œ�Ã-
tic, or experimental evidence consistent with relevant biological 
response to vaccine,6 regardless of the presence of individual cases 
in the literature.

CAUSALITY ASSESSMENT

The committee adopted the categories of causation developed by previ-
ous IOM committees. Implicit in these categories is that “the absence of 
evidence is not evidence of absence.” That is, the committee began its as-
sessment from the position of neutrality; until all evidence was reviewed, 
it presumed neither causation nor lack of causation. The committee then 

6 The committee considered the clinical manifestations of the natural infection against which 
the vaccine is directed to be suf�cient for a weight of evidence of weak, rather than lacking. 
As will be discussed in a subsequent section, a mechanism weight of evidence of weak alone 
is never suf�cient to support a causality conclusion other than the evidence is inadequate to 
accept or reject a causal relationship.
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moved from that position only when the combination of epidemiologic 
evidence and mechanistic evidence suggested a more de�nitive assessment 
regarding causation, either that vaccines might or might not pose an in-
creased risk for an adverse event.

The following are the categories of causation used by the committee:

�U�Ê ��Û�ˆ�`�i�˜�V�i�Ê�V�œ�˜�Û�ˆ�˜�V�ˆ�˜�}�•�Þ�Ê�Ã�Õ�«�«�œ�À�Ì�Ã7 a causal relationship—This ap-
plies to relationships in which the causal link is convincing, as with 
the oral polio vaccine and vaccine-associated paralytic polio.

�U�Ê ��Û�ˆ�`�i�˜�V�i�Ê�v�>�Û�œ�À�Ã�Ê�>�V�V�i�«�Ì�>�˜�V�i�Ê�œ�v�Ê�>�Ê�V�>�Õ�Ã�>�•�Ê�À�i�•�>�Ì�ˆ�œ�˜�Ã�…�ˆ�«—Evidence is 
strong and generally suggestive, although not �rm enough to be 
described as convincing or established.

�U�Ê ��Û�ˆ�`�i�˜�V�i�Ê�ˆ�Ã�Ê�ˆ�˜�>�`�i�µ�Õ�>�Ì�i�Ê�Ì�œ�Ê�>�V�V�i�«�Ì�Ê�œ�À�Ê�À�i�•�i�V�Ì�Ê�>�Ê�V�>�Õ�Ã�>�•�Ê�À�i�•�>�Ì�ˆ�œ�˜�Ã�…�ˆ�«—
The evidence is not reasonably convincing either in support of 
or against causality; evidence that is sparse, con�icting, of weak 
quality, or merely suggestive—whether toward or away from cau-
sality—falls into this category.8 Where there is no evidence meeting 
the standards described above, the committee also uses this causal 
conclusion.

�U�Ê ��Û�ˆ�`�i�˜�V�i�Ê�v�>�Û�œ�À�Ã�Ê�À�i�•�i�V�Ì�ˆ�œ�˜�Ê�œ�v�Ê�>�Ê�V�>�Õ�Ã�>�•�Ê�À�i�•�>�Ì�ˆ�œ�˜�Ã�…�ˆ�«—The evidence 
is strong and generally convincing, and suggests there is no causal 
relationship.

The category of “establishes or convincingly supports no causal rela-
tionship” is not used because it is virtually impossible to prove the absence 
of a relationship with the same certainty that is possible in establishing the 
presence of one. Even in the presence of a convincing protective effect of 
vaccine in epidemiology, studies may not rule out the possibility that the re-
action is caused by vaccine in a subset of individuals. Thus, the framework 
for this and previous IOM reports on vaccine safety is asymmetrical. The 
committee began not by assuming the causal relationship does not exist, 
but by requiring evidence to shift away from the neutral position that the 
evidence is “inadequate to accept or reject” a causal relationship.

The committee then established a general framework by which the 
two streams of evidence (epidemiologic and mechanistic) in�uence the �nal 
causality conclusion. It is important to note that mechanistic evidence can 
only support causation. Epidemiologic evidence, by contrast, can support 
(“favors acceptance of”) a causal association or can support the absence 
of (“favors rejection of”) a causal association in the general population 
and in various subgroups that can be identi�ed and investigated, unless or 

7 Previous IOM committees used the term establishes instead of convincingly supports.
8 See Chapter 13 for further discussion.
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until supportive mechanistic evidence is discovered or a rare, susceptible 
subgroup can be identi�ed and investigated. This framework needed to ac-
commodate the reality that for any given causality conclusion one or both 
of the types of evidence could be lacking, the two types of evidence could 
con�ict, or neither type of evidence might de�nitively in�uence the causal -
ity conclusion.

The framework also had to accommodate known limitations of both 
types of evidence. Epidemiologic analyses are usually unable to detect an 
increased or decreased risk that is small, unless the study population is 
very large or the difference between the groups (e.g., vaccinated vs. unvac-
cinated) at risk is very high (e.g., smoking increases the risk of lung cancer 
by at least 10-fold). Epidemiologic analyses also cannot identify with cer-
tainty which individual in a population at risk will develop a given condi -
tion. These studies also can fail to detect risks that affect a small subset of 
the population. Mechanistic evidence, particularly that emerging from case 
reports, occasionally can provide compelling evidence of an association 
between exposure to a vaccine and an adverse reaction in the individual 
being studied, but it provides no meaningful information about the degree 
of risk to the population or even to other individuals who have the same 
predisposing characteristics. The occurrence rate of the adverse event or 
condition in the general population cannot be estimated from case reports,9 
nor can one be certain that the risk is homogeneous across potentially vul-
nerable subgroups within the general population (e.g., the developing fetus 
and infants under 24 months, immunologically compromised individuals, 
or individuals with a rare genetic predisposition).

The framework does not accommodate any information regarding the 
bene�t of the vaccine to either population or individual health. The focus 
of this particular committee is only on the question of what particular vac-
cines can cause particular adverse effects.

In general, the framework shown in Figure 2-2 illustrates how causality 
conclusions can be based primarily on epidemiologic evidence, primarily on 
mechanistic evidence, or on a combination of the two, and that on occa-
sion expert judgment, such as that provided by the complement of expertise 
represented on the committee, is needed to weigh uncertain or competing 
evidence.

Evidence Convincingly Supports a Causal Relationship

The framework allows for a causality conclusion of “convincingly sup-
ports” based on an epidemiologic weight-of-evidence assessment of high in 

9 See Chapter 13 for further discussion.
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the direction of increased risk (which requires at least two well-conducted 
epidemiologic studies).

The framework also allows strong mechanistic evidence, which requires 
at least one case report in which compelling evidence exists that the vac-
cine indeed did cause the adverse event, to carry suf�cient weight for the 
committee to conclude the evidence convincingly supports a causal relation-
ship. The committee considered laboratory-con�rmed, vaccine-strain virus 
isolation compelling evidence to attribute the disease to the vaccine-strain 
virus and not other etiologies. The committee recognizes that vaccine-strain 
virus can transiently appear in otherwise sterile spaces after vaccination; 
however, the committee determined that the accurate detection of vaccine-
strain virus in symptomatic individuals to be strong evidence that the 
vaccine caused the symptoms. This conclusion can be reached even if the 
epidemiologic evidence is rated “high” in the direction of no increased risk 
or even decreased risk. The simplest explanation in this circumstance is that 
the adverse effect is real but also very rare. Another way of stating this is 
that if the vaccine did cause the adverse effect in one person, then it can 
cause the adverse effect in someone else (IOM, 1994). It might seem that 
the committee “overvalued” case reports in allowing one case to provide 
convincing evidence of causation; however, it is a rare case report that is so 
convincing. For most of the speci�c causality conclusions in this category, 
more than one compelling case report existed.

The isolated report of one convincing case provides no information 
about the risk of the adverse effect in the total population of vaccinated 
individuals compared with unvaccinated individuals. If the one convincing 
case has an underlying condition that may increase susceptibility to the 
adverse effect, it might have no relevance to the otherwise not-susceptible 
population.

As will be described in subsequent chapters of the report, the committee 
concluded the evidence convincingly supports 14 speci�c vaccine–adverse 
event relationships. In all but one of these relationships, the conclusion was 
based on strong mechanistic evidence with the epidemiologic evidence rated 
as either limited con�dence or insuf�cient. When moderate or strong epide-
miologic evidence is not available to support the committee’s conclusions 
favoring causality, it is dif�cult, if not impossible, to quantify the risk of the 
adverse event in either the entire population or the susceptible subgroup. 
See Chapter 13 for a discussion of this issue.

Evidence Favors Acceptance of a Causal Relationship

A conclusion of “favors acceptance of a causal relationship” must be 
supported by either epidemiologic evidence of “moderate” certainty of 
an increased risk or by mechanistic evidence of intermediate weight. The 
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framework requires more than one epidemiologic study or more than one 
case report (with supporting but not conclusive mechanistic information) 
in support of this causality conclusion. A weight of mechanistic evidence of 
low-intermediate was not suf�cient, without concurring epidemiologic evi -
dence, to support a conclusion favoring acceptance of a causal relationship.

As will be described in subsequent chapters of the report, the committee 
concluded the evidence favors acceptance of four speci�c vaccine–adverse 
event relationships.

Evidence Favors Rejection of a Causal Relationship

The framework allows the committee to “favor rejection” of a causal 
relationship only in the face of epidemiologic evidence rated as high or 
moderate in the direction of no effect (the null) or of decreased risk and 
the absence of strong or intermediate mechanistic evidence in support of a 
causal relationship. As described above, the committee requires more than 
one epidemiologic study to merit a conclusion that the evidence favors 
rejection of a causal relationship.

As will be described in subsequent chapters of the report, the commit-
tee concluded the evidence favors rejection of �ve speci�c vaccine–adverse 
event relationships.

Evidence Is Inadequate to Accept or Reject a Causal Relationship

The committee identi�ed two main pathways by which it concludes 
that the evidence is “inadequate to accept or reject” a causal relationship. 
The most common pathway to this conclusion occurs when the epidemio-
logic evidence was of limited certainty or insuf�cient and the mechanistic 
evidence was weak or lacking. Another pathway occurs when the epidemio-
logic evidence is of moderate certainty of no effect but the mechanistic evi-
dence is intermediate in support of an association. The committee analyzed 
these sets of apparently contradictory evidence and ultimately depended 
upon its expert judgment in deciding if a conclusion to favor acceptance 
based on the intermediate mechanistic data was warranted or if the conclu-
sion remained as “inadequate to accept or reject” a causal relationship. The 
committee required more than one epidemiologic study to conclude other 
than that the evidence is inadequate to accept or reject a causal relationship.

As will be described in subsequent chapters of the report, the committee 
concluded the evidence was inadequate to accept or reject the vast majority 
of speci�c vaccine–adverse event relationships. See Chapter 13 for a discus-
sion of this conclusion.
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SPECIAL CONSIDERATIONS

As described in Chapter 3, the committee recognized that the risk 
of an adverse effect of a vaccine can be in�uenced by host factors, some 
known and others not yet understood. Where the committee thought the 
evidence—whether from epidemiologic analyses or from the clinical stud-
ies—regarding risks to subpopulations was informative, evidence-based, 
and biologically sound, it made separate conclusions. For example, the 
risk of invasive disease following varicella vaccine, a live virus vaccine, is 
likely much higher in immunocompromised persons than in persons who 
are immunocompetent. Other subpopulation analyses in the report include 
age and sex for some speci�c adverse events.

In their consideration of several adverse events, the committee con-
cluded that the mechanism of injury was likely unrelated to the speci�c 
antigenic or other components of the vaccine. The committee concluded 
that the exposure of concern is not the injected vaccine, rather the injection 
of the vaccine. The adverse events include syncope, complex regional pain 
syndrome, and deltoid bursitis. These are covered in Chapter 12.
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3

Evaluating Biological Mechanisms 
of Adverse Events

Charged with reporting on biological mechanisms, the committee re-
viewed evidence presented in case reports/clinical write-ups, laboratory 
tests, and animal models. Based on the array of adverse events and types 
of vaccines being reviewed, the committee compiled a list of mechanisms it 
deemed most likely to contribute to the development of adverse events after 
vaccination. The pathophysiologies and, at times, the evidence needed to 
identify a mechanism as operative were discussed. The mechanisms include 
immune-mediated reactions, viral activity, and injection-related reactions. 
The committee also discussed the coagulation cascade and its contribution 
to disease. In addition, the committee discussed the mechanisms that could 
lead to the development of adverse events in susceptible individuals, as well 
as the role vaccination could have in revealing an underlying immunode�-
ciency. The committee also discussed alterations in brain development that 
included a discussion of autism. Lastly, the advantages and disadvantages 
of applying evidence of a mechanism derived from an animal model to a 
human condition are discussed.

LATENCY BETWEEN ANTIGEN EXPOSURE AND 
PEAK ADAPTIVE IMMUNE RESPONSE

Antigen exposure initiates an array of reactions involving the immune 
system, including the activation of white blood cells called lymphocytes that 
�ght infection. After antigen exposure, two types of lymphocytes, B cells 
and T cells, differentiate into effector (e.g., antibody-producing B cells and 
cytotoxic and helper T cells) and memory cells. For both B and T cells in a 
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typical immune response to an antigen exposure, the latency between the 
�rst (primary) exposure and development of the primary response is charac-
terized by a lag phase, logarithmic phase, and plateau phase. The lag phase 
is characterized by the initial activation of B and T cells upon encounter 
with the antigen for which they are speci�c, and this triggers the cells’ dif-
ferentiation into effector and memory cells. The lag phase between primary 
exposure to an antigen and the logarithmic phase is classically thought to 
be 4 to 7 days, but it varies depending on route of exposure and the antigen 
itself. For B cells, the logarithmic phase is characterized by an increase in 
serum antibody levels that classically is logarithmic. The plateau phase is 
characterized by the maintenance of peak antibody levels for a length of 
time that is followed by a decline in the serum antibody levels. For many 
antigens the latency (lag phase) between primary exposure and development 
of the primary antibody response is 7 to 10 days. Due to the development 
of memory B and T cells during the primary immune response, the latency 
between subsequent exposure to the antigen and development of the immune 
response will usually be shorter. The lag phase is generally 1 to 3 days; the 
logarithmic phase of the secondary antibody response occurs over the next 
3 to 5 days. As mentioned for the primary immune response, these time 
periods will vary depending on the route of exposure, the timing of the 
subsequent exposure, the antigen itself, and the antigen dose. While this 
discussion is not speci�c to a particular antigen, it can be used as a reference 
point for the latency between antigen exposure and the initiation of some of 
the immune-mediated mechanisms described below.

Contributing to the activation of B and T cells and the initiation of the 
adaptive immune response are cells classically associated with the innate im-
mune system (e.g., macrophages and dendritic cells). These cells play roles at 
each of the stages mentioned above and are usually the �rst cells of the im-
mune system to be exposed to antigen. Upon antigen encounter, macrophages 
and dendritic cells engulf the antigen, a process that also activates these 
innate immune cells to become antigen-presenting cells. Antigen- presenting 
cells, as their name suggests, present the antigen to T cells (see “Effector 
Functions of T Cells” below) and release in�ammatory mediators (e.g., 
 cytokines and chemokines) that contribute to the recruitment, activation, and 
proliferation of B and T cells. Activated B and T cells in turn release in�am-
matory mediators leading to the recruitment and activation of additional 
immune cells that further amplify the immune response through the release 
of in�ammatory mediators. Regulatory cells and soluble immunoregulatory 
mediators (not discussed in this report) play roles in suppressing the immune 
response. Chaplin (2010) provides a review of the immune response including 
discussion of the interplay between the innate and adaptive arms of the im-
mune system, cells associated with the innate and adaptive immune systems, 
and in�ammatory/immunoregulatory mediators.
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Many vaccines, particularly subunit vaccines (e.g., recombinant hepa-
titis B and tetanus toxoid), contain adjuvants that help to increase the 
response rates to vaccines and facilitate the use of fewer and smaller doses 
(Coffman et al., 2010). Currently, two adjuvants (alum as aluminum phos-
phate or aluminum hydroxide, and ASO4, which is comprised of mono-
phosphoryl lipid A and alum) are in vaccines licensed for use in the United 
States. Although the exact mechanism of action of many adjuvants is not 
completely understood, it is hypothesized that alum delays systemic ab-
sorption of injected antigens, resulting in antigen retention in particulate 
form and in high concentration at the site of local injection (Tritto et al., 
2009). This in turn results in prolonged exposure of the cells of the innate 
immune system to antigen (Tritto et al., 2009). Furthermore, alum may 
directly activate cells of the innate immune system through its effect on lo-
cal in�ammasome complexes (Coffman et al., 2010) leading to the release 
of in�ammatory mediators and enhancement of the immune response as 
described above. The review by Coffman et al. (2010) provides a detailed 
description of the mechanism(s) of action of clinically approved adjuvants 
including alum and ASO4.

IMMUNE-MEDIATED MECHANISMS

Several immune-mediated mechanisms have been hypothesized to be 
involved in the pathogenesis of tissue damage or clinical disease related to 
natural infection or immunizations. A brief description of some of these 
mechanisms follows.

Effector Functions of T Cells

T cells are the subset of lymphocytes that develop in the thymus. They 
are further delineated by the expression of cell surface markers and the 
production of in�ammatory and immunoregulatory mediators. Two T cell 
subsets, CD8+ and CD4+ T cells, are activated via recognition of peptides 
derived from antigen. For activation of T cells to occur, the peptides are 
bound to major histocompatibility complexes (MHCs) expressed on the 
surface of specialized white blood cells called antigen-presenting cells. T 
cells have various functions in the immune response.

CD8+ T cells are activated in response to antigens that gain access to 
the cytosol of cells. These antigens are broken down into peptides. The 
peptides are presented to CD8+ T cells after being bound to class I MHC 
molecules. Class I MHC molecules are expressed on nearly all nucleated 
cells (Harty et al., 2000). CD8+ T cells express a T cell receptor (TCR) that 
binds peptide-class I MHC complexes. CD8+ T cells that express different 
TCRs allow for recognition of many different antigens. The binding of 
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the CD8+ T cell TCR to the peptide-class I MHC complex on professional 
antigen-presenting cells (e.g., dendritic cells) activates the CD8+ T cells 
which then respond against cytosolic infections such as viruses, intracyto-
plasmic bacteria, and protozoa (Harty et al., 2000). Activated CD8+ T cells 
induce death of infected cells through mechanisms that include (1) release 
of granules containing the pore-forming molecular perforin or (2) engage-
ment of Fas receptors on target cells (Harty et al., 2000). Both mechanisms 
induce apoptosis, or programmed cell death, in the target cell. In addition, 
activated CD8+ T cells secrete cytokines, molecules critical to intercellular 
communication, that recruit and activate macrophages and neutrophils 
(Harty et al., 2000).

In contrast to CD8+ T cells, CD4+ T cells are predominantly activated 
in response to extracellular antigens that are endocytosed or phagocytosed, 
broken down into peptides, and bound to class II MHC molecules on the 
surface of professional antigen-presenting cells (Guermonprez et al., 2002). 
Class II MHC molecules are expressed on dendritic cells, macrophages, 
B cells, and activated T cells. The CD4+ T cells express TCRs that bind 
peptide-class II MHC complexes. Recognition of peptide antigen-MHC 
complexes activates CD4+ T cells against a variety of antigens including, 
but not limited to, bacteria, parasites, and proteins. Activated CD4+ T cells 
direct aspects of the immune response via the secretion of immunoregula-
tory cytokines and other soluble mediators. These in�ammatory mediators 
can induce B cells to undergo immunoglobulin (Ig) class switching (e.g., 
IgM to IgE); to support the activity of CD8 + T cells; to recruit and activate 
eosinophils, basophils, neutrophils, mast cells, and macrophages; and to 
down-regulate immune responses (Koretzky, 2008; Wan and Flavell, 2009). 
Several lineages of CD4+ T cells, with overlapping and competing effects 
based on those described above, have been identi�ed (Wan and Flavell, 
2009). One CD4+ T cell lineage, referred to as regulatory T cells, func-
tions to maintain self tolerance and immune homeostasis (Wan and Flavell, 
2009). In addition, some CD4+ T cells can induce cytolysis via the mecha-
nisms described for CD8+ T cells (Soghoian and Streeck, 2010).

In summary, T cells contribute to the establishment and maintenance 
of immune responses, the clearance of pathogens, and the maintenance of 
self-tolerance. T cells play roles in many disease processes including, but 
not limited to, rheumatoid arthritis, type 1 diabetes, and asthma (Wan and 
Flavell, 2009).

Effector Functions of Antibodies and Autoantibodies

Antibodies are antigen-binding proteins produced by terminally differ-
entiated effector B cells called plasma cells. Antibodies that bind antigens 
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derived from the host organism (i.e., self-antigens) are referred to as auto-
antibodies. Autoantibodies are considered one of the hallmarks of certain 
autoimmune diseases; however, the presence of autoantibodies does not cor-
relate perfectly with disease. Autoantibodies have been detected in healthy 
individuals as well as those with autoimmune diseases (Elkon and Casali, 
2008; Zelenay et al., 2007). The mechanisms whereby autoantibodies exert 
their effects in the disease process are the same used by antibodies against 
foreign antigens (i.e., non-self-antigens). These include, but are not limited 
to, opsonization, neutralization, complement activation, augmentation, and 
engagement of constant region (Fc) receptors.

Neutralization of an antigen or pathogen expressing the target antigen 
is one effector mechanism attributed to antibodies. For example, antibod-
ies against in�uenza virus hemagglutinin neutralize the virus by blocking 
the interaction of the virus with the receptor on the target cell, thereby 
preventing infection (Han and Marasco, 2011). In addition, while not 
preventing in�uenza infection, antibodies against in�uenza neuraminidase 
restrict replication of the virus by preventing release of virus from infected 
cells (Han and Marasco, 2011). This is one of the ways vaccines, which in-
duce pathogen-speci�c antibodies, elicit protection from diseases. However, 
neutralization of self-antigens by autoantibodies can also contribute to the 
pathogenesis of some autoimmune diseases. For example, neutralizing auto-
antibodies against the cytokine granulocyte/macrophage colony-stimulating 
factor (GM-CSF) are found in autoimmune pulmonary alveolar proteinosis, 
which is characterized by dysfunctional alveolar macrophages and function-
ally impaired neutrophils (Watanabe et al., 2010). Autoantibodies against 
GM-CSF block interaction of the cytokine with receptors on macrophages, 
inhibiting their maturation, and on neutrophils, leading to impairment of 
phagocytosis, adhesion, bacterial killing, and oxidative burst (Watanabe 
et al., 2010).

Antibodies against surface-bound antigens can lead to the opsonization 
(coating) of the pathogen or a cell expressing the antigen. For example, an-
tibodies against the capsular polysaccharide of Streptococcus pneumoniae 
result in the opsonization of the bacteria and clearance of the bacteria by 
phagocytic cells (Bruyn et al., 1992). In a proin�ammatory setting, such as 
antineutrophil cytoplasmic autoantibody–associated vasculitides, opsoniza-
tion can lead to the perpetuation of in�ammation (van Rossum et al., 
2005). For example, opsonization of neutrophils by autoantibodies against 
proteinase 3 (PR3) and myeloperoxidase (MPO) contributes to the activa-
tion of neutrophils resulting in their degranulation, which in turn leads to 
vessel injury (van Rossum et al., 2005).

Antibody-antigen interactions can lead to complement activation (com-
plement activation is discussed in a subsequent section). Antibodies against 
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bacteria lead to complement activation resulting in elimination of the bacte-
ria (Bruyn et al., 1992). Similarly, engagement of aquaporin-4, expressed on 
the surface of astrocytes, by autoantibodies results in complement activation 
leading to disruption of the integrity of the plasma membrane and astrocyte 
injury (Cayrol et al., 2009).

Engagement of Fc receptors by antibodies bound to antigen can lead to 
clearance of the antigen or antigen-expressing pathogen or cell, or to activa-
tion of the receptor-expressing cell. The Fc receptors on macrophages, by 
binding to antibody-coated bacteria, allow the macrophages to engulf and 
then kill the bacteria. One example, discussed above, is the opsonization 
of Streptococcus pneumoniae by antibodies against the capsular polysac-
charide that leads to the clearance of the bacteria by macrophages (Bruyn 
et al., 1992). Likewise, the clearance of apoptotic neutrophils opsonized by 
autoantibodies against PR3 and MPO, as discussed above, is facilitated by 
engagement of the Fc receptors expressed on the surface of the macrophages 
(van Rossum et al., 2005). In addition, as described above, opsonization of 
neutrophils by autoantibodies against PR3 and MPO contributes to the ac-
tivation of neutrophils. Autoantibodies against PR3 and MPO contribute to 
neutrophil activation through engagement of Fc receptors by the constant 
region of the autoantibodies whose variable regions (Fab) are binding either 
PR3 or MPO on the same cell (van Rossum et al., 2005).

Autoantibodies also have the ability to augment the effects of the target 
antigen. For example, the autoantibody complex interleukin-8 (IL-8) has 
been shown to augment IL-8-induced neutrophil migration in acute respi-
ratory distress syndrome (Watanabe et al., 2010). IL-8-induced  neutrophil 
migration is more strongly induced by engagement of Fc receptors by 
IL-8-autoantibody complexes than by engagement of the IL-8 receptor 
alone (Watanabe et al., 2010).

As suggested above, autoantibodies use multiple mechanisms during 
a disease process. Antigen-bound autoantibodies can both (1) engage Fc 
receptors and (2) induce activation of the complement system. These pro-
cesses lead to the activation of in�ammatory cells such as neutrophils and 
macrophages, and to generation of proin�ammatory mediators that play 
pathogenic roles in autoimmune diseases.

Complement Activation

The complement system is comprised of more than 30 soluble or 
 membrane-bound proteins. Complement activation, an outcome of a 
cascade of enzymatic reactions, leads to the generation of in�ammatory 
 mediators that play a role in host defense via three physiological processes 
( Dunkelberger and Song, 2010). First, complement activation leads to 
the targeted lysis of infectious agents through the generation of the mem-
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brane attack complex (MAC), which forms membrane-penetrating pores in 
pathogens (Dunkelberger and Song, 2010). Second, complement activation 
leads to the opsonization of infectious agents by complement opsonins 
and the engagement of complement receptors on phagocytic cells resulting 
in the clearance of the infectious agent (Dunkelberger and Song, 2010). 
Lastly, complement activation leads to the generation of proin�ammatory 
anaphylatoxins that act as vasodilators, cytokines, and inducers of smooth 
muscle contraction; oxidative bursts from neutrophils; and histamine re-
lease from mast cells (Sarma and Ward, 2011). In addition to the physi-
ological processes described above, the complement system plays a role in 
the selection, maintenance, and differentiation of B cells into plasma and 
memory cells, and in the priming of CD4+ and CD8+ T cells (Dunkelberger 
and Song, 2010).

Three pathways—classical, lectin, and alternative—lead to complement 
activation and the generation of in�ammatory mediators responsible for the 
physiological processes discussed above. These pathways converge where 
C3 convertases cleave the complement component C3 into the anaphyla-
toxin C3a and the opsonin C3b; from this point, further enzymatic reac-
tions generate additional anaphylatoxins, opsonins, and the MAC (Gros 
et al., 2008). The pathways are discussed below.

The initiation of the classical pathway occurs when the complement 
component C1q, in complex with the complement components C1r and 
C1s, bind immune complexes (comprised of antigen bound by IgG or IgM 
antibodies) (Rus et al., 2005). C1q can also initiate the classical pathway 
by binding to C-reactive protein, serum amyloid P, gram-negative bacterial 
walls, and central nervous system myelin (Rus et al., 2005). Autocatalytic 
activation of C1r and C1s leads to an enzymatic reaction involving the 
complement components C4 and C2 and the generation of fragments that 
combine to form C3 convertase (Dunkelberger and Song, 2010).

The lectin pathway is initiated when pattern recognition receptors 
(PRRs), such as mannose-binding lectin, bind to highly conserved structures 
in microorganisms termed pathogen-associated molecular patterns (PAMPs) 
(Dunkelberger and Song, 2010). PAMPs can be found on the surfaces of 
yeast, bacteria, parasites, and viruses (Sarma and Ward, 2011). Similar to 
the classical pathway, recognition of PAMPs by PRRs leads to an enzymatic 
reaction involving the complement components C4 and C2 and the genera-
tion of fragments that combine to form C3 convertase (Dunkelberger and 
Song, 2010).

Initiation of the alternative pathway occurs when C3 undergoes spon-
taneous hydrolysis on the surface of pathogens or other targets that have 
neutral or positive charge characteristics and/or that support the binding 
of activated C3 (Holers, 2008). The altered form of C3, called C3i or 
C3(H2O), can bind factor B, which in turn is cleaved by factor D, leading 
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to the generation of C3 convertase (Holers, 2008). In addition to promot-
ing the generation of the in�ammatory mediators discussed above, the 
alternative pathway increases complement activation through an ampli�-
cation loop (Holers, 2008). The ampli�cation loop is engaged when C3b, 
generated by C3 convertase from any of the three complement activation 
pathways, binds factor B, which in turn is cleaved by factor D, leading to 
further C3 activation (Holers, 2008). Sites of local injury and decreased 
expression of complement regulatory proteins can promote engagement of 
the ampli�cation loop (Holers, 2008).

Hypersensitivity Reactions

Hypersensitivity reactions are immune-mediated reactions to sub-
stances, termed allergens, which do not generate adverse immune responses 
in the majority of the population. Individuals who are “atopic” develop 
immune responses to the allergens that lead to symptoms such as hay fever 
or wheezing in response to pollens, or vomiting and lip swelling in response 
to certain foods. These reactions develop after sensitizing exposure(s) and 
reexposure to an allergen, and are broadly classi�ed as immediate or de-
layed hypersensitivity reactions. Described below are two mechanisms clas-
si�ed as immediate hypersensitivity reactions involved in allergic reactions, 
including the severe, potentially fatal, systemic allergic reactions that are 
rapid in onset and known as anaphylaxis.

Immunoglobulin E–Mediated Hypersensitivity

De�nition of immunoglobulin E–mediated hypersensitivity  By far the 
most common mechanism responsible for immediate hypersensitivity reac-
tions involves immunoglobulin E (IgE) and is termed immunoglobulin E –
mediated hypersensitivity, in which allergen-speci�c IgE antibodies undergo 
synthesis and binding to high-af�nity IgE receptors on the surface of mast 
cells and basophils. Subsequent exposure of allergen to receptor-bound IgE 
leads to cross-linking of IgE, activation of mast cells and basophils, and 
release of in�ammatory mediators (Simons, 2009).

Evidence needed to conclude that IgE-mediated hypersensitivity is operative 
in anaphylaxis Positive skin test results and/or the presence of allergen-
speci�c IgE in serum indicate that a patient is sensitized to an allergen but 
alone are not conclusive of IgE-mediated reactions or anaphylaxis ( Simons, 
2009); similarly, negative tests do not conclusively exclude clinical reactivity 
to an allergen. Testing for mediators of allergic reactivity, such as hista-
mine and tryptase, may be useful in con�rming an episode of anaphylaxis 
( Simons, 2009). However, testing for these mediators is frequently not 
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available, so physicians must rely on the clinical history, and signs and 
symptoms of a reaction, to make the diagnosis (Sampson et al., 2006).

Examples of allergen exposures thought to cause IgE-mediated anaphy-
laxis Many allergens have been associated with the development of IgE-
mediated anaphylaxis. These include food (e.g., milk, egg, peanuts, tree 
nuts, shell�sh, gelatin), food additives (e.g., some colorants, spices, yeast), 
venoms (e.g., insect stings), latex, and inhalants (e.g., animal danders and 
grass pollen) (Simons, 2010).

Adverse events on our list thought to be due to IgE-mediated hypersensitiv-
ity reactions Antigens in the vaccines that the committee is charged with 
reviewing do not typically elicit an immediate hypersensitivity reaction (e.g., 
hepatitis B surface antigen, toxoids, gelatin, ovalbumin, casamino acids). 
However, as will be discussed in subsequent chapters, the above-mentioned 
antigens do occasionally induce IgE-mediated sensitization in some indi-
viduals and subsequent hypersensitivity reactions, including anaphylaxis.

Complement-Mediated Hypersensitivity

De�nition of complement-mediated hypersensitivity A much less frequent 
cause of immediate hypersensitivity is due to complement-mediated hy-
persensitivity, which involves the activation of the complement pathway 
by dialysis membranes, for example. Complement activation generates 
the anaphylatoxins C3a and C5a which bind to complement receptors on 
the surface of mast cells, leading to the release of in�ammatory mediators 
(Noone and Osguthorpe, 2003).

Evidence needed to conclude that complement-mediated hypersensitiv-
ity is operative in anaphylaxis Although the clinical history and signs 
and symptoms of anaphylaxis are typically used to make the diagnosis of 
anaphylaxis, measurement of in�ammatory mediators such as histamine, 
tryptase, kallikrein, and bradykinin, in addition to others, may be helpful 
in con�rming an episode of anaphylaxis (Sampson et al., 2006; Simons, 
2010). During or shortly after an episode of anaphylaxis, the demonstration 
of an acute elevation of C3a and C5a (both of which can increase vascu-
lar permeability and smooth muscle contraction) is useful in implicating 
complement-mediated hypersensitivity as the operative mechanism in the 
anaphylactic episode.

Examples of exposures thought to cause complement-mediated anaphy-
laxis A small number of substances have been associated with the de-
velopment of complement-mediated anaphylaxis. These include dialysis 
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membranes, human proteins (e.g., transfusion or other blood product), 
immune complexes, and oversulfated chondroitin sulfate-contaminated 
heparin (Noone and Osguthorpe, 2003; Simons, 2010).

Adverse events on our list thought to be due to complement-mediated 
hypersensitivity reactions The antigens and potential antigens contained 
in the vaccines that the committee is charged with reviewing are not com-
monly associated with complement-mediated anaphylaxis.

Immune Complexes

When present in adequate concentrations, antigen and antibody gen-
erate large complexes, termed immune complexes, which can lead to ini-
tiation of the in�ammatory cascade through complement activation and 
engagement of Fc receptors, and to increased vascular permeability through 
the release of vasoactive factors upon activation of mast cells and neutro-
phils (Gao et al., 2006; Malbec and Daeron, 2007; Mayadas et al., 2009; 
Roubin and Benveniste, 1985; Volanakis, 1990). In addition, at cold tem-
peratures, in vitro, some antibodies can precipitate from serum; they are 
called cryobglobulins (Tedeschi et al., 2007). The immune complexes may 
include IgM rheumatoid factor and antibodies against pathogens (Tedeschi 
et al., 2007). Immune complexes can cause pathologic damage and disease.

Evidence Needed to Conclude That Immune Complexes 
Are Operative in a Clinical Case or an Animal Model

The �rst requirement before attributing a symptom complex to the 
action of immune complexes is to demonstrate their presence. This can 
be done in plasma, using assays such as the Raji cell assay or the enzyme-
linked immunosorbent assay to detect binding to plate-bound C1q, or to 
look for immune complexes on red cells that transport the complexes to 
the liver where they are ingested by Kuppfer cells (Bellamy et al., 1997; 
Crockard et al., 1991; Kohro-Kawata et al., 2002; Zhong et al., 1997). 
It is also useful to demonstrate immune complexes in the affected tissue 
when tissue biopsy is available or needed for diagnostic purposes. Im-
munohistology showing co-localization of IgG and early components of 
the complement cascade serves to demonstrate the presence of immune 
complexes. To conclude that a particular antigen is responsible for immune 
complex formation, it is necessary to show that the antigen is present at the 
site of antibody deposition in tissue, or is within the circulating immune 
complexes in plasma. It is not necessary to show that the entire antigen is 
present, because serum and tissue proteases may digest much of the antigen 
that is not protected within the antibody-binding site (Durkin et al., 2009). 
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Therefore, negative studies for antigen may be considered inconclusive as 
only a small moiety of antigen may remain and may not be easily detect-
able (i.e., antibody to the antigen may be targeted to previously digested 
portions of the antigen).

Examples of Natural Infection, Vaccine, or Drug Exposure Thought to 
Cause a Clinical Condition or Disease That Is Due to Immune Complexes

There are several conditions in which immune complex–mediated tissue 
damage occurs.

�U�Ê ���i�«�>�Ì�ˆ�Ì�ˆ�Ã�Ê�	�Ê�ˆ�˜�v�i�V�Ì�ˆ�œ�˜�Ê�ˆ�Ã�Ê�V�…�>�À�>�V�Ì�i�À�ˆ�â�i�`�Ê�L�Þ�Ê�>�Ê�˜�Õ�“�L�i�À�Ê�œ�v�Ê�>�V�V�œ�“�«�>�˜�Þ�‡
ing comorbidities. Polyarteritis nodosum occurs in individuals with 
chronic hepatitis, and is thought to be mediated by immune com-
plexes that include viral antigen and speci�c antibody (Cacoub and 
Terrier, 2009).

�U�Ê �-�œ�“�i�Ê�`�À�Õ�}�Ê�>�•�•�i�À�}�ˆ�i�Ã�Ê�V�>�˜�Ê�V�>�Õ�Ã�i�Ê�Ã�i�À�Õ�“�Ê�Ã�ˆ�V�Ž�˜�i�Ã�Ã�Ê�Ü�…�ˆ�V�…�Ê�ˆ�Ã�Ê�>�˜�Ê�ˆ�“�“�Õ�˜�i�Ê
complex disease with deposition of complexes in joints, pleura 
or pericardium, and glomeruli causing local, generally reversible, 
in�ammation (Naguwa and Nelson, 1985).

�U�Ê �-�Þ�Ã�Ì�i�“�ˆ�V�Ê�•�Õ�«�Õ�Ã�Ê�ˆ�Ã�Ê�V�…�>�À�>�V�Ì�i�À�ˆ�â�i�`�Ê�L�Þ�Ê�ˆ�“�“�Õ�˜�i�Ê�V�œ�“�«�•�i�Ý�i�Ã�Ê�ˆ�˜�Ê�Ì�…�i�Ê�V�ˆ�À�V�Õ-
lation, skin, pleura, and pericardium. When the immune complexes 
are present in glomeruli, they cause glomerulonephritis, a serious 
manifestation of the disease. The target antigens in lupus appear 
to be apoptotic debris in circulating immune complexes, and both 
trapped and tissue antigen in the kidney (Munoz et al., 2010). In 
lupus, antibodies to the complement component C1q can bind to 
tissue-bound immune complexes, making it dif�cult to clear the 
complexes and increasing the consequent in�ammation.

�U�Ê �,�…�i�Õ�“�>�Ì�œ�ˆ�`�Ê�>�À�Ì�…�À�ˆ�Ì�ˆ�Ã�Ê�ˆ�Ã�Ê�>�Ê�`�ˆ�Ã�i�>�Ã�i�Ê�V�…�>�À�>�V�Ì�i�À�ˆ�â�i�`�Ê�L�Þ�Ê�>�˜�Ì�ˆ�L�œ�`�ˆ�i�Ã�Ê�Ì�œ�Ê���}���Ê
(rheumatoid factor) and cyclic citrullinated peptide. Both antibod-
ies are thought to enhance in�ammation in affected tissue, primar-
ily joints (Conrad et al., 2010; Wegner et al., 2010). In mouse 
models, antibody-mediated enhancement of rheumatoid arthritis 
has been demonstrated; in the human disease, the model remains 
speculative.

�U�Ê �-�Ì�À�i�«�Ì�œ�V�œ�V�V�>�•�Ê�ˆ�˜�v�i�V�Ì�ˆ�œ�˜�Ã�Ê�i�Ý�…�ˆ�L�ˆ�Ì�Ê�“�>�˜�Þ�Ê�>�˜�Ì�ˆ�L�œ�`�Þ�‡�“�i�`�ˆ�>�Ì�i�`�Ê�Ã�i�µ�Õ�i�•�>�i�°�Ê
In particular, arthritis and glomerulonephritis are considered to 
be the consequence of circulating immune complexes that de-
posit in joints and glomeruli, initiating an in�ammatory cascade 
(Rodriguez-Iturbe and Batsford, 2007). These conditions are self-
limited because the immune complexes cease to form once strepto-
coccal antigen is eliminated.
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�U�Ê ���˜�Ê�“�>�˜�Þ�Ê�«�>�Ì�ˆ�i�˜�Ì�Ã�]�Ê�…�i�«�>�Ì�ˆ�Ì�ˆ�Ã�Ê�
�Ê�ˆ�Ã�Ê�V�…�>�À�>�V�Ì�i�À�ˆ�â�i�`�Ê�L�Þ�Ê�Ì�…�i�Ê�«�À�i�Ã�i�˜�V�i�Ê�œ�v�Ê
cryoglobulins that are thought to be rheumatoid factors bound to 
antibodies to the hepatitis C viral antigen (Sansonno et al., 2007). 
These cryoglobulins are notoriously dif�cult to treat, and they 
cause injury in multiple organs.

Adverse Events on Our List Thought to Be Due to Immune Complexes

It is not clear that this mechanism is operative in any adverse event 
reported secondary to vaccine administration. It is important to note that 
the immune complexes and ensuing immune complex–mediated symptoms 
induced by vaccine usually should be short-lived. As vaccine antigen is 
eradicated by antibody or catabolism, speci�c antibody is no longer pro-
duced and the in�ammatory process subsides. Only live vaccines have the 
potential for continued long-term production of antigen due to viral repli-
cation; antigen from nonreplicating vaccines is likely to disappear within 
a few weeks. The adverse events most suggestive of immune complex– 
mediated symptomatology are those associated with hepatitis B vaccine, as 
it is known that the antibodies raised to viral antigen in the course of the 
natural infection can form damage-inducing complexes. There are no data, 
however, documenting immune complexes containing hepatitis B surface 
antigen.

Tissue Responses (Fever and Seizures)

The mechanisms leading to the development of febrile seizures include 
the induction of fever by in�ammatory mediators and the effects of pyrexia, 
and of the in�ammatory response on neuronal excitability. It is now recog-
nized that febrile seizures have signi�cant genetic susceptibility components.

Induction of Fever by In�ammatory Mediators

Fever is a biologic response to a host of extrinsic and intrinsic pyro-
genic stimuli (Avner, 2009). Extrinsic pyrogenic stimuli include bacterial 
toxins and other products of microbial metabolism (e.g., lipopolysaccharide 
released from the cell wall of gram-negative bacteria). Intrinsic pyrogenic 
stimuli include antigen-antibody complexes and activated components of 
the complement system, either of which may result from a microbial infec-
tion or immunization with microbial antigens.

These pyrogenic stimuli induce monocytes, macrophages, and other in-
�ammatory cells to release pyrogenic cytokines (e.g., IL-1 alpha, IL-1 beta, 
TNF, interferon) into the circulation. Acting either directly or indirectly on 
the specialized neurons of the thermoregulatory center in the preoptic area 

http://www.nap.edu/13164


EVALUATING BIOLOGICAL MECHANISMS OF ADVERSE EVENTS  69

of the hypothalamus, these cytokines induce the production of E-series 
prostaglandins that raise the host’s thermoregulatory set point, resulting in 
an increase in core body temperature.

Effects of Pyrexia and the In�ammatory Response on Neuronal Excitability

The speci�c mechanism whereby fever might induce a seizure is not 
known. It is known that changes in temperature can alter certain ion chan-
nels in the brain and potentially cause abnormal or synchronized neuro-
nal discharges and seizures (Shibasaki et al., 2007; Thomas et al., 2009). 
Moreover, fever-induced hyperventilation and the resulting alkalosis may 
also play a role in seizure induction (Schuchmann et al., 2006). Further-
more, animal data are emerging on the role of the in�ammatory response 
in astroglial cells after a prolonged febrile seizure. It has been shown that 
IL-1 beta synthesis is induced after a febrile seizure, and that it has potent 
proconvulsant effects in both immature and adult rodents (Dube et al., 
2010). The role in�ammatory mediators play in epileptogenesis is not fully 
understood and is an area of intense research interest. Recently, Balosso 
et al. (2008) showed that IL-1 beta is overexpressed in glia and neurons in 
animal models with seizures. This in�ammatory mechanism has a procon-
vulsant effect, and may in�uence changes in neuronal excitability (Balosso 
et al., 2008). Fever-induced factors (e.g., IL-1 beta) may precipitate seizures 
in the immature brain or in individuals who are genetically susceptible 
(Heida et al., 2009; Nakayama, 2009).

Genetics and Febrile Seizures

Febrile seizures are the result of a combination of genetic and envi-
ronmental factors, with polygenic inheritance the most common means 
of inheritance. Epidemiologic studies have shown that 13–37 percent of 
children with febrile seizures have a family history of febrile seizures and 
4 percent have a family history of epilepsy (Offringa et al., 1994; Sadleir 
and Scheffer, 2007). In monozygotic twins, the concordance rate is higher 
(Corey et al., 1991; Tsuboi, 1987).

Although speci�c susceptibility genes have not been identi�ed in most 
patients with febrile seizures, several susceptibility loci that are inherited 
in an autosomal dominant fashion in certain families have been identi�ed 
(Audenaert et al., 2006; Hedera et al., 2006; Johnson et al., 1998; Kugler 
et al., 1998; Nabbout et al., 2002; Nakayama et al., 2000, 2002, 2004; 
Peiffer et al., 1999; Poduri et al., 2009; Wallace et al., 1996). Other genetic 
factors have been implicated as a link between fever and susceptibility to 
seizures. Mutations in sodium channels (e.g., splice site variant SCN1A) 
and gamma aminobutyric acid A receptor genes have been identi�ed in 
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children with febrile seizures (Petrovski et al., 2009; Sadleir and Scheffer, 
2007; Schlachter et al., 2009).

Molecular Mimicry

Molecular mimicry is sequence and/or conformational homology be-
tween an exogenous agent (foreign antigen) and self-antigen leading to the 
development of tissue damage and clinical disease from antibodies and T 
cells directed initially against the exogenous agent that also react against 
self-antigen. Molecular mimicry as a mechanism that can cause pathologic 
damage and disease has been demonstrated in several animal models, most 
notably experimental allergic encephalomyelitis (EAE) in mice and rabbits 
(Oldstone, 2005).

Evidence Needed to Conclude That Molecular Mimicry Is 
Operative in a Clinical Case or an Animal Model of Disease

Essential to concluding molecular mimicry contributes to a clinical case 
or animal model of disease are the following: (1) a susceptible host whose 
genetic background and adaptive immune responses allows emergence of 
self-reactive immunity, (2) exposure to an exogenous agent which expresses 
antigens that are immunologically similar to self-antigen(s), and (3) a host 
immune response to the exogenous agent that cross-reacts with biologically 
relevant host tissue structures and causes tissue damage and clinical disease.

Proving that a particular human autoimmune disease is due to molecu-
lar mimicry is problematic (Albert and Inman, 1999; Rose and Mackay, 
2000). A realistic and consistent temporal relationship between exposure 
to exogenous antigen and development of disease must be documented. 
This can be dif�cult in the case of a natural exposure to pathogen where 
infection may have been subclinical, making it impossible to de�ne an exact 
temporal relationship.

Linear amino acid sequence homology or even similar conformational 
structure between an exogenous agent and a self-antigen alone are not suf-
�cient to prove that molecular mimicry is the pathogenic mechanism for 
a disease. Many such homologies exist, and the vast majority of these are 
not associated with biologically relevant autoimmune phenomena or actual 
human disease (Albert and Inman, 1999).

Finding a tissue-speci�c antibody response following exposure to an 
exogenous agent is also, by itself, not proof of molecular mimicry as the 
pathologic mechanism of disease (Albert and Inman, 1999). Both naturally 
occurring and postinfectious cross-reactive antibodies and T cells are rela-
tively common and most frequently not pathogenic (Fujinami et al., 2006). 
Cross-reacting antibodies can also be secondary to nonspeci�c tissue injury 
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(and to consequent expression of otherwise occult self-antigens) rather than 
primary to tissue injury itself. Moreover, in some circumstances, infection 
with viruses that express antigens having immunologic cross-reactivity with 
self-proteins can actually protect against autoimmune disease in certain 
animal models (Barnett et al., 1996; Fujinami et al., 2006).

Neither the in vitro demonstration of cross-reacting antibodies nor 
T cell activation by antigen-MHC complexes proves pathogenic mimicry. 
An in vivo pathogenic autoimmune attack would also require the demon-
stration of local binding of antibody with activation of the complement 
cascade, activation of the appropriate co-stimulatory T cell signals and 
cytokines, and/or involvement of other pathogenic effector mechanisms in 
a biologically relevant tissue site.

Examples of a Natural Infection, Vaccine, or Drug Exposure Thought to 
Cause a Clinical Condition or Disease That Is Due to Molecular Mimicry

While molecular mimicry is a well-established mechanism in selected 
animal models, its relevance to human autoimmune disease remains in most 
cases to be convincingly proven. Nevertheless, there is some experimental 
evidence (Albert and Inman, 1999; Fujinami et al., 2006; Rose and Mackay, 
2000) that suggests or implicates this mechanism in certain human autoim-
mune diseases including (among others)

�U�Ê �,�…�i�Õ�“�>�Ì�ˆ�V�Ê�v�i�Û�i�À�Ê�>�Ã�Ã�œ�V�ˆ�>�Ì�i�`�Ê�Ü�ˆ�Ì�…�Ê�}�À�œ�Õ�«�Ê���Ê�Ã�Ì�À�i�«�Ì�œ�V�œ�V�V�>�•�Ê�ˆ�˜�v�i�V�Ì�ˆ�œ�˜�Æ
�U�Ê �������Ê�	�Ó�Ç�‡�>�Ã�Ã�œ�V�ˆ�>�Ì�i�`�Ê�Ã�«�œ�˜�`�Þ�•�œ�>�À�Ì�…�À�œ�«�>�Ì�…�ˆ�i�Ã�Ê�>�˜�`�Ê�Ã�i�Û�i�À�>�•�Ê�>�˜�Ì�ˆ�}�i�˜�Ã�Ê

from Shigella, Yersinia, and Klebsiella bacteria;
�U�Ê ���Õ�•�Ì�ˆ�«�•�i�Ê�Ã�V�•�i�À�œ�Ã�ˆ�Ã�Ê�>�˜�`�Ê�i�Ý�«�œ�Ã�Õ�À�i�Ê�Ì�œ�Ê�Ã�i�Û�i�À�>�•�Ê�`�ˆ�v�v�i�À�i�˜�Ì�Ê�Û�ˆ�À�Õ�Ã�i�Ã�Æ
�U�Ê ���˜�Ã�Õ�•�ˆ�˜�‡�`�i�«�i�˜�`�i�˜�Ì�Ê�`�ˆ�>�L�i�Ì�i�Ã�Ê�“�i�•�•�ˆ�Ì�Õ�Ã�Ê�>�˜�`�Ê�
�œ�Ý�Ã�>�V�Ž�ˆ�i�Û�ˆ�À�Õ�Ã�Ê�	�{�Æ�Ê�>�˜�`
�U�Ê ���i�“�Þ�i�•�ˆ�˜�>�Ì�ˆ�˜�}�Ê�`�ˆ�Ã�i�>�Ã�i�Ã�Ê�>�˜�`�Ê�…�i�«�>�Ì�ˆ�Ì�ˆ�Ã�Ê�	�\

  Amino acid homology between myelin basic protein (MBP) 
and hepatitis B virus polymerase (HBVP) has been reported 
( Fujinami and Oldstone, 1985). In addition, injection of a 
HBVP immunologic epitope shared with MBP into rabbits 
resulted in an EAE-like disease, antibodies against MBP, and 
T cell reactivity (Fujinami and Oldstone, 1985). However, in-
fection with hepatitis B is not associated with the development 
of demyelinating diseases. Furthermore, the recombinant vac-
cines contain hepatitis B surface antigen not hepatitis B virus 
polymerase.

One example of molecular mimicry as the likely mechanism causing 
clinical autoimmune disease is found in the subtype of Guillain-Barré syn-
drome (GBS) characterized by acute motor axonal neuropathy (AMAN). 
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Approximately one fourth of patients with GBS have had Campylobacter 
�•�i�•�Õ�˜�ˆ infection in the preceding few weeks, compared to only 1–2 percent 
of controls (Kuwabara et al., 2004; Rees et al., 1995b). �
�°�Ê�•�i�•�Õ�˜�ˆ infection 
is most highly correlated with AMAN, as opposed to the other subtypes of 
GBS (Grif�n et al., 1996; Visser et al., 1995).

In patients who develop AMAN subsequent to �
�°�Ê�•�i�•�Õ�˜�ˆ enteritis, IgG 
autoantibodies and complement are found bound speci�cally to GM1 gan-
glioside in the axolemma membrane of peripheral nerves (Hafer-Macko 
et al., 1996; Solomon and Willison, 2003; Willison and Yuki, 2002). These 
patients often bene�t from plasmapheresis, and their anti-GM1 autoan-
tibody titers decrease as the clinical course improves (The Guillain-Barré 
Syndrome Study Group, 1985). By contrast, patients who develop �
�°�Ê�•�i�•�Õ�˜�ˆ 
enteritis not complicated by AMAN do not develop GM1 autoantibodies 
(Ogawara et al., 2000; Rees et al., 1995a).

GM1 ganglioside antigens in peripheral nerves are structurally identi-
cal to the terminal tetrasaccharides of the GM1-like lipo-oligosaccharide 
(LOS) structures expressed on the surface of certain strains of �
�°�Ê�•�i�•�Õ�˜�ˆ 
bacteria isolated from patients with AMAN (Aspinall et al., 1994a,b; Lee 
et al., 2004; Prendergast et al., 1998; Yuki et al., 1993, 2004). This sug-
gests that autoantibodies bound to neuronal gangliosides in AMAN may 
result from immunologic cross-reactivity with antigens from �
�°�Ê�•�i�•�Õ�˜�ˆ 
lipo-oligosaccharides.

In the 1990s ganglioside preparations extracted from bovine brain 
tissue or isolated GM1 were occasionally used as therapeutic agents for 
various neurological disorders and some of these patients developed clinical 
AMAN with anti-GM1 IgG autoantibodies (Illa et al., 1995).

The association of �
�°�Ê�•�i�•�Õ�˜�ˆ infection leading to anti-GM1 autoanti -
body production and the cross-reactivity of those antibodies with nerve 
roots and clinical disease in vivo is further strengthened by development of 
a relevant animal model of the disease. Rabbits immunized with �
�°�Ê�•�i�•�Õ�˜�ˆ 
expressing GM1-like LOS surface structures develop high titers of anti-
GM1 IgG antibody, �accid limb weakness, and histopathologic features 
characteristic of AMAN (including IgG deposited on the axons of the 
ventral roots, internodal axolemmas, and nodes of Ranvier) (Moran et al., 
2005; Susuki et al., 2003, 2004; Yuki, 2005; Yuki et al., 2004).

Adverse Events (AEs) on Our List Thought to Be Due to Molecular Mimicry

Some of the vaccine AEs under consideration by our committee share 
symptoms with human autoimmune diseases for which molecular mimicry 
has been hypothesized (i.e., arthritis, systemic lupus erythematosus, insulin-
dependent diabetes mellitus, central and peripheral nervous system de-
myelinating diseases). However, the committee found little clinical evidence 
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(e.g., challenge/rechallenge), diagnostic evidence (e.g., presence of antigen 
or relevant immune complexes in affected tissue), or experimental evidence 
(e.g., in vitro evidence of cross-reactive T cells derived from a site of tissue 
injury) that could be consistent with the hypothesis of molecular mimicry 
in rare and selected case reports. For example, as will be discussed in sub-
sequent chapters in more detail, Poirriez (2004) reported the absorption 
of antinuclear antibodies (ANAs), isolated from a single hepatitis B immu-
nized patient who developed lupus, by highly concentrated vaccine antigen 
suggesting mimicry between vaccine antigen and self-antigen. There were 
no unimmunized ANA-positive or other controls tested in this study, and 
others have not reported this �nding subsequently. Based on the literature 
reviewed, molecular mimicry was not con�rmed to be a mechanism leading 
to the development of the adverse events postvaccination.

Antigen Persistence

During a typical immune response, the offending antigen is effectively 
removed or neutralized, which reduces the immune stimulation and ulti-
mately results in a down-regulation of the immune response. In contrast, 
ongoing immune responses to persisting antigens can result in continuing 
in�ammation and tissue damage, which may result in the release of self-
peptide, and/or activation of previously tolerant autoreactive T cells. The 
duration of antigen persistence depends on several variables: (1) whether 
the antigen or antigenic determinants that activate the immune system are 
derived from a replicating pathogen or are from a transient or intermittently 
present non-replicating source; (2) the life cycle of the pathogen, assuming it 
is the source of the antigen or antigenic determinants; and (3) the anatomical 
and cellular (intracellular or extracellular) location of the antigen source.

Examples of Natural Infection, Vaccine, or Drug Exposure Thought to 
Cause a Clinical Condition or Disease That Is Due to Antigen Persistence

The best understood reason for antigen persistence is pathogen repli-
cation. In many infections, the amount of pathogen-derived antigens often 
increases initially before decreasing as the pathogen is fully cleared by the 
immune system. In immunocompromised individuals, whether due to pri-
mary (genetic) or secondary (acquired; e.g., via chemotherapy) etiologies, it 
is possible that pathogens, and therefore pathogen-derived antigens, persist 
longer or achieve higher levels than they would in immunocompetent indi-
viduals. Regardless of the cause, the consequences of a reduced or delayed 
ability to eliminate a pathogen often, but not always, include more severe 
pathology at the target tissue or longer duration of illness. Some individuals 
may fail to eradicate the pathogen from their body.
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Two other causes of antigen persistence are pathogen reactivation and 
persistent infection. Some pathogens persist within host cells without evok-
ing immune responses, reemerging at a later time or creating a depot of 
antigen that may be released slowly over time. The mechanisms that control 
persistence, latency, and reactivation are the subject of active research at 
this time.

Examples of antigen persistence secondary to persistent infection or 
viral reactivation include hepatitis B and varicella zoster virus, which are 
discussed later under those topics. A third example of infectious disease 
associated with antigen persistence is immune reconstitution in�ammatory 
syndrome which is an escalating immune response to chronically persist-
ing antigen in patients with human immunode�ciency virus (HIV) who 
are co-infected with mycobacteria, cytomegalovirus, Cryptococcus, herpes 
simplex virus, and so on. Symptoms of in�ammatory disease develop after 
patients begin highly active antiretroviral therapy, which allows reconstitu-
tion of the patient’s T cell function and subsequent immune reaction to the 
co-infecting agent.

Evidence Needed to Conclude That Antigen Persistence Is 
Operative in a Clinical Case or Animal Model of Viral Infection

Vaccine-derived antigens persist longer when the vaccine is a live, atten-
uated virus. The vaccine virus, as an intact pathogen, is thought to persist in 
the host for several weeks, which is in contrast to the more transient pres-
ence of split product, recombinant, or killed whole vaccines, which persist 
for a much shorter period of time. For the discussion of antigen persistence 
herein, please refer to the persistent viral infection and viral reactivation 
sections beginning on page 77. In a handful of cases, there was experi-
mental or clinical evidence (e.g., in vitro evidence of cross-reactive T cells 
derived from a site of tissue injury) that is consistent with the hypothesis of 
antigen persistence. Based on the literature reviewed, antigen persistence is 
a possible mechanism leading to the development of a handful of adverse 
events postvaccination, but only for live virus vaccines.

Epitope Spreading

Epitope spreading is a process in which a T cell response that is ini-
tially speci�c for one epitope spreads to unrelated epitopes. The initial 
immune response, such as a CD4 T cell response, is directed to one anti-
gen. Chronic tissue destruction from the initial immune response results 
in production of additional epitopes that become targets for the immune 
response (Vanderlugt et al., 1998). The new targets are distinct from the 
original targets (Vanderlugt et al., 1998). Epitope spreading may result from 
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target antigens that complex with intracellular self-antigen. The result of 
this could be an autoimmune response that is initially triggered by the ex-
ogenous antigen, but then progresses to a sustained autoimmune response 
against self-antigen (Davies, 2000).

Autoreactivity/Bystander Activation/Hyperresponsiveness

Autoreactivity can result from expression and immune recognition of 
self-antigens that have been modi�ed by some extrinsic factor (e.g., bind-
ing of a reactive chemical or viral element) so that they appear foreign to 
the immune system. The response to such neo-antigens would cease when 
the transforming agent is removed. Examples include drug modi�cations 
of normal proteins, hapten-carrier complexes, and oxidative modi�cation 
of normal cellular constituents.

In bystander activation, there is a robust or exaggerated immune re-
sponse to an exogenous agent that induces local tissue in�ammation and 
stimulation of otherwise normal unaffected cells. This in�ammation can 
result in the release of normally sequestered self-antigens. The in�ammation 
can result in nonspeci�c activation of previously dormant autoreactive Th1 
cells that then react against the newly released self-antigens.

Increased Cytokines

Cytokines are a group of molecules involved in intercellular communi-
cation. They are classed together as lymphokines, interleukins, and chemo-
kines, based on their function, cell origin, and target of action. When the 
innate immune system, the adaptive immune system, or both are respond-
ing to a pathogen, cytokines activate immune cells to produce even more 
cytokines and alter function of resident cells in tissues.

The cytokine milieu contributes to the differentiation of T cells to one 
or another subset. Excessive differentiation of T cells to one or another 
subset may impair the homeostatic and regulatory mechanisms that limit 
autoreactivity.

Examples of Increased Cytokines

Normally, the control of cytokine secretion is kept in check by regula-
tory mechanisms. However, in some instances, the regulatory mechanisms 
break down and too many immune cells (including those of both the innate 
immune system and the adaptive immune system) are activated, resulting 
in local tissue and organ damage, and systemic symptoms. This kind of 
profound systemic oversecretion of cytokines is called cytokine storm. It 
may follow infection or other types of massive immune activation includ-
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ing bacterial sepsis, avian in�uenza, acute respiratory distress syndrome, 
hemophagocytic lymphohistiocytosis, and macrophage activation syndrome 
(Sriskandan and Altmann, 2008; Szyper-Kravitz, 2009; Wong and Yuen, 
2006; Yokoyama et al., 2010). Increased levels of proin�ammatory cyto-
kines, or decreased secretion of anti-in�ammatory cytokines, are found in 
the active phase of many of the above-mentioned conditions.

Although the committee is not aware of reports of full-blown cytokine 
storm following administration of any of the vaccines reviewed, more subtle 
imbalances of proin�ammatory and anti-in�ammatory cytokines may occur 
following immunization against rubella, human papillomavirus, or hepa-
titis B (Albarran et al., 2005; Garcia-Pineres et al., 2007; Pukhalsky et al., 
2003). Moreover, it is possible that the unique immunogenetic makeup of 
an individual might predispose that individual to an exaggerated cytokine 
imbalance following immune stimulation such as microbial infection or 
vaccine administration.

Adverse Events on Our List Thought to Be Due to Increased Cytokines

In review of the relevant literature related to the vaccine and AE com-
binations considered by the committee, no evidence that directly or indi-
rectly supports the oversecretion of cytokines as an operative mechanism 
was found.

Superantigens

Superantigens are determinants expressed by a microbe that can bypass 
T cell receptor signaling pathways and directly activate large numbers of T 
cells. An example would be TSS-A/B toxins in Staphylococcal and Strepto-
coccal toxic shock syndromes. Superantigens can activate up to 20 percent 
of circulating T cells (Li et al., 1999). The committee found no evidence 
that supports superantigen stimulation of immune reactions as an operative 
mechanism in any of the vaccine adverse events under consideration.

VIRAL ACTIVITY

Viral infections cause a host of symptoms in affected individuals. Some 
of these symptoms are attributable to direct or primary infection, persistent 
viral infection, and viral reactivation.

Direct or Primary Infection

Primary infection with varicella, for example, results in varicella 
(chicken pox), manifesting as fever, malaise, listlessness, and a rash consist-
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ing of vesicles, scabs, and maculopapules in varying stages of evolution 
(Whitley, 2010). Complications include secondary skin infections, myo-
carditis, nephritis, pneumonia, central nervous system involvement (acute 
cerebellar ataxia, encephalitis), and bleeding diatheses (Whitley, 2010).

Similarly, “[t]ransient polyarthralgia and polyarthritis [from rubella] 
rarely occur in children but are common in adolescents and adults, espe-
cially females. Encephalitis (1:5,000 cases) and thrombocytopenia (1:3,000 
cases) are complications” (AAP, 2009c).

The acute complications of measles infection include otitis media, 
croup, and pneumonia (Gershon, 2010). Approximately 1 of every 1,000 
individuals infected with measles virus develops acute encephalitits (AAP, 
2009b). Furthermore, “[d]eath, predominantly resulting from respiratory 
and neurologic complications, occurs in 1 to 3 of every 1,000 cases reported 
in the United States” (AAP, 2009b).

Persistent Viral Infection

Some viruses are capable of causing permanent, latent infection in 
nearly all individuals, the herpesviruses and retroviruses being the best-
known examples. Reactivation, as discussed below, with production of new 
virus can occur with such latent viruses.

With other viruses, some infected individuals are unable to clear the vi-
ral infection. The classic example of persistent infection is hepatitis B virus 
(HBV). “More than 90 percent of infants infected perinatally will develop 
chronic HBV infection” (AAP, 2009a). Between 10 percent and 20 percent 
of children infected between 1 and 5 years of age become chronically in-
fected, whereas approximately 5 percent of acutely infected adults develop 
chronic HBV infections (Koziel and Thio, 2010). Immunosuppressed pa-
tients or patients with an underlying chronic illness who develop an acute 
HBV infection are at an increased risk of developing a chronic infection 
(AAP, 2009a). It is important to note here, however, that the hepatitis B 
vaccine is not a live virus vaccine and so cannot infect recipients.

Viral Reactivation

Reactivation of infection can occur when the virus, following the acute 
infection, remains in a dormant or latent state somewhere in the body, 
where it can subsequently reemerge. Varicella zoster virus (VZV) establishes 
latency in the dorsal root ganglia, cranial nerve ganglia, and enteric ganglia 
during primary infection (Gershon et al., 2008). Reactivation results in 
herpes zoster (shingles), characterized by a unilateral eruption of vesicles 
with a dermatomal distribution, sometimes accompanied by pain localized 
to the area (Whitley, 2010).
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Viral Activity Attributed to Vaccines Containing Live Attenuated Viruses

Attenuated live viral vaccines such as the ones considered in this report 
(live attenuated in�uenza virus, cold-adapted in�uenza virus, VZV, MMR) 
can cause some of these same effects through the same mechanisms because 
the vaccines are live. As detailed further below, these effects occur most 
frequently in patients with impaired immunity. Varicella vaccine virus, 
which is distinct from the natural varicella virus, for example, has been re-
covered from the bronchoalveolar lavage �uid and lung biopsy of immuno-
compromised children who developed pneumonia and rash as a primary 
infection after receiving a varicella vaccine (Galea et al., 2008; Kramer 
et al., 2001; Levy et al., 2003; Sharrar et al., 2001; Waters et al., 2007). As 
examples of viral reactivation, children who had previously been vaccinated 
developed zoster and even encephalitis from which vaccine-strain virus was 
then recovered (Chan et al., 2007; Chouliaras et al., 2010; Iyer et al., 2009; 
Levin et al., 2003). Some, but not all, of these children were subsequently 
shown to be immunocompromised. The salient points in these examples 
are that the adverse effects observed are complications seen with natural 
infection and that the causal role of the vaccine virus was demonstrated by 
its isolation or identi�cation by molecular techniques, typically from sites 
that are otherwise sterile.

INJECTION-RELATED ADVERSE EVENTS

One or more of the mechanisms described above could play a role in 
the development of many of the adverse events following vaccination re-
viewed by the committee. However, mechanisms leading to three adverse 
events (complex regional pain syndrome, frozen shoulder, and syncope) 
were considered by the committee to be a potential adverse event of direct 
trauma from the needle occurring with various injected vaccines and not 
necessarily attributable to the contents of the vaccine. Mechanisms for these 
adverse events are described below.

Complex Regional Pain Syndrome

Chronic severe and often burning pain affecting part or all of one or 
more extremities following an injury de�nes complex regional pain syn-
drome (CRPS). The pain is often accompanied by skin discoloration, local 
edema, �uctuation in skin temperature in the affected limb(s), allodynia 
(pain from stimuli that would not ordinarily be painful), and abnormal 
sweating (Bruehl, 2010). Mechanisms involving altered skin innervation, 
dysfunction of the sympathetic nervous system, local in�ammation, and 
possible psychological factors have been purported to play a role in the 
development of CRPS.
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Altered Skin Innervation

The cascade of events leading to CRPS is widely considered to result 
from nerve trauma. Needle stick injuries to the distal nerves in rats resulted 
in reduction in sensory neuron density similar to �ndings in CRPS patients 
(Bruehl, 2010). In addition, lower densities of epidermal nerves and abnor-
mal innervation around sweat glands and hair follicles have been reported 
in CRPS patients (Bruehl, 2010).

Dysfunction of the Sympathetic Nervous System

Skin discoloration and �uctuation in skin temperature in the affected 
region suggests the involvement of the sympathetic nervous system in CRPS 
(Bruehl, 2010). In some CRPS patients, increased sympathetic nervous 
system activity is associated with increases in spontaneous pain and hy-
peralgesia (Bruehl, 2010). In addition, the expression of adrenergic recep-
tors on pain �bers after trauma (in animal studies) provides a mechanism 
whereby sympathetic nervous system out�ow could trigger a pain signal 
(Bruehl, 2010).

In�ammation

Improvement of symptoms in CRPS patients treated with corticoste-
roids suggests in�ammation as a contributing factor in the development 
of the acute phase of CRPS (Bruehl, 2010). Nerve injury could induce the 
release of proin�ammatory cytokines and neuropeptides from nociceptive 
�bers (Bruehl, 2010). Increased levels of proin�ammatory cytokines have 
been isolated from the serum, cerebrospinal �uid, and blister �uid of CRPS 
patients (Bruehl, 2010). Proin�ammatory cytokines can contribute to the 
increased plasma loss, leading to localized edema (Bruehl, 2010). In ad-
dition, certain major histocompatibility complexes have been reported to 
be expressed at signi�cantly higher frequencies in CRPS patients, further 
supporting in�ammation as a mechanism (Bruehl, 2010).

Psychological Factors

Initially CRPS, due to its poorly understood pathophysiology and un-
usual symptomatology, was thought to be purely psychogenic (Bruehl, 
2010). While a purely psychogenic model is no longer considered, psycho-
genic factors could play a role in the development of CRPS. Greater CRPS 
pain intensity was predicted by increased depression levels in a patient self-
study (Bruehl, 2010). In addition, psychological stress in CRPS patients has 
been associated with altered immune function (Bruehl, 2010). Psychological 
factors could impact all of the implicated mechanisms.
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Comprehensive Mechanism

While the mechanisms purported to contribute to the development of 
CRPS are studied and discussed in isolation, it has been hypothesized that 
the mechanisms are interconnected (Bruehl, 2010). Studies testing this hy-
pothesis have yet to be performed.

Deltoid Bursitis

Idiopathic- or injury-induced pain, stiffness, and restricted motion of 
the shoulder de�nes deltoid bursitis. The presentation of deltoid bursitis 
is comprised of shoulder pain and stiffness with restricted motion (Anton, 
1993). Pathologic examination has revealed an in�ammatory process in the 
affected shoulder. Increased deposition of growth factors, matrix metallo-
proteinases, and cytokines has been observed in capsular biopsy specimens 
from patients with deltoid bursitis (Brue et al., 2007; Dias et al., 2005). 
In addition, magnetic resonance imaging and arthrography have revealed 
abnormalities of the shoulder joint and synovial membrane, and thickening 
of the humeral ligament and joint capsule suggestive of in�ammation (Brue 
et al., 2007). Although likely to be a rare event, direct trauma to the bursa 
from needle injury from the injected vaccine, independent of the contents 
of the needle, could lead to the activation and recruitment of in�ammatory 
cells leading to the symptoms of deltoid bursitis.

Syncope

Loss of consciousness resulting from decreased blood �ow to the brain 
is termed syncope. The pathogenesis of syncope varies depending on the 
precipitating event. Syncope resulting from pain or emotional triggers, for 
example the sight of blood or administration of a vaccine or treatment via 
an injection, is termed re�ex syncope and more speci�cally vasovagal syn-
cope (van Dijk et al., 2009). The pathophysiology of vasovagal syncope has 
not been fully delineated; however, manipulation of the blood �ow by the 
autonomic nervous system is involved. The injection of the vaccine leads to 
an initial increase in stimulation of the sympathetic nervous system (Arthur 
and Kaye, 2000). The increase in stimulation of the sympathetic nervous 
system results in an increased heart rate and arterial pressure (Grubb, 
2005). The increased arterial pressure leads to the activation of barorecep-
tors and transmission of afferent signals from the aortic arch via the vagus 
nerve resulting in stimulation of the parasympathetic nervous system and 
the development of nausea, vertigo, facial pallor, dizziness, and epigastric 
discomfort commonly experienced 30 to 60 seconds prior to the loss of con-
sciousness (Fenton et al., 2000; Wieling et al., 2009). Physiologically, the 
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stimulation of the parasympathetic nervous system results in a decreased 
heart rate and arterial pressure leading to decreased blood �ow to the brain 
and the loss of consciousness (Grubb, 2005).

COAGULATION AND HYPERCOAGULABLE STATES

Injury to the vessel wall, regardless of the type of injury, leads to the 
stimulation or activation of endothelial cells and platelets, and to the gen-
eration of a thrombus or blood clot. In response to injury, both cell types 
increase expression of the adhesion molecule P-selectin on the cell surface 
(Green, 2006). Through interaction with P-selectin, neutrophils, mono-
cytes, and platelets form a thrombus at the site of injury (Green, 2006). The 
interaction of additional proteins secreted from the injured endothelial cells 
and platelets enhance platelet-to-platelet aggregation, leading to the forma-
tion of platelet-leukocyte aggregates that are favorable to �brin formation 
(Green, 2006).

The generation of �brin results from a cascade of enzymatic reactions 
initiated upon injury to the vessel wall. A key component of this cascade is 
tissue factor (TF), which exists in a soluble form and as a transmembrane 
protein (Shantsila and Lip, 2009). TF is activated upon vessel wall injury 
and exposure to the subendothelial tissues to blood (Shantsila and Lip, 
2009). Monocytes are a major source of TF and can stimulate TF expres-
sion by endothelial cells, thus increasing the supply of tissues expressing the 
factor (Shantsila and Lip, 2009).

The aforementioned cascade is initiated upon the formation of com-
plexes comprised of circulating factor VII and TF, leading to the activation 
of factor VII and the generation of factor VIIa (Sidhu and Soff, 2009). TF-
factor VIIa complexes continue the cascade, culminating in the generation 
of the serine protease thrombin (Green, 2006). Thrombin activates integrins 
(these mediate platelet aggregation and other factors of the coagulation cas-
cade), and it further activates platelets leading to the production of platelet 
activators (Sidhu and Soff, 2009). In addition, thrombin cleaves �brinogen 
to produce �brin monomers (Sidhu and Soff, 2009).

Monocytes, in addition to producing TF, contribute to prothrombotic 
effects via other mechanisms. Conjugation of monocytes with platelets in-
duces the expression of integrins on monocytes, amplifying their interactions 
with platelets (Shantsila and Lip, 2009). During in�ammation, stimulation 
of monocytes by T cells induces the expression of matrix metalloproteinases 
1 and 3, which are elements of plaque destabilization ( Shantsila and Lip, 
2009). Monocytes can activate coagulation factor X, which is responsible 
for the generation of thrombin (Shantsila and Lip, 2009).

A few proteins facilitate regulation of the coagulation cascade. Protein 
C, which circulates in the plasma, is activated by the serine protease throm-
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bin and its cofactor thrombin-thrombomodulin (Rezaie, 2010). Activated 
protein C functions as an anticoagulant by proteolytically degrading proco-
agulant cofactors essential for the generation of thrombin (Rezaie, 2010). 
The cofactor protein S enchances effects of activated protein C (Anderson 
and Weitz, 2010). In addition, the serine protease inhibitor antithrombin 
regulates the coagulation cascade by inactivating thrombin as well as other 
enzymes in the cascade (Rodgers, 2009).

In individuals with inherited (e.g., antithrombin de� ciency, Factor V 
Leiden) or acquired (e.g., obesity, pregnancy) hypercoagulable states, the 
function of the enzymes involved in the aforementioned coagulation cascade 
and its regulation are altered or de� cient, leading to excessive coagulability 
(Anderson and Weitz, 2010). Excessive coagulation can contribute to the 
development of thrombosis, myocardial infarction, and stroke (Anderson 
and Weitz, 2010).

INCREASED SUSCEPTIBILITY

Both epidemiologic and mechanistic research suggest that most indi-
viduals who experience an adverse reaction to vaccines have a preexisting 
susceptibility. These predispositions can exist for a number of reasons— 
genetic variants (in human or microbiome DNA), environmental exposures, 
behaviors, intervening illness, or developmental stage, to name just a few—
all of which can interact as suggested graphically in Figure 3-1.

Some of these adverse reactions are speci� c to the particular vaccine, 
while others may not be. Some of these predispositions may be detectable 
prior to the administration of vaccine; others, at least with current technol-
ogy and practice, are not. Moreover, the occurrence of the adverse event is 
often the � rst sign of the underlying condition that confers susceptibility.

The best-understood vaccine-associated adverse effect is the occurrence 
of invasive disease (such as meningoencephalitis and arthritis) caused by 
the vaccine virus itself in individuals with an acquired or genetic immuno-
de� ciency who receive live vaccines such as VZV, MMR, and oral polio 
vaccine. Although the incidence of such infections may decrease with the 
introduction of newborn screening for severe combined immunode� ciency, 
the occurrence of vaccine-related disease can be the trigger that leads to the 
recognition of immunode� ciency (Galea et al., 2008; Ghaffar et al., 2000; 
Kramer et al., 2001; Levy et al., 2003). Invasive disease may also occur 
by viral reactivation in individuals who previously received these vaccines 
while healthy, but who subsequently become immunocompromised, for 
example, as a result of chemotherapy should they later develop cancer or 
leukemia (Chan et al., 2007; Levin et al., 2003). Not all individuals who 
suffer invasive disease have demonstrated recognized immune de� cien-
cies, even when vaccine virus is recovered from the patient (Iyer et al., 
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2009; Levin et al., 2008). This leads to two hypotheses: either immuno-
competent individuals can acquire invasive disease from vaccine virus, or 
further evaluation of these patients would reveal previously unrecognized 
immunode� ciencies.

Many adverse events appear to be immune-mediated. Anaphylaxis is an 
obvious example of this. In some patients who experience anaphylaxis, the 
triggering antigen can be identi� ed with follow-up testing. Known trigger-
ing antigens include egg and gelatin. But even when the triggering antigen 
such as egg or gelatin is known, it is not clear why some people develop 
anaphylaxis while the vast majority does not. Proposed mechanisms for 
other immune-mediated adverse responses are many, including molecular 
mimicry, development of immune complexes, inappropriate cytokine re-
sponses, antigen persistence, and epitope spreading, as described above. 
Here, evidence of predisposing factors to adverse effects from vaccines is 
beginning to emerge. Some genetic variants that affect immune response 
have been identi� ed. Reif et al. (2009) demonstrated that genetic variants 
in ICAM-1, CSF-3, and IL-4 are associated with more severe adverse effects 

FIGURE 3-1 Present and past environmental exposures.
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from the highly reactogenic vaccine for smallpox. Finally, rechallenge cases 
(those in which a person suffered a particular adverse event after each ad-
ministration of the same vaccine) also suggest a role for an altered immune 
response. As noted above, much work remains to be done to elucidate and 
to develop strategies to document the immunologic mechanisms that lead 
to adverse effects in individual patients.

Age can also affect susceptibility to adverse responses to vaccines be-
cause physiological development, particularly of the immune and nervous 
systems, continues throughout much or all of life. Some hypothesize so-
called critical periods in which adverse reactions to a range of exposures 
are more likely to occur (IOM, 2006). Young children are more likely than 
are older children to develop febrile convulsions (Waruiru and Appleton, 
2004). This type of rationale led the Japanese three decades ago to delay im-
munization with whole cell pertussis vaccine until children reached 2 years 
of age (Gangarosa et al., 1998). Gender can also be a factor. Females, for 
example, experience less local reactogenicity than males to smallpox vac-
cine (Talbot et al., 2004) but increased reactogenicity compared to males 
to anthrax vaccine (Pittman, 2002).

In some metabolically vulnerable children, receiving vaccines may 
be the largely nonspeci�c “last straw” that leads these children to reveal 
their underlying genotype. It was recently discovered that a large major-
ity of children who developed encephalopathy after receiving whole cell 
pertussis vaccine have mutations in SCN1A, which are associated with 
Dravet syndrome or severe myoclonic epilepsy of childhood (Berkovic 
et al., 2006; McIntosh et al., 2010). While it seems likely that the vaccine 
triggered symptoms in these children by causing high fever, the particular 
vaccine antigens do not appear to alter the course of the disease. Rather, 
the ensuing phenotype could and probably would have been precipitated 
by multiple other fever-inducing triggers (McIntosh et al., 2010;  Wiznitzer, 
2010). Similarly, Yang et al. (2006) reported a series of seven cases in 
which children with undiagnosed or inadequately managed metabolic 
or endocrine disorders suffered acute metabolic crises within hours after 
administration of a variety of immunizations. Two of these children had 
adrenal hyperplasia and responded to administration of IV �uid and gluco- 
and mineralocorticoids.

This list of factors that are known to confer susceptibility is by no 
means de�nitive or exhaustive. Rather, we hypothesize that continued 
study of alleged vaccine-related injuries, the committee informed by epi-
demiologic studies that identify vulnerable populations and exploration of 
underlying mechanisms of susceptibility, will provide greater insight into 
these and other mechanisms and will identify more factors that contribute 
to vaccine susceptibility.
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ALTERATIONS IN BRAIN DEVELOPMENT

The committee was speci�cally tasked to assess the evidence that vac-
cines could alter neuronal development, resulting in “secondary autism” or 
“autistic features” arising from chronic encephalopathy, mitochondrial dis -
orders, or other underlying disorders.1 Some theorize that vaccines can alter 
the development of the nervous system through in�ammatory responses or 
hyperarousal of the immune system. Most certainly, scienti�c advances have 
shown commonalities in the development of and the signaling between the 
immune and nervous systems.

Development of the human central nervous system is incompletely un-
derstood, but certain principles are well established. Development occurs 
in a predictable sequence, and the earlier in the sequence, the more reli-
ably certain events can be timed. For example, closure of the neural tube 
is always complete before 28 days gestation. Nutritional factors such as 
folic acid de�ciency or exposure to toxins such as valproic acid during this 
“critical period” predictably produce neural tube defects.

Nervous system development is under genetic control, and is incom-
pletely understood, but it is clearly a highly complex process in which 
interactions with the environment beginning in the womb may modify the 
developmental process. Factors that may modify brain development include 
maternal, fetal, and infant nutrition; infection; toxins; vascular insults; di -
rect trauma; and aspects of the social environment, in addition to mutations 
in critical genes regulating development.

Development of the nervous system involves formation of the neural 
plate and tube, followed by proliferation of neuronal precursors, which 
must then migrate to their �nal positions in the nervous system where they 
establish functional connections with other neurons and glial cells. The 
neuronal elements ultimately interact to form functional neural circuits. 
Essentially all of the nerve �ber tracts comprising these circuits are present 
at birth, but they are not functionally active because the rate of conduc-
tion in unmyelinated axons is slow. The process of myelination of �ber 
tracts occurs in an orderly sequence, most dramatically during the �rst few 
years of life, but continues on into the fourth decade. When a nerve �ber 
(axon) is ensheathed by myelin, the rate of impulse conduction accelerates 
dramatically, allowing neural circuits to become functionally active. In ad-
dition, synapses (the connections that form neural circuits) continue to form 
at a variable rate that peaks in various parts of the brain at different, but 
predictable times. These neural circuits exhibit plasticity, and they underlie 
much of human behavior. The essential stimuli for neural development 

1 The list of adverse events the committee was asked to consider by the National Vaccine In-
jury Compensation Program can be found at: http://www.iom.edu/~/media/Files/Activity%20
Files/Research/VaccineAdvEffectReview/Working-List-of-AEs-January-10.pdf.
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need not be physical; social and emotional deprivation are well-recognized 
causes of impaired development.

It is apparent that interruption of circuits at many different or distinct 
points may produce similar phenotypes. The mechanisms could be struc-
tural, involving improper development or injury to axons, nerve bodies, or 
dendrites, or they could be functional, implying abnormalities of the neu-
rotransmitters or their receptors through which neurons communicate with 
one another, or implying lack of appropriate stimulation of the otherwise 
normal circuits. The processes underlying such disruption may be genetic 
or acquired.

It is important to bear in mind that genetic disorders need not be ex-
pressed at birth. Gene expression is regulated throughout life and many 
genes are expressed selectively only at certain times in speci�c tissues. Cer-
tain developmental sequences appear to be more or less rigidly encoded by 
the genome, whereas others are more plastic and amenable to environmen-
tal in�uences. These variables are all relevant when considering patterns of 
both normal and abnormal brain development.

Animal models have been most helpful in understanding disease pro-
cesses affecting the brain, particularly when these are expressed as struc-
tural or motor changes, or as seizures. Advances in molecular genetics have 
allowed genes to be knocked out completely, temporarily knocked down, or 
to create milder phenotypes (hypomorphs) by point mutations. Various ma-
nipulations of gene function have led to a better understanding of complex 
gene-gene and genotype-phenotype interactions. Transgenic models, usually 
generated in mice, permit the study of human gene function, albeit in a 
different species. However, no animal embodies the repertoire of behaviors 
seen in the human, and in particular, no animal has language equivalent 
to that of the human. Although certain behaviors in animals have been 
compared to human phenotypes, the analogies are always imperfect and 
may be misleading.

Autism

The terms autism, autism spectrum disorder, and pervasive develop-
mental disorder not otherwise speci�ed embrace a diverse group of children 
with a common neurobehavioral phenotype, and the �rst term (autism) 
will be used to embrace all of these entities in the following discussion. 
The child psychiatrist Leo Kanner �rst coined this term in 1943; since that 
time, varying diagnostic criteria and concepts of autism have been pro-
posed and accepted, and they continue to evolve. Currently, the Diagnostic 
and Statistical Manual of Psychological Disorders, fourth edition, text 
revision (DSM-IV-TR) de�nes the criteria most widely used to diagnose 
autism and autism spectrum disorders. The criteria require that children 
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show impairments in three domains: language, social interactions, and 
restricted interests or repetitive behaviors. Key features include the onset 
of the  phenotype before the third year of life. In about one-third of cases, 
children who previously appeared to have been developing normally show 
evidence of regression. However, most of these children likely had not had 
prior expert evaluation. In the remaining majority of cases, development 
was never assessed as normal.

Autism is a complex behavioral phenotype, whose neuropathological 
underpinnings are beginning to be understood. Several lines of evidence, in-
cluding functional and structural imaging studies (Anagnostou and  Taylor, 
2011) and neuropathology have pointed to abnormal patterns of neural 
connectivity as characteristic of autism spectrum disorders (Schipul et al., 
2011; Wass, 2011). The autism phenotype can be de�ned by a trained 
clinical evaluator using a variety of instruments (Dover and Le Couteur, 
2007), particularly the autism diagnostic observational schedule (ADOS) 
(Lord et al., 1989) and autism diagnostic index–revised, which are widely 
accepted as the standard for research studies. These instruments have been 
employed in many, but by no means all, studies of this syndrome. The 
specialized training required to administer ADOS testing is not universally 
available. The use of variable diagnostic criteria is a major challenge to 
interpretation of the burgeoning autism literature. This is particularly per-
tinent when considering longitudinal trends, since differing criteria have 
been employed over time. Changes in diagnostic criteria, accompanied 
by increased social acceptance of this diagnosis, have paralleled marked 
increases in the number of children receiving this diagnostic label in recent 
years. It is also important to recognize that autism is frequently accompa-
nied by comorbidities, such as abdominal symptoms, sleep disorders, and 
seizures, mood disorders, and aggressive disorders.

Genetic variation accounts for many cases of autism; speci�c genes or 
genetic loci may be identi�ed in up to 25 percent of patients with autism 
spectrum disorders (Eapen, 2011; Miles, 2011). Siblings of children with 
autism have a much higher rate of the disorder, with the highest rate seen 
in identical twins (Ronald and Hoekstra, 2011). Family members of chil-
dren with autism have been found to have variants of expressive language 
suggesting some innate neurologic variant. Several single-gene disorders 
are associated with autism, including tuberous sclerosis complex, FMR-1 
(fragile X), dystrophinopathies, phenylketonuria, Rett disorder (MECP2 
mutations), Down syndrome, and oxidative phosphorylation defects (Miles, 
2011). The last mentioned, often referred to as mitochondrial diseases, are 
highly variable multisystem disorders whose complex phenotypes often 
encompass the autism spectrum (Frye and Rossignol, 2011). In other cases, 
linkage has been established with genes known to be crucial in modulating 
neural connectivity, such as neuroligins and neurexins (Sudhof, 2008). It 
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also appears that the developing brain, particularly early in pregnancy, is 
subject to environmental insults, including valproic acid and maternal ru-
bella infection, which can result in autism and other developmental disabili-
ties in the offspring (Landrigan, 2010). Such in utero exposures may act by 
altering the expression of genes regulating development of the nervous sys-
tem (Dufour-Rainfray et al., 2011). These exposures are less likely to cause 
autism if experienced later in pregnancy, thus supporting the concept of 
windows of vulnerability. Maternal antibodies against fetal brain proteins 
may also be implicated in some cases, raising questions about the possible 
role of other immune factors such as cytokines (Goines and Van de Water, 
2010). There is a growing literature describing in�ammatory changes in 
the autopsied brain in at least a portion of patients with autistic disorders 
(Pardo et al., 2005), although many of these signs of in�ammation are also 
increased in many other neurodegenerative disorders. The etiology of most 
cases of autism spectrum disorders is still not understood.

Because the timing of diagnosis or recognition of autism coincides with 
the administration of many vaccines, questions have been raised regarding 
potential etiologic relationship(s) between the two. There are several chal-
lenges in interpreting existing data. Establishing a temporal relationship 
between a potential inciting event (such as vaccine administration) and 
the onset of autism is dif�cult because dating the onset of the syndrome in 
most cases is imprecise (although there is a subset of children with acute 
regression from reportedly normal development). Rechallenge data are not 
available, since most children do not rapidly (if ever) recover a normal 
developmental pattern following the onset of their symptoms.

Establishing a mechanistic link is also challenging because it is not 
understood how known causes of autism lead to this phenotype. Several 
murine models of genetic disorders have autistic features, and although 
such models can never reproduce the complete human phenotype, they 
have added further evidence that disruption of the function of genes par-
ticipating in brain development may lead to autism spectrum disorders (Ey 
et al., 2011). Infection of neonatal Lewis rats with Bornavirus (Hornig 
et al., 2001) has produced a behavioral phenotype with features equated to 
 human autism. One fact of note is that postnatal infections with the vaccine-
targeted infectious agents, including measles, mumps, and rubella, are not 
known to cause autism, although autistic features have been reported in 
children with congenital rubella syndrome (Chess, 1971); one study reported 
the use of mathematical modeling and epidemiological data to conclude that 
MMR immunization had been associated with prevention of substantial 
numbers of cases of congenital rubella syndrome and associated autism in 
the period 2001–2010 in the United States (Berger et al., 2011). There are 
reports of autistic syndromes acquired in children with acute encephalo-
pathic illnesses. DeLong et al. (1981) described three such children, one of 
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whom had evidence of herpes simplex infection. The two children in whom 
the etiology of the episode was not discovered made complete recoveries. 
Additional reports described an autistic syndrome following herpes simplex 
encephalitis in a 14-year-old girl (Gillberg, 1986) and an 11-year-old boy 
(Ghaziuddin et al., 2002). The preceding cases were atypical in that the age 
of onset of autism was between 5 and 14 years; two children with peri-
natal herpes simplex encephalitis experienced the onset of autism in early 
childhood ( Ghaziuddin et al., 1992). Another series of 14 children with 
autism included three whose onset of symptoms closely followed episodes 
of malaria. However, given that malaria is common in Tanzania, where the 
series originated, this should not necessarily be regarded as evidence of a 
mechanistic relationship (Mankoski et al., 2006). A single report described 
a 9-year-old boy who exhibited changes of late-onset autism associated with 
anti-N-methyl-D-aspartate receptor antibody positive encephalitis; he recov-
ered with monoclonal antibody therapy (Creten et al., 2011).

The foregoing literature suggests that infectious or in�ammatory eti-
ologies may underly some cases of autism, although most of the cases de-
scribed do not meet current diagnostic criteria for autistic disorder, owing 
to their late onset. Other studies have implicated dysfunction of the innate 
immune system in the genesis of some cases of autism. Vargas et al. (2005) 
described a unique pattern of in�ammatory changes in brain tissue obtained 
at autopsy and in cerebrospinal �uid from living patients (Zimmerman 
et al., 2005) with established diagnoses of autism, using suitable controls 
and DSM-IV criteria. Herbert (2005) has suggested that the large brains 
often reported in children with autism in early life could be explained by 
in�ammatory expansion of the white matter that could also contribute to 
abnormal central nervous system connectivity. The evidence supporting the 
concept of autism and a neuro immune disorder has been reviewed recently 
(Theoharides et al., 2009).

At a minimum, prior to ascribing autism to vaccination, it would be 
important to rule out known associations with this phenotype. These in-
clude both macroscopic and microscopic structural abnormalities of the 
brain (Casanova, 2007), particularly minocolumnar architecture (Casanova 
and Trippe, 2009) as well as speci�c chromosomal and single-gene defects, 
including a variety of metabolic disorders and in�ammatory or infectious 
antecedants.

CONTRIBUTION OF ANIMAL MODELS

Laboratory animals have been studied for decades as a means to under-
stand both normal physiology and pathogenesis of diseases. Throughout 
this time, it has become apparent that animal models can be very useful, or 
alternatively noninformative, depending on the question being addressed.
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Infections

When an infectious organism invades and replicates within a non-
human host, there are likely to be many similarities between the human 
and nonhuman host. In particular, antibody responses appear to be quite 
similar, often targeting the same antigenic epitopes of the infectious agent. 
Likewise, tissue and cellular antigenicity is often similar, so the pathogenic 
or protective potential of human antibodies can be ascertained in animal 
models. Cellular mechanisms of microbial control and eradication are also 
often similar, as are mechanisms of microbial evasion of host defenses.

However, multiple differences in response to microbial infection be-
tween humans and laboratory animals exist. One major issue in animal 
models of infection is that not all infectious organisms will infect all hosts; 
this is particularly an issue for viruses and other intracellular pathogens 
whenever cellular entry is generally achieved through a particular receptor 
that may be present in one species and not another. A second issue affecting 
the response to microbes is the expression of histocompatibility molecules 
in the infected animal. Histocompatibility molecules vary among species 
and among individuals of that species; they are expressed on almost all tis-
sues and immune cells. If the histocompatiblity molecules can bind micro-
bial antigens, an enhanced immune response to that microbe can develop. 
Laboratory studies usually focus on a particular strain of mouse or rat and 
therefore do not mimic the genetic diversity of the human population, either 
with respect to immune molecules such as histocompatibility molecules or 
with respect to other aspects of cellular metabolism.

Any observations made in an animal model of infection need to be 
con�rmed in the human host because of the differences between man and 
animal models discussed above. Nonetheless, animal studies provide the op-
portunity to sample all body tissue and to ascertain the extent of microbial 
invasion and the cellular targets with likely correspondence to the human 
host. Studies of the immune response to microbial agents include vaccine 
studies that are also subject to the concerns discussed above. One frequent 
difference between vaccine studies in animals and humans is that vaccine 
studies in laboratory animals may include adjuvants that are not used in 
humans.

Immune Response in a Host with a Preexisting Disease

It is well established that individuals with abnormalities in immune 
function, either genetic or acquired, respond differently to microbial in-
fection and to vaccines compared to the responses of healthy individuals. 
Several rodent models exist with genetically derived immunode�ciencies 
or autoimmunity. Some of these models mimic the human condition either 
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with respect to genetic lesions or with respect to mechanisms and/or pheno-
types of disease. It is possible, therefore, to ask whether the genetic lesion 
or the ensuing disease process renders the host more (or less) susceptible 
to a particular antigenic challenge. Such studies can provide important 
information, which must be con�rmed in humans. Again, an advantage of 
an animal model is that one can explore all tissues in the body, including 
those that are inaccessible to study in living humans.

Relevance to Adverse Events Following Vaccination

There are multiple uses of animal models in vaccine studies. It is pos-
sible to study each tissue of the body for microbial invasion and microbe-
induced or immune-mediated damage. Fukuda et al. (1994) determined 
in a hamster model of measles that the measles virus can replicate in the 
labyrinth, providing a potential explanation of the deafness that occurs 
with measles infection and providing a biologic mechanism for deafness fol-
lowing vaccination with attenuated measles vaccine. The techniques used to 
show replication of measles virus in the labyrinth represent an advantage of 
animal models, as discussed above; techniques to show replication of mea-
sles virus in the labyrinth will not be performed on living human patients.

With animal models, it is possible to study whether particular genetic 
de�ciencies or preexisting conditions attenuate, augment, or alter the im-
mune response to infectious agents or microbial antigen, or whether the 
microbial or antigenic challenge exacerbates the preexisting condition or 
reveals otherwise unappreciated consequences of the genetic de�ciency.

It is possible to look for molecular mimicry between vaccine antigen 
and self-antigen, although mimicry at the antibody level is more likely to 
translate to the human situation than molecular mimicry at the T cell level 
due to the diversity of histocompatibility molecules. Should molecular 
mimicry be found in an animal model, it still needs con�rmation in humans.
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Measles, Mumps, and Rubella Vaccine

INTRODUCTION

Measles

Measles is caused by a single-stranded, negative-sense nonsegmented 
RNA virus of the genus Morbillivirus  and the family Paramyxoviridae 
that encodes at least eight structural proteins (Gershon, 2010a). The virus 
is easily inactivated by extremes of pH, heat, and sunlight (Strebel et al., 
2008). As the only natural hosts for the wild virus, humans transmit 
 measles through aerosolized respiratory �uids or droplet nuclei (Babbott 
and  Gordon, 1954; de Jong, 1965).

The incubation period of the measles virus is 10 to 12 days (CDC, 
1998). The prodromal stage, during which the infected individual is most 
contagious, lasts 2 to 4 days and manifests as conjunctivitis, fever, malaise, 
and tracheobronchitis (Strebel et al., 2008). This period is followed by 4 
days of fever as high as 105� F (Strebel et al., 2008). Rash is preceded by 
Koplik’s spots that appear on the lining of the cheeks and lips and may 
persist for 1 to 2 days after the onset of rash (Strebel et al., 2008). The 
rash, which occurs 14 days after exposure, starts on the head and spreads 
to the trunk and extremities over 3 to 4 days, before fading (Strebel et al., 
2008). Individuals are infectious for as long as 4 days before and after the 
onset of rash (Strebel et al., 2008).

Serious complications of measles include pneumonia, postinfectious en-
cephalitis, subacute sclerosing panencephalitis (SSPE), and death ( Johnson 
et al., 1984; Miller, 1987; Strebel et al., 2008). These complications are 
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associated with a fever lasting more than 2 days after the onset of rash 
(Strebel et al., 2008). Measles-related mortality is highest for infants, young 
children, and adults with decreased risk in older children and adolescents 
(CDC, 1998). Other complications include acute otitis media, appendicitis, 
hepatitis, myocarditis, and thrombocytopenia (Kempe and Fulginiti, 1965).

Although recognized as a disease for approximately 2,000 years, the 
�rst major advance in the study of measles was in 1846 when Parnum ob-
served measles cases in the Faroe Islands. Parnum con�rmed the infectious 
nature of measles, de�ned the 2-week incubation period, and noted that 
individuals infected with measles did not become ill after subsequent expo-
sure to the virus (Strebel et al., 2008). In 1954, Enders and Peebles propa-
gated measles virus in human renal tissues (Enders and Peebles, 1954). 
Nine years later, in 1963, the �rst live, attenuated vaccine was licensed 
for use in the United States (Enders, 1962). The Edmonston B virus strain 
that was passaged at 35–36� C through primary renal cells, primary human 
amnion cells, and embryonic chicken cells a total of 59 times was used in 
many vaccines (Strebel et al., 2008). In 1965 and 1968, the Schwarz and 
Moraten (more attenuated strain derived from Ender’s attenuated Edmon-
ston measles virus) strains were also licensed in the United States. These 
strains were developed from the Edmonston B strain and were passaged at 
32� C an additional 85 and 40 times, respectively (Strebel et al., 2008). The 
Schwarz and Moraten strains were shown to cause less severe and less fre-
quent side effects (Andelman et al., 1963; Hilleman et al., 1968; Schwarz, 
1964; Schwarz and Anderson, 1965; Schwarz et al., 1967; Strebel et al., 
2008). Today, the only strain licensed in the United States is the more at-
tenuated, live Ender’s Edmonston strain (Moraten strain) (CDC, 1998).

Prior to the licensure of a measles vaccine, an average of 400,000 
measles cases were reported each year, although the actual incidence was 
estimated to be 3.5 million based on the size of the annual birth cohort, and 
the fact that nearly 100 percent of the population was infected during child-
hood (CDC, 1998). With the licensure of the vaccine, the measles burden 
has been reduced by more than 99 percent, and in 1998, the Centers for 
Disease Control and Prevention (CDC) indicated that 95 and 98 percent 
of children vaccinated at age 12 and 15 months, respectively, developed 
measles antibodies (CDC, 1998).

Mumps

Mumps is an acute viral infection caused by an enveloped, negative-
sense RNA virus of the genus Rubulavirus (Litman and Baum, 2010). The 
virus is composed of 15,384 nucleotides that encode seven genes, one of 
which is the SH protein that has been used to identify at least 12 mumps 
virus strains (Jin et al., 2000; Plotkin and Rubin, 2008). Mumps is transmit-
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ted by direct contact with infectious respiratory secretions, droplet nuclei, 
or fomites that are then transferred to the nose and mouth (Litman and 
Baum, 2010).

The average incubation period of the mumps virus is 16 to 18 days 
but can range from 2 to 4 weeks (Litman and Baum, 2010). Fifteen to 20 
percent of mumps infections are asymptomatic; 50 percent of cases have 
nonspeci�c symptoms such as anorexia, headache, fever, and malaise, or 
present primarily as respiratory infections; and only 30 to 40 percent dem-
onstrate the classic salivary gland tenderness and enlargement (parotitis) 
(CDC, 1998). Asymptomatic infection is more common in adults, while 
parotitis occurs most often in children age 2 to 9 years (CDC, 1998). 
Children younger than 5 years old more commonly manifest symptoms 
of lower respiratory disease (Plotkin and Rubin, 2008). Complications of 
mumps infection are possible without the presence of parotitis. In 1958, 
Philip et al. (1959) observed testicular and mammary in�ammation in 5 
percent of postpubertal men and 31 percent of women over 15 years of 
age. Pancreatitis occurs in 4 percent of cases, and although it has not been 
proven, evidence suggests an association between mumps infection and 
diabetes mellitus (Sultz et al., 1975). Neurological complications are more 
common in adults and occur three times more often in men than in women 
(Plotkin and Rubin, 2008). These complications include mumps meningitis, 
cerebellar ataxia, transverse myelitis and poliomyelitis-like disease, cranial 
nerve palsies, hydroencephalitis, and encephalitis, which occurs in less than 
0.3 percent of cases, but is responsible for more than 50 percent of mumps-
related fatalities (Bray, 1972; Cohen et al., 1992; Kilham et al., 1949; 
Lahat et al., 1993; Oldfelt, 1949; Oran et al., 1995; Plotkin and  Rubin, 
2008; Timmons and Johnson, 1970). Hearing loss due to infection of the 
endolymph is also a potential complication of mumps infection (Tanaka 
et al., 1988). Short-term, high-frequency deafness occurs in approximately 
4 percent of mumps cases, and permanent hearing loss occurs in only 1 per 
20,000 cases and is usually unilateral (Litman and Baum, 2010; Plotkin and 
Rubin, 2008). Mumps arthropathy, more common in men than women, oc-
curs most often in young adults (Plotkin and Rubin, 2008). It may manifest 
as arthralgias, polyarticular migratory arthritis, and monoarticular arthritis 
(Gordon and Lauter, 1984; Harel et al., 1990). Myocarditis is rare and gen-
erally self-limited, although some fatal cases have been reported (Chaudary 
and Jaski, 1989; Roberts and Fox, 1965).

Johnson and Goodpasture (1934) identi�ed the causative agent of 
mumps in 1934, and in 1945 Habel and Enders successfully cultivated the 
virus in chick embryos (Enders, 1946; Habel, 1945). The �rst inactivated 
mumps vaccine was developed in 1946 and tested in humans in 1951 
( Habel, 1946, 1951). The �rst live, attenuated vaccine was developed in 
the 1960s in the United States and former Soviet Union (Plotkin and  Rubin, 
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2008; Weibel et al., 1967). In the United States, mumps vaccines are manu-
factured using the Jeryl Lynn strain mumps virus that was isolated from 
the throat of Jeryl Lynn Hilleman in the 1960s (Plotkin and Rubin, 2008). 
The vaccine is currently licensed in the mono-, tri-, and tetravalent forms, 
although the monovalent, Mumpsvax (Merck and Co., Inc.), is no longer 
available in the United States.

Prior to the licensing of a live-attenuated mumps vaccine, mumps 
outbreaks occurred every 2 to 5 years, with peak incidence from January 
through May (Anderson and Seward, 2008; Litman and Baum, 2010). Since 
the introduction of the vaccine, the incidence of mumps infection has been 
reduced greatly, evidenced by a 99 percent decrease in mumps infection 
from 1968 to 1995 (CDC, 1998).

Rubella

Rubella, also known as German measles, is caused by an enveloped, 
positive-sense RNA togavirus of the genus Rubivirus (Gershon, 2010b). 
The rubella virus genome consists of approximately 9,800 nucleotides, and 
the virus can be divided into two clades and at least seven genotypes (Zheng 
et al., 2003). Maturing by budding from the cell membrane (Murphy et al., 
1968), rubella virus is relatively unstable and vulnerable to chemical in-
activation, extremes of pH and heat, lipid solvents, and ultraviolent light 
(Gershon, 2010b).

Rubella is spread through contact with infectious respiratory secre-
tions, and replication occurs in the nasopharynx of the infected individual 
( Plotkin and Reef, 2008). Rubella infections are subclinical in 25 to 50 per-
cent of cases (CDC, 1998). In those cases in which clinical illness develops, 
the beginning of the 12- to 23-day incubation period is largely asymptom-
atic (CDC, 1998; Plotkin and Reef, 2008). By the end of the second week 
virus can be isolated from the blood and symptoms of conjunctivitis, low-
grade fever, lymphadenopathy, and malaise are present (Plotkin and Reef, 
2008). A rash follows spreading downwards from the face before fading 
within 1 to 3 days (Plotkin and Reef, 2008). Rubella illness in a child or 
adult is usually benign although arthritis and arthralgia has been observed 
in association with viral replication in the synovial cavity of the joints 
( Plotkin and Reef, 2008). Other complications of rubella include encepha-
litis, Guillain-Barré syndrome (GBS), progressive rubella panencephalitis, 
and thrombocytopenia (Gershon, 2010b; Plotkin and Reef, 2008).

Rubella virus infection during pregnancy can lead to congenital rubella 
infection in neonates. The disease outcome is directly correlated to the age 
of the fetus at the time of infection with younger fetuses experiencing more 
severe disease (Gershon, 2010b). Infections within the �rst 2 months of 
pregnancy can cause multiple congenital defects or spontaneous abortion in 
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65 to 85 percent of women (Gershon, 2010b). Infections in the third month 
and fourth month are associated with a single defect in 30 to 35 percent and 
10 percent of cases, respectively (Gershon, 2010b). Commonly associated 
defects include transient thrombocytopenia purpura and meningoencepha-
litis, as well as permanent and developmental manifestations such as hear-
ing loss, pulmonic stenosis, mental retardation, and behavioral disorders 
(Gershon, 2010b). Other less common manifestations include myocardial 
abnormalities, hepatitis, and seizure disorders (Gershon, 2010b). Studies 
have also shown that diabetes mellitus occurs 50 times more frequently in 
children with congenital rubella, and insulin-dependent diabetes has been 
reported in 40 percent of adults who were congenitally infected with rubella 
during the 1942 rubella epidemic (Gershon, 2010b).

Clinically described as early as the 1700s, rubella was considered a dis-
ease of children and young adults and was given little attention until 1941 
when Gregg discovered an association between maternal rubella infection 
and congenital cataracts (Gregg, 1941). Parkman and colleagues and Weller 
and Neva isolated the causative agent of rubella in 1962 (Parkman et al., 
1962; Weller and Neva, 1962). By 1970, three rubella virus strains were 
licensed for use in vaccines in the Untied States: Cendehill (grown in rabbit 
kidney), HPV-77 (grown in dog kidney), and HPV-77 (grown in duck em-
bryo) (HPV-77DE) (Hilleman et al., 1969; Meyer et al., 1969; Prinzie et al., 
1969). HPV-77DE was used as the rubella component of the �rst MMR 
vaccine, but was later replaced with RA 27/3 after studies showed RA 
27/3 induced higher antibody levels, more persistent seropositivity, more 
resistance to reinfection, and greater herd immunity (Fogel et al., 1978; 
Gershon et al., 1980; Klock and Rachelefsky, 1973). Today, RA 27/3 is the 
only rubella virus strain available for use in vaccines in the United States.

Measles-, Mumps-, and Rubella-Containing Vaccines

In the United States, measles, mumps, and rubella (MMR) vaccine is 
a live, attenuated virus vaccine and is manufactured by Merck & Co., Inc. 
 Although Merck is licensed to produce monovalent measles, mumps, and 
rubella vaccines—Attenuvax, Meruvax, and Mumpsvax, respectively— 
currently, these vaccines are no longer available in the United States. The 
combination vaccine, M-M-R II (Merck), contains greater than 1,000 TCID 50 
of a more attenuated line of measles virus derived from Ender’s attenuated 
Edmonston strain, greater than 12,500 TCID50 of Jeryl Lynn mumps  virus, 
and greater than 1,000 TCID50 of Wistar Institute RA 27/3 rubella virus, in 
addition to sorbitol, sodium phosphate, sucrose, sodium chloride, hydrolyzed 
gelatin, human albumin, fetal bovine serum, and neomycin (Merck & Co., 
Inc., 2007). The vaccine does not contain a preservative. In 2005 the Food 
and Drug Administration (FDA) licensed the tetravalent measles, mumps, 
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rubella, and varicella (MMRV) vaccine,  ProQuad (Merck). ProQuad contains 
greater than 3.0 log10 TCID 50 of a more attenuated line of measles virus 
derived from Ender’s attenuated  Edmonston strain, greater than 4.3 log10 
TCID 50 of Jeryl Lynn mumps  virus, greater than 3.0 log10 TCID 50 of Wistar 
Institute RA 27/3 rubella  virus, and greater than 3.99 log10 plaque-forming 
units (PFUs) of Oka/Merck varicella zoster virus (VZV)—the equivalent to 
that found in varicella virus vaccines (see Chapter 5) (Merck & Co., Inc., 
2009). ProQuad also does not contain a preservative.

The Advisory Committee on Immunization Practices (ACIP) recom-
mends that all children receive two subcutaneous doses of the MMR or 
MMRV vaccine without preference. The �rst dose is scheduled between 12 
and 15 months of age and is followed by a second dose between 4 and 6 
years of age prior to kindergarten or �rst grade. The ACIP also recommends 
that adults born after 1956 and all women of childbearing age who are not 
pregnant receive at least one dose of the MMR vaccine in the absence of 
prior immunity (CDC, 1998). The vaccine is contraindicated in those with 
hypersensitivity to any component of the vaccine including gelatin, preg-
nant women, those with allergies to neomycin, febrile respiratory illness or 
other active febrile infection, and the immunosuppressed. According to the 
National Immunization Survey, from 2005 to 2009 more than 90 percent of 
children aged 19 to 35 months had received at least one dose of the MMR 
vaccine (CDC, 2010).

The committee focused on virus strains used in licensed U.S. vaccines. 
On occasion, the committee reviewed other virus strains that were suf�-
ciently similar to U.S. strains. This will be noted in the text. The committee 
was not charged with reviewing the MMRV vaccine.

MEASLES INCLUSION BODY ENCEPHALITIS

Epidemiologic Evidence

No studies were identi�ed in the literature for the committee to evalu-
ate the risk of measles inclusion body encephalitis after the administration 
of MMR vaccine.

Weight of Epidemiologic Evidence

The epidemiologic evidence is insuf�cient or absent to assess an 
association between MMR vaccine and measles inclusion body 
encephalitis.

http://www.nap.edu/13164


MEASLES, MUMPS, AND RUBELLA VACCINE 109

Mechanistic Evidence

The committee identi�ed �ve publications reporting measles inclu-
sion body encephalitis after the administration of measles or MMR vac-
cine. Freeman et al. (2004) and Kim et al. (1992) demonstrated wild-type 
measles virus in their patients. These cases did not contribute to the weight 
of mechanistic evidence.

Described below are three publications reporting clinical, diagnostic, 
or experimental evidence that contributed to the weight of mechanistic 
evidence.

Bitnun et al. (1999) describe a 21-month-old boy presenting with sta-
tus epilepticus, fever, irritability, and vomiting 9 months after receiving an 
MMR containing the Moraten strain of measles. Serology was positive for 
antimeasles IgM and IgG; the cerebrospinal �uid (CSF) was not positive 
for these antibodies. The patient died when ventilatory support was with-
drawn 51 days after admission. Evaluation of the patient’s immune system 
revealed depressed proliferative responses to mitogens and antigens and de-
pressed CD8 cell numbers. Measles hemagglutinin and matrix proteins were 
observed by immunohistochemical staining performed on biopsied brain 
tissue. Furthermore, intracytoplasmic and intranuclear inclusions with the 
appearance of paramyxovirus neucleocapsids were revealed by electron 
microscopy. Reverse-transcription polymerase chain reaction (RT-PCR) am-
pli�ed measles RNA from the patient’s brain tissue. PCR analysis of the N 
gene and sequence analysis of the F gene from viral material isolated in the 
biopsied brain tissue was identical to the Moraten measles vaccine strain.

Baram et al. (1994) describe a 22-month-old girl who presented with 
focal and generalized myoclonic seizures, clumsiness, falling, head drop, 
and right arm jerk 4 months after receiving a measles, mumps, and rubella 
vaccine. The patient’s history included a febrile illness with rash at the 
age of 5 weeks. The patient died of aspiration pneumonia at 25.5 months 
of age, 3.5 months after the onset of symptoms. Upon autopsy, inclusion 
bodies were identi�ed and found to contain helical nucleocapsid tubules. 
Measles virus was ampli�ed, by PCR, from the patient’s brain.

Poon et al. (1998) described a 2-year-old boy, diagnosed with human 
immunode�ciency virus (HIV), presenting with generalized convulsive sei-
zures lasting 40 minutes 9 months after receiving a measles, mumps, and 
rubella vaccine. Despite treatment the patient continued to develop partial 
and generalized seizures. The patient presented with a fever, lymphade-
nopathy, hepatosplenomegaly, and delayed language and motor skills upon 
physical and developmental examination. Tests were negative for herpes 
simplex virus, cytomegalovirus, respiratory syncytial virus, Toxoplasma, 
and cryptococal organisms. The patient died 4 months after admission for 
pneumonia. Electron microscopic observation of a �ne-needle aspiration 
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biopsy of the right temporal region showed intranuclear inclusions cor-
responding to the con�guration and size of measles virus.

Weight of Mechanistic Evidence

Measles inclusion body encephalitis is a complication of wild-type mea-
sles infection that develops months to years after the initial acute measles 
infection (Reuter and Schneider-Schaulies, 2010). Furthermore, measles 
inclusion body encephalitis is con�ned to immunode�cient patients and 
is inevitably fatal (Reuter and Schneider-Schaulies, 2010). The committee 
considers the effects of natural infection one type of mechanistic evidence.

In addition, the three publications described above presented clinical 
evidence suf�cient for the committee to conclude the vaccine was a contrib-
uting cause of measles inclusion body encephalitis after administration of a 
measles-containing vaccine. The publications reported either intranuclear 
inclusions corresponding to measles virus or the isolation of measles virus 
from the brain; vaccine strain measles virus was identi�ed by PCR in one 
publication.

The latencies between vaccination and the development of measles in-
clusion body encephalitis in the publications described above were 4 and 9 
months, suggesting persistent viral infection as the mechanism. Direct viral 
infection may also contribute to the symptoms of measles inclusion body 
encephalitis; however, the publications did not provide evidence linking this 
mechanism to MMR vaccine.

The committee assesses the mechanistic evidence regarding an as-
sociation between the measles vaccine and measles inclusion body 
encephalitis in individuals with demonstrated immunode�ciencies 
as strong based on one case presenting de�nitive clinical evidence.

The committee assesses the mechanistic evidence regarding an as-
sociation between the mumps or rubella vaccine and measles inclu-
sion body encephalitis as lacking.

Causality Conclusion

Conclusion 4.1: The evidence convincingly supports a causal re-
lationship between MMR 1 vaccine and measles inclusion body 
encephalitis in individuals with demonstrated immunode�ciencies.

1 The committee attributes causation to the measles component of the vaccine.
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ENCEPHALITIS AND ENCEPHALOPATHY

Epidemiologic Evidence

The committee reviewed 13 studies to evaluate the risk of encephalitis 
or encephalopathy after the administration of measles or MMR vaccine. 
Nine studies (Bino et al., 2003; D’Souza et al., 2000; Fescharek et al., 1990; 
Katz, 1969; Landrigan and Witte, 1973; Patja et al., 2000; Stetler et al., 
1985; Vahdani et al., 2005; Weibel et al., 1998) were not considered in the 
weight of epidemiologic evidence because they provided data from passive 
surveillance systems and lacked unvaccinated comparison populations. One 
controlled study (Grif�n et al., 1991) had very serious methodological limi -
tations that precluded its inclusion in this assessment. The study by Grif�n 
et al. (1991) was unable to �nd any cases of encephalopathy following 
MMR immunization, so no conclusions could be drawn from this analysis.

The three remaining controlled studies (Makela et al., 2002; Ray et al., 
2006; Ward et al., 2007) contributed to the weight of epidemiologic evi-
dence and are described below.

Makela et al. (2002) conducted a retrospective cohort study in 535,544 
children (1 to 7 years of age) who received an MMR vaccination in Finland 
from November 1982 to June 1986. Vaccination data were collected from a 
National Public Health Institute cohort that included the child’s social secu-
rity number, age at vaccination, and the year and month of vaccination. The 
nationwide hospital discharge register was linked to the vaccination data 
using the social security number of each child. The investigators reviewed 
the hospital discharge register for cases of encephalitis or encephalopathies 
(referred to as encephalitis) following vaccination; records with a de�ned 
cause unrelated to vaccination were excluded. Cases of encephalitis that 
occurred within 3 months of vaccination were validated with information 
from the patients’ medical records and the exact dates of vaccination were 
veri�ed. The number of events observed within the 3-month postvaccina-
tion risk period was compared to the events observed during the control 
period, which was de�ned as subsequent 3-month postvaccination intervals 
until 24 months was reached. A total of 199 children were hospitalized for 
encephalitis during the study period; 9 occurred within 3 months of MMR 
vaccination, 110 occurred after the 3 months following vaccination, and 80 
occurred before MMR vaccination. The analysis did not �nd an increase 
of encephalitis hospitalizations within 3 months of vaccination (p = .28). 
The authors concluded that MMR vaccination does not increase the risk 
of encephalitis in children.

Ray et al. (2006) conducted a case-control study in children (0 to 6 
years of age) enrolled in four health maintenance organizations (HMOs) 
participating in the Vaccine Safety Datalink (VSD) from January 1981 
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through December 1995. The cases were de�ned as patients hospitalized 
with a primary or secondary diagnosis of encephalopathy, encephalitis, or 
Reye syndrome, and who were enrolled in the HMO at least 60 days be-
fore hospitalization (or since birth for patients under 60 days of age). The 
medical records of all cases were reviewed by a neurologist, who was blind 
to vaccination status, to con�rm patients met the case de�nition. A total 
of 452 encephalopathy cases were identi�ed and categorized according to 
whether the encephalopathy etiology was known, unknown, or suspected 
but uncon�rmed. One to three controls were matched to each case on age 
(within 7 days), sex, HMO location, and length of enrollment in the HMO. 
Vaccination histories were obtained from the medical records and strati�ed 
into time windows; the cases and controls had similar vaccination rates. 
Odds ratios were calculated for MMR vaccination within the speci�ed 
time windows and included all cases, cases with unknown or suspected but 
uncon�rmed diagnoses, or cases with only suspected but uncon�rmed diag-
noses. None of the comparisons found a statistically signi�cant increase in 
risk, meaning all 95% con�dence intervals (CIs) for odds ratios included 1. 
In fact, most of the point estimates of the odds ratios in these comparisons 
were less than 1. The highest odds ratio point estimate was 1.23 (95% CI, 
0.51–2.98) for cases of unknown or suspected encephalopathy within 90 
days of MMR vaccination. The authors concluded that MMR vaccination 
is not associated with an increased risk of encephalopathy owing to the 
absence of a consistent time association between vaccination and encepha-
lopathy onset.

Ward et al. (2007) conducted a self-controlled case series study in 
children (2 to 35 months of age) residing in the United Kingdom or Ireland 
between October 1998 and September 2001. MMR vaccines with the Jeryl 
Lynn or RIT 4385 mumps component, and Moraten or Schwarz measles 
component were in use during the study period. The British Pediatric 
Surveillance Unit distributed monthly surveillance surveys to pediatricians 
in order to identify children with encephalitis, or suspected severe illness 
with fever and seizures. The questionnaires were reviewed by a physician 
to con�rm patients met the case de�nition of severe neurologic disease 
(encephalitis or febrile seizures). Vaccination histories of con�rmed cases 
were obtained from the child’s general practitioner by the Immunization 
Department, Health Protection Agency, Centre for Infections, London. 
The risk periods considered were 6–11 days and 15–35 days after MMR 
vaccination; each child was categorized as having been vaccinated or un-
vaccinated, and with disease or without disease based on dates of vaccine 
administration and disease episodes during these time periods. A total of 
107 children (12 to 35 months of age) with con�rmed severe neurologic 
disease were included in the analysis for MMR vaccine. The relative risk of 
severe neurologic disease within 6 to 11 days after MMR vaccination was 
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5.68 (95% CI, 2.31–13.97) and within 15 to 35 days after MMR vaccina -
tion was 1.34 (95% CI, 0.52–3.47). While a signi�cant increased risk of 
disease was observed during the 6 to 11 day postvaccination period, three 
of the six cases received MMR and meningococcal C conjugate vaccine on 
the same day, and four of the six cases reported complex febrile seizures 
combined with encephalopathy. The authors concluded that administration 
of MMR vaccine is associated with an increased risk of severe neurologic 
disease within 6 to 11 days of vaccination, but attributed the risk to the 
inclusion of cases with complex febrile seizures. Furthermore, the study 
included two vaccine formulations, one of which is not available in the 
United States, and the association of these vaccines with encephalitis was 
not analyzed separately.

Weight of Epidemiologic Evidence

Two of the three studies detailed above showed no signi�cant increased 
risk of encephalopathy after MMR vaccination. Makela et al. (2002) found 
only 9 of the 199 cases were diagnosed within their de�ned risk period of 
0–3 months, a rate no higher than during the control periods of this cohort 
study. All control periods were after vaccination, which weakens the results 
of this study. Of the three studies, the study by Ray et al. (2006) investigated 
the largest number of cases with 452 that were then matched to controls, 
and was the only study judged to have negligible limitations. The authors 
considered different risk intervals and different categories of diagnosis but 
did not �nd evidence of an increased risk. The last paper by Ward et al. 
(2007) showed a signi�cant increase of neurologic disease—but the illnesses 
were predominantly complex febrile seizures with recovery except in one 
patient, not other forms of encephalopathy (the association of MMR vac-
cination and seizures is discussed in a subsequent section). The study also 
combined assessments for two vaccine formulations, one of which is not 
available in the United States. Thus, two of the three studies—of which only 
one had negligible limitations—found no association between MMR vac-
cine and encephalitis or encephalopathy. A third study did �nd an increase 
in risk, but the association was with febrile seizures, which are arbitrarily 
discussed in another section of the report. See Table 4-1 for a summary of 
the studies that contributed to the weight of epidemiologic evidence.

The committee has limited con�dence in the epidemiologic evi-
dence, based on three studies that lacked validity and precision to 
assess an association between MMR vaccine and encephalitis or 
encephalopathy.
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