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PREFACE v

Preface

Few would question the profound importance of vaccines to public health.
Not only have deaths from the most common childhood infections been almost
eliminated, but so have the devastating morbidities of diseases like measles,
paralytic polio, and congenital rubella. This revolution has occurred within the
life spans of middle-aged Americans, and it has led to major savings in medical
costs and gains in work productivity, as well as to reductions in death and
suffering.

In the United States this success has been achieved through increased
public awareness, continued support of basic and applied research, the capacity
of the pharmaceutical industry, and the dedication of the public and private
health care workers responsible for administration of the vaccines.

In the 1980s, however, a few concerned citizens in this country began to
raise questions about the risks of vaccination. In fact, although the benefits to
society were obvious, the risks to individual infants and children had not been
well defined. Some parents considered not having their children immunized,
and manufacturers threatened to shut down vaccine production because of an
increasing number of lawsuits.

In response, the U.S. Congress passed the National Childhood Vaccine
Injury Act in 1986 and the Vaccine Compensation Amendments in 1987. This
legislation established a federal compensation process for persons judged to be
injured by a vaccine. In addition, Section 312 of the Act mandated that the
Institute of Medicine should conduct a scientific review of the possible adverse
consequences of pertussis and rubella vaccines. The re
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PREFACE vi

sults of that review were published in 1991. Section 313 of the Act mandated
that a second Institute of Medicine committee review possible adverse events
associated with the other vaccines commonly given in childhood. This report
comprises the deliberations and conclusions of that committee, the Vaccine
Safety Committee.

The principal purpose of the committee's work was to describe as precisely
as possible, on the basis of all available evidence, the relationships between the
vaccines under review and specific adverse events. This led the committee to
ask with each vaccine-adverse event pair, "Can administration of the vaccine
cause the adverse event?" All available sources of information were analyzed,
from epidemiologic studies to unpublished case reports. Final decisions on
causality were made by consensus after group discussion of all of the available
evidence. In pursuing its conclusions, the committee adopted a neutral stance
and maintained that stance consistently through each step in the process,
assuming neither the presence nor the absence of a causal relation between the
vaccines and the adverse events until the evidence indicated otherwise.

In reaching a conclusion that the evidence favored rejection of a causal
relation, the committee wused only epidemiologic studies (controlled
observational studies and controlled clinical trials). In reaching conclusions
favoring acceptance of a causal relation, however, the committee most
commonly relied on case series and individual case reports. This required that
the nature and timing of the adverse event were appropriate for causality and
that there were no likely alternative explanations for the event. Biologic
plausibility was weighed in the overall balance of the determination but was not
in itself considered sufficient evidence to accept or reject a causal relation.

As this report describes in detail, it was possible with some of the vaccine-
adverse event pairs to reach a conclusion one way or the other—either that the
evidence favored rejection (category 3) or that the evidence weighed more or
less heavily for acceptance (categories 4 and 5) of a causal relation (see
Chapter 2 for explanations of the five categories). With the majority of vaccine-
adverse event pairs the evidence was considered inadequate to accept or reject
causality. In some instances, the relation has not been well studied and the data
are scarce; in others, the data are abundant but the evidence, on the whole, was
not conclusive. Category 2 does not distinguish between these two situations,
since the conclusion is the same. It could be argued in these cases that since the
body of available evidence did not support causality, a causal relation does not
exist. It could also be argued that in the absence of evidence favoring rejection
of causality, it is possible that the vaccine could cause the adverse event. Both
of these interpretations are possible. The committee regrets that this uncertainty
may not make it easier to resolve litigation centered on individual instances

Copyright © National Academy of Sciences. All rights reserved.
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of putative causality. However, the stringency of our charge precluded
statements beyond what the evidence allowed. Concern about this unfortunate
condition of uncertainty has led the committee to urge that more definitive
research be done on possible adverse events during the development of new
vaccines or vaccine combinations and to urge that efforts to sharpen current
postmarketing surveillance systems be accelerated.

This report represents the product of long hard work by committee
members and Institute of Medicine staff. The Acknowledgments section lists a
large number of other people who contributed to the effort in an important way,
including parents who had the courage to remind us that public health measures
affect the lives of individual human beings. In addition, the committee has
recognized that it owes a special debt to its predecessor, the Committee to
Review the Adverse Consequences of Pertussis and Rubella Vaccines. That
committee developed a logical system, on the basis of the available evidence, of
classifying—and thereby communicating—the nature of the causal relations
between vaccines and adverse events. The committee has also recognized that
the quality of this report could not have been achieved without the work of the
extraordinary staff assigned to us by the Institute of Medicine—Kathleen
Stratton, Cynthia Howe, Michael Stoto, and Dorothy Majewski. In particular,
Kathleen Stratton, the Project Director, with intelligence, infinite kindness, and
untiring persistence, kept the committee to its proper task; and we are deeply
grateful.

Whatever its commissioned intent, in the end, the work of the Vaccine
Safety Committee will have succeeded if this report contributes to present
worldwide efforts to protect children from preventable infections using vaccines
that incur the lowest possible risk.

Richard B. Johnston, Jr.

Chairman
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EXECUTIVE SUMMARY 1

1

Executive Summary

"Our aim, therefore, must be to study these [complications] as fully
aspossible in the confident expectation that, as in other branches of
science,knowledge will bring enlightenment" (Wilson, 1967).

Childhood immunization has been one of the foremost public
healthmeasures of the twentieth century. It has allowed control and prevention
ofmany diseases from which morbidity and mortality can be staggering.
Medicalpersonnel in the United States currently rarely see a case of the
infectiousdiseases against which the vaccines are directed. Yet, recent measles
epidemics on college campuses and in inner cities suggest that vaccine-
preventable disease is not to be ignored. The first health initiative of the
immunization programs to boost vaccination rates in the United States,
particularlyfor children under age 2 years.

BACKGROUND AND HISTORY

The public policy debate regarding immunization stretches beyond
thequestion of how to meet the goals of universal immunization. Concern
overthe safety of pertussis vaccine was long-standing in Great Britain by
thetime of the 1982 airing in the United States of a documentary entitled"DPT:
A Shot in the Dark (Coulter and Fisher, 1985). Concern has stretchedto other
vaccines and has spawned the formation of groups of interestedcitizens
throughout the United States, for example, National Vaccine Information
Center/Dissatisfied Parents Together, Determined Parents to Stop Hurting Our
Tots, Concerned Health Professionals and Others, and Parents

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 2

Concerned About the Safety of Vaccines. More articles and books have been
published (e.g., Counter, 1990; Miller, 1992) to alert the public to the potential
risks of vaccination.

In 1986, the US. Congress passed the National Childhood Vaccine Injury
Act (NCVIA; P.L. 99-660) in response to worries about the safety of currently
licensed childhood vaccines and in response to the economic pressures that
were threatening the integrity of childhood immunization programs. The
litigation costs associated with claims of damage from vaccines had forced
several companies to end their vaccine research and development programs as
well as to stop producing already licensed vaccines. The NCVIA was an
attempt to encourage and ensure vaccine production by creating a no-fault
compensation program (the National Vaccine Injury Compensation Program) as
a required first resort for those who believed that they or their children had been
injured by certain vaccines. The need for a compensation program had long
been recognized, and several groups had proposed possible mechanisms for
compensating people believed to be injured by vaccination (Institute of
Medicine, 1985; Office of Technology Assessment, 1980). This program was
envisioned to alleviate, but not completely eliminate, manufacturer liability and
encourage research and development of more and safer vaccines. The
compensation program is administered by the federal government and is
financed by an excise tax on the sale of vaccines covered by the program
(Iglehart, 1987; Mariner, 1992).

In addition to establishing the compensation program, the NCVIA set forth
other vaccine-related efforts to be carried out by the U.S. Department of Health
and Human Services, including mandatory reporting of specific adverse events
following childhood immunizations against diphtheria, tetanus, pertussis,
measles, mumps, rubella, and polio (see box entitled The Vaccine Injury Table
in Chapter 10); voluntary reporting of any reaction to any immunization to the
Vaccine Adverse Event Reporting System (see Chapter 10 for a discussion of
this passive surveillance system and Figure B-1 for a copy of the reporting
form); the creation of a National Vaccine Program Office to coordinate federal
vaccine initiatives and to help meet immunization coverage goals; the
establishment of advisory groups to the National Vaccine Program and the
National Vaccine Injury Compensation Program; and better communication of
the potential risks of vaccines through public information pamphlets that are
distributed at the time of vaccination (under the direction of the Centers for
Disease Control and Prevention) and changes in vaccine package inserts (under
the direction of the U.S. Food and Drug Administration).

The NCVIA also mandated that the Secretary of the U.S. Department of
Health and Human Services enlist the help of the Institute of Medicine (IOM)
of the National Academy of Sciences to study the adverse effects of childhood
vaccines. The NCVIA called for two specific studies. The first,
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EXECUTIVE SUMMARY 3

mandated under Section 312 of P.L. 99-660, was to address the serious adverse
effects of pertussis and rubella vaccines. The Committee to Review the Adverse
Consequences of Pertussis and Rubella Vaccines published its findings in 1991
(Institute of Medicine, 1991). Appendix A contains the Executive Summary of
that report.

The second study, mandated under Section 313 of P.L. 99-660, was to
review adverse events associated with other vaccines commonly administered
during childhood. The Vaccine Safety Committee, which was charged with
performing the second study, was convened early in 1992. The results of that
inquiry are provided in this report.

THE CHARGE TO THE COMMITTEE

The members of the interdisciplinary, 14-member Vaccine Safety
Committee have expertise in such areas as immunology, pediatrics, internal
medicine, infectious diseases, neurology, virology, microbiology,
epidemiology, and public health. The committee was charged with (1)
reviewing the relevant scientific and medical literature on specific risks to
children associated with the vaccines or vaccine components directed against
tetanus, diphtheria, measles, mumps, polio, Haemophilus influenzae type b, and
hepatitis B currently licensed for use in the United States and (2) reviewing the
available data on specific risk-modifying factors, that is, circumstances under
which administration of these vaccines increases the risk of an adverse event,
characteristics of groups known to be at increased risk of an adverse event, and
timing of vaccination that increases the risk of an adverse event.

Risk-benefit comparisons or recommendations about immunization
schedules were not within the charge to the Vaccine Safety Committee. Despite
the name of the committee, many aspects of vaccine safety, such as purity
standards or production techniques, also were beyond the committee's charge.

Both IOM studies mandated in P.L. 99-660 entailed the evaluation of the
weight of scientific and medical evidence bearing on the question of whether a
causal relation exists between certain vaccines and specific serious adverse
events. Like the Committee to Review the Adverse Consequences of Pertussis
and Rubella Vaccines, the Vaccine Safety Committee approached its task from
a position of neutrality, presuming neither the presence nor the absence of a
causal relation between the vaccines and the adverse events under consideration.

THE STUDY PROCESS

Over the course of 18 months, the committee met six times, reviewed more
than 7,000 abstracts of scientific and medical studies, read more than 2,000
published books and articles (including many sources in the non-
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EXECUTIVE SUMMARY 4

English literature), analyzed information from U.S. Public Health Service-
administered reporting systems for adverse reactions to vaccines, and
considered material submitted by interested parties. The committee solicited
input from scientists who were invited to participate in two open scientific
meetings and from other interested parties at two open public meetings. Details
regarding how the committee gathered information are given in Appendix B.
All salient information from those reviews is contained in this report.

P.L. 99-660 stated that the review was to include those vaccines covered
by the National Vaccine Injury Compensation Program. Haemophilus
influenzae type b (Hib) and hepatitis B vaccines were added for consideration
because of the increasing use of these vaccines and the supposition that in the
near future they could be mandatory vaccines covered by the National Vaccine
Injury Compensation Program. The list of adverse events investigated for this
report derived primarily from negotiations with representatives of the U.S.
Public Health Service. However, preliminary investigations into additional
adverse events were prompted by queries from interested parties or committee
members. After considering the information from these preliminary
investigations, the committee added several vaccine-adverse event relations to
the original list. Table B-1 in Appendix B contains a complete listing of the
specific vaccine-adverse event relations under study.

The report begins with background information. Chapter 2 contains an in-
depth discussion of the approach used by the committee to weight the evidence
and assess causality. Information on the neurologic disorders and immunologic
reactions discussed in much of the report is contained in Chapters 3 and 4.
Chapters 5 through 9 include the vaccine-specific evidence and conclusions. All
information (evidence, causality argument, and conclusions) regarding death as
an adverse event associated with vaccination is contained in Chapter 10.

Adverse Effects of Pertussis and Rubella Vaccines (Institute of Medicine,
1991), the report of the predecessor IOM committee, provides an in-depth
review of the literature concerning the adverse events associated with diphtheria
and tetanus toxoids and pertussis vaccine (DPT), as well as pertussis vaccine,
and should be referred to for conclusions regarding DPT. Appendix A contains
the Executive Summary of that report. The charge to the Vaccine Safety
Committee was to examine adverse events associated with tetanus toxoid as
well as tetanus and diphtheria toxoid combination preparations. The committee
reviewed data concerning DPT if the data also concerned diphtheria and tetanus
toxoids for pediatric use (DT); however, it was beyond the committee's scope to
make conclusions about pertussis vaccine or DPT.

The IOM Committee to Review the Adverse Consequences of Pertussis
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EXECUTIVE SUMMARY 5

and Rubella Vaccines made determinations of causality only for rubella vaccine
and the rubella vaccine component of multivalent vaccines, but not for measles-
mumps-rubella vaccine (MMR). Thus, the Vaccine Safety Committee reviewed
data regarding immunization with MMR as well as data on monovalent measles
and mumps preparations. The committee has made separate determinations of
causality for the measles and mumps vaccine components for the adverse events
for which data were available, particularly if measles or mumps vaccine-strain
virus was isolated from the patient. In circumstances in which a causality
assessment specific to monovalent measles or mumps vaccine was not possible,
this is stated in the conclusion regarding that specific adverse event.

In circumstances in which the committee determined that a component of a
multivalent preparation was causally related to a specific adverse event, but
there is no direct experience of such an adverse event being caused by the
multivalent preparation, the committee states this, but judges that the combined
preparation also is causally related to that adverse event.

Many case reports described an adverse event(s) in a patient who received
more than one vaccine. A common combination, as a result of the immunization
schedules recommended in the United States, is DPT, oral polio vaccine, and
Hib vaccine. Assessment of causality in those reports was more difficult than if
the patient had received only one vaccine or vaccine component, but the
committee considered that the reports could be theoretically supportive of
causality for the combination but not in themselves sufficient to allow a firm
judgment regarding causality.

CAUSALITY AND WEIGHT OF EVIDENCE

As discussed in detail in Chapter 2, the committee considered four types of
evidence: biologic plausibility; case reports, case series, and uncontrolled
observational studies; controlled observational studies; and controlled clinical
trials. The committee used qualitative and quantitative approaches to weigh
each type of evidence. Table 1-1 contains a summary of the different types of
evidence for every vaccine-adverse event relation studied. The committee
believes that although it is plausible that there is a causal relation between any
of the vaccine-adverse event associations under review, plausibility has been
demonstrated only for certain ones of these. Therefore, information on the
plausibility of a causal relation was classified in Table 1-1 as either theoretical
only or as demonstrated. The other types of evidence were classified in
Table 1-1 as nonexistent, indeterminate, or as weighing, on the whole, for or
against a determination of a causal relation. The consideration of all four types
of evidence as a whole led to a conclusion of the final weight of evidence
regarding causality. Table 1-2 contains these conclusions.

Copyright © National Academy of Sciences. All rights reserved.
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The committee organized these conclusions into five categories. Because
some confusion has arisen over the meaning of the category descriptions used
by the Committee to Review the Adverse Consequences of Pertussis and
Rubella Vaccines, despite extensive explanations in both the footnotes and the
text, the Vaccine Safety Committee adopted some minor modifications in
wording intended to help in the interpretation of the present report. To facilitate
reading by those familiar with the report of the previous committee, the present
committee maintained both the number of categories (five) and the order of
those categories but modified the wording in an attempt to clarify its meaning.
However, the Vaccine Safety Committee (which has some overlap in committee
membership and staff with the earlier committee) believes that the categories
represent the same concepts intended by the predecessor committee. The
categories are:

No evidence bearing on a causal relation.

The evidence is inadequate to accept or reject a causal relation.
The evidence favors rejection of a causal relation.

The evidence favors acceptance of a causal relation.

The evidence establishes a causal relation.

N

Chapter 2 contains a discussion of the criteria used by the committee for
each determination of the final weight of evidence.

The evidence favors rejection of, favors acceptance of, or establishes a
causal relation between a vaccine and an adverse event in approximately one-
third of the relations studied. For the other relations the evidence was
inadequate to accept or reject a causal relation or there was no evidence bearing
on the relation. It is important to note that the use of the term inadequate does
not necessarily imply that the data were scarce. In some cases the committee
identified an abundance of data. However, as a whole, it did not favor either
acceptance or rejection of a causal relation. In the lists below, the superscript
letters refer to the appropriate notes in Table 1-2. The notes in Tables 1-1 and
1-2 are integral to interpretation of the findings. The committee reached the
following conclusions regarding causality.

The evidence favors rejection of a causal relation between:

* diphtheria and tetanus toxoids and encephalopathy,¢ infantile spasms;’ and
death from sudden infant death syndrome (SIDS);*¢ and
* conjugate Hib vaccines and early-onset Hib disease.

The evidence favors acceptance of a causal relation between:

* diphtheria and tetanus toxoids and Guillain-Barré syndrome and brachial
neuritis,”
 measles vaccine and anaphylaxis,?

Copyright © National Academy of Sciences. All rights reserved.
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* oral polio vaccine and Guillain-Barré syndrome, and

* unconjugated (PRP) Hib vaccine and early-onset Hib disease in children
age 18 months or older who receive their first Hib immunization with
unconjugated (PRP) vaccine.

not from the

The evidence establishes a causal relation between:

* diphtheria and tetanus toxoids and anaphylaxis,”

» measles vaccine and death from measles vaccine-strain vital infection, ¢

* measles-mumps-rubella vaccine and thrombocytopenia and anaphylaxis,

» oral polio vaccine and poliomyelitis and death from polio-vaccine-strain
viral infection,® and

* hepatitis B vaccine and anaphylaxis.

For the vast majority of vaccine-adverse event relations studied, the data
came predominantly from uncontrolled studies and case reports. Most of the
pathologic conditions studied are rare in the general population. The risk of
developing these conditions because of vaccination would seem to be low.
Without age-specific incidence rates and relative risk estimates, however, it is
not possible to calculate the proportion of individuals whose condition is
causally related to a vaccine. When the data permitted, such calculations (i.e.,
the risk difference or excess risk) were made and can be found in the
conclusions in Chapters 5 through 9. Because age-specific incidence rates were
not available for many of the pathologic conditions studied and because
controlled epidemiologic studies of these relations are lacking, few such
estimates could be made.

NEED FOR RESEARCH AND SURVEILLANCE

During its attempt to find evidence regarding causality, the committee
identified needs for research and surveillance of adverse events. Work in these
areas will help to ensure that all vaccines used are as free from the risk of
causing adverse events as possible. Some of the needs identified are for
increased surveillance of reports of demyelinating disease and arthritis
following hepatitis B vaccination, better follow-up of reports of death and other
serious adverse events following vaccination, increased use of large databases
(currently used only on a small scale) to supplement passive surveillance
reporting systems, and disease registries for the rare pathologic conditions
studied by the committee.
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2

Causality and Evidence

CAUSALITY

Definitions

The concept of causality is of cardinal importance in health research,
clinical practice, and public health policy. It also lies at the heart of this
committee's charge: to make causal inferences about the relation between
vaccines routinely administered to children in the United States and several
specific adverse health outcomes. Despite its importance, however, causality is
not a concept that is easy to define or understand (Kramer and Lane, 1992).
Consider, for example, the relation between vaccine x and Guillain-Barré
syndrome (GBS). Does the statement "Vaccine x causes GBS" mean that (1) all
persons immunized with vaccine x will develop GBS, (2) all cases of GBS are
caused by exposure to vaccine x, or (3) there is at least one person whose GBS
was caused or will be caused by vaccine x?

The first interpretation corresponds to the notion of a sufficient cause;
vaccine x is a sufficient cause of GBS if all vaccine x recipients develop the
disease. Vaccine x is a necessary cause of GBS if the disease occurs only
among vaccine x recipients (second interpretation above). Although the idea
that a "proper" cause must be both necessary and sufficient underlies Koch's
postulates of causality (see Glossary in Appendix c), it is now generally
recognized that for most exposure-outcome relations, exposure (i.e., the
putative cause) is neither necessary nor sufficient to cause the
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outcome (third interpretation above). In other words, most health outcomes of
interest have multifactorial etiologies.

A good example is coronary heart disease (CHD). It has been amply
demonstrated that smoking, high blood pressure, lack of exercise, and high
serum cholesterol levels are all causally related to the development of CHD.
Nonetheless, many people with one or more of these risk factors do not develop
CHD, and some cases of CHD occur in people without any of the risk factors.
Most of the adverse events considered by the committee have multifactorial
etiologies.

Types of Causal Questions

The causal relation between a vaccine and a given adverse event can be
considered in terms of three different questions (Kramer and Lane, 1992):

1. Can It? (potential causality): Can the vaccine cause the adverse event, at
least in certain people under certain circumstances?

2. Did It? ("retrodictive” causality): Given an individual who has received
the vaccine and developed the adverse event, was the event caused by the
vaccine?

3. Will It? (predictive causality): Will the next person who receives the
vaccine experience the adverse event because of the vaccine? Or
equivalently: How frequently will vaccine recipients experience the
adverse event as a result of the vaccine?

Each of these causality questions has a somewhat different meaning, and
for each, there are different methods of assessment. In the section below, each
question will be discussed in turn, with reference to how it relates to the
committee's charge and how the committee attempted to answer it.

Can It?

The committee has been charged with answering the Can [f? causality
question for the relations between vaccines routinely administered to children
and several specific adverse events. The question is conventionally approached
through controlled epidemiologic studies. (The term epidemiologic studies is
used throughout this report in its broad sense to denote studies of disease and
other health-related phenomena in groups of human subjects. The term thus
includes many clinical studies but excludes animal and in vitro studies on the
one hand and individual case reports on the other. See below the section
Sources of Evidence for Causality for a more detailed description of
epidemiologic studies.) Can It? is generally answered in the affirmative if the
relative risk (the ratio of the rate of occurrence of the adverse event in
vaccinated persons to the rate in otherwise comparable
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unvaccinated persons) is greater than 1, provided that systematic error (bias)
and random error (sampling variation) can be shown to be improbable
explanations for the findings. In other words, if a statistically significant relative
risk has been obtained in an epidemiologic study (or a meta-analysis of several
epidemiologic studies) and is unlikely to be due to systematic bias, Can It?
causality can be accepted.

Much of the epidemiologic literature on causality has focused on Can It?,
and a widely used set of criteria has evolved for Can It? causality assessment
(Hill, 1965; Stolley, 1990; Susser, 1973; U.S. Department of Health, Education,
and Welfare, 1964). These criteria are as follows:

not from the

1. Strength of association: A relative risk (or odds ratio) of 1.0 indicates no
association between the vaccine and the adverse event. Relative risks of
between 1.0 and 2.0 are generally regarded as indicating a weak
association, whereas higher values indicate a moderate or strong
association. In general, the higher the relative risk, the less likely the
vaccine-adverse event association is to be entirely explained by one or
more sources of analytic bias.

2. Analytic bias: Analytic bias is a systematic error in the estimate of
association between the vaccine and the adverse event. It can be
categorized under four types: selection bias, information bias,
confounding bias, and reverse causality bias. Selection bias refers to the
way that the sample of subjects for a study has been selected (from a
source population) and retained. If the subjects in whom the vaccine-
adverse event association has been analyzed differ from the source
population in ways linked to both exposure to the vaccine and
development of the adverse event, the resulting estimate of association
will be biased. Information bias can result in a bias toward the null
hypothesis (no association between the vaccine and the adverse event),
particularly when ascertainment of either vaccine exposure or event
occurrence has been sloppy; or it may create a bias away from the null
hypothesis through such mechanisms as unblinding, recall bias, or
unequal surveillance in vaccinated versus nonvaccinated subjects.
Confounding bias occurs when the vaccine-adverse event association is
biased as a result of a third factor that is both capable of causing the
adverse event and associated with exposure to the vaccine. Finally,
reverse causality bias can occur unless exposure to the vaccine is known
to precede the adverse event.

3. Biologic gradient (dose-response effect): In general, Can It? causality is
strengthened by evidence that the risk of occurrence of an outcome
increases with higher doses or frequencies of exposure. In the case of
vaccines, however, dose and frequency tend to be fixed. Moreover, since
some of the adverse events under consideration by the committee could
represent hypersensitivity or another type of idiosyncratic reaction, the
absence of a dose-response effect might not constitute strong evidence
against a causal relation.
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4. Statistical significance: Might chance—that is, sampling variation—be
responsible for the observed vaccine-adverse event association? The
magnitude of the P (probability) value (or the width of the confidence
interval) associated with an effect measure such as the relative risk or risk
difference is generally used to estimate the role of chance in producing
the observed association. This type of quantitative estimation is firmly
founded in statistical theory on the basis of repeated sampling. No similar
quantitative approach is wusually possible, however, for assessing
nonrandom errors (bias) in estimating the strength of the association.

5. Consistency: Can It? causality is strengthened if the vaccine-adverse
event association has been detected in more than one study, particularly if
the studies employed different designs and were undertaken in different
populations.

6.  Biologic plausibility and coherence: The vaccine-adverse event
association should be plausible and coherent with current knowledge
about the biology of the vaccine and the adverse event. Such information
includes experience with the naturally occurring infection against which
the vaccine is given, particularly if the vaccine is a live attenuated virus.
Animal experiments and in vitro studies can also provide biologic
plausibility, either by demonstrating adverse events in other animals that
are similar to the ones in humans or by indicating pathophysiologic
mechanisms by which the adverse event might be caused by receipt of the
vaccine.

Although Can It? causality is usually addressed from epidemiologic
studies, an affirmative answer can occasionally be obtained from individual
case reports. Thus, if one or more cases have clearly been shown to be caused
by a vaccine (i.e., Did It? can be answered strongly in the affirmative), then
Can It? is also answered, even in the absence of epidemiologic data. In several
circumstances, for example, the committee based its judgment favoring
acceptance of a causal relation solely on the basis of one or more convincing
case reports.

In this regard, however, it must also be added that the absence of
convincing case reports cannot be relied upon to answer Can It? in the negative.
If a given vaccine has an extremely long history of use and no cases of
occurrence of a particular adverse event have been reported following its
administration, doubt is inevitably cast on a possible causal relation. Given an
extremely rare adverse event and the notorious problems of underreporting in
passive surveillance systems, however, the absence of such reports is
insufficient to reject a causal relation. The committee acknowledges that that
which has not been reported might indeed have occurred.

Instead, the committee relied on epidemiologic studies to reject a causal
relation. On the basis of the combined evidence from one or more con
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trolled epidemiologic studies of high methodologic quality and sufficient
statistical power (sample size), failure to detect an association between a
vaccine and a particular adverse event was judged as favoring rejection of a
causal relation.

Did It?

Even though the committee was not specifically charged with assessing the
causal role of vaccines in individual cases, such assessments can be useful in
evaluating Can It? causality. For many of the vaccine-adverse event
associations under consideration, no epidemiologic studies have been reported,
and individual case reports provide the only available evidence. As discussed
above, if that evidence strongly suggests that the vaccine did cause the adverse
event in one or more cases, then it is logical to conclude that it can cause the
event.

In fact, many of the associations that the committee was charged with
examining were first suggested because one or more cases of adverse events
were found to occur following receipt of the vaccine. Some of these originated
from case reports in the published medical literature; others originated from
reports by physicians, nurses, parents, or vaccine recipients who observed the
adverse event following exposure to the vaccine. The arousal of one's
suspicions that a vaccine might be the cause of an adverse event that occurs
within hours. days, or weeks following receipt of the vaccine is natural and
understandable. But the mere fact that B follows A does not mean that A caused
B; inferring causation solely on the basis of a proper temporal sequence is the
logical fallacy of post hoc ergo propter hoc (literally, "after this, therefore
because of this").

Many factors go into evaluating the causal relation between vaccine
exposure and adverse events from individual case reports. Much of the literature
in this area has come from postmarketing surveillance programs that monitor
adverse drug reactions, such as those programs maintained by the U.S. Food
and Drug Administration and comparable agencies in other countries (Venulet,
1982). Such passive, "spontaneous reporting” programs have been shown to
have problems with both false-negative and false-positive results; that is, many
of the reported cases are probably not caused by exposure to the drug or
vaccine, whereas many drug- or vaccine-caused events go unreported (Faich,
1986; Péré, 1991; Tubert et al., 1992).

The information from case reports that is useful in assessing causality can
be considered under the following seven headings (Kramer, 1981):

1. Previous general experience with the vaccine: How long has it been on
the market? How many individuals have received it? How often have
vaccine recipients experienced similar events? How often does the
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of causality assessments but also to make those assessments more accountable
(Hutchinson and Lane, 1989). In other words, it is easier to see how the
assessment methods were used to reach the conclusions. Most algorithms are
presented in the form of a flowchart or a questionnaire, which asks a series of
questions and assigns a score on the basis of the assessor's answers to those
questions. The score is then used to assign a categorical probability rating such
as definite, probable, possible, or unlikely.

The third approach is Bayesian analysis (Lane et al., 1987). It is based on
Bayes' theorem and calculates the posterior probability of vaccine causation (the
probability that the event was caused by the vaccine) from estimates of the prior
probability (the probability that the vaccine caused the adverse event prior to
observing the particular facts of the individual case) and a series of likelihood
ratios for each pertinent element of the observed case. Each likelihood ratio is
calculated by dividing the probability of observing what actually occurred,
under the hypothesis that the vaccine was the cause, by the probability of
observing the same occurrence given nonvaccine causation. The Bayesian
approach not only provides a direct estimate of the Did It? probability for a
given case but it is also accountable in terms of documenting the component
estimates that go into calculating the posterior probability. The prior probability
relates to the first two headings of information from cases reported above and is
often based on epidemiologic data, when available, whereas individual case
information is used to construct the likelihood ratios for the third through
seventh headings. Full Bayesian analyses are often complicated and time-
consuming. Moreover, because the data necessary to estimate the component
prior probabilities and likelihood ratios may be unavailable, quantitative
expression of the assessor's uncertainty is often highly subjective, even if based
on expert opinion.

In evaluating the case reports available to the committee, the committee
adopted an informal Bayesian approach. The main elements of the case reports
used in the committee's assessments included the individual's medical history,
the timing of onset of the adverse event following vaccine administration,
specific characteristics of the adverse event, and follow-up information
concerning its evolution. Each relevant piece of case information was assessed
for its strength of evidence for vaccine versus nonvaccine causation. When such
information (particularly concerning timing) was unavailable, the committee
usually found it difficult or impossible to infer causality for that case.

The individual's medical history was taken into account in considering the
role of alternative etiologic candidates (which affects the prior probability of
vaccine causation). For example, a history of abnormal neurologic development
or seizures prior to receipt of a vaccine reduces the probability that the
encephalopathy or residual seizure disorder that developed after vaccination
was caused by the vaccine.
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The committee attempted to establish objective criteria for the expected
timing of onset for each type of adverse event under consideration. For
example, data on experimental acute demyelinating encephalomyelitis and
postinfectious GBS were used to establish a time window of 5 days to 6 weeks
for the likely occurrence of a vaccine-caused case of GBS, with those cases
occurring 7 to 21 days postvaccination judged as being especially likely to be
caused by the vaccine. In the absence of reliable age- and sex-specific
background (i.e., in the absence of vaccine exposure) incidence rates for GBS,
however, the mere occurrence of a case of GBS 2 weeks after receipt of a
vaccine becomes interpretable only when compared with the background
number of cases that would be expected to occur in individuals of that age and
sex in the absence of vaccination. Because of the rather diffuse time window
and the lack of reliable descriptive epidemiologic information, therefore,
appropriate timing of onset, in and of itself, is insufficient to infer causality for
an individual case. A useful contrast is provided by anaphylaxis, which is
caused by exposure to a foreign antigen or drug. Given the occurrence of a
clinically and pathologically typical case of anaphylaxis within minutes of
receipt of a vaccine, it is very difficult to blame anything else.

The characteristics of the adverse event can also be helpful. Thus, the
committee tried to ensure that cases of GBS or anaphylaxis met established
clinical and laboratory criteria for those conditions. But mere confirmation that
a case is "true GBS," although necessary, is insufficient to infer vaccine
causation, because such cases do not differ from background cases that occur
after a viral infection or spontaneously. On the other hand, clinical and
pathologic findings consistent with the diagnosis of anaphylaxis are helpful in
distinguishing sudden collapse or death caused by anaphylaxis from sudden
collapse or death caused by myocardial infarction, stroke, or some other sudden
catastrophic event.

Dechallenge, that is, discontinuing the suspected vaccine or reducing its
dose, rarely contributes useful information. Unlike drugs, vaccines are
administered at a single point in time, and their immunologic effects tend to
persist well after the vaccine antigen(s) has been eliminated. Thus, the evolution
of the adverse event is often not helpful in assessing vaccine causation.

Rechallenge is unusual, because physicians are unlikely to readminister a
vaccine previously associated with an adverse event. When rechallenge does
occur, however, the recurrence or nonrecurrence of the adverse event will often
have a major impact on the causality assessment.

Will 1t?

The Will It? causality question refers to how frequently a vaccine causes a
specific adverse event and can relate to either individuals or populations.
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For individuals, the question refers to the probability that a given vaccine
recipient will experience the adverse event because of the vaccine. For
populations, Will It? refers to the proportion of vaccinees who will experience
the adverse event as a result of the vaccine. For either individuals or
populations, the answer to Will It? is best estimated by the magnitude of the risk
difference (attributable risk): the incidence of the adverse event among vaccine
recipients minus the incidence of the adverse event among other otherwise
similar nonrecipients. This entity is often confused with the etiologic fraction,
probably because the latter is also referred to as the population attributable risk.

The risk difference depends on both the background incidence of the
adverse event (i.e., among nonrecipients of the vaccine) and the relative risk of
its occurrence in vaccine recipients versus nonrecipients. Thus, even when the
relative risk is high, the risk difference will be low if the event is extremely rare.

Will It? causality assessments are essential for risk-benefit considerations,
because the risk difference expresses the probability of the risk of an adverse
event caused by the vaccine. But Will It? depends on Can It?; if the evidence is
insufficient to conclude whether a vaccine can cause a given adverse event,
then it is also insufficient to conclude whether it will. Moreover, when an
affirmative answer to the Can It? question is based only on case reports rather
than epidemiologic studies, no quantitative estimate of Will It? is possible.

Even though the Will It? question was not part of the committee's specific
mandate, estimates of the risk difference (attributable risk) are provided,
whenever possible, for those associations for which the committee judged the
evidence to favor acceptance of a (Can [t?) causal relation and for which
epidemiologic data provide information on the incidence of the adverse event
among nonvaccinees and the relative risk of its occurrence among vaccinees.

SOURCES OF EVIDENCE FOR CAUSALITY

The sources of evidence for causality examined by the committee include
demonstrated biologic plausibility, reports of individual cases or series of cases,
and epidemiologic studies. In an epidemiologic study, the investigators measure
one or more health-related attributes (exposures, outcomes, or both) in a defined
sample of human subjects and make inferences about the values of those
attributes or the associations among them (or about both the values and
associations) in the source population from which the study sample originates.
Epidemiologic studies can be either uncontrolled (descriptive) or controlled
(analytic), observational (survey) or experimental (clinical trial). These sources
of evidence are discussed in greater
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detail below in the same order in which they will be considered within each of
the vaccine- and adverse event-specific chapters.

Biologic Plausibility

All of the vaccine-adverse event associations assessed in this report have
some biologic plausibility, at least on theoretical grounds. That is, a
knowledgeable person could postulate a feasible mechanism by which the
vaccine could cause the adverse event. Actual demonstration of biologic
plausibility, however, was based on the known effects of the natural disease
against which the vaccine is given and the results of animal experiments and in
vitro studies. Only demonstrated biologic plausibility was considered by the
committee in reaching its causality judgments.

Case Reports, Case Series, and Uncontrolled Observational
Studies

The committee obtained reports of individual cases of adverse events
following receipt of vaccine through the published medical literature as well as
from passive, spontaneous surveillance systems established by the vaccine
manufacturers, the U.S. Food and Drug Administration, and the Centers for
Disease Control and Prevention. These include the Monitoring System for
Adverse Events Following Immunization and the Spontaneous Reporting
System, as well as the more recent Vaccine Adverse Event Reporting System
(VAERS). Appendix B identifies the material from these systems obtained and
reviewed by the committee. Chapter 10 includes a discussion of the limitations
of passive surveillance systems such as these. as well as an analysis of the data
contained within VAERS regarding reports of deaths following vaccination.

Uncontrolled observational studies are usually based on a cohort design, in
which an identified group of vaccinees is followed for some period of time to
detect the occurrence of one or more adverse events. These studies often
incorporate more active surveillance than is the case in the passive, spontaneous
reporting systems mentioned above, although a clear distinction from case
series emanating from defined population bases is often difficult. Because no
nonexposed control group is included in such studies, however, the rates of
occurrence of the adverse events under consideration can usually be interpreted
only descriptively, and the evidence derived therefrom is rarely helpful in either
accepting or rejecting a causal relation. Also included under uncontrolled
observational studies are reports of vaccine exposure in a representative group
of individuals experiencing the adverse event. Such studies can also overlap
with case series, although the authors of case series often attempt to make
causal inferences (or hypotheses) concerning exposure to vaccines and/or other
factors and, hence,

Copyright © National Academy of Sciences. All rights reserved.



Adverse Events Associated with Childhood Vaccines: Evidence Bearing on Casuality
http://lwww.nap.edu/catalog/2138.html

not from the

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book

original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

CAUSALITY AND EVIDENCE 29

usually provide considerably more detail about alternative etiologic candidates,
the timing of the onset of the adverse event following vaccine administration,
and clinical and pathologic descriptions of the adverse event.

Uncontrolled epidemiologic studies do not yield direct estimates of the
effect of vaccine exposure on the risk of developing the adverse event.
Sometimes, however, the existence of reliable data on the risk in unexposed
subjects can form the basis of an external (to the study) control group and,
hence, an indirect estimate of the vaccine effect.

Controlled Observational Studies

Controlled observational studies permit a direct estimate of the effect of
vaccine exposure on the occurrence of the adverse event. Most are based on
either a cohort or a case-control design. In controlled cohort studies, a defined
group of individuals exposed to a given vaccine are followed longitudinally for
the occurrence of one or more adverse events of interest, and the rate of such
occurrence is compared with the rate in an otherwise similar group of
nonexposed individuals by using either the ratio of rates (relative risk) or their
difference (risk difference). In many populations, however, exposure to
vaccines is virtually universal; exposure can then be defined within a rather
narrow time window; that is, the rate of occurrence of an adverse event within 2
weeks of vaccine administration can be compared with the rate of occurrence of
an adverse event several weeks or months thereafter. In case-control studies,
rates of prior exposure to the suspected vaccine between individuals with (the
cases) and without (the controls) the adverse event are compared. No direct
calculation of relative risk or risk difference can be made from a case-control
study, but the exposure odds ratio (the odds of exposure among the cases
divided by the odds of exposure among the controls) can be shown to be a very
good estimate of the true relative risk when the adverse event is rare. In fact, the
case-control design is often the only feasible epidemiologic research design for
rare events (e.g., GBS, transverse myelitis, optic neuritis, and Stevens-Johnson
syndrome). As with cohort studies, the time window of exposure (prior to the
occurrence of the adverse event) should be defined narrowly to reflect the
biologic latent period corresponding to the pathogenesis of the suspected
adverse event.

Other types of controlled epidemiologic studies can also provide useful
information. In ecologic studies, for example, the rates of a given adverse event
are compared among otherwise similar regions or countries with different
policies for administering a suspected vaccine. Such studies assess the vaccine-
adverse event association at the population level, and therefore provide only
indirect evidence of the association among individuals.
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Controlled Clinical Trials

The epidemiologic study designs discussed up to this point are all
observational. Allocation of exposure (receipt or nonreceipt of a given vaccine)
was decided either by the vaccine recipients, by their parents, or by their
physicians—not by the study investigators. The investigators merely attempted
to observe the effect of vaccine exposure; they did not control who did or did
not receive the vaccine. This absence of control over who gets exposed is what
makes observational studies differ from experimental studies, which are also
called clinical trials. In a controlled clinical trial of a vaccine, outcomes are
compared in subjects who are allocated by the investigator to receive or not
receive the vaccine. The controlled clinical trial design provides the strongest
scientific evidence bearing on the causal relation between a vaccine and an
adverse event, particularly when exposure versus nonexposure to a vaccine is
assigned in a random fashion. The study design is then referred to as a
randomized clinical trial. As with observational cohort studies, the effect of
vaccine exposure on the occurrence of the adverse event is usually expressed as
the relative risk or risk difference. Unfortunately, many of the adverse events
under consideration by the committee are so rare that even large, multicenter
randomized trials would be too small to detect differences in the incidences of a
rare adverse event.

Combining the Evidence

When two or more epidemiologic studies that bear on a given vaccine-
adverse event association were located by the committee (particularly when
they shared a similar design), the committee used meta-analysis to pool the
results from those studies and thereby gain both increased statistical power and
enhanced generalizability (Dickersin and Berlin, 1992). Even a meta-analysis of
epidemiologic studies, however, does not help in combining the evidence from
different sources of evidence. Because no generally accepted rules exist for
combining such evidence, the committee adopted its own operational criteria.

Although randomized clinical trials are generally accepted as providing the
most scientifically valid assessment of causal relations, most have been too
small to contribute any useful evidence bearing on the vaccine-adverse event
associations under consideration by the committee. Thus, case reports, case
series, and uncontrolled observational studies and controlled observational
epidemiologic studies were often the main basis for the committee's judgment.
As mentioned above, only epidemiologic studies were used to conclude that the
evidence favored rejection of a causal relation. In the absence of epidemiologic
studies favoring acceptance of a causal rela
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tion, individual case reports and case series were relied upon, provided that the
nature and timing of the adverse event following vaccine administration and the
absence of likely alternative etiologic candidates were such that a reasonable
certainty of causality could be inferred (as described above) from one or more
case reports. The presence or absence of demonstrated biologic plausibility was
also considered in weighing the overall balance of evidence for and against a
causal relation. In the absence of convincing case reports or epidemiologic
studies, however, the mere demonstration of biologic plausibility was felt to
constitute insufficient evidence to accept or reject a causal relation.

Acceptance and rejection of a causal relation between any exposure and
outcome are inherently asymmetric. Very strong evidence in favor of such a
causal relation can be said to establish a causal relation, although 100 percent
"proof," in the mathematical sense, is never possible. It is almost never possible,
however, to be as sure about rejecting such a causal relation because even the
largest population-based epidemiologic studies have insufficient statistical
power to detect extremely rare causes of an outcome (e.g., an excess risk of 1
per 1 million population). Hence, the categories in which the committee has
summarized the evidence for causality (see below) reflect this essential
asymmetry.

Despite the committee's attempts at objectivity, the interpretation of
scientific evidence always retains at least some subjective elements. Use of such
"objective" standards as P values, confidence intervals, and relative risks may
convey a false sense that such judgments are entirely objective. However,
judgments about potential sources of bias, although based on sound scientific
principles, cannot usually be quantitated. This is true even for the scientific
"gold standard" in evaluating causal relations, the randomized clinical trial.

For each vaccine-adverse event association under consideration, the
committee started from a neutral position, presuming neither the presence nor
the absence of a causal relation between the vaccines and the adverse events
under consideration. Each category of evidence was then assessed and weighted
(as described above) to arrive at an overall judgment as to whether the balance
of evidence favored acceptance or rejection of a causal relation between the
vaccine and the adverse event. To enhance scientific accountability, the
committee's judgment of causality for each vaccine-adverse event association
considered is accompanied by an explanation of the evidentiary basis for that
judgment.

SUMMARIZING THE EVIDENCE FOR CAUSALITY

The committee attempted to build on the methods and procedures used by
the Committee to Review the Adverse Consequences of Pertussis and
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Rubella Vaccines (Institute of Medicine, 1991). The pertussis and rubella
vaccine committee summarized the evidence bearing on those vaccines using
the following five categories: (1) no evidence bearing on a causal relation, (2)
evidence insufficient to indicate a causal relation, (3) evidence does not indicate
a causal relation, (4) evidence is consistent with a causal relation, and (5)
evidence indicates a causal relation. They then assigned each vaccine-adverse
event association under their consideration to one of these five categories.

Because some confusion has arisen over the meaning of the category
descriptions used by the pertussis and rubella vaccine committee, despite
extensive explanation both in footnotes and the text, the Vaccine Safety
Committee adopted some minor modifications in wording intended to help in
the interpretation of the present report. To facilitate reading by those familiar
with the report of the previous committee, the present committee maintained
both the number of categories (five) and the order of those categories but
modified the wording in an attempt to clarify its meaning.

The names and descriptions of the categories used in this report are as
follows:

1.No evidence bearing on a causal relation.

Putative associations between vaccine and adverse events for which the
committee was unable to locate any case reports or epidemiologic studies were
placed in this category. Demonstrated biologic plausibility alone was
considered insufficient to remove a given vaccine-adverse event association
from this category.

2.The evidence is inadequate to accept or reject a causal relation.

One or more (in some instances there were many) case reports or
epidemiologic studies were located by the committee, but the evidence for a
causal relation neither outweighed nor was outweighed by the evidence against
a causal relation. The presence or absence of demonstrated biologic plausibility
was considered insufficient to shift this balance in either direction.

3.The evidence favors rejection of a causal relation.

Only evidence from epidemiologic studies was considered as a basis for
possible rejection of a causal relation. Such evidence was judged as favoring
rejection only when a rigorously performed epidemiologic study (or a meta-
analysis of several such studies) of adequate size (i.e., statistical power) did not
detect a significant association between the vaccine and the adverse event. The
absence of demonstrated biologic plausibility was considered supportive of a
decision to reject a causal relation but insufficient on its own to shift the balance
of evidence from other sources.

4.The evidence favors acceptance of a causal relation.

The balance of evidence from one or more case reports or epidemiologic
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studies provides evidence for a causal relation that outweighs the evidence
against such a relation. Demonstrated biologic plausibility was considered
supportive of a decision to accept a causal relation but insufficient on its own to
shift the balance of evidence from other sources.

5.The evidence establishes a causal relation.

Epidemiologic studies and/or case reports provide unequivocal evidence
for a causal relation, and biologic plausibility has been demonstrated.
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3

Neurologic Disorders

The possibility of adverse neurologic events has fueled much of the
concern about the safety of vaccines. This chapter presents a detailed discussion
of the neurologic events considered by the committee. The chapter is organized
into two main sections, demyelinating disease and nondemyelinating disease.
Specific reports on the association of the vaccines under consideration and the
neurologic disorders discussed in this chapter can be found in the subsequent
chapters specific to each vaccine or vaccine component.

DEMYELINATING DISEASE

Acute demyelinating disease of the central and peripheral nervous systems
can follow vital and some bacterial infections and can complicate the
administration of inactivated antiviral vaccines. The acute monophasic central
nervous system disease is variably known as postvaccinal encephalomyelitis,
postinfectious encephalomyelitis, or acute disseminated encephalomyelitis
(ADEM). The peripheral nervous system complication is known as
postinfectious neuritis, acute inflammatory demyelinating polyneuritis, or the
Guillain-Barré syndrome (GBS) and is characterized by the rapid onset of
flaccid motor weakness with depression of tendon reflexes and inflammatory
demyelination of peripheral nerves.

Both of these demyelinating complications were noted after the
introduction of rabies vaccines grown in animal brain or spinal cord. Pasteur's
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first rabies vaccine of the 1880s was produced from desiccated infected rabbit
spinal cord, and occasional cases of acute encephalomyelitis were seen
following multiple injections of the vaccine. These were initially thought to
result from inadequate attenuation or inactivation of the virus or the activation
of some endogenous agent in the human brain. Because early attenuated or
inactivated rabies vaccines were prepared in animal nervous system tissue, the
question that the causal factor might be some factor within animal tissues was
also raised (Hemachudha et al., 1987a,b). On rare occasions, a clinically and
histologically similar encephalomyelitis also complicated injection of the
vaccinia virus used for the prevention of smallpox, although this vaccine
contained no animal neural tissue. ADEM also has been seen after natural
infections with measles, varicella, mumps, rubella, and other viruses (Johnson
et al., 1985).

Experimental Models

Thomas Rivers, the father of American virology, worked extensively with
vaccinia virus and was intrigued by the similarity of the demyelinating
complication of vaccination and the histopathologic changes seen after
administration of rabies vaccines. With Schwenker, he carried out multiple
inoculations of normal brain tissue into monkeys, and in 1935, they reported the
induction of acute, experimental, allergic (autoimmune) encephalomyelitis
(EAE) (Rivers and Schwenker, 1935). Subsequently, Kabat et al. (1947) found
that EAE could consistently be induced by a single inoculation of brain tissue if
it was mixed with adjuvant. Disease developed in 7 to 21 days in some species,
and detailed studies of the pathogenesis of EAE were possible. Although
multiple brain antigens have been implicated, myelin basic protein most readily
induces the disease, and since EAE can be passively transferred with immune
cells but not serum, cell-mediated immunity appears to be of primary
pathogenetic importance. In drawing analogies to human diseases, it should be
noted that different inbred strains of animals show different susceptibilities, and
although myelin basic protein is similar between species, the encephalitogenic
region of myelin basic protein differs between different species (Martin et al.,
1992).

In Latin America, a rabies vaccine was prepared in unmyelinated neonatal
mouse brains to avoid the use of central nervous system myelin. Multiple
injections of these preparations into humans, however, were complicated in
some cases by an acute polyneuritis similar to GBS (Held and Adaros, 1972). It
was assumed that the induction of autoimmunity to a peripheral nerve antigen
might be the mechanism. In 1955, Waksman and Adams reported that rabbits
injected with peripheral nerve tissue in adjuvant developed an experimental
allergic (autoimmune) neuritis (EAN) resembling GBS. The predominant
protein related to EAN is a peripheral
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neurospecific polypeptide protein of the peripheral nerve, and the disease
appeared to depend largely on cell-mediated immunity.

Acute Disseminated Encephalomyelitis

ADEM is characterized by acute depression of consciousness and
multifocal neurologic findings that usually occur a few days or weeks following
vaccine administration or virus-like disease. It is characterized pathologically
by diffuse foci of perivenular inflammation and demyelination that are most
prominent in the white matter of the brain and spinal cord. A definitive
diagnosis of ADEM can be made only pathologically. However, recent imaging
studies with enhanced magnetic resonance imagers have defined a characteristic
pattern of multiple enhancing white matter lesions in patients with ADEM, and
in the future, magnetic resonance imaging findings may give better data on
nonfatal, nonbiopsied cases of suspected postimmunization ADEM.

Multiple Sclerosis

The establishment of a relation between acute central and peripheral
nervous system demyelinating disease and infections and vaccines has opened
the question of a possible relation to chronic demyelinating disease,
specifically, multiple sclerosis. When mean levels of antibody to measles virus
are assayed in the serum and spinal fluid of patients with multiple sclerosis,
they are consistently higher than those in controls, and in some studies elevated
levels of antibodies to a variety of different viruses have been found in serum
and spinal fluid (Johnson et al., 1985). The persistence of these agents in
patients with multiple sclerosis has not been established. In the diagnosis of
multiple sclerosis, demyelinating lesions not only must occur in multiple
locations within the nervous system but must also occur at different times. A
prospective study of patients with multiple sclerosis showed that exacerbations
appeared to be more frequent after nonspecific viral illnesses (Sibley et al.,
1985). Therefore, it would be feasible that vaccines also might precipitate an
exacerbation either in a patient who was predisposed to develop the disease or
in a patient with already established disease. However, there is no clear-cut
causal relation between any virus or vaccine and multiple sclerosis.

Focal Lesions

Both optic neuritis and transverse myelitis often are components of diffuse
demyelinating diseases, both ADEM and multiple sclerosis. When they occur in
isolation, their mechanisms and pathologies are usually un
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known, although it is suspected that they represent unifocal, acute episodes of
demyelination. Transverse myelitis is characterized by the acute onset of signs
of spinal cord disease, usually involving the descending motor tracts and the
ascending sensory fibers, suggesting a lesion at one level of the spinal cord. By
enhanced magnetic resonance imaging, the apparent lesion in the spinal cord
extends over many segments of the spinal cord. The annual incidence of
transverse myelitis in Rochester, Minnesota, from 1970 to 1980 was 7.4 per
100,000 people (Beghi et al., 1982). The authors noted that this incidence is
approximately sixfold higher than a rate calculated for Israel. They attributed
this to differences in how successful the two studies were at identifying all
cases of transverse myelitis.

Optic neuritis represents a lesion in the optic nerve behind the orbit but
anterior to the optic chiasm. This cranial nerve is an extension of the central
nervous system, and so when there is demyelinating disease, it represents
central demyelination, not peripheral nerve demyelination. When the lesion is
central to the orbit, the optic disk appears normal; this clinical form of optic
neuritis is called retrobulbar neuritis. When the lesion or inflammation is very
near the orbit, swelling of the optic disk can be seen on fundoscopic
examination; this clinical form is called papillitis. This clinical distinction does
not imply a different pathogenesis or pathology. Retrobulbar neuritis or
papillitis in young adults is a very common early symptom of multiple sclerosis.
Optic neuritis may occur as a solitary unexplained monophasic disease, and it
may accompany the acute monophasic disease ADEM. No population-based
incidence rates were identified.

Guillain-Barré Syndrome

Historical Background

Instances of acute ascending paralysis have been on record since the early
nineteenth century, but it was the description by Guillain, Barré, and Strohl in
1916 of two cases (including cerebrospinal fluid findings) that was critical and
discriminating enough to delineate a new syndrome. Those authors described
acute areflexic weakness without fever, meningismus, or constitutional
symptoms in two young infantrymen who both made a complete and rapid
recovery. Using the newly introduced diagnostic technique of lumbar puncture,
Guillain, Barré, and Strohl showed that the spinal fluid protein level was
elevated but without an accompanying pleocytosis. These are the essential
elements of GBS. Now, more than 75 years later, a great deal of descriptive and
phenomenologic information has been added to the original observations, all of
which indicate that this disorder is immune system mediated and targets
peripheral nerves. Nevertheless, the critical
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questions as to the nature and regulation of this abnormal immune response, the
nosologic limits of the disorder, and the identities of the specific antigens that
were responsible for the syndrome are still not known.

Clinical and Laboratory Features

Guillain-Barré syndrome has recently been fully reviewed in several
publications (Arnason and Soliven, 1992; Asbury and Gibbs, 1990; Hughes,
1990; Ropper, 1992; Ropper et al.,, 1991). The symptoms of GBS usually
appear over the course of a single day and may continue to progress for from as
few as 3 or 4 days up to 3 or 4 weeks. The symptoms in over 90 percent of the
patients plateau by 4 weeks. The major symptom is weakness. generally
symmetrical, usually ascending, and usually affecting the legs more than the
arms. In a smaller proportion of patients, the symptoms begin in the arms or
cranial nerves and descend. About 30 percent of all patients require respiratory
support at some stage of the illness, and weakness of the tongue, swallowing,
and facial muscles is common in up to 50 percent of all patients with GBS.
Paresthesias and even painfulness are experienced in a majority of the patients,
but major sensory deficits are not frequent. Ataxia of stance and gait may be an
early sign. Reflexes disappear early and return only late in the recovery phase.
Fever and constitutional symptoms are generally not present, although in
children a degree of meningismus may be noted in a quarter to a third of the
patients. The mortality rate is 5 percent or less. For survivors, recovery is the
rule, requiring anywhere from a few weeks to well over a year. Some 15 to 20
percent of survivors manifest some residual findings, and 5 percent or more
have serious residual disabilities.

Factors affecting prognosis are age (older people do more poorly), the
fulminance and severity of the neuropathy, the severity of the electrodiagnostic
findings early in the disease, and early treatment, either plasmapheresis or high-
dose intravenous immunoglobulin (Cornblath et al., 1988; McKhann et al.,
1988; van der Meché et al., 1992).

Cerebrospinal fluid is normal in the first few days of illness, but the protein
content rises toward the end of the first week and remains elevated for several
months in over 90 percent of patients. Spinal fluid cell counts are below 10
cells, mostly lymphocytes, per mm?, but in human immunodeficiency virus
(HIV)-positive individuals, spinal fluid cell counts may be as high as 100 to 200/
mm?.

The characteristic electrodiagnostic features are those of demyelination
with variable degrees of admixed, presumably secondary, axonal degeneration.
These abnormalities include prolongation of distal latencies and F-wave
latencies, particularly as early features; slowing of nerve conduction velocity,
frequently in a multifocal pattern; conduction block; and
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chronodispersion of evoked compound action potentials. In some cases axonal
degeneration predominates, as determined by electrodiagnostic criteria and,
when studied, by pathologic observation (Feasby et al., 1986, 1993). Whether
axonal degeneration may be a primary event in GBS is controversial. At worst,
nerve trunks may be completely inexcitable. Widespread axonal degeneration is
associated with prolonged and incomplete recovery.

Diagnostic Criteria

In 1978, diagnostic criteria for GBS were promulgated in response to a
request from the National Institutes of Health (Asbury et al., 1978). These
criteria continue to be in general use and are reproduced in the box entitled
Definition of Guillain-Barré Syndrome and Criteria for Diagnosis; recently
proposed electrodiagnostic criteria are given in the box entitled Proposed
Electrodiagnostic Criteria for Demyelination of Peripheral Nerve (Asbury and
Cornblath, 1990). The features required for diagnosis include progressive motor
weakness and areflexia. The features that are strongly supportive of the
diagnosis include progression for less than 4 weeks, relative symmetry, mild
sensory symptoms or signs, frequent cranial nerve involvement, a high
proportion of functional recovery, some autonomic dysfunction, and the
absence of fever at the onset of neuropathy. Electrodiagnostic and spinal fluid
findings are also included in the criteria. In addition, a number of features that
either cast doubt on the diagnosis or rule it out are elaborated. Efforts to refine
and detail these criteria, including electrodiagnostic criteria (Asbury and
Cornblath, 1990), have continued (Arnason and Soliven, 1992; Asbury, 1981).

Antecedent Events

Over half of all patients with GBS have a history of a preceding acute
infectious illness, either respiratory or gastrointestinal, in the 1 to 4 weeks prior
to the onset of neuropathic symptoms. Although the basis for the preceding
illness remains unidentified in many patients, several infectious agents are
strongly associated with GBS. Nonviral infectious agents include
Campylobacter jejuni, which is perhaps the most common, and Mycoplasma
pneumoniae. Certain viral infections are also strongly associated with GBS,
including cytomegalovirus and Epstein-Barr virus, vaccinia virus used for
smallpox vaccination, and HIV. A host of other viral infections, including
measles, mumps, and hepatitis B, have been reported as antecedent events, but
it is unclear whether their occurrence preceding GBS exceeds that from chance
alone. Less commonly, vaccines, surgical procedures, and malignant disorders,
particularly Hodgkin's disease and other lymphomas, are either antecedent
events or underlying conditions.

Copyright © National Academy of Sciences. All rights reserved.
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DEFINITION OF GUILLAIN-BARRE SYNDROME AND
CRITERIA FOR DIAGNOSIS

Guillain-Barré syndrome is a recognizable entity for which the basis
for diagnosis is descriptive on the basis of the present state of knowledge.
The features that allow a diagnosis include clinical, laboratory, and
electrodiagnostic criteria. The problem is not with the recognition of a
typical case but with knowing the boundaries by which the core disorder is
delimited. The following criteria are established, in light of current
knowledge and opinion, to define those limits.

The presence of preceding events is frequent, but they are not
essential to the diagnosis. Most commonly, preceding events are viral
infections, but the association of Guillain-Barré syndrome with preceding
surgery, inoculations, and Mpycoplasma infections is also known. In
addition, Guillain-Barré syndrome occurs more frequently than by chance
in the setting of preexisting illnesses such as Hodgkin's disease,
lymphoma, or lupus erythematosus. Many patients with Guillain-Barré
syndrome have no history of any of these events, and the diagnosis
should be made independently of them.

I.  Features Required for Diagnosis

A. Progressive motor weakness of more than one limb. The degree
ranges from minimal weakness of the legs, with or without mild
ataxia, to total paralysis of the muscles of all four extremities and
of the trunk, bulbar and facial paralysis, and external
ophthalmoplegia.

B. Areflexia (loss of tendon jerks). Universal areflexia is the rule,
although distal areflexia with definite hyporeflexia of the biceps
and knee jerks suffices if other features are consistent.

II.  Features Strongly Supportive of the Diagnosis
A.  Clinical features (ranked in order of importance)

1. Progression. Symptoms and signs of motor weakness develop
rapidly but cease to progress by 4 weeks into the illness.
Approximately 50 percent of patients will reach the nadir by 2
weeks, 80 percent by 3 weeks, and more than 90 percent by 4 weeks.

2. Relative symmetry. Symmetry is seldom absolute, but usually, if
one limb is affected, the opposite limb is affected as well.

3.  Mild sensory symptoms or signs.

4. Cranial nerve involvement. Facial weakness occurs in
approximately 50 percent of patients and is frequently bilateral.
Other cranial nerves may be involved, particularly those
innervating the tongue and muscles of deglutition and sometimes
the extraocular motor nerves. On occasion (less than 5 percent), the
neuropathy may begin in the nerves to the extraocular muscles or
other cranial nerves.

5.  Recovery. Recovery usually begins 2 to 4 weeks after progression

Source: Adapted from Asbury et al. (1978).
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stops. Recovery may be delayed for months. Most patients recover
functionally.

Autonomic dysfunction. Tachycardia and other arrhythmias,
postural hypotension, hypertension, and vasomotor symptoms,
when present, support the diagnosis. These findings may fluctuate.
Care must be exercised to exclude other bases for these symptoms,
such as pulmonary embolism.

Absence of fever at the onset of neuritic symptoms.

Variant clinical features (not ranked in order of importance)

Fever at the time of onset of neuritic symptoms.

Severe sensory loss with pain.

Progression beyond 4 weeks. Occasionally, a patient's disease will
continue to progress for many weeks longer than 4 weeks or the
patient will have a minor relapse.

Cessation of progression without recovery or with major permanent
residual deficit remaining.

Sphincter function. Usually, the sphincter is not affected, but
transient bladder paralysis may occur during the evolution of
symptoms.

Central nervous system involvement. Ordinarily, Guillain-Barré
syndrome is thought of as a disease of the peripheral nervous
system. Evidence of central nervous system involvement is
controversial. In occasional patients, such findings as severe ataxia
interpretable as cerebellar in origin, dysarthria, extensor plantar
responses, and ill-defined sensory levels are demonstrable, and
these need not exclude the diagnosis if other features are typical.

Cerebrospinal fluid (CSF) features strongly supportive of the
diagnosis

CSF protein. After the first week of symptoms, CSF protein levels
are elevated or have been shown to rise on serial lumbar punctures.

CSF cells. Counts of 10 or fewer mononuclear leukocytes/mm? of
CSF.

Variant CSF features supportive of diagnosis

No increase in the level of CSF protein in the period from 1 to 10
weeks after the onset of symptoms (rare).

Counts of 11 to 50 mononuclear leukocytes/mm? of CSF.

Electrodiagnostic features strongly supportive of the diagnosis.
Approximately 80 percent of patients will have evidence of nerve
conduction slowing or blockage at some point during the illness.
Conduction velocity is usually less than 60 percent of normal, but the

Copyright © National Academy of Sciences. All rights reserved.




Adverse Events Associated with Childhood Vaccines: Evidence Bearing on Casuality
http://lwww.nap.edu/catalog/2138.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

NEUROLOGIC DISORDERS

42

I1I.

R o

Iv.

&

process is patchy and not all nerves are affected. Distal latencies
may be increased to as much as three times normal. Use of F-wave
responses often gives a good indication of slowing over proximal
portions of the nerve trunks and roots. Up to 20 percent of patients
will have normal conduction study results. Results of conduction
studies may not become abnormal until several weeks into the
illness.

Features Casting Doubt on the Diagnosis

Marked, persistent asymmetry of weakness.
Persistent bladder or bowel dysfunction.

Bladder or bowel dysfunction at onset.

More than 50 mononuclear leukocytes/mm? in CSF.
Presence of polymorphonuclear leukocytes in CSF.
Sharp sensory level.

Features That Rule out the Diagnosis

A current history of hexacarbon abuse (the volatile solvents n-
hexane and methyl n-butyl ketone). This includes huffing of paint
lacquer vapors or addictive glue sniffing.

Abnormal porphyrin metabolism indicating a diagnosis of acute
intermittent porphyria. This would manifest as increased excretion
of porphobilinogen and d-aminolevulinic acid in the urine.

A history or finding of recent diphtheritic infection, either faucial
or wound, with or without myocarditis.

Features clinically consistent with lead neuropathy (upper limb
weakness with prominent wrist drop; may be asymmetrical) and
evidence of lead intoxication.

The occurrence of a purely sensory syndrome.

A definite diagnosis of a condition such as poliomyelitis, botulism,
hysterical paralysis, or toxic neuropathy (e.g., from nitrofurantoin,
dapsone, or organophosphorus compounds), which occasionally
may be confused with Guillain-Barré syndrome.

Vaccinations are an infrequent antecedent event in patients with GBS,

probably occurring in less than 1 to 5 percent of all cases. In most large series
of GBS, recent vaccination either is not mentioned or is described in an
occasional person. Hankey (1987) noted that 5 of 109 subjects had recently
been vaccinated (two with diphtheria and tetanus toxoids and pertussis vaccine
[DPT] and one each with rubella vaccine, tetanus toxoid, and cholera and
typhoid vaccines). Winer and colleagues (1988) noted six recent vaccinees in a
series of 100 consecutive cases of GBS, but they also found five recent
vaccinees in the 100 case controls.

GBS. In the swine flu incident of 1976-1977 (Langmuir et al., 1984;
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PROPOSED ELECTRODIAGNOSTIC CRITERIA FOR
DEMYELINATION OF PERIPHERAL NERVE

These criteria concern nerve conduction studies (including proximal

nerve segments) in which the predominant process is demyelination. Must
have three of the following features:

Reduction in conduction velocity in two or more motor nerves.

<80 percent of the lower limit of normal (LLN) if the amplitude is
>80 percent of LLN.
<70 percent of LLN if the amplitude is <80 percent of LLN.

Conduction block or abnormal temporal dispersion in one or more
motor nerves: either the peroneal nerve between the ankle and
below the fibular head, median nerve between the wrist and elbow,
or the ulnar nerve between the wrist and below the elbow.

Criteria for partial conduction block:

>15 percent change in duration between proximal and distal sites
and >20 percent drop in the negative-peak area or peak-to-peak
amplitude between the proximal and distal sites.

Prolonged distal latencies in two or more nerves.

>125 percent of the upper limit of normal (ULN) if the amplitude is
>80 percent of LLN.

>150 percent of ULN if the amplitude is <80 percent of LLN.
Absent F-waves or prolonged minimum F-wave latencies (10-15
trials) in two or more motor nerves.

>120 percent of ULN if the amplitude is >80 percent of LLN.
>150 percent of ULN if the amplitude is <80 percent of LLN.

Source: Adapted from Asbury and Cornblath (1990).

Safranek et al., 1991; Schonberger et al., 1979), the risk of developing
GBS in the 6 weeks following vaccination was some six- to eightfold greater
than that for those who were not vaccinated, even though the overall incidence
was only about 1 per 100,000 vaccinees. What it was about the swine flu
vaccine that led to GBS on rare occasions has never been discovered;

nevertheless, the capacity of that particular vaccine to trigger excess cases of

GBS is thoroughly documented. In addition, the clinical features of GBS
following swine flu vaccination resembled in all respects those
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following other antecedent events or no antecedent events. Monitoring for GBS
following the administration of other influenza vaccines in the years subsequent
to the 1976-1977 swine flu vaccine incident did not disclose any excess cases of
GBS (Hurwitz et al., 1981; Kaplan et al., 1983; Roscelli et al., 1991).

TABLE 3-1 Demyelinating Disorders Encountered with Rabies Vaccines

Vaccine Components Incidence of Distribution Type of Event

Neuroparalytic Pattern of

Events Neuroparalytic

Events

Encephalomyelitis GBS (%)
(%)
Mature brain and 1:300-1:3,000 Uniform 85 15
spinal cord (Semple
vaccine)
Suckling mouse brain 1:7.500 Clustered 0 100
Human diploid cell 0 0 0
vaccine

It has been known for decades that GBS occurs following the
administration of another vaccine, namely, rabies vaccine produced from the
nervous tissue of an infected animal (Table 3-1). Because they are inexpensive,
these vaccines are still made and used in certain parts of the world, including
Asia and South America. Vaccine made from mature sheep or goat brain and
then inactivated with phenol (Semple vaccine) causes encephalomyelitis as its
main neurologic adverse event, and the reported incidence of such events is
from I per 300 to I per 3,000 vaccinees (Hemachudha et al., 1987b, 1988). A
small proportion, perhaps 15 percent, of Semple vaccinees who develop a
neuroparalytic adverse event have characteristic GBS. Of interest, these patients
develop high levels of antibody to myelin basic protein, a central myelin
constituent in serum and cerebrospinal fluid (Hemachudha et al., 1987a, 1988).
In contrast, rabies vaccine produced from infected suckling mouse brain
induces, on occasion (approximately 1 in 7,500 vaccinees), a GBS-like
syndrome (Lopez Adaros and Held, 1971). The clinical features tend to be
unusually severe (Cabrera et al., 1987). These individuals rarely develop
antibody titers to myelin basic protein (Hemachudha et al., 1988), which is
consistent with the fact that the suckling mouse brain is unmyelinated. It is not
clear what the basis for GBS might be following the administration of either
Semple rabies vaccine or suckling mouse brain rabies vaccine, but most
authorities believe that the neuroparalytic events that occur following receipt of
these two rabies vaccines are related to an immune response to admixed neural
constituents in the inoculum.

Copyright © National Academy of Sciences. All rights reserved.
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As discussed elsewhere in this chapter, the expected latency between an
antecedent event (when infection or administration of antigen occurs) and the
first symptoms of GBS is mainly between 7 and 21 days. Occasional cases
appear to have latencies of between 22 and 42 days. All evidence indicates that
GBS is immune mediated via a delayed-type hypersensitivity mechanism.
Taken together, these two observations allow a range of latencies to be stated
for GBS, that is, 5 days to 6 weeks. Similarly, ADEM is widely believed to be
the human counterpart of experimental allergic encephalomyelitis, and EAE has
an observed latency of about 10 to 20 days. ADEM has a similar clinical
latency, and its pathologic features also have all of the hallmarks of a delayed-
type hypersensitivity response. On the basis of these observations and
inferences, a conservative estimate of the limits of the latencies for both GBS
and ADEM is considered to be from 5 days to 6 weeks throughout this report.

Pathology and Pathogenesis

A characteristic pathologic feature of GBS is the presence of mono-nuclear
cell infiltrates in peripheral nerves and roots in both a diffuse and a perivenular
distribution (Arnason and Soliven, 1992; Asbury et al., 1969). Lesions are
patchy and variable, and some patients may show almost no cellular
inflammation (Honavar et al., 1991). Lesions are most prominent in the
proximal plexuses and roots, particularly the ventral root, but may be found
scattered throughout the peripheral nervous system, including the autonomic
trunks and intramuscular twigs. Demyelination often corresponds to the
distribution of cellular infiltration, but demyelination is quite extensive even in
those patients in whom cellular infiltration is minimal. Axonal degeneration
occurs, presumably as a secondary event at sites where lesions are intense, but
the extent and distribution of axonal degeneration vary widely from patient to
patient. The extent of axonal degeneration has a strong effect on the rate and
completeness of recovery.

Lymphocytes in the infiltrate are primarily T cells, with CD4-positive cells
predominating in early lesions and CD8-positive cells being the most plentiful
in mature lesions. Bone marrow-derived macrophages swarm into the lesions
and constitute by far the most numerous pathologic cell types in nerves. Myelin
destruction appears to be macrophage mediated, either by myelin lamellar
stripping by macrophage processes or by vesicular disruption of myelin. The
role of lymphocytes in myelin destruction is unclear. The pathologic appearance
of GBS is characteristic of a delayed-type hypersensitivity response and closely
resembles the lesions of experimental allergic neuritis (Waksman and Adams,
1955). In addition, there is abundant evidence of immune system activation in
patients with GBS, including greatly increased levels of circulating soluble
interleukin-2 receptor and
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cytokines such as tumor necrosis factor and evidence of complement activation
both in peripheral blood and in cerebrospinal fluid. The specific epitopes and
their origins, whether derived from the host or the infectious agent, or both,
remain uncertain. Numerous anti-nerve antibodies that bind to various protein,
glycoprotein, and glycolipid moieties have been described in patients with GBS,
but none occur in more than a fraction of cases. Whereas the P2 myelin protein,
which is specific for peripheral nerve, and selected peptide fragments of it are
capable of inducing experimental allergic neuritis under appropriate conditions,
the P2 myelin protein does not appear to play a role in GBS.

Descriptive Epidemiology

A large number of studies have examined the incidence of GBS in many
parts of the world. These show a relatively uniform occurrence of about 1 to 2
cases per 100,000 population per year in all populations examined, mainly
occurring throughout the year and in all age groups. Epidemic outbreaks have
been rare and imperfectly documented. The swine flu incident of 1976-1977 is,
perhaps, the most completely described outbreak (Langmuir et al., 1984;
Safranek et al., 1991; Schonberger et al., 1979). The unusual circumstances of
the swine flu incident should be noted. Over 40 million people were vaccinated
in a period of a few weeks, an unprecedented mass vaccination program. It is
likely that the excess cases of GBS might not have been detected if the numbers
of people vaccinated had not been so large. A seasonal incidence of clinical
GBS occurs annually in children and young adults in the northern part of the
People's Republic of China (McKhann et al., 1991, in press), although the
electrodiagnostic and pathologic features in these cases indicate a severe axonal
lesion and not the usual demyelinating process with inflammation of the
delayed hypersensitivity type.

A persistent problem has been the uncertainty about the expected incidence
of GBS unrelated to vaccination in the cohort under 5 years of age. There is
reasonably good information to suggest that the overall incidence of GBS for all
ages is about 1 case per 1,000,000 population per month. Many authorities have
suggested that the incidence of GBS in the pediatric age group (0-16 years of
age) is lower than that in adults. For a number of years, the literature has
provided data indicating that the incidence of GBS in the cohort under the age
of 5 years is higher than that in children older than that (Beghi et al., 1985b;
Coe, 1989; Soffer et al., 1978) and one study found a high incidence in
preschool children of 5.4 cases per 100,000 per year (Kibel et al., 1983). Other
observers have found a lower incidence of GBS in children, with the incidence
distributed evenly from infancy to the teenage years (Hurwitz et al., 1981;
Rantala et al., 1991; Uhari et al., 1989).
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Recently, several population-based studies of the incidence of GBS applied
strict criteria for the diagnosis of GBS, and relatively full case ascertainment
appears to have been achieved (Hankey, 1987; Roman et al., unpublished
observations, 1993; Winner and Evans, 1990). All of these studies indicate an
incidence of GBS in the preschool age group of between 1.0 and 1.5 cases per
100,000 children per year, which is similar to the expected incidence in adults.
The annual incidence of GBS in children in these studies is on the order of 0.1
cases per 100,000 children between the ages of 5 and 14 years (Winner and
Evans, 1990) and 0.62 per 100,000 children and teenagers between the ages of
10 and 19 years (Hankey, 1987).

To obtain an idea of whether excess cases of GBS in relation to childhood
vaccination occur each year, the following paradigm might be considered.
Approximately 3,000 cases of GBS occur in the United States each year. If the
preschool-age cohort makes up about 9 percent of the population, that would
account for 270 cases per year if the incidence rate was uniform. As indicated
above, the incidence of GBS in preschool children may well approximate the
overall expected incidence in adults. Using some other assumptions, one can
arrive at an estimate that about 6 percent of preschool-age children are within 5
days to 6 weeks of their most recent vaccination. If this is true, then one would
expect about 16 cases of GBS per year in recently vaccinated preschool-age
children. It is uncertain how many of these cases of GBS would be by chance
alone and would be unrelated to vaccination. Nevertheless, excess cases of GBS
occurring 5 days to 6 weeks after vaccination of preschool-age children have
not been noted in the population-based studies mentioned above. This issue was
also considered above in the section Antecedent Events. The data from the
Monitoring System for Adverse Events Following Immunization show fewer
cases of GBS per year, but such an analysis does not allow for the systematic
underreporting that probably occurred.

Summary of Demyelinating Diseases

In evaluating the vaccines considered in this report for a causal relation
with demyelinating disease, several facts need to be considered:

* Natural infections with measles and mumps viruses have been associated
with ADEM.

* ADEM and GBS in humans, similar to EAE or EAN in experimental
animals, generally occur after an interval of 5 days to 6 weeks following
infection (not clinical disease) or injection of antigen.

* ADEM and GBS can occur after the administration of either live attenuated
or killed vaccines (in the case of vaccinia virus and the swine influenza
vaccines, respectively).

Copyright © National Academy of Sciences. All rights reserved.



Adverse Events Associated with Childhood Vaccines: Evidence Bearing on Casuality
http://lwww.nap.edu/catalog/2138.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

NEUROLOGIC DISORDERS 48

Thus, it is biologically plausible that injection of an inactivated virus,
bacterium, or live attenuated virus might induce in the susceptible host an
autoimmune response by deregulation of the immune response, by nonspecific
activation of the T cells directed against myelin proteins, or by autoimmunity
triggered by sequence similarities of proteins in the vaccine to host proteins
such as those of myelin. The latter mechanism might evoke a response to a self-
antigen, so-called molecular mimicry (Fujinami and Oldstone, 1989).

NON-DEMYELINATING DISEASE

Encephalopathy

Historically, encephalopathy has been a vague term that is difficult to
define. Encephalopathy has been used in the literature to characterize a
constellation of signs and symptoms reflecting a generalized disturbance in
brain function (Institute of Medicine, 1991). Encephalopathy has been defined
as "a diffuse interference with brain function resulting from a generalized or
multifocal insult that causes a widespread disorder in the function of neurons”
(Dodson, 1978, p. 416). Fenichel (1982) noted that the terms encephalopathy
and encephalitis are used interchangeably to denote a variety of symptoms
including alterations in behavior or state of consciousness, convulsions,
headache, and focal neurologic deficit. In general, when pleocytosis in
cerebrospinal fluid is present, the term encephalitis is used, implying an
inflammatory response within the brain. The term encephalopathy is used when
an illness clinically appears like an encephalitis but no inflammatory response is
evident (Cherry et al., 1988). Encephalitis is a type of encephalopathy. That is,
every case of encephalitis is also a case of encephalopathy, but not every case
of encephalopathy is due to an inflammatory response, and thus is not a case of
encephalitis.

There are both clinical and pathologic definitions of encephalopathy. For a
patient to be considered to have a case of encephalopathy, the patient must have
clinical signs and there must be reason to assume there is an underlying
pathologic, structural, or persistent biochemical abnormality. For example,
seizures can result from extremes of temperature or metabolic changes with no
underlying pathologic, structural, or persistent biochemical change. Recurrent
seizures without any known precipitating event, on the other hand, could imply
a pathologic change sufficient to use the term encephalopathy. Alternatively,
there may be pathologic changes in the brain without clinically detectable signs.
For example, an increase in size or number of astrocytes may be detectable
pathologically, but be sufficiently mild to have only a subclinical association.

Recently, in proposed changes to the Aids to Interpretation of the Vac
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cine Injury Table, encephalopathy has been strictly defined (U.S. Department of
Health and Human Services, 1992). The Vaccine Injury Table defines the
vaccines and adverse events that are covered under the National Vaccine Injury
Compensation Program. Health care providers must report the occurrence of an
adverse event listed in the table if it falls within the specified latencies from
vaccination. The box in Chapter 10 includes the current Vaccine Injury Table
and Aids to Interpretation. Some proposed changes are reproduced in this
chapter in the box entitled Changes Proposed by DHHS in the Definition of
Encephalopathy in the Aids to Interpretation of the Vaccine Injury Table.

This definition of acute and chronic encephalopathy is useful because of its
precision, and the committee considered this proposed definition as it reviewed
the evidence. As is made clear throughout the report, the evidence reviewed by
the committee varied greatly in both the quality and quantity of clinical details
provided. Very few studies provided enough detail to ascertain whether the
cases of encephalopathy reported meet the criteria proposed in the Vaccine
Injury Table. The committee read and considered all reports of encephalopathy,
regardless of the extent of documentation of the adverse event. Although a 24-
hour period for the duration of stupor or coma associated with encephalopathy
is a widely accepted and reasonable standard based on a unit of time (a day), the
committee felt that it is not an absolute. However, this distinction regarding the
time period did not affect the final conclusions regarding encephalopathy.

The occurrence of encephalopathy in a child does not imply a particular
severity or duration of illness, nor does it indicate that a child will have
irreversible brain injury. Many children do recover from serious neurologic
illnesses and therefore may not have permanent neurologic sequelae (Institute
of Medicine, 1991). The annual incidence of encephalitis in Olmsted County.
Minnesota, from 1950 to 1981 was 7.4 per 100,000 people (Beghi et al., 1984).
The incidence in children less than age 1 year was 22.5, in children between age
1 and 4 years it was 15.2, and in children between ages 5 and 9 years it was
30.2 per 100,000. There was a case fatality rate of 3.8 percent.

Aseptic meningitis refers to inflammation of the meninges, not of the
brain. It can result from a variety of infectious, toxic, chemical, or physical
agents. No bacterial organism can be identified in or isolated from the
cerebrospinal fluid, but serologic studies often implicate a viral etiology.
Mumps virus and polioviruses can cause aseptic meningitis. The annual
incidence of aseptic meningitis in Olmsted County, Minnesota, from 1950 to
1981 was 10.9 per 100,000 population (Nicolosi et al., 1986). The incidence
was markedly higher in children under age 1 year (82.4 per 100,000) and
slightly higher in children between 1 and 4 years old (16.2 per 100,000). No
deaths occurred in any of the 183 individuals with aseptic meningitis.
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CHANGES PROPOSED BY DHHS IN THE DEFINITION OF
ENCEPHALOPATHY IN THE AIDS TO INTERPRETATION OF
THE VACCINE INJURY TABLE

e The term encephalopathy means any acute or chronic significant
acquired abnormality of, or injury to, or impairment of function of, the
brain.

e Acute encephalopathy shall be defined as follows: An acute
encephalopathy should be sufficiently severe to require health care
intervention and hospitalization.

* For children less than 24 months of age who present without an
associated seizure event, an acute encephalopathy shall be defined as
a significantly decreased level of consciousness, specifically stupor or
coma, lasting for at least 24 hours. Those children less than 24 months
of age who present following a seizure shall be viewed as having an
acute encephalopathy if their stupor or coma persists beyond 24 hours
and cannot be attributed to a postictal state or medication.

* For children 24 months of age or older, an acute encephalopathy is one
that persists for at least 24 hours and that is characterized by at least
two of the following:

— a significant change in mental status that is not medication
related; specifically a confusional state or a delirium, or a psychosis;

— a significantly decreased level of consciousness, which is
independent of a seizure and cannot be attributed to the effects of
medication; or

— a seizure associated with loss of consciousness.

* Increased intracranial pressure may be a clinical features of acute
encephalopathy in any age group.

* The following clinical features alone, or in combination, do not qualify
as evidence of an acute encephalopathy or a significant change in
either mental status or level of consciousness as de scribed above:
Sleepiness, irritability (fussiness), high-pitched and unusual screaming,
persistent inconsolable crying, and bulging fontanelle. Seizures in
themselves are not sufficient to constitute a diagnosis of
encephalopathy. In the absence of other evidence of an acute
encephalopathy, seizures shall not be viewed as the first symptom or
manifestation of the onset of an encephalopathy.

e Chronic encephalopathy is defined as persistence of the acute findings
over an extended period, usually several months to years beyond the
acute episode. Individuals who return to a normal neurologic state after
the acute encephalopathy shall not be presumed to have suffered
residual neurologic damage from the vaccine; any subsequent chronic
encephalopathy shall not be presumed to be a sequela of the acute
encephalopathy. Children with evidence of a chronic encephalopathy
secondary to genetic, prenatal, or perinatal factors shall not be
considered to have a condition set forth in the Vaccine Injury Table.

Source: Adapted from U.S. Department of Health and Human

Services (1992).
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Subacute Sclerosing Panencephalitis

Clinical and Laboratory Features

Subacute sclerosing panencephalitis (SSPE) is a rare form of
panencephalitis primarily affecting children and adolescents. It is characterized
by the insidious onset of a progressive cerebral dysfunction developing over the
course of weeks or months. Initially, there usually is an alteration in personality
and a deterioration in school performance. Myoclonic jerks follow some 2
months later. These jerks are involuntary, but the affected patient remains
conscious and is frequently thought to be stumbling or simply clumsy. The jerks
tend to disappear during sleep. As the disease progresses, so does the
myoclonus, often reaching a frequency of 1 every 10 seconds. Ultimately,
extrapyramidal dyskinesias such as athetosis, chorea, ballismus, and dystonic
posturing develop. The patient becomes extremely spastic and has difficulty
swallowing. There is a progressive loss of vision resulting from focal
chorioretinitis, cortical blindness, or optic atrophy. In the terminal stages of
SSPE, the patient becomes unresponsive and vegetates in a decorticate state,
compounded by hypothalamic dysfunction with vasomotor instability,
hypothermia, and alterations in blood pressure and pulse rate. An
encephalographic pattern of paroxysmal bursts of two- to three-cycle-per-
second high-voltage slow waves with associated spike discharges and then a
short period of flattened activity—the so-called burst-suppression pattern—is
characteristic. The myoclonic jerks tend to coincide with the paroxysmal
electroencephalographic bursts. The entire course of SSPE is quite variable,
lasting from weeks to years with periods of remission. The average patient dies
within 2 years of the onset of this disease, but in rare cases, patients have
remained in the vegetative state for 10 or more years.

The diagnosis is suggested by the clinical presentation and is strengthened
by the detection of high titers of serum antibodies against measles virus and the
presence of oligoclonal measles virus antibodies in the cerebrospinal fluid. The
ultimate confirmation is based on the classical appearance of Cowdry type A
inclusion bodies as well as the detection of measles antigen in the brain tissue
obtained by biopsy or at autopsy.

Pathology and Pathogenesis

The neuropathology of SSPE—involving both the grey and the white
matter—is that of a subacute encephalitis accompanied by demyelination. There
are lesions in the cerebral cortex, hippocampus, cerebellar cortex, basal ganglia,
brainstem, and spinal cord. Eosinophilic intranuclear and intracytoplasmic
inclusion bodies are seen in the neurons and glia. Immunocytochemical studies
show the presence of measles virus antigen.

Copyright © National Academy of Sciences. All rights reserved.



Adverse Events Associated with Childhood Vaccines: Evidence Bearing on Casuality
http://lwww.nap.edu/catalog/2138.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

NEUROLOGIC DISORDERS 52

SSPE is a result of an aberrant measles virus infection. The nature of the
aberration is not well understood, but viruses isolated from the brains and
lymphoid tissues of these patients are not typical measles viruses. They show
various degrees of defectiveness, which in some cases require complex
techniques of "rescue" before they would replicate in tissue culture. The central
question that remains is whether the original measles virus infection involved a
defective measles virus or whether the virus became altered during the
prolonged period of latency in the host. If the former is the case, this would
suggest a wholly exogenous etiology of SSPE. If the latter is the case, then one
would have to consider the possibility of an a priori abnormality in the host.

Although SSPE has had several original descriptions, Dawson is usually
credited with the identification of this disease when he described the inclusion
bodies in the neurons in 1933 (Dawson, 1933, 1934). Van Bogaert identified the
lesions in the white matter in 1945 (Van Bogaert, 1945). Bouteille and
coworkers (1965) identified the ultrastructural pattern resembling the
nucleocapsids of a paramyxovirus, which led Connolly and co-workers to the
immunological identification of measles virus within the lesions (Connolly et
al., 1967). Tissue cultures derived from the brains of patients with SSPE were
shown to contain similar inclusions bearing measles virus antigen (Baublis and
Payne, 1968). They also contained structures resembling paramyxovirus
nucleocapsids (Katz et al., 1969). Measles virus was finally cultured from a
patient's brain tissue by cocultivation of the brain cells with indicator cells
(Horta-Barbosa et al., 1969; Payne et al., 1969) and by a deliberate fusion with
indicator cells (Barbanti-Brodano et al., 1970). Later, Horta-Barbosa et al.
(1971) also isolated the virus from lymph node biopsy specimens from patients
in the early stages of the disease.

Descriptive Epidemiology

SSPE usually affects children younger than 12 years of age, but cases of
SSPE in young adults in their 20s have been reported. Boys are more frequently
affected than girls. The incidence of SSPE has decreased dramatically since the
beginning of immunization with the live attenuated measles virus vaccine
(Modlin et al., 1977). Estimates of the incidence of SSPE after natural measles
infection range from 5 to 20 cases per 1 million children with clinical measles
infection per year (Halsey et al., 1978).

Residual Seizure Disorder

Seizures are paroxysmal neurologic events that can occur with or without a
loss of consciousness and can include a variety of sensory experiences (e.g.,
auditory seizures), motor manifestations (e.g., focal motor or tonic
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clonic seizures), or both. The terms fits and convulsions are frequently used
synonyms for motor seizures. In addition, seizures can occur with or without
fever. Febrile seizures are well-defined, relatively common events that are
precipitated by fever in children under 5 years of age who do not harbor an
underlying seizure disorder. If more than one seizure occurs within 24 hours or
if the seizures last longer than 10 minutes or are accompanied by transient focal
neurologic features, they are termed complex febrile seizures. Acute
symptomatic seizures are those that occur in association with an acute process
that affects the brain, such as head trauma or a bacterial infection. Afebrile
seizures are those that occur in the absence of fever or other acute provocation.
Recurrent afebrile seizures are referred to as epilepsy. Infantile spasms are a
type of epileptic disorder in young children and are characterized by flexor,
extensor, and mixed flexor-extensor seizures that tend to occur in clusters
(Kellaway et al., 1979). The earliest manifestations of infantile spasms are
subtle and are easily missed, making it difficult to identify the precise age at
onset.

Recently, the National Vaccine Injury Compensation Program proposed
clarification of its definition of residual seizure disorder as a seizure occurring
within 72 hours of vaccination followed by two or more afebrile seizures over
the next 12 months, with the seizures separated by at least 24 hours (U.S.
Department of Health and Human Services, 1992). Continuing seizures in
subsequent years would be anticipated. The clarifications define an afebrile
seizure as one that occurs with a temperature of <101°F (rectally) or <100°F
(orally). This definition is considered in the remainder of this report. When a
definition for a seizure in a specific study being evaluated varies from those
stated above, the definition used in the study is given.

Sensorineural Deafness

Sensorineural deafness is a form of hearing loss resulting from pathologic
changes in the end organ structures within the cochlea or in the neural
connections between the cochlea and the cochlear nuclei in the brainstem. This
usually arises from toxic, metabolic, or ischemic events. Viral infection of the
cochlea can lead to sensorineural deafness as well. It is plausible that the live
attenuated viruses used in vaccines can infect the cochlea, but there is no
evidence that this occurs. No population-based incidence rates were identified.

Neuropathy

The term neuropathy as used here designates those disorders of peripheral
nerve other than GBS that have, on occasion, been described in relation
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to vaccine administration. Most reports fall into two clinical categories,
mononeuropathy and brachial neuritis. Diagnosis in both instances rests upon
the clinical and electrodiagnostic features.

Mononeuropathy

Mononeuropathy means a dysfunction limited to the distribution of a
single peripheral nerve that is large enough to be named. The deficit may be
motor, sensory, or both and may be either partial or complete. When
mononeuropathy occurs in association with vaccination, the onset is usually
acute or subacute. In some instances, mononeuropathy is clearly related to
intraneural injection of vaccine, as with radial nerve palsy with wrist drop
following a misdirected deltoid injection (Ling and Loong, 1976). Inadvertent
intraneural administration of any injectable is likely to produce a
mononeuropathy and is usually painful in nature (Combes and Clark, 1960;
Scheinberg and Allensworth, 1957; Sunderland, 1968).

In other cases, the affected nerve trunk lies at a distance from the injection
site. The basis for this type of mononeuropathy is unclear. Patients with
mononeuropathies tend to recover, but usually after many weeks or months.
Latencies of greater than 4 weeks between vaccination and the onset of
mononeuropathy render an association between mononeuropathy and vaccine
administration highly unlikely.

Brachial Neuritis

Brachial neuritis, also known as brachial plexus neuropathy or, in the
United Kingdom, as neuralgic amyotrophy, has been linked to vaccination or
administration of antiserum since brachial neuritis was first described a half
century ago. Clinically, most cases of brachial neuritis are heralded by a deep,
steady, often severe aching pain in the shoulder and upper arm. Patients usually
wish to lie still with the arm in the position of least pain. As the pain subsides in
days or weeks, weakness and marked atrophy of selected arm and shoulder
muscles are noted, usually unilaterally. Particularly commonly affected muscles
(and nerves) are the serratus anterior with scapular winging (long thoracic
nerve), the deltoid muscle (axillary nerve), and the infraspinatus muscle
(suprascapular nerve). A patch or patches of sensory involvement are present in
half or more of the patients. In as many as one-third of the patients, the
distribution of muscle weakness and atrophy is bilateral (Tsairis et al., 1972).
By clinical and electrodiagnostic criteria, lesions are focal or multifocal and
localize in the brachial plexus and sometimes in the more distal nerve trunks.
The character of the lesion is axonal without conduction block. Recovery,
which occurs mainly as a result of regeneration and collateral reinnervation, is
slow and often requires from 12
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to 30 months. About 15 percent of all cases of brachial neuritis occur following
vaccination or antiserum administration (Tsairis et al., 1972). Brachial neuritis
may be present on the same side as or the opposite side of the injection. The
latency ranges from a few days to 3 or at most 4 weeks. Little is known of the
basis or mechanism of brachial neuritis. The annual incidence of brachial
neuritis in Rochester, Minnesota, from 1970 to 1981 was estimated to be 1.64
per 100,000 individuals (Beghi et al., 1985a).
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4

Immunologic Reactions

Since the beneficial effects of vaccines are a result of changes in the
immune system, it would not be surprising if some of the adverse effects were
also. A classification of immunologic reactions that can cause disease has been
proposed by Coombs and Gell (1968). Four reactions make up the
classification: type I, immediate hypersensitivity, the most serious clinical
manifestation of which is anaphylaxis; type II, reaction of antibody with tissue
antigens; type III, Arthus-type reaction, caused by deposition of antigen-
antibody complexes in tissues, leading to the tissue-damaging effects of
complement and leukocytes; and type IV, delayed-type hypersensitivity, which
is mediated largely by T lymphocytes and macrophages. In clinical reactions to
foreign antigens, these categories frequently overlap. These reactions are a by-
product of the body's capacity to reject foreign invasion, particularly by
microorganisms. If these reactions are responsible for causing adverse events to
vaccines, then these reactions would be extensions of the beneficial responses to
vaccines, which are mediated by protective immunoglobulin G (IgG) antibodies
and T-lymphocyte responses.

ANAPHYLAXIS

Anaphylaxis (a type I reaction) was described in some detail in the
Institute of Medicine's report Adverse Effects of Pertussis and Rubella Vaccines
(Institute of Medicine, 1991, Chapter 6). The discussion in that chapter applies
equally to this report. The term anaphylaxis generally re
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fers to a sudden, potentially life-threatening, systemic condition mediated by
highly reactive molecules released from mast cells and basophils. Mediators
include histamine, platelet-activating factor, and products of arachidonic acid
metabolism (Fisher, 1987). Release of mediators depends typically upon the
interaction of antigen with specific antibodies of the IgE class that are bound to
the mast cells and basophils. Antibodies of other immunoglobulin classes are
thought to mediate anaphylaxis on occasion. By definition, the antibodies are
formed by prior exposure to the same or a closely related antigen. Anaphylaxis
results from widespread release of mediators that enter the circulation, and thus,
anaphylaxis is an expression of allergy that is systemic. At a cellular level, the
reaction begins within seconds of exposure to the inciting antigen. However,
depending upon the degree of sensitization (IgE antibody formation), and
presumably upon the rate with which the antigen enters the circulation,
localized or systemic symptoms may not be expressed for minutes or a few
hours (Dolovich et al., 1973; Pearlman and Bierman, 1989). In proposed
changes to the Vaccine Injury Table, which is used by the Vaccine Injury
Compensation Program to determine eligibility for compensation for vaccine-
induced injuries, the time frame for the onset of anaphylaxis/anaphylactic shock
following vaccination has been set at 4 hours (U.S. Department of Health and
Human Services, 1992). Classic symptoms include pallor and then diffuse
erythema, urticaria and itching, subcutaneous edema, edema and spasm of the
larynx, wheezing, tachycardia, hypotension, and hypovolemic shock (Kniker,
1988; Pearlman and Bierman, 1989). These symptoms are due to leaking of
fluid from blood vessels, constriction of smooth-muscle in certain viscera, and
relaxation of vascular smooth muscle. If death occurs, it is most commonly
from airway obstruction caused by laryngeal edema or bronchospasm, or from
cardiovascular collapse from arterial smooth-muscle relaxation and transudation
of fluids from the intravascular space (Pearlman and Bierman, 1989). Tissues at
autopsy show primarily widespread edema.

Less severe manifestations of immediate hypersensitivity that do not
qualify as anaphylaxis under the above definition occur commonly. These may
be expressed as urticaria and generalized pruritus, wheezing, or more alarming
symptoms such as facial and other edemas. However, hypotension, shock, and
collapse do not occur either because the reactions are naturally less severe or
because they are aborted by intervention with epinephrine or antihistamines.

The clinical presentation of anaphylaxis can also be produced by
intravascular antigen-antibody reactions that activate the complement system.
In this case, the antibodies may be of the IgG or IgM class. Peptides that are
split from activated complement components act on mast cells and basophils to
induce the release of the same mediators (Kniker, 1988). This reaction is
recognized most clearly after intravenous administration of anti
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gen; it has been hypothesized to occur rarely after intramuscular or
subcutaneous injection through rapid entry (within 1 to 5 minutes) of large
amounts of the antigen into the venous circulation. This reaction in an infant
presumably could be mediated by IgG antibody received transplacentally from
the mother; such antibody would be expected to persist for the first 6 months of
life and possibly longer (Benacerraf and Kabat, 1950; Cohen and Scadron,
1946). Anaphylaxis also can occur without an obvious cause (Wiggins et al.,
1989).

INTERACTION OF ANTIBODY WITH NORMAL TISSUE
ANTIGENS

In type II reactions, antibody combines with an antigen expressed on
normal tissue cells, complement is activated, and the resultant inflammation
damages the tissue. It is not clear whether this type of reaction is triggered by
alteration in the expression of a tissue antigen or by the formation of an
antibody to an antigen in food or an invading microorganism that then cross-
reacts with a host antigen. Antigens in a vaccine could theoretically mimic a
tissue antigen and elicit such a cross-reacting response, but this has not been
shown. On first exposure to such an antigen, any resultant tissue reaction would
be expected to develop in about 2 or 3 weeks; on reexposure, a tissue reaction
might occur within a few days. (These estimates are hypothetical and are based
on what is known about primary and secondary antibody responses to foreign
antigens.) The basis for type II reactions is not understood.

ARTHUS REACTION

The Arthus reaction (Arthus, 1903) is mediated differently from either
anaphylaxis or type II reactions. Basic to this type III or Arthus reaction is the
formation of antigen-antibody complexes, with a moderate excess of antigen,
with deposition in the walls of blood vessels, and consequent organ damage.
This is not an acute, immediately overwhelming condition. It generally
develops over 6 to 12 hours if antibody levels are already high, or it can develop
over several days (e.g., in serum sickness) as antibody levels increase and
antigen persists. In this reaction, immune complexes in the walls of blood
vessels initiate an inflammatory reaction involving complement and leukocytes,
particularly neutrophils. Tissue sections show acute inflammation, and profound
tissue destruction can occur.

Localized Arthus reactions have been reported to be common at the site of
injection of some vaccines and occur when reimmunization is performed in the
presence of high levels of circulating IgG antibody (Facktor et al., 1973). They
are characterized by pain, swelling, induration, and edema
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beginning several hours after immunization and usually reaching a peak 12 to
36 hours after immunization. They are self-limited, resolving over the course of
a few days. Their frequency and severity can be lessened by spacing
immunizations more widely, as has been recommended for tetanus-diphtheria
toxoid booster injections.

Generalized Arthus reactions of a serum sickness-like character have also
been invoked following vaccine administration. Such generalized serum
sickness-like reactions were common in the era when horse serum was used to
treat or prevent many infectious diseases and when very large quantities of
immunogenic foreign protein were infused (sometimes repeatedly). These
reactions require both IgG antibody and circulating excess antigen. Considering
the small quantity of protein in present-day vaccines that is injected, it is not
clear that such reactions could occur as a result of immunization. In animal
models, symptoms and pathology tend to localize in the kidney, skin, joints,
lung, and brain (Henson, 1982). The manifestations after vaccination most
commonly ascribed to serum sickness-like mechanisms are arthritis and fever.

DELAYED-TYPE HYPERSENSITIVITY

Delayed-type hypersensitivity (type IV reaction) results from the
stimulation of antigen-specific lymphocytes with the resultant replication of
these cells at the site of exposure to antigen. This stimulation induces the
release of lymphokines, migration of macrophages to the site, further
immunologic stimulation, and resultant tissue damage. As with IgG antibody
responses, this form of hypersensitivity represents the normal immunologic
response to certain types of foreign antigen, and it is seen commonly after
recovery from natural infections. On first exposure, the response peaks after
about 3 weeks; on reexposure, the response typically peaks after 24 to 48 hours.

Delayed-type hypersensitivity has been thought to be involved in the
development of neurologic complications of vaccination, particularly the
development of neurologic disease after receipt of the early rabies vaccines (no
longer in use) because of the large quantities of contaminating nervous system
antigens in the vaccines. The possible involvement of delayed-type
hypersensitivity in reactions to contemporary vaccines is discussed in the
chapters on the specific vaccines and adverse events.

EFFECT OF VACCINES ON THE IMMUNE SYSTEM

The capacity of the injection of capsular polysaccharide (PRP) from
Haemophilus influenzae type b to transiently decrease antibody specific to (and
only to) H. influenzae type b is discussed in Chapter 9. A different question has
been raised, that is, the possibility of a generalized immuno
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logic suppression from simultaneous administration of more than one vaccine or
vaccine component. Exposure to multiple foreign antigens is a common part of
normal extrauterine life. During a single episode of upper respiratory viral
infection, humans are exposed, depending on the particular virus involved, to
between 4 and 10 foreign proteins, and during a routine "strep throat" infection,
to between 25 and 50. Moreover, acquisition of a single new bacterium in the
gastrointestinal tract, a common and normal event in consumption of everyday
foods, or acquisition of one of the apparently harmless bacteria that inhabit the
mouth and nose exposes the immune system to at least 50 potential antigens
(Goldblatt et al., 1990). Each one of these foreign molecules typically contains
numerous epitopes (antigenic determinants), each of which evokes a separate
immune response. Moreover, each of the proteins is broken down in the body to
expose still other epitopes, which may be antigenic depending on the genetic
background of the host. The normal child may not respond to each of these
proteins/epitopes, but in the case of Branhamella catarrhalis, a bacterium that
inhabits the nasopharynxes of all normal children, antibodies to 17 different
proteins can be detected after colonization (Goldblatt et al., 1990).

Infants, since they are born out of a germ-free environment into a world
replete with microorganisms, undergo constant exposure to foreign antigens as
their mucosal surfaces are populated with normal bacterial flora and as they are
exposed to potentially more pathogenic microorganisms in the environment.
During such encounters, the microorganisms would be expected to shed large
amounts of their antigens for a period of days. The gradual rise in the levels of
circulating immunoglobulins represents one part of the total immunologic
response to this onslaught.

In the face of these normal events, it seems unlikely that the number of
separate antigens contained in childhood vaccines, whether given orally or by
injection, would represent an appreciable added burden on the immune system
that would be immunosuppressive. Nevertheless, it is theoretically possible that
some vaccine constituent might predispose an individual to infection through its
action as an antigen or some other means. The combination of diphtheria-
pertussis-tetanus vaccine has been the object of some research, in this regard, in
part because pertussis toxin modulates certain immune functions in
experimental animals. Fears that four deaths from bacterial infection after a trial
of acellular pertussis vaccine in Sweden might have been due to the vaccine
were allayed by a subsequent study (Storsaeter et al., 1988) that failed to find an
increase in the number of patients hospitalized with bacterial infections after
receipt of the vaccine. A report from Israel described an increase in minor
infectious illnesses in the 30 days after administration of diphtheria and tetanus
toxoids and pertussis vaccine (DPT) (Jaber et al.,, 1988). However, it is not
possible to evaluate these results because of a combination of reporting bias,
learning effect, and
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modification of illness incidence by season. Subsequently, three investigations
have reported a lower or unchanged incidence of both minor and major
infections after immunizations (Black et al., 1991; Davidson et al., 1991; Joffe
et al., 1992). All three studies included a case-control design to examine serious
infections. Two studies were conducted in the Kaiser Permanente health
maintenance organization, and in both of these, a statistically significant
decrease in infections after immunization was demonstrated. There were,
however, potential confounding covariants, such as breast-feeding, frequency of
well-child visits, and attendance at day care, so that a protective effect could not
be unequivocally assigned to DPT. The conclusion of all three studies was,
nevertheless, that no association of increased susceptibility to infection could be
demonstrated in the weeks following DPT and oral polio vaccine
immunizations. Since several hundred individuals were examined in the three
studies, an infrequent association between immunization and infectious disease
was not excluded.

It is also well known that many natural vital infections, particularly
measles, can temporarily suppress components of the immune system (Starr and
Berkovich, 1964; Ward et al., 1991). and there have been concerns that live
attenuated viral vaccines might have a similar effect. Soon after the live
attenuated measles vaccine was developed, it was. shown that immunization
temporarily suppressed the delayed-type hypersensitivity skin test response to
purified protein derivative, an index of cell-mediated immunity to
Mycobacterium tuberculosis (Brody and McAlister, 1964; Starr and Berkovich,
1964). The suppression was, however, less consistent and less prolonged than
that following natural measles infection, presumably because of the attenuation
of growth of the vaccine virus at all levels. Other viral vaccines, both live
attenuated and inactivated, have been shown to have similar, although often
mild and inconstant, effects on skin test responses to various antigens
(Berkovich et al., 1972; Brody et al., 1964; Ganguly et al., 1976; Kupers et al.,
1970). In addition, more recent studies have shown that, after measles
immunization or reimmunization, certain lymphocyte functions, such as the
ability to replicate when stimulated with phytohemagglutinin or to excrete
certain chemotactic factors, are mildly but measurably depressed (Hirsch et al.,
1981), and the number of CD8-positive lymphocytes falls slightly (Nicholson et
al., 1992).

It may be asked, then, whether use of combination viral vaccines might
exacerbate the potential problem of immune system suppression. The
committee found no report of a systematic comparison of the effects of
monovalent and polyvalent live attenuated vaccines on immunity. Combined
measles-mumps-rubella vaccine (MMR) has been reported to have a temporary
suppressive effect on neutrophil function (Toraldo et al., 1992) and on the
ability of lymphocytes to proliferate in response to phytohemagglutinin or
Candida albicans stimulation (Munyer et al., 1975), but neither study compared
monovalent
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and trivalent vaccines. MMR vaccination was included in one of the large
health maintenance organization case-control studies of possible serious
bacterial infection after immunization (Black et al., 1991); although there was a
trend toward fewer infections in vaccinees than in controls, none of the
differences was significant.

At present, the data are insufficient to answer with certainty whether
immunosuppression in the form of laboratory and skin test abnormalities after
the receipt of a vaccine does, in fact, indicate a decrease in the capacity to resist
infection. Therefore, as new vaccines are developed and as the old ones are
used at different dosages or in different combinations or are administered at
different ages, this question should continue to be a concern. To date, studies of
current vaccines suggest that if immunization leads to an infection, it must do so
infrequently.
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5
Diphtheria and Tetanus Toxoids

BACKGROUND AND HISTORY

Tetanus

The causative agent of tetanus, Clostridium tetani, is a gram-positive,
spore-forming anaerobic bacillus. C. fetani produces two exotoxins, tetanolysin
and tetanospasmin. Tetanus results from the latter toxin, one of the most potent
toxins on a weight basis (Wassilak and Orenstein, 1988). Tetanus toxin enters
the nervous system at peripheral nerve endings. The toxin binds to a receptor, is
internalized by endocytosis, and is transported to nerve cell bodies, primarily
motoneurons, in the central nervous system (Fishman and Carrigan, 1988).
Tetanus toxin appears to work presynaptically to affect neurotransmitter release
(Bergey et al., 1987). The mode of action of tetanus toxin is similar to that of
another well-known toxin, botulinum toxin, which is also produced by an
anaerobic organism (Simpson, 1986). The mechanisms of action of these toxins
have not been fully elucidated.

Early studies in experimental animals demonstrated that protective
neutralizing antibodies could be elicited by repeated inoculations with a minute
amount of toxin (Wassilak and Orenstein, 1988). These antisera also could
provide passive protection when administered to nonimmune recipients. In
1926, Ramon and Zoeller immunized human subjects with a toxoid prepared by
formaldehyde and heat treatment of the toxin. Although the pro
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tective level of antibody could not be assessed directly in human subjects (by
challenge with active toxin), two early workers in this field immunized
themselves with the tetanus toxoid and then challenged themselves with two to
three fatal doses of tetanus toxin. They were protected by their prechallenge
serum levels of 0.007 and 0.01 American units of tetanus toxoid per ml
(Wolters and Dehmel, 1942). In 1950, the World Health Organization (WHO)
reset the international unit (IU) to equal the American unit (see the section
Biologic Events Following Immunization below).

Two types of tetanus toxoid are available in the United States: fluid and
adsorbed. The adsorbed vaccines contain less than 1.25 mg of aluminum and 4
to 10 flocculation units (Lf) of toxoid per 0.5-ml dose. (The quantity of toxoid
is measured by in vitro flocculation when toxoid is mixed with a known amount
of antitoxin, and the results are recorded as the limit of flocculation [Lf].) The
fluid preparations contain 4 to 5 Lf of toxoid. All tetanus toxoids in the United
States contain 0.02 percent formaldehyde and 0.1 percent thimerosal. Some
investigators have noted an increased rate of severe local reactions and abscess
formation when adsorbed diphtheria toxoid or diphtheria and tetanus toxoids for
pediatric use (children under 7 years of age) (DT) were used (e.g., 30 percent
adsorbed versus 8 percent fluid) (Collier et al., 1979; Holden and Strang, 1965).
However, others have not corroborated these findings and note that adsorbed
toxoids have similar reaction rates as long as the injections are given
intramuscularly rather than subcutaneously. In addition, adsorbed toxoids offer
the benefit of enhanced immunogenicity (Jones et al., 1985; Relihan, 1969;
Trinca, 1965; White, 1980; White et al., 1973).

Diphtheria

Diphtheria is an acute respiratory infection caused by Corynebacterium
diphtheriae. In a nontoxigenic form, the organism may colonize the throat of
asymptomatic individuals or may produce mild pharyngitis. However, when the
bacterium is infected with a bacteriophage carrying the structural gene for
biosynthesis of the toxin responsible for clinical disease, classic diphtheria can
result. The clinical presentation includes a fibrinous, adherent pharyngeal
membrane and complications of severe systemic toxicity, myocarditis, and
peripheral neuritis. Case fatality rates were commonly in the range of 50
percent prior to the availability of antitoxin therapy. It is now known that
diphtheria toxin is one of a family of A and B toxins. The A and B fragments of
diphtheria toxin are part of a single polypeptide chain. Fragment A ("active") is
a potent enzyme that acts intracellularly to block protein synthesis. The only
known substrate for fragment A is elongation factor 2, which is involved in
catalyzing the movement of ribosomes
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on eukaryotic messenger RNA. A single molecule of fragment A can kill a cell.
Fragment B ("binding") is responsible for the recognition of receptors on
mammalian cells and the translocation of fragment A into cells (Uchida, 1986).
Protective human antibodies against diphtheria are directed against fragment B
(Mortimer, 1988). The protective role of antisera against the toxin was
documented by Behring in the late nineteenth century (Holmes, 1940), and the
use of diphtheria antiserum raised in horses to treat human diphtheria was
introduced a few years later. Active immunization with inactivated toxin in
experimental animals was adapted to immunization of humans.

Early in the history of immunization against diphtheria, active toxin and
antitoxin (prepared in horses) were administered as a mixture. In several
reports, fatalities caused by the toxic effects of inadequately neutralized
diphtheria toxin occurred in children given these mixtures (Dittmann, 1981b;
Wilson, 1967). Following the introduction of toxin neutralization by chemical
means (formalin), one report of incomplete detoxification appeared. In Kyoto,
Japan, in 1948, 68 of 606 children died following inoculation with a formalin-
detoxified vaccine. Free toxin was detected in one batch of the vaccine
(Dittmann, 1981b). Currently licensed toxoids produced in the United States are
now prepared and tested by procedures specified in the Code of Federal
Regulations, and no cases of toxin-related disease have been reported since 1948.

Because of the severity of clinical diphtheria and the early recognition that
protection was safely induced by immunization with diphtheria toxoid,
controlled clinical trials of the efficacy of diphtheria toxoid were never
performed. Early in the history of immunization against diphtheria, Schick
(1913) introduced a test that correlated with protective immunity, thus making it
possible to study both naturally acquired and toxoid-induced immunity. This
test consists of the intradermal injection of a small amount of purified toxin. In
nonimmune individuals who lack circulating antitoxin, a red, slightly
hemorrhagic area appears at the injection site within 48 hours. Individuals with
protective levels of antitoxin antibody (>0.01 U/ml) have no local reaction. On
the basis of the correlation of a negative Schick test with protective immunity
and a correlation between negative Schick test results and a serum antitoxin titer
of 0.01 to 0.02 U/ml, one or both of these tests have been used to measure the
efficacy of diphtheria immunization protocols that utilize various doses and
administration schedules.

In the United States, children receive vaccines according to schedules
determined by the American Academy of Pediatrics and the Advisory
Committee on Immunization Practices. These groups recommend that
diphtheria and tetanus toxoids and pertussis vaccine (DPT) be given at ages 2,
4, and 6 months, between ages 15 and 18 months, and between ages 4 and 6
years. The acellular pertussis-containing (DTaP) preparation can be substituted
for
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DPT for the fourth and fifth doses. Diphtheria and tetanus toxoids for pediatric
use (DT) should be used in children younger than age 7 years in whom DPT is
contraindicated. Tetanus and diphtheria toxoids for adult use (Td) should be
used in individuals older than age 7 years. They should be administered every
10 years following the last DPT or DT vaccination.

BIOLOGIC EVENTS FOLLOWING IMMUNIZATION

Tetanus

Following an injection of tetanus toxoid, the recipient develops
neutralizing antibodies that prevent the effects of toxin on the nervous system.
Antibody levels are now reported in comparison with an international standard
set by the WHO as international units per milliliter, and it is generally agreed
that a level of 0.01 IU/ml or greater is protective (Wassilak and Orenstein,
1988). Protective levels of antibody are achieved in most children and adults
after two doses of tetanus toxoid given 4 or more weeks apart, although children
under 1 year of age may require three doses of tetanus toxoid (Barkin et al.,
1984, 1985a). However, protective levels are relatively short-lived, particularly
in infants and older adults, and thus, a reinforcing (booster) dose is given 6 to
12 months after the primary series of immunizations. Following this booster,
long-term immunity usually exceeding 10 years develops (Peebles et al., 1969).

Minor local reactions (pain, erythema, swelling of less than 1 cm) occur
within 48 hours following 1-80 percent of immunizations with tetanus toxoid
(Collier et al., 1979; Jones et al., 1985; White, 1980). The reaction rate varies
with the dose and type of toxoid, the number of prior doses of toxoid received,
and the method of injection. Severe reactions (>8 cm of erythema or induration)
are much less common and are often accompanied by a sore, swollen arm and
systemic manifestations such as fever and malaise. Severe reactions occur much
more frequently with larger doses of toxoid (McComb and Levine, 1961;
Schneider, 1964), and in several studies, severe reactions have been found to
correlate with high antibody levels prior to immunization (Collier et al., 1979;
Facktor et al., 1973; Korger et al., 1986; Levine and Edsall, 1981; Levine et al.,
1961; McComb and Levine, 1961; Relihan, 1969; White et al., 1973). Prior to
the recognition of the long duration of immunity, frequent booster doses given
after minor wounds or as prophylaxis for factory employees or children
attending summer camps led to high levels of antibody.

The correlation between severe local reactions and high antibody levels
prior to immunization strongly suggests that these reactions may be caused by
immune complex formation between antibodies and antigen. In the case of
severe local reactions, this is classified as an Arthus reaction, in which
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immune complexes form locally in the walls of small arteries (Edsall et al.,
1967; Eisen et al., 1963; Facktor et al., 1973). In rare cases, it is possible that
the immune complexes may form in the circulation, deposit in tissues, and
activate complement. This would result in the clinical syndrome of serum
sickness. These patients may develop glomerulonephritis, arthritis, and
vasculitis. However, some investigators have been unable to confirm a
consistent correlation between more severe local reactions and high antibody
levels (Holden and Strang, 1965; Jones et al., 1985; White et al., 1973), and
thus, it is likely that other factors such as toxoid variables, adjuvants, dose, and
host factors may also play a role in the development of severe local reactions.
Routine immunization with tetanus toxoid also induces a cellular immune
response, and intradermal skin testing with tetanus toxoid frequently is used as
a screen for anergy (Gordon et al., 1983; Grabenstein, 1990; Steele et al., 1976).
The absence of a delayed-type hypersensitivity response does not imply a lack
of protective immunity, and conversely, a positive response does not appear to
correlate with clinically important hypersensitivity reactions to the toxoid
(Eisen et al., 1963; Facktor et al., 1973; Gold, 1941; Vellayappan and Lee, 1976).

Diphtheria

In the preimmunization era, many people acquired immunity to diphtheria
(and a negative Schick test) presumably by asymptomatic colonization. Also,
protective immunity was observed in young infants, most likely on the basis of
the presence of transplacentally acquired antibody (Schick, 1913).

Diphtheria toxoid adsorbed with aluminum hydroxide or phosphate was
shown to be more immunogenic and to produce fewer local reactions than fluid
toxoid. The minimum schedule for children was found to be three doses, with
the first two doses spaced by 1-2 months and the third dose given 6-12 months
later. Booster doses were found to be necessary, particularly in countries where
widespread immunization markedly decreased the opportunity for
asymptomatic colonization (Bjorkholm et al., 1986; Christenson and Bottiger,
1986; James et al., 1951; Karzon and Edwards, 1988; Rappouli et al., 1988). To
maintain protective levels of antitoxin antibody against diphtheria, recall
immunization is suggested in older children and adults at 10-year intervals.

Early studies of the immune response to immunization against diphtheria
revealed that some immune individuals responded to a Schick test with
immediate hypersensitivity reactions (wheal and erythema within minutes) or
delayed-type hypersensitivity reactions that were maximal at 24-72 hours
(Zingher and Park, 1923). An important consequence of this observation
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was that interpretation of a "positive" Schick reaction to toxin required a control
test with purified toxoid. Another implication was that pseudoreactions might
predict clinically relevant hypersensitivity to further immunization with
diphtheria toxoid (Pappenheimer, 1984). However, not all investigators found a
high degree of correlation between Schick test results and adverse reactions
(Settergren et al., 1986), and routine testing prior to immunization is
impractical. Pappenheimer et al. (1950) demonstrated that a significant
proportion of the delayed-type hypersensitivity reactions in previously
immunized subjects were against the contaminants in the crude toxoid rather
than against the highly purified diphtheria toxin. The role of bacterial cellular
fractions in adverse reactions has been confirmed by Relyveld and colleagues
(1979, 1980).

The problems of high rates of severe local and systemic reactions (fever,
malaise, myalgia, headaches, and chills) noted in earlier studies with diphtheria
toxoid in older children and adults have been alleviated by (1) the use of
improved methods for purifying toxins, (2) reduction of the dose of toxoid (<2
Lf of diphtheria toxoid in Td versus 10-20 Lf in DPT and 10-12 Lf in DT), and
(3) the use of adsorbed vaccine (Edsall et al., 1954; Levine et al., 1961; Myers
et al,, 1982; Smith, 1969). By this approach, the rates of adverse reactions
related to hypersensitivity have been very low (Middaugh, 1979; Mortimer et
al., 1986; Myers et al., 1982; Sheffield et al., 1978). Mild local reactions
(tenderness and swelling at the injection site) occurred in 16 to 27 percent of
vaccinees. Erythema, marked swelling, or systemic symptoms occurred in fewer
than 2 percent of individuals.

ENCEPHALOPATHY

Clinical Description

Encephalopathy has been used in the literature to characterize a
constellation of signs and symptoms reflecting a generalized disturbance in
brain function often involving alterations in behavior or state of consciousness,
convulsions, headache, and focal neurologic deficit. The annual incidence of
encephalitis for the years 1950 to 1981 in Olmsted County, Minnesota was 7.4
per 100,000 (Beghi et al., 1984; Nicolosi et al., 1986). The incidence in children
less than 1 year of age was 22.5, in children between 1 and 4 years of age it was
15.2, and in children between 5 and 9 years of age it was 30.2 per 100,000.
Other estimates of encephalopathy for children less than age 2 years were
somewhat lower than those reported by Beghi et al. (1984) and Nicolosi et al.
(1986). Other estimates for annual incidence range from 5 per 100,000 children
younger than age 2 years (Walker et al., 1988) to 10 per 100,000 children
younger than age 2 years (Gale et al., 1990). For a more complete discussion of
encephalopathy, see Chapter 3.
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History of Suspected Association

Diphtheria toxin causes a toxic peripheral neuropathy in about 20 percent
of cases (Mortimer, 1988), but diphtheria toxin has not been found to be
associated with central nervous system (CNS) disease such as encephalopathy.
Tetanus is a neurologic disease characterized by severe lower motor neuron
hyperexcitability with consequent muscle spasms produced by the potent
neurotoxin tetanospasmin (Wassilak and Orenstein, 1988).

Diphtheria and tetanus toxoids are generally given together as Td in adults
and as DT or DPT (a combination that includes vaccine directed against
pertussis) in children. DT and Td differ because of the lower concentration of
diphtheria toxoid in the preparation for adults. Monovalent diphtheria and
monovalent tetanus toxoids are also available. Pertussis as a clinical disease has
long been known to cause encephalopathy, as discussed in detail by the Institute
of Medicine (1991). The possibility that immunization against pertussis was
responsible for serious adverse neurologic events leading to encephalopathy
was raised as early as 1933, with concerns continuing to be reported through the
present. Several large epidemiologic studies were designed to study the
association between DPT and acute neurologic events in children. From those
studies, information regarding DT was also obtained because of the lack of
universal acceptance of DPT. The National Childhood Encephalopathy Study
(Alderslade et al., 1981) and the North West Thames study (Pollock and Morris,
1983) provide some information on encephalopathy and DT. Additionally, two
case-control studies in Italy (Crovari et al., 1984; Greco, 1985) were carried out
to investigate a clinical observation that encephalopathy in several children was
temporally related to DT immunization.

Evidence for Association

Biologic Plausibility

Although tetanus toxin can reach the CNS, it is not clearly associated with
encephalopathy. The neurologic sequelaec of tetanus have been described.
Symptoms experienced by patients after recovery from tetanus include
irritability, sleep disturbances, myoclonus, decreased libido, postural
hypotension, and abnormalities on electroencephalograms (Illis and Taylor,
1971). The symptoms disappeared within 2 years of recovery from tetanus.
These were attributed by the author as secondary to the action of tetanus toxin
on inhibitory synapses in the CNS. The neurologic consequences of diphtheria
are primarily peripheral neuropathy.
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Case Reports, Case Series, and Uncontrolled Observational Studies

The North West Thames study by Pollock and Morris (1983), an
uncontrolled cohort study, was a collection of reports of all reactions to
vaccines in the North West Thames region of England and Wales. It was
designed to intensify the reporting of severe manifestations, particularly
neurologic complications, after childhood immunization between January 1975
and December 1981. Of 400,500 doses of DT and oral polio vaccine (OPV)
(133,500 children completing a primary series of three doses of vaccine) and
221,000 single booster doses of DT given at school entry, seven children had
seizures without neurologic damage and were well at follow-up. Three children
with other neurologic conditions were identified; one child (9 months old) had
infantile spasms predating vaccination, another child (9 years old) had a seizure
with hemiplegia 1 day after receipt of DT but was normal on follow-up, and
another child (7 months old) developed hemiparesis 14 days after receipt of DT
and was normal on follow-up. None of these neurologic events was considered
to be encephalopathic.

Because it was felt that reactions that occurred after vaccination with DT
were being underreported in the first part of the North West Thames study
(compared with the reporting of reactions that occurred after vaccination with
DPT), an alternative method of study was undertaken on the basis of a hospital
activity analysis of hospitals in the North West Thames region during 1979.
Children under 2 years of age were included in the study if their diagnosis at the
time of discharge included a neurologic event. No control group was used. Of
18,000 children who completed a primary series of DT (approximately 54,000
doses of DT were administered), 18 children had seizures (all febrile) within 28
days of DT immunization and 3 children had some other neurologic disease that
developed within 28 days of DT immunization. Two of these children had focal
seizures at 22 and 24 days after DT immunization, and the other child died of
encephalopathy 28 days after DT immunization. Insufficient detail was given to
describe the case of encephalopathy.

Several clinical trials compared DT and DPT (therefore, they are
considered uncontrolled cohort studies for DT), and they showed that there
were no serious neurologic adverse events after receipt of DT. Those studies, by
Cody et al. (1981) and Barkin et al. (1985b), had only very small samples of
those immunized with DT (784 and 40 subjects, respectively) and therefore do
not provide much additional knowledge of the adverse events following
immunization with DT.

Quast and colleagues (1979) found in the records of Behringwerke (a
pharmaceutical firm in the former West Germany) a case report of a 36-year-old
female who developed polyneuromyeloencephalopathy 5 days after receiving
her first dose of aluminum-adsorbed tetanus toxoid in 1976. The
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authors provided no clinical information other than the fact that she recovered
completely.

Several small case series described in the literature looked for adverse
events following immunization with both DPT and DT (Feery, 1982; Waight et
al., 1983). Those studies showed no adverse neurologic events following receipt
of DT, although the sample sizes in those two studies were small (335 and 221
subjects, respectively).

The following cases were reported in the Vaccine Adverse Event
Reporting System (VAERS) between November 1990 and July 1992: a 50-year-
old male who developed syncope, visual disturbance, and hypoglycemia 1 day
after receiving tetanus toxoid; a 14-year-old male who developed encephalitis
and transverse myelitis 2.5 months following Td administration; and a 17-year-
old male who developed lymphocytic meningoencephalitis 10 days following
receipt of Td and measles-mumps-rubella vaccine (MMR).

Controlled Observational Studies

The best observational case-control study that provides information about
immunization with DT and association with neurologic illness is the National
Childhood Encephalopathy Study (NCES) (Alderslade et al., 1981), which was
undertaken because of concerns about possible adverse events following receipt
of pertussis vaccine. That study identified children aged 2-36 months who were
admitted to a hospital with neurologic illness during the 3 years from July 1976
to June 1979 in England, Scotland, and Wales. The first 1,000 of 1,182 cases
identified during that time were studied. For each case there were two "at-
home" controls matched for age, sex, and area of residence. No statistically
significant association with DT immunization and neurologic adverse events
was found in cases compared with controls. On the basis of the data in Table
V.15 on page 122 of the NCES (Alderslade et al., 1981), the odds ratio (OR) is
0.92 (95 percent confidence interval [CI], 0.64-1.30). However, as with infantile
spasms, a nonsignificantly higher rate of exposure to DT was observed within
the 7 days prior to the date of onset of illness in the case patients, and a
correspondingly lower rate of exposure was observed between more than 7 and
less than 28 days prior to onset. Because nearly one-third of the cases had
prolonged febrile convulsions, the excess rate of exposure to DT within 7 days,
if real, may merely reflect the tendency of DT vaccination to cause fever.

Greco (1985) carried out a case-control study in the Campania (Naples)
region of Italy from January 1980 to February 1983 to test the association
between encephalopathy and immunization with DT. The Italian Ministry of
Health had received reports that described several cases of encephalopathy in
children who had received DT within the week prior to illness, and those reports
were the impetus for the study. A case was defined as a patient
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between the ages of 3 and 48 months who was admitted to the Santobono
Hospital intensive care unit during the study period with one or more of the
following diagnoses: coma of unknown cause, Reye syndrome, convulsions of
unknown cause, respiratory distress with coma from an unknown cause, and
death or stupor from an unknown cause. Forty-five patients that met the case
definition were identified, and for each case there were four matched controls:
two hospital controls and two residential controls. Hospital controls were
matched to cases by age, sex, and date of admission; residential controls were
matched by age, sex, and place of residence. The authors found that 64 percent
of the case patients had been immunized with DT during the month prior to
hospitalization, whereas 10 percent of hospital controls and 13 percent of
residence controls had been immunized with DT. The reported ORs were 40.9
(95 percent CI, 6.3-102.5) for immunization with DT within the month prior to
hospitalization and 92.6 (95 percent CI, 35.1-244.1) within the week prior to
hospitalization.

The study by Greco (1985) has many methodologic problems. First and
foremost, the cases leading to the Italian Ministry of Health's alert concerning
the possible association between DT vaccination and encephalopathy served as
part of the case group for the study. Additionally, cases were selected without
blinding with respect to their prior immunization status. As described in the
article, many of the case patients had elevated transaminase and ammonia levels
but had normal cerebrospinal fluid (CSF) findings, suggesting the diagnosis of
Reye syndrome. To the extent that DT may have been given to children with
concomitant influenza or other viral illnesses, the occurrence of local or febrile
reactions may have led to treatment with aspirin and. secondarily, the
development of Reye syndrome. No information on aspirin use was given in the
article describing the study. In addition, case DT recipients were twice as likely
as control DT recipients to have received OPV simultaneously.

In response to the same reports that led to the study by Greco (1985),
another case-control study (Crovari et al., 1984) was undertaken in the Luguria
(Genoa) region of Italy to assess the association between recent DT
immunization and coma or complicated convulsions. The study of Crovari et al.
(1984) drew its cases from admissions to the intensive care unit, infectious
disease ward, and general ward of the hospital of the Istituto G. Gaslini in
Genoa between January 1980 and June 1983. The case patients were between 3
and 48 months of age and were admitted with coma, complicated convulsions
of unknown etiology, or both. Children with known epilepsy or febrile
convulsions were supposedly excluded from the case group, but the authors
later state (in the results) that the majority of patients presented with
"hyperpyrexia." Twenty-nine cases were identified, and each case was matched
with four controls (two inpatient and two outpatient) by sex and age for
inpatient controls and by age, sex, and residence for

Copyright © National Academy of Sciences. All rights reserved.



Adverse Events Associated with Childhood Vaccines: Evidence Bearing on Casuality
http://lwww.nap.edu/catalog/2138.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

DIPHTHERIA AND TETANUS TOXOIDS 71

outpatient controls. The study did not show a statistically significant association
between receipt of DT and coma or complicated convulsions (matched OR, 1.6;
95 percent CI, 0.54-4.74). However, the outpatient controls were randomly
selected from records of vaccinated children. This would inflate exposure rates
among the outpatient control group and perhaps create a negative bias in the
odds ratio. Unpublished information provided by the authors permitted a
separate (unmatched) analysis for the cases and inpatient controls, which
revealed an unmatched OR of 2.16 (95 percent CI, 0.37-12.49). A meta-analysis
combining the data from the NCES and the cases and inpatient controls from
the study of Crovari et al. (1984) yields a Mantel-Haenszel OR of 0.95 (95
percent CI, 0.68-1.34).

Controlled Clinical Trials

No controlled clinical trials have compared DT recipients with an
appropriate control.

Causality Argument

There is some biologic plausibility that tetanus toxoid-containing
preparations might cause encephalopathy, on the basis of the evidence of Illis
and Taylor (1971) that tetanus toxin has been associated with CNS sequelae.
The case reports and case series reviewed above offer no convincing evidence
for the occurrence of encephalopathy following immunization with DT. Three
case-control studies addressed the question of a possible relation between DT
immunization and encephalopathy. The best of the controlled observational
studies is the NCES (Alderslade et al., 1981). The authors of that study did not
detect an association between the occurrence of acute neurologic illness and
receipt of DT (OR, 0.92; 95 percent CI, 0.64-1.30), nor did a meta-analysis
combining the NCES results with those based on cases and inpatient controls in
the study by Crovari et al. (1984) (OR, 0.95; 95 percent CI, 0.68-1.34).
Therefore, the combined evidence strongly suggests that no relation exists
between immunization with DT and the onset of acute neurologic illness. The
possibility of lot-specific reactions to DT, as has been demonstrated for DPT
preparations (Baraff et al., 1989), suggests that studies could be more revealing
if the vaccines were tracked by lot. (See Chapter 11 for suggestions for further
research.)

If the evidence favors rejection of a causal relation between DT and acute
encephalopathy, then in the committee's judgment the evidence favors rejection
of a causal relation between DT and chronic encephalopathy and between Td
and tetanus toxoid alone and encephalopathy.
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Conclusion

The evidence favors rejection of a causal relation between DT, Td, or
tetanus toxoid and encephalopathy (acute or chronic).

RESIDUAL SEIZURE DISORDER

Clinical Description

Seizures are neurologic events that may occur with or without the loss of
consciousness and can include a variety of sensory experiences (e.g., auditory
seizures), motor manifestations (e.g., focal motor or tonic-clonic seizures), or
both. In addition, seizures can occur with or without fever. Febrile seizures are
well-defined, relatively common events that are precipitated by fever in
children without a seizure disorder. Afebrile seizures are those that occur in the
absence of fever. Recurrent afebrile seizures are referred to as epilepsy and are
synonymous with residual seizure disorder. Approximately 0.5 to 2 percent of
the population experiences epilepsy. It can occur at any age. Infantile spasms
are a type of epileptic disorder in young children characterized by flexor,
extensor, and mixed flexor-extensor seizures that tend to occur in clusters or
flurries (Kellaway et al., 1979). The earliest manifestations of infantile spasms
are subtle and are easily missed, making it difficult to identify the precise age at
onset. Incidence rates of infantile spasms range from 0.25 to 0.4 per 1,000 live
births. The vast majority of studies report a peak onset between ages 4 and 6
months. Approximately 65 percent of children with infantile spasms go on to
have other types of seizures. For a more complete discussion of the definition of
seizures, see Chapter 3.

History of Suspected Association

Diphtheria toxin causes a toxic peripheral neuropathy in about 20 percent
of cases (Mortimer, 1988), but diphtheria toxin has not been associated with
CNS disease. Tetanus is a neurologic disease characterized by severe muscle
spasms produced by the potent neurotoxin tetanospasmin (Wassilak and
Orenstein, 1988). This neurotoxin can produce three clinical syndromes: (1)
localized, (2) generalized (80 percent of cases), and (3) cephalic. In patients
with generalized tetanus, the neurotoxin makes its way to the CNS and can then
cause spasm of any muscle as well as autonomic nervous system disturbances.
Tetanospasms (generalized tonic-tetanic seizure-like activity) can occur, but
cognitive functions are not affected. Tetanospasms are generalized muscle
spasms, not generalized seizures in which the level of consciousness is affected.
Cephalic tetanus is rare and is associated with
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cranial nerve palsies. Therefore, clinical diphtheria disease and tetanus disease
have not been associated with seizures.

Inasmuch as DT, Td, tetanus toxoid, and DPT have been known to cause
fever, they have been associated with the occurrence of acute febrile seizures.
Febrile seizures alone do not lead to a residual seizure disorder. There are a
paucity of case reports in the literature describing seizures (other than febrile)
that have occurred in association with diphtheria and tetanus toxoids. However,
several large epidemiologic studies were designed to investigate the association
between receipt of DPT and acute neurologic events in children. From those
studies, information regarding DT was also obtained because there was not
universal acceptance of DPT. Bellman et al. (1983) examined a subset of the
NCES data for a relation between the onset of infantile spasms and recent
vaccination with DT and DPT. Pollock et al. (1984, 1985) and Pollock and
Morris (1983) examined the relation between the onset of neurologic events
(including seizures) and vaccination with DT and DPT in several different
studies.

Evidence for Association

Biologic Plausibility

There are no data directly bearing on the biologic plausibility of a relation
between diphtheria or tetanus toxoid and residual seizure disorder.

Case Reports, Case Series, and Uncontrolled Observational Studies

Three uncontrolled observational (cohort) studies provide descriptive
information. The North West Thames study (Pollock and Morris, 1983 [see
previous section on encephalopathy]), an uncontrolled cohort study, also offers
some information regarding seizures following DT immunization. In the
voluntary reporting part of the study, of 133,500 children who received a
primary series of three immunizations (400,500 doses) of DT (and OPV), and
221,000 single booster doses of DT given at school entry, seven children had
seizures, and all were normal on follow-up. Two of these were febrile seizures
associated with respiratory illness and possible fever, and three were in children
with personal or family histories of seizures. In the hospital activity analysis, of
18,000 children who received a primary series of DT (and OPV) (54,000
doses), 18 children had seizures, all of which were febrile, within 28 days of
immunization. Of the children who presented with neurologic disease after DT
immunization, two patients with convulsions with focal signs presenting at 22
and 24 days postimmunization, respectively, were reported. Long-term follow-
up of these two patients was not presented in the report, but the relatively long
period of time between
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receipt of DT and seizures (22 and 24 days, respectively) makes a causal
inference between receipt of the toxoids and the adverse event much less
plausible.

In another uncontrolled study (for the purposes of DT immunization),
Pollock et al. (1984, 1985) examined the symptoms that were reported to occur
after primary immunization with DT and DPT (and OPV). Infants attending the
Hertfordshire Area Health Authority, England, were recruited during a 3-year
period beginning in January 1978. They were followed through their primary
immunization series, and parents were questioned within 2 weeks and again at
6-8 weeks after each immunization. Of 4,024 children administered 10,601
doses of DT, seizures were reported in 2 children at the first follow-up. One
child had a febrile seizure 8 hours after injection of DT, and the other child had
a respiratory infection and seizure 5 days after injection of DT. The latter child's
sibling had a history of febrile seizures. Neither of these children had residual
sequelae. At the 6-week follow-up, three cases of febrile convulsions were
reported to have occurred 3-6 weeks postvaccination in three children who
received DT but who did not have a personal or family history of seizures, and a
fourth case of febrile convulsions was reported in a child with a previous
history of convulsions. Neurologic disorders were diagnosed as arising between
the first and second follow-up examinations in three children in the group that
received DT. Epilepsy was diagnosed in two children; one child had a seizure 8
days after immunization, and another child had a seizure 6 weeks after
immunization. The third child had a convulsion and then transitory hemiplegia
5 weeks after immunization. Two of the three children and a sibling of the third
child had a prior history of convulsions, therefore implying prior neurologic
illness. That study did not show any evidence for residual seizure disorder de
novo following receipt of DT.

Hirtz and colleagues (1983) described the results of the National
Collaborative Perinatal Project (NCPP), which followed the children born to
54,000 women in 1959 until 1966, when the children were 7 years of age.
Medical histories of neurologic events (including seizures) were obtained at
regular intervals, and developmental examinations were done at certain
intervals. Thirty-nine children in the study experienced a seizure within 2 weeks
of immunization (DPT, polio, measles, influenza, smallpox, tetanus booster, or
unspecified). All but one of the seizures were febrile. Three children
experienced seizures with a latency of longer than 2 weeks following
vaccination. One child received DPT, but the vaccines administered to the other
two children were not specified. One of those children had a seizure 1 day after
receiving a tetanus booster. The child had a prior neurologic history, in that
several months earlier he had sustained a skull fracture in a car accident and had
been in a coma but had apparently recov
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ered. The data do not make clear whether this child had a febrile seizure or if he
had a residual seizure disorder at the 7-year follow-up.

No reports in VAERS submitted between November 1990 and July 1992
describe residual seizure disorders in association with receipt of tetanus toxoid
alone, DT or Td alone, or tetanus toxoid, DT, or Td in combination with other
vaccines.

Controlled Observational Studies

The most methodologically sound of the observational studies is the case-
control study by Bellman et al. (1983), which examined a subset of the NCES
data (Alderslade et al., 1981) for the relation between the onset of infantile
spasms and recent DT or DPT immunization. They analyzed all 1,182 cases in
the NCES (as opposed to the first 1,000, as was done in the larger NCES study
[Alderslade et al., 1981]). Cases and controls were compared for their exposure
to either DPT or DT in the 7 or 28 days before the onset of spasms. Of the 269
cases of infantile spasms reported to the NCES, there were 19 cases of infantile
spasms whose onset was within 28 days of DT immunization. Infantile spasms
were positively associated with receipt of DT within the week prior to the date
of onset, but were negatively associated with receipt of DT between 1 and 4
weeks prior to the date of onset. The OR for all cases of infantile spasms with
exposure to DT within the 28 days prior to the onset of this condition was 0.83
(95 percent CI, 0.46-1.50). This provides strong evidence suggesting that DT
does not cause infantile spasms. The authors concluded that DT does not cause
the development of infantile spasms but may trigger their onset in those
children in whom the disorder is destined to develop.

Controlled Clinical Trials

None.

Causality Argument

There is no demonstrated plausibility that diphtheria or tetanus toxoids can
cause residual seizure disorder. The case reports available for review are those
in VAERS. No reports in VAERS described seizures after receipt of tetanus
toxoid, DT, or Td alone or in combination with other vaccines. There are
VAERS reports of seizures in patients following receipt of DPT. Because in
these cases DT was given with pertussis vaccine (as DPT) and other vaccines, it
is impossible to know which, if any, of the cases of seizures could be attributed
to vaccine.

One case-control study (Bellman et al., 1983) examined the question of a
possible relation between DT immunization and seizures. Bellman et al.
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(1983) examined a subset of the NCES data for the relation between the onset
of infantile spasms and recent DT and DPT immunizations. Infantile spasms
were positively associated with receipt of DT within the week prior to the date
of onset but were negatively associated with receipt of DT between 1 and 4
weeks prior to the onset. The unmatched OR for all patients with infantile
spasms who were exposed to DT within the 28 days prior to the onset of this
condition was 0.83 (95 percent CI, 0.46-1.50). This provides strong evidence
suggesting that DT does not cause infantile spasms.

The other studies in the literature that addressed this issue were
uncontrolled observational studies. In the North West Thames study (Pollock
and Morris, 1983), only two seizures (other than febrile seizures) were reported
in association with DT immunization. These cases were found in the hospital
activity analysis (case review) part of the study. Two patients with seizures with
focal signs presented at 22 and 24 days, respectively, after DT immunization.
Long-term follow-up of these patients was not described in the report; therefore,
no information describing whether a residual seizure disorder developed was
provided. However, the relatively long period of time between the receipt of DT
and the development of seizures in both patients (22 and 24 days) makes a
causal relation between vaccine and the event much less biologically plausible.
In other uncontrolled observational studies by Pollock et al. (1984, 1985), no
evidence of residual seizure disorder in association with DT was seen in
children who were neurologically normal prior to immunization with DT. In the
NCPP uncontrolled cohort study by Hirtz et al. (1983), no cases of residual
seizure disorder were seen in association with immunization with tetanus
toxoid. The one seizure recorded in temporal association with tetanus toxoid
administration occurred in a child with a previous neurologic condition; the data
do not make it clear whether he had residual seizure disorder.

Conclusion

The evidence favors rejection of a causal relation between DT and infantile
spasms.

The evidence is inadequate to accept or reject a causal relation between DT
and residual seizure disorder other than infantile spasms.

The evidence is inadequate to accept or reject a causal relation between
tetanus toxoid or Td and residual seizure disorder.
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DEMYELINATING DISEASES OF THE CENTRAL NERVOUS
SYSTEM

Clinical Description

Demyelinating diseases of the CNS can be categorized into disseminated
and focal lesions. Acute disseminated encephalomyelitis (ADEM) is
characterized by acute depression of consciousness and multifocal neurologic
findings occurring within days to weeks (5 days to 6 weeks) following an
inciting event. It is characterized pathologically by diffuse foci of perivenular
inflammation and demyelination most prominent in the white matter of the
brain and spinal cord (Johnson et al., 1985). Optic neuritis and transverse
myelitis are focal demyelinating lesions that can occur in isolation or as
components of diffuse demyelinating diseases such as ADEM and multiple
sclerosis. Transverse myelitis is characterized by the acute onset of signs of
spinal cord disease, usually involving the descending motor tracts and the
ascending sensory fibers, suggesting a lesion at one level of the spinal cord. The
annual incidence of transverse myelitis in Rochester, Minnesota, from 1970 to
1980 was 7.4 per 100,000 individuals (Beghi et al., 1982). Optic neuritis
represents a lesion in the optic nerve behind the orbit but anterior to the optic
chiasm. No population-based incidence rates were identified. For a more
complete description of demyelinating diseases of the CNS, see Chapter 3.

History of Suspected Association

Demyelinating disease of the CNS has long been known to follow viral
and some bacterial infections and the administration of live attenuated and
inactivated antiviral vaccines. Demyelinating complications following
vaccination were first noted after the introduction of rabies vaccine grown in
animal brain or spinal cord in the 1880s. On rare occasions, encephalomyelitis
also complicated the injection of vaccinia virus, which is used for the
prevention of smallpox. For a more complete discussion of the history of the
suspected association between vaccines and the development of demyelinating
lesions of the CSF, see Chapter 3. In the more recent literature, several case
reports of ADEM in association with tetanus toxoid have been described
(Schlenska, 1977; Schwarz et al., 1988), but there has not been a pathologically
proven case of ADEM following administration of tetanus toxoid, DT, DPT, or
Td. Case reports of transverse myelitis (Read et al., 1992; Whittle and
Roberton, 1977) and optic neuritis (Quast et al., 1979; Topaloglu et al., 1992)
have been presented in the literature as well.
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Evidence for Association

Biologic Plausibility

Chapter 3 provided a detailed discussion of the historic and scientific
evidence that establishes a relation between vaccines and the development of
demyelinating diseases of the CNS. In summary, it is biologically plausible that
injection of an inactivated virus, bacterium, or live attenuated virus might
induce an autoimmune response in the susceptible host, either by deregulation
of the immune response, by nonspecific activation of T cells directed against
myelin proteins, or by autoimmunity triggered by sequence similarities to host
proteins such as those of myelin. The latter mechanism might evoke a response
to a self-antigen (molecular mimicry) (Fujinami and Oldstone, 1989).

Case Reports, Case Series. and Uncontrolled Observational Studies

Reports in the literature of cases that clinically resemble ADEM include
one described by Schlenska (1977). A 36-year-old woman developed lethargy,
slurred speech, nystagmus, hemihypesthesia, decreased sensation along several
thoracic dermatomes, and pyramidal tract signs 5 days after receiving a tetanus
toxoid booster. She had good recovery over an 11-month period with no further
episodes. Another report by Schwarz et al. (1988) describes a 21-year-old man
who developed coma with midbrain signs after tetanus toxoid administration on
two occasions 2.5 years apart. Latencies from the time of toxoid administration
to the onset of symptoms were 7 and 8 days, respectively.

Several case reports describing transverse myelitis after tetanus booster
administration were found in the literature. In 1977, Whittle and Roberton
described a 7-month-old girl who developed flaccid paraparesis 6 days after
receiving DT and OPV. Read et al. (1992) described a 50-year-old man who
developed flaccid legs, areflexia, and a sensory level at T-6 12 days after
receiving a tetanus booster. A magnetic resonance imaging study showed no
lesions in the brain, suggesting that this lesion was indeed limited to the spinal
cord. In a case described by Topaloglu et al. (1992), an 1l-year-old girl
developed spastic paraparesis, bilateral papillitis, and visual defects 3 days after
receiving a booster of tetanus toxoid. An 11-month follow-up showed no
recurrence of symptoms, and there was total recovery except for the persistence
of pale optic disks. This does suggest disease in multiple foci, as is seen in
ADEM, but the time interval between immunization and disease was too brief
to suggest a mechanism analogous to experimental allergic encephalomyelitis.
Two pertinent case reports of transverse myelitis were found in VAERS
(submitted between November
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1990 and July 1992). In one patient transverse myelitis developed after
administration of Td, and in another patient transverse myelitis developed after
administration of Td and hepatitis B vaccine. The temporal and clinical details
provided in these reports from VAERS are insufficient for proper evaluation of
the cases.

Well-documented cases of optic neuritis following vaccine administration
are even rarer than cases of transverse myelitis. Quast et al. (1979) reported a
46-year-old man who developed acute optic neuritis 10 days after receiving a
tetanus booster. As discussed above, Topaloglu et al. (1992) described an 11-
year-old girl who developed transverse myelitis and optic neuritis 3 days after
receipt of a tetanus booster. No cases of solitary optic neuritis in association
with tetanus toxoid, DT, or Td were found in VAERS (submitted between
November 1990 and July 1992).

Controlled Observational Studies

None.

Controlled Clinical Trials

None.

Causality Argument

There is biologic plausibility for a causal relation between vaccines and
demyelinating disorders. The reports in the literature that describe a possible
association between demyelinating diseases of the CNS (ADEM, transverse
myelitis, and optic neuritis) are case reports. There are at least two case reports
in the literature for each of the above-mentioned demyelinating diseases of the
CNS. The case reports describe the demyelinating disease that occurs within the
biologically plausible latency period of 5 days to 6 weeks, and the case reports
provide enough clinical detail that one can be relatively certain of the
neurologic diagnosis. What the case reports cannot address is whether the
frequency of the cases that occurred was greater than the expected background
rate for these specific demyelinating diseases. Annual incidence rates have been
estimated for transverse myelitis (Beghi et al., 1982). These data were
calculated for Rochester, Minnesota, for the years 1970 to 1980. The estimated
rate of 0.83 per 100,000 individuals is much higher than a rate calculated for
Israel, presumably because of differences in hove successful the two studies
were at identifying all cases of transverse myelitis. No population-based
incidence rates for ADEM or optic neuritis were identified. This question is
difficult at best for rare adverse events and can be answered only if both good
age-specific background rates for the
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specific disease in question are known and aggressive surveillance of adverse
events is carried out or if large controlled observational studies are done. None
of this specific information is available when considering the relation between
tetanus toxoid, DT, or Td and the occurrence of ADEM, transverse myelitis, or
optic neuritis.

Conclusion

The evidence is inadequate to accept or reject a causal relation between
tetanus toxoid, DT, or Td and demyelinating diseases of the CNS (ADEM,
transverse myelitis, and optic neuritis).

GUILLAIN-BARRE SYNDROME

Clinical Description

Guillain-Barré syndrome (GBS), also known as acute inflammatory
demyelinating polyneuritis, is characterized by the rapid onset of flaccid motor
weakness with depression of tendon reflexes and elevation of protein levels in
CSF without pleocytosis. The annual incidence of GBS appears to be
approximately 1 per 100,000 for adults. The data are not definitive, but the
annual incidence of GBS in children under age 5 years appears to be
approximately the same. The annual incidence of GBS in children over age 5
years and teenagers appears to be lower. Chapter 3 contains a detailed
description of GBS.

History of Suspected Association

Demyelinating disease of the peripheral nervous system has long been
known to follow viral and some bacterial infections and can complicate the
administration of live attenuated and inactivated viral vaccines. However,
vaccinations are an infrequent antecedent event in patients with GBS, probably
occurring in less than 1 to 5 percent of all patients. In most large case series of
GBS, recent vaccination either is not mentioned or is described in only an
occasional person (Hankey, 1987; Winer et al., 1988). For a more complete
discussion of the history of the suspected association between vaccines and the
development of GBS, see Chapter 3. A number of case reports in the medical
literature have described GBS following receipt of tetanus toxoid. These are
discussed in the following section.
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Evidence for Association

Biologic Plausibility

mimicry (Fujinami and Oldstone, 1989).

these patients were adults.

respectively. He had minimal residual neurologic signs following the
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Case Reports, Case Series, and Uncontrolled Observational Studies

Chapter 3 provides a detailed discussion of the historical and scientific
evidence establishing the biologic plausibility of a relation between vaccines
and the development of GBS. In summary, it is biologically plausible that
injection of an inactivated virus, bacterium, or live attenuated virus might
induce an autoimmune response to peripheral nerve and root in the susceptible
host, either by deregulation of the immune response, by nonspecific activation
of T cells directed against myelin proteins, or by autoimmunity triggered by
sequence similarities to host proteins such as those of myelin. The latter
mechanism might evoke a response to a self-antigen, so-called molecular

In surveying the medical literature, 29 instances of adverse events labeled
as either GBS or polyneuritis were found in association with diphtheria or
tetanus toxoids (Dittmann, 1981b; Holliday and Bauer, 1983; Hopf, 1980;
Newton and Janati, 1987; Onisawa et al., 1985; Pollard and Selby, 1978; Quast
et al., 1979; Reinstein et al., 1982; Robinson, 1981; Rutledge and Snead, 1986;
Schlenska, 1977). These occurred primarily in the European literature. The
majority of reported cases were in adults who had received either tetanus toxoid
alone (21 individuals) or who had received tetanus toxoid and anti-tetanus toxin
serum (4 individuals). Anti-tetanus toxin serum is known to induce GBS in its
own right (Miller and Stanton, 1954). In most of the case reports describing
what was labeled as GBS or polyneuritis, clinical details are lacking or, when
present, are inconsistent with the diagnostic criteria for GBS. Three of the 25
cases following receipt of tetanus toxoid are described in enough detail and fall
within the diagnostic criteria to be acceptable as documented cases of GBS with
an appropriate latency (5 days to 6 weeks) following vaccination (Hopf, 1980;
Newton and Janati, 1987; Pollard and Selby, 1978). One patient (Newton and
Janati, 1987) received tetanus toxoid made by a U.S.-licensed manufacturer. All

One particular case reported by Pollard and Selby (1978) is particularly
relevant for a possible causal relation between tetanus toxoid and GBS for that
case. A 42-year-old male laborer received tetanus toxoid on three separate
occasions over a period of 13 years, and following each vaccination a self-
limited episode of clear-cut, well-documented polyneuropathy of the GBS
variety ensued. The latencies for each episode were 21, 14, and 10 days,
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second episode, and made a full functional recovery following the third episode
(J. D. Pollard, University of Sydney, Sydney, Australia, personal
communication, 1993). A well-studied sural nerve biopsy during the third
episode showed demyelination, onion bulb formation, and incipient
hypertrophic neuropathy. The patient's lymphocytes could be induced to
proliferate upon exposure to tetanus toxoid and to elaborate the lymphokine
macrophage inhibition factor upon exposure to peripheral nerve homogenate,
although these responses can be seen in vaccinees without GBS. Other studies
of hypersensitivity to peripheral nerve antigens were not done. The
immunologic basis for his sensitivity to tetanus toxoid was not demonstrated.
Subsequently, since 1981, this man has experienced multiple recurrences of
demyelinating polyneuropathy, most following acute viral illnesses.
Plasmapheresis administered at 3-week intervals was initiated in 1986 and has
continued until the time of this writing. In recent years he has remained
functionally normal, but has minor residual sensory findings on examination (J.
D. Pollard, University of Sydney, Sydney, Australia, personal communication,
1993).

Few cases of GBS following receipt of DT have been reported. Dittmann
(1981b) noted that three instances of acute polyneuritis, presumably GBS, were
reported as adverse events following administration of this vaccine. These data
were based on passive reporting following the distribution of approximately 5.5
million doses of vaccine between 1950 and 1976 in the former East Germany.

The Monitoring System for Adverse Events Following Immunization
(MSAEFI) lists four cases of GBS between 1979 and 1990 following
vaccination with DT. VAERS lists two cases of GBS in temporal association
with Td submitted between November 1990 and July 1992. Both patients
simultaneously received DT and MM.

Controlled Observational Studies

None.

Controlled Clinical Trials

None.

Causality Argument

There is biologic plausibility for a causal relation between vaccines and
demyelinating disorders. The literature describing a possible association
between GBS and tetanus toxoid, DT, or Td consists of case reports. The most
convincing case in the literature is that reported by Pollard and Selby
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(1978), who described a 42-year-old man who developed GBS on three separate
occasions (over a 13-year period) following receipt of tetanus toxoid. The
relation between tetanus toxoid and GBS is convincing at least for that one
individual, even though this man has subsequently experienced multiple
recurrences of demyelinating polyneuropathy, most following acute viral
illnesses (J. D. Pollard, University of Sydney, Sydney, Australia, personal
communication, 1993). Of the other cases relating receipt of tetanus toxoid to
the development of GBS, two others (Hopf, 1980; Newton and Janati, 1987) are
recorded in enough detail to be accepted as GBS; one of these patients (Newton
and Janati, 1987) received tetanus toxoid made by a U.S.-licensed
manufacturer. Both patients were adults. Aside from the data in MSAEFI and
VAERS, which generally do not provide sufficient clinical descriptions to
establish the diagnosis, there is little information in the literature relating DT or
Td to the development of GBS. The case series by Dittmann (1981b) describes
three cases of polyneuritis following administration of Td. What the case
reports cannot address is whether the frequency of cases is higher than the
expected background rate of GBS. This question is difficult at best for rare
adverse events and can be done only if (1) good age-specific background rates
for the specific disease in question are known, (2) aggressive surveillance of
adverse events is done, or (3) large controlled observational studies are done.
None of this specific information is available when considering the relation
between tetanus toxoid, DT, or Td and the occurrence of GBS. However,
because the case by Pollard and Selby (1978) demonstrates that tetanus toxoid
did cause GBS, in the committee's judgment tetanus toxoid can cause GBS.

Conclusion

The evidence favors a causal relation between tetanus toxoid and GBS.

If the evidence favors a causal relation between tetanus toxoid and GBS,
then in the committee's judgment the evidence favors a causal relation between
vaccines containing tetanus toxoid (DT and Td) and GBS.

Because the conclusions are not based on controlled studies, no estimate of
incidence or relative risk is available. It would seem to be low.

Risk-Modifying Factors

GBS, as a separate discrete attack, recurs in a small percentage of those
previously afflicted, perhaps 2 to 3 percent, and some individuals have been
known to have three or four separate episodes. Other than the patient described
by Pollard and Selby (1978), who experienced three attacks, each within 10-21
days of receipt of tetanus toxoid, cases of recurrence after vaccination are not
documented. Nevertheless, if GBS occurs within 5 days
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to 6 weeks of a vaccination, subsequent vaccinations with either the same or
different immunogens could be associated with a greater risk of GBS than if the
person had never had GBS. A previous history of GBS unrelated to vaccination
as an antecedent event is even more uncertain as a risk factor.

NEUROPATHY

Clinical Description

The term neuropathy as used here designates those disorders of peripheral
nerves other than GBS and has, on occasion, been described in relation to
vaccine administration. Most reports fall into two clinical categories,
mononeuropathy and brachial neuritis. Diagnosis in both instances rests upon
the clinical and electrodiagnostic features. A mononeuropathy implies
dysfunction limited to the distribution of a single peripheral nerve large enough
to be named. In some instances, mononeuropathy is clearly related to direct
injection of vaccine into or near the nerve trunk, as with radial nerve palsy with
wrist drop following a misdirected deltoid injection (Ling and Loong, 1976).
Brachial neuritis is also known as brachial plexus neuropathy or, in the United
Kingdom, as neuralgic amyotrophy. Brachial neuritis is frequently heralded by
deep, steady aching pain in the shoulder and upper arm. The annual incidence
of brachial neuritis in Rochester, Minnesota, from 1970 to 1981 was 1.64 per
100,000 people (Beghi et al., 1985). For a more complete description, see
Chapter 3.

History of Suspected Association

Mononeuropathies, particularly those resulting from direct injection of a
substance into the nerve trunk, have been described in the literature in relation
to injection of vaccines as well as other therapeutic agents (Ling and Loong,
1976). Brachial neuritis has also been linked to vaccination. A review of
brachial neuritis by Tsairis and colleagues (1972) states that about 15 percent of
all cases of brachial neuritis occurred following administration of vaccine or
antiserum, with tetanus toxoid being the most frequently cited.

Evidence for Association
Biologic Plausibility
Injury of a peripheral nerve by intramuscular injection can result from the

needle or injection of the solution into a nerve (Scheinberg and Allensworth,
1957). Nerve damage may also result from chemical irritation and the toxic
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action of the injected solution (Combes and Clark, 1960; Sunderland, 1968), or
neuritis may develop from progressive inflammatory and fibrotic changes
(Tarlov et al, 1951). If the injury results from progressive inflammatory and
fibrotic changes, there is usually a latent period before the onset of paralysis.
The severity of neural damage is determined by the internal structure of the
nerve at the site of injury and the amount of toxicity of the injected material
(Sunderland, 1968). Most therapeutic agents in use could cause paralysis if
injected into the wrong site (Ling and Loong, 1976). The committee did not
consider such injuries to be adverse events associated with the toxoid.

The pathogenesis of brachial neuritis is not well understood. It has been
suggested that this form of neuropathy may be a manifestation of a systemic or
localized infectious disorder, possibly vital, or the result of an allergic or
hypersensitivity reaction, such as that which may occur after vaccination, but
this is far from conclusive (Tsairis et al., 1972). Although the pathogenesis of
brachial neuritis is unclear, it is a well-defined clinical syndrome, and its
occurrence following administration of tetanus toxoid has been described in the
literature numerous times (Baust et al., 1979; Bensasson et al, 1977; Dittmann,
1981c; Getsbach and Waridel, 1976; Kiwit, 1984; Tsairis et al., 1972).

Case Reports, Case Series, and Uncontrolled Observational Studies

Two case reports in the literature link administration of tetanus toxoid to a
peripheral mononeuropathy. Ling and Loong (1976) described a 47-year-old
male who developed a left radial nerve palsy 2 weeks following a painful
injection of tetanus toxoid into his left arm. This case was felt to be caused by
direct injection of tetanus toxoid directly into the radial nerve. Blumstein and
Kreithen (1966) described a 23-year-old who developed a complete radial nerve
paralysis 7 hours following injection of tetanus toxoid into the right deltoid
muscle. Cranial mononeuropathies have been described in three separate case
reports. Eicher and Neundorfer (1969) reported a reversible paralysis of the left
recurrent laryngeal nerve 8 days after receipt of a booster injection of tetanus
toxoid. von Wirth (1965) described a patient who developed reversible deafness
resulting from cochlear neuritis 5 days following receipt of a booster of tetanus
toxoid. Hatter et al. (1971) described a 21-year-old man who developed
deglutition paralysis and accommodation paresis 10 days following receipt of a
tetanus toxoid booster. All of these cases, except those in which tetanus toxoid
was injected directly into the nerve, were considered to have an allergic basis.

A number of case reports in the literature associate the development of
brachial neuritis with administration of tetanus toxoid. Dittmann (1981c)
provides an uncritical review of 12 cases of "neuritis" following receipt of
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tetanus toxoid reported in the former East Germany from 1963 to 1976. The
average latency was 14 days. Two of the eleven cases that fulfilled all
diagnostic criteria of brachial neuritis reported by Beghi and colleagues (1985)
listed tetanus toxoid as an antecedant event. One of those two patients also had
an antecedent influenzal illness. The latency from vaccination to onset of
symptoms was not described for either case. Four separate case reports of
brachial plexus neuropathy have also been described (Baust et al., 1979;
Bensasson et al., 1977; Gersbach and Waridel, 1976; Kiwit, 1984) in adults
(ages 20-48), all following receipt of booster doses of tetanus toxoid, with
latencies ranging from 4 days to 3 weeks.

Other cases of probable or unclassified neuropathies are on record as
occurring after tetanus toxoid vaccination, sometimes in association with other
vaccines (Deliyannakis, 1971; Dieckhoefer et al., 1978; Ehrengut, 1986;
Paradiso et al., 1990). The significance of these cases is uncertain.

Three case reports of possible neuropathy following tetanus toxoid or Td
administration were found in VAERS (submitted between November 1990 and
July 1992). The documentation of the clinical and laboratory findings from
these cases is sketchy at best: therefore, the correct diagnosis was difficult to
determine. One report described a 47-year-old man who developed a probable
brachial neuritis 1 year following receipt of tetanus toxoid. The long latency
prior to the onset of symptoms makes this case unlikely to be related to tetanus
toxoid. Another report described a 37-year-old man who had pain in his hand
immediately after injection of Td into the deltoid muscle; this is probably a case
of direct injection into the radial nerve. The last report described a 41-year-old
man who developed what was probably brachial neuritis 12 days following
receipt of Td.

Tsairis and colleagues (1972) reviewed 99 patients with brachial plexus
neuropathy seen at the Mayo Clinic in Rochester, Minnesota, between 1954 and
1968. Of the 99 patients. 14 had immunizations in the month prior to the
development of brachial plexus neuropathy (4 patients had received tetanus
toxoid alone. 1 had received tetanus toxoid and influenza vaccine, and a 3-
month-old had received DPT). Latencies for the group that received tetanus
toxoid alone ranged from 6 to 21 days. The authors indicate that some of the
affected limbs were contralateral to the injection.

Controlled Observational Studies

None.

Controlled Clinical Trials

None.
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Causality Argument

All of the available information in the literature regarding
mononeuropathies and brachial neuritis and their relation with tetanus toxoid,
DT, or Td come from case reports or uncontrolled observational studies. The
evidence found in the literature relating receipt of tetanus toxoid, DT, or Td and
mononeuropathy caused by direct injection into the radial nerve comes from
two case reports (Ling and Loong, 1976; VAERS). This type of injury is most
likely due to the intraneural nature of the injection rather than to some
characteristic of the vaccine itself. The committee does not consider this an
adverse event related to the vaccine.

The evidence for peripheral mononeuropathy in association with
administration of tetanus toxoid, DT, or Td not related to direct injection into
the nerve is less clear. Three case reports of transient cranial mononeuropathies
that developed 5, 8, and 10 days following administration of tetanus toxoid have
been reported in the literature. The authors speculated that these neuropathies
were related to a "neuroallergic" phenomenon following injection of tetanus
toxoid. Less is known about the etiology or pathogenesis of this type of
phenomenon, rendering the evidence for this type of association solely on the
basis of three case reports more speculative than conclusive.

Although little is understood regarding the pathogenesis of brachial
neuritis as a distinct clinical syndrome, it is well described in the literature. In a
large case series a significant portion of the cases were temporally related to
vaccine administration, particularly to tetanus toxoid (Tsairis et al., 1972).
Likewise, review of individual case reports revealed four well-documented case
reports of brachial plexus neuropathy following administration of tetanus toxoid
(Baust et al., 1979; Bensasson et al., 1977; Getsbach and Waridel, 1976; Kiwit,
1984), with latencies ranging from 4 to 21 days. Although the mechanisms of
brachial neuritis are not well understood, there is biologic plausibility that
vaccines could cause an allergic or hypersensitivity reaction that manifests as
brachial neuritis. This provides reasonably good, although sparse, evidence that
brachial neuritis can occur in relation to tetanus toxoid, although controlled
epidemiologic studies designed to look at this relation do not exist.

If one presumes that, on average, the predominantly adult population of
Rochester, Minnesota, was receiving tetanus toxoid approximately once every
10 years (120 months) during the periods covered by the Tsairis et al. and Beghi
et al. studies, then an "expected" rate of receipt of tetanus toxoid within the
month prior to onset of brachial plexus neuropathy can be estimated as 1/120.
Based on reported exposure to tetanus toxoid alone in the Tsairis et al. study.
the exposure odds ratio (OR) can be roughly estimated as 4.8. For the Beghi et
al. study, the corresponding OR is 10.1. Thus the relative risk of brachial plexus
neuropathy is on the order of 5 to 10. Given
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the population-based background incidence reported by Beghi et al. of 1.64 per
100,000 per year, or 0.14 per 100,000 per month, the one-month attributable
incidence (excess risk) can be estimated as 0.5 to 1 case per 100,000 tetanus
toxoid recipients.

Conclusion

The evidence is inadequate to accept or reject a causal relation between
tetanus toxoid, DT, or Td and peripheral mononeuropathy (other than those
caused by direct intraneural injection).

The evidence favors acceptance of a causal relation between tetanus toxoid
and brachial neuritis.

If the evidence favors acceptance of a causal relation between tetanus
toxoid and brachial neuritis, then in the committee's judgment the evidence
favors acceptance of a causal relation between DT and Td and brachial neuritis.
The relative risk for brachial neuritis following vaccination with tetanus toxoid-
containing vaccines can be estimated as on the order of 5 to 10 and the one-
month attributable incidence (excess risk) on the order of 0.5 to 1 case per
100,000 tetanus toxoid recipients.

Risk-Modifying Factors

None.

ARTHRITIS

Clinical Description

Arthritis is inflammation of one or more joints detectable as swelling,
redness, and tenderness. Arthralgia is pain in a joint or joints. According to the
1988 National Health Interview Survey, approximately 13 percent of
respondents surveyed reported currently having "arthritis of any kind or
rheumatism." Prevalence rates increased with age, with approximately 0.2
percent of persons under age 18 years reporting arthritis of any kind or arthralgia.

History of Suspected Association

None.
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Evidence for Association

Biologic Plausibility

A causal relation between immunization with tetanus or diphtheria toxoid
and arthritis is biologically plausible on the basis of the toxoid's potential to
induce a systemic form of immune complex disease (serum sickness). However,
generalized serum sickness-like reactions require excess circulating antigen, an
unlikely occurrence in view of the small amount of protein contained in
currently used vaccines. No studies in animals or human subjects suggest an
association between tetanus or diphtheria toxoid and arthritis on the basis of any
other mechanism.

The immune response to tetanus toxoid is commonly used as a model
system to investigate patients suspected of having immunologic abnormalities,
either deficiencies of their immune responsiveness or exaggerated, uncontrolled
immune responsiveness. Thus, in many studies of diseases thought to be caused
by abnormally high inflammatory responses, such as rheumatoid arthritis or
systemic lupus erythematosus, the immune responses to tetanus toxoid have
been studied in detail. The response to tetanus toxoid also is measured as a
control in assessing the response to antigens from infectious agents known to
cause disease associated with arthritis in humans (Borrelia species, group A
streptococci, and Yersinia species) or in animals (mycobacteria). In patients
with these infections, antigens from the infectious agents are suspected of
triggering abnormally high responses to self-antigens, such as the components
of joint tissue (collagen). Tetanus toxoid is used as a control because most
subjects have immunity to this antigen induced by prior immunization. In the
extensive literature reporting the results of those studies (Desai et al., 1989;
Devey et al., 1987; Herman et al., 1971; Hoyeraal and Mellbye, 1974; Yu et al.,
1980), no examples of enhanced reactivity specific for tetanus toxoid have been
found. Under some experimental conditions, subjects with rheumatoid arthritis
had increased reactivities to all antigens to which they had been exposed
(Burmester et al., 1991), but when compared with other antigens, tetanus toxoid
was also a poor stimulator of synovial cell inflammation (Pope et al., 1989;
Soderstron et al., 1990). One study showed that immune complexes containing
tetanus toxoid were only weak activators of neutrophils (Langholz and Nielsen,
1990).

Case Reports, Case Series, and Uncontrolled Observational Studies

Jawad and Scott (1989) described a previously healthy 34-year-old woman
who developed rheumatoid arthritis following immunization with tetanus
toxoid. She received two doses of tetanus toxoid 1 month apart, and 1 week
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after receipt of the second dose, she developed a severe local reaction at the site
of injection that lasted for 10 days. As the local reaction faded, she developed a
symmetric inflammatory polyarthritis that persisted and met the clinical and
laboratory criteria for rheumatoid arthritis. In a letter to the editor, Daschbach
(1972) mentioned a case of what he termed "typical serum sickness" that
occurred in a 7-year-old boy 3 days after receipt of an injection of diphtheria
and tetanus toxoids. The child responded to treatment with corticosteroids and
antihistamines. Serum obtained 6 weeks later had precipitins for tetanus, but
none for diphtheria. No further clinical details were given. One case report
entitled "Reactive arthritis and immune vasculitis with cardiovascular shock
after triple (diphtheria-pertussis-tetanus) vaccination" was found in the literature
(Sell and Katzmann, 1990). A 4-month-old infant developed lymphadenopathy,
fever, urticaria, and swelling of both wrists within 24 to 28 hours after the initial
DPT immunization. All signs of clinical illness resolved in 5 days. The
attending physician reported this case in the form of a question to a column in a
pediatrics journal. The reply emphasized the importance of attempting to make
a scientific determination of the cause of illness. The importance of these efforts
became apparent when virologic and serologic tests revealed that the cause of
illness was an acute parvovirus type B19 infection. The infant received
subsequent DPT immunizations without incident. In a review of the adverse
effects of tetanus toxoid that included 740 individuals (Jacobs et al., 1982), no
cases of arthritis were reported. Seven persons had arthralgias (1 percent of the
reactions). In a review of the experience in the former West Germany with 100
million doses of tetanus toxoid given over 15 years (Korger et al., 1986), 13 of
2,674 adverse events were listed as "swelling and inflammatory changes of
joints." No details or follow-up were provided. Dittmann (1981a,b) reported no
cases of arthritis in an extensive review of diphtheria toxoids (DT or diphtheria
toxoid alone) covering 15 years in the former East Germany. In a prospective
evaluation of reactions to tetanus and diphtheria toxoids carried out in Denmark
between 1952 and 1970, no cases of arthritis were reported in association with
2.5 million injections of monovalent tetanus toxoid and 3.7 million injections of
combined diphtheria and tetanus toxoids (Christensen, 1972).

No cases of arthritis associated with receipt of tetanus toxoid alone were
reported in VAERS (submitted between November 1990 and July 1992). Three
cases of arthritis were reported in adults who received Td. In one individual,
myalgia, headache, and nausea developed within 1 hour after immunization,
and then swelling of multiple joints developed 13 days after receipt of vaccine.
The second individual had arthritis (proximal interphalangeal) in one hand that
developed immediately after immunization, persisted for 6 weeks, and then
resolved. The third patient developed septic arthritis of the left shoulder 6 days
after immunization; the septic arthritis
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was most likely related to the laceration for which tetanus prophylaxis had been
given. Seven cases of "joint pain and tenderness radiating to the shoulder with
redness and swelling at the site of immunization" after Td immunization were
reported on one form. No additional clinical information was provided. One
case of erythema multiforme and migratory polyarthritis was reported in a child
aged 1.5 years. Symptoms developed 5 days after immunization with
Haemophilus influenzae type b (Hib) vaccine, DT, and OPV, but they resolved
after 6 weeks; the child also had received acetaminophen. MSAEFI reports
from 1979 to 1990 of individuals receiving one vaccine included four reports of
joint inflammation (arthralgia or arthritis) following administration of DT.
Follow-up was available for two of these individuals, and both recovered.
Ninety-nine cases of joint inflammation were reported following Td
immunization; of 39 patients available for follow-up, 27 recovered. Two cases
of joint inflammation were reported following tetanus toxoid immunization; no
follow-up information was available.

Controlled Observational Studies

None.

Controlled Clinical Trials

None.

Causality Argument

The biologic plausibility for a causal relation between diphtheria and
tetanus toxoids and arthritis is based on the toxoid's potential to induce serum
sickness. Arthritis is fairly common in the nonpediatric population who receives
tetanus toxoid or Td. Evidence for an association between diphtheria or tetanus
toxoid and arthritis is limited to case reports and case series. The inconclusive
nature of the reports of arthritis observed in association with receipt of tetanus
and diphtheria toxoids given either alone or in combination provides
insufficient evidence for a causal relation. None of the cases included clinical,
laboratory, or pathologic evidence for a mechanism of association.

Conclusion

The evidence is inadequate to accept or reject a causal relation between
tetanus or diphtheria toxoid and arthritis.
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ERYTHEMA MULTIFORME

Clinical Description

Erythema multiforme (EM) is an inflammatory eruption characterized by
symmetric erythematous, macular, bullous, papular, nodular, or vesicular
lesions of the skin or mucous membranes. The characteristic lesion is an iris (or
bull's eye or target) lesion that consists of a central papule with two or more
concentric rings. Stevens-Johnson syndrome is a severe form of EM with
involvement of at least two mucosal surfaces in addition to the skin eruption. A
hypersensitivity reaction to a number of substances, including infectious agents,
is a proposed mechanism, but the pathophysiology has not been defined. No
population-based incidence rates were identified.

History of Suspected Association

There is no particular history of suspected association between EM and
either diphtheria or tetanus toxoid. Two cases of EM following DPT
immunization were identified by Leung (1984b). Leung and Szabo (1987)
reported two additional cases following administration of DPT in 1987.

Evidence for Association

Biologic Plausibility

In 1980, Shelley produced the classic iris lesions of EM by intradermal
injection of a variety of heat-killed bacteria or their common endotoxin,
lipopolysaccharide W, into a patient who was recovering from erythema
multiforme bullosum of unknown etiology. Biopsy of the lesions induced by
injection of bacterial products showed immunoglobulin A (IgA), IgM, fibrin,
and complement deposition that duplicated the findings in the patient's
spontaneous lesions. In addition, the patient's peripheral leukocytes produced
fibrin thrombi in vitro when exposed to gram-negative bacterial antigens and
endotoxin. It is biologically plausible that similar bacterial antigens in
diphtheria or tetanus toxoid could induce EM.

Case Reports, Case Series, and Uncontrolled Observational Studies

In 1988, Griffith and Miller reported a case of EM following
administration of diphtheria and tetanus toxoids. Eight hours after his third
immunization with DT and OPV, a 9-month-old infant developed a generalized
maculopapular dermatitis that progressed to vesicular lesions after 4 days.
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Several were hemorrhagic and some were target-like. Biopsy revealed "a
partially necrotic epidermis with subepidermal vesicles, scattered mononuclear
infiltrate in the papillary and reticular dermis, and some exocytosis" (p. 758).
Those authors stated that, to their knowledge, this was the first case of EM
following DT immunization. They reported that they contacted all current and
previous manufacturers of diphtheria and tetanus toxoids and could confirm no
other cases.

Two cases of EM following Td immunization were reported to VAERS
(submitted between November 1990 and July 1992). One case occurred in a
woman who was also treated with silver sulfadiazine cream for a burn. The
other case occurred in a woman who was allergic to iodine, but no details about
the indication for immunization or the use of antiseptics or antibacterial agents
for wound care were provided. One case of EM was reported in a child 5 days
after she received Hib, DT, OPV, and acetaminophen. This child also had
migratory polyarthritis that lasted for 6 weeks, and a diagnosis of serum
sickness was made (see section on arthritis above).

Controlled Observational Studies

None.

Controlled Clinical Trials

None.

Causality Argument

There is biologic plausibility for a relation between diphtheria and tetanus
toxoids and EM on the basis of a hypersensitivity mechanism and an
investigation of bacterial injection in one human subject. The direct evidence in
humans for an association between diphtheria or tetanus toxoid and EM is
limited to one published case report of EM occurring after the administration of
DT and three case reports made to VAERS (two Td, one DT). However, in one
of the cases reported to VAERS, the patient had been exposed to another likely
cause of EM, and in another, the patient had been immunized with multiple
vaccines.

Conclusion

The evidence is inadequate to accept or reject a causal relation between
tetanus or diphtheria toxoid and EM.
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ANAPHYLAXIS

Clinical Description

Anaphylaxis is a sudden, potentially life-threatening, systemic condition
mediated by highly reactive molecules from mast cells and basophils. The
clinical manifestations of anaphylaxis include pallor and then diffuse erythema,
urticaria, and itching, subcutaneous edema, edema and spasm of the larynx,
wheezing, tachycardia, hypotension, and hypovolemic shock, usually occurring
within minutes of intramuscular or subcutaneous exposure to antigen. For this
review, cases of anaphylaxis occurring within 4 hours of vaccine administration
were included (Table 5-1). Chapter 4 contains a more complete discussion of
anaphylaxis.

History of Suspected Association

Induction of active immunity to tetanus in human subjects was first
demonstrated in 1927 by Ramon and Zoeller. Widespread use of tetanus toxoid
as a vaccine began in 1938, and initially, there were few reports of side effects.
However, in 1940, Whittingham reported 12 cases of "constitutional symptoms"
and two cases of anaphylaxis occurring after receipt of initial or subsequent
doses of vaccine made up of either fluid or alum-precipitated preparations.
Parish et al. (1940) reported an additional case of anaphylaxis, and Regamey
(1965) reported fatal anaphylaxis in a man immunized in 1933. A probable
association between the reactions and beef proteins in the culture broth was
demonstrated by scratch testing with Witte peptone, a medium supplement
made from beef and pork fibrins (Gold, 1941; Whittingham, 1940). When these
components were removed, no further anaphylactic reactions were reported
until 1973 (Staak and Wirth, 1973). Since that time, an interval when hundreds
of millions of doses have been administered, nine cases of anaphylaxis meeting
the definition given above could be found in literature from throughout the
world.

Concern over the possibility of serious hypersensitivity reactions in
association with diphtheria immunization was raised because of the high rate of
local reactivity in adults, the frequent reactions to control toxoid in the Schick
test (Kuhns and Pappenheimer, 1952; Pappenheimer, 1984), and the frequent
development of IgE antibodies after immunization with tetanus and diphtheria
toxoids (Nagel et al., 1977).
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Evidence for Association

Biologic Plausibility

A study by Kovalskaya (1967) demonstrated that it is possible to sensitize
mice with large intraperitoneal doses of DT or DPT to fatal anaphylactic
reactions with large doses of the monovalent tetanus, diphtheria, or pertussis
antigen.

Several studies in humans have demonstrated the frequent development of
tetanus and diphtheria IgE antibodies after booster immunization (Cogne et al.,
1985; Nagel et al., 1977). However, a study of in vitro basophil degranulation in
subjects with tetanus-specific serum IgE was entirely negative (Miadonna,
1980). Miadonna examined the role of IgG antibodies that might block binding
of antigen to IgE on basophils. However, added IgG did not seem to affect the
degranulation of basophils after exposure to tetanus toxoid, and the authors
concluded that, in their system, the IgE receptor on basophils has a low affinity
for tetanus-specific IgE antibodies, thus explaining the very low rate of allergic
reactions (0.06 percent) that they observed in a study of 25,000 children
immunized with tetanus toxoid (Miadonna and Falagiani, 1978). Facktor et al.
(1973) and Vellayappan and Lee (1976) studied 70 and 38 individuals,
respectively, who had no clinical history of reactions to tetanus toxoid and
found a high incidence of immediate cutaneous hypersensitivity reactions (63
percent in both studies). Conversely, Jacobs et al. (1982) skin tested and
challenged with tetanus toxoid 740 individuals with a history of adverse
reactions to tetanus toxoid, including 95 individuals who reported an
"anaphylactoid" reaction. Ninety-four of the 95 individuals with anaphylactoid
reactions had negative skin tests. The one patient with a positive skin test
tolerated full tetanus toxoid challenge without adverse effects. Thus, although a
small number of cases of anaphylaxis apparently related to tetanus toxoid have
been observed (see below), the relation between these reactions and specific IgE
antibodies and the accepted measurements of immediate hypersensitivity
remains unclear.

In a study of 158,230 airmen who received two injections of alum-
precipitated Td (<2 Lf of diphtheria toxoid), 101 were referred for evaluation
for an allergic reaction or any reaction (local or systemic) severe enough to
interfere with normal activities (Smith and Wolnisty, 1962). No apparent
relation between the symptoms and the immunization was found in 53 of the
airmen; all 53 received boosters of Td without adverse effects. Forty-eight were
skin tested intradermally for immediate wheal and flare reactions. None had a
reaction to diphtheria toxoid, but two had a reaction to tetanus toxoid. These
two individuals had a history of urticaria that developed within hours after
receiving Td. They were immunized with diphtheria toxoid without adverse
effects. The remaining 46 subjects each received

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 5-1 Case Reports of Anaphylaxis Following Vaccination with

Diphtheria or Tetanus Toxoid

Time of

First

Symptom Generalized Generalized
Study; Vaccines (h) Urticaria Pruritis Flush Edema Collapse
Whittingham, 1940; 1 No Yes Yes Yes Yes
tetanus
Whittingham, 1940; 0.1 Yes Yes Yes Yes No
tetanus
Parish and Oakley, 0.1 Yes Yes Yes No Yes
1940; tetanus
Regamey, 1965: 2 ? ? ? ? ?
tetanus
Staak and Wirth, 1973: 0.1 No No No ? Yes
tetanus
Lieonart-Belifill et al., 0.1 No Yes Yes No Yes
1991: tetanus: typhoid
Ratliff and Burns-Cox, 1 No No No No Yes
1984; tetanus and
lignocaine
Zaloga and Chernow, 0.1 No No No No Yes
1982; tetanus
Chanukoglu et al., ¢ 0.1 No Yes No No Yes

1975; tetanus

Fischmeister, 1974; 0.1 No No No No Yes
tetanus

Copyright © National Academy of Sciences. All rights reserved.
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edema, itching prednisone
12 days later calcium

Upper
Airway
Hypotension Wheezing  Obstruction Other Epinephrine  Analphylaxis
? 7 Dyspnea ? Improved in Yes Yes:
20 min skin test +;
Witte peptone
No ? Dyspnea ? Normal in Yes Yes;
15 min skin test +;
Witte peptone
No No No Back, Yes Yes
abdominal pain
? | 4 Immunized in No Yes
1933; Death/
autopsy,
“extreme
bronchospasm™
? No ? Death/autopsy: No Yes
peribronchial
eosinophils
Yes ? Dyspnea No 3 mo later serum  Yes Yes
IgE increased;
skin test:
tetanus +, typhoid -
? Yes ? Respiratory arrest; Yes Yes
asystole seizures;
recovered
Yes Yes Yes Normal in 24 h Yes Yes
Yes Yes ? Vomiting: Yes Yes
normal in 24 h
7 Yes Yes Normal in 10 min: No; Yes
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Time of

First

Symptom Generalized Generalized
Study: Vaccines (h) Urticaria Pruritis Flush  Edema
Bilyk and Dubchik, 0.1 Yes No No Yes
1978; tetanus
Mansfield et al., 1986: 0.1 Yes ? No Yes
prick skin test; tetanus
Ovens, 1986; diphtheria; 0.1 Yes No No No
tetanus; polio
Mandal, 1980; tetanus 0.1 Yes Yes Yes Yes
Werne and Garrow. “?  Unknown No No No ?
1946: diphtheria; but <4 h
pertussis
Werne and Garrow,%?  Unknown No No No ?
1946: diphtheria; but <4 h
pertussis

Collapse

92

No

Diaphore-
sis

Yes

Werne and Garrow (1946), age = 10 months.
bEach entry is for one member of a pair of identical twins.

been eliminated from the toxoid since that time.

have been reported in the literature. These cases are summarized in

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.

aAll patients studied were adults except: Chanukoglu et al. (1975). age = 4 years; and

Case Reports, Case Series, and Uncontrolled Observational Studies

two injections of Td without difficulty. In that study, the investigators
found a much lower rate of severe reactions than the 10 percent reported by
Edsall et al. in 1954, but the authors noted that many reacting substances had

Thirteen cases of anaphylaxis meeting the criteria of a life-threatening
systemic reaction occurring within 4 hours of immunization with tetanus toxoid
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Hypotension

Yes

Probable

Probable

Wheezing

Dyspnea,
“tightness™
in chest

Yes

No

No

No

Upper
Airway
Obstruction

No

Yes

Other

Better in hours Yes

Urticaria 7 yr ago Yes
after tetanus +
antitoxin

Resolved Yes

Resolved in 12h No
with antihistamines,
dexamethasone

Death/autopsy: No
arterial narrowing

and infiltration with
polymorphonuclear
leukocytes, eosino-
phils; brain, lungs,
liver

Same No

Epinephrine Analphylaxis

Yes

Yes

Table 5-1. One of the 13 cases of anaphylaxis from 1933 was described in
a review by Regamey (1965). Three occurred in 1940 and were presumed (by
skin testing) to be related to contamination of the vaccine by Witte peptones
(Parish and Oakley, 1940; Whittingham, 1940). Two deaths occurred in
association with tetanus toxoid administered as a single antigen. In the 1965

review, Regamey reported a fatality in a 20-year-old man 2 hours after he
received his third tetanus toxoid injection. This patient had a history of an

episode of collapse and convulsions after receiving his second dose of tetanus
toxoid. In 1973, Staak and Wirth reported the death of a 24-year-old woman 30
minutes after receiving an injection of tetanus toxoid.

Copyright © National Academy of Sciences. All rights reserved.
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The cause of death was thought to be an anaphylactic reaction. Postmortem
examination revealed emphysema of the lungs with bronchial hypersecretion
and peribronchial infiltration with eosinophils, findings consistent with
anaphylaxis. No local reaction was present at the site of injection. The woman
had a history of chronic bronchitis and had tolerated previous immunizations
with tetanus toxoid well. Her last immunization had occurred 14 years earlier.
Two letters to the editor questioning the assumption of causality followed
publication of that report. Spiess and Staak (1973) raised the possibility of
inadvertent intravascular injection, and Ehrengut and Staak (1973) noted that
vaccine was given "in both arms," raising the issue that equine antiserum might
have been given in addition to vaccine. They noted that in the previous report of
death following immunization with tetanus toxoid, Regamey (1965) believed
the reaction may have been related to the use of blood components from horses
during toxoid production (the patient was immunized in 1933). Since the report
by Staak and Wirth in 1973, no case report of death following immunization
with tetanus toxoid alone has been reported.

One patient with anaphylaxis (Ratliff and Burns-Cox, 1984) received 4 ml
of 2 percent lignocaine in addition to tetanus toxoid. The young man reported
by Lleonart-Bellfill et al. (1991) received tetanus toxoid and typhoid vaccine
simultaneously, but intradermal skin testing with a 1:10 dilution of aluminum-
adsorbed tetanus toxoid performed 3 months later elicited an immediate positive
wheal reaction, whereas similar testing with typhoid vaccine was negative.
Patch testing with thimerosal and aluminum hydrochloride also was negative.
The patient had elevated total serum IgE levels, although the authors noted that
even the presence of specific anti-tetanus IgE in the serum correlates poorly
with severe anaphylaxis because elevated levels of IgE are found in many
healthy individuals without a clinical history of hypersensitivity to tetanus
toxoid (see above). Four additional patients (Kittler et al., 1966; Leung, 1984a;
Mansfield et al., 1986) had features strongly suggestive of anaphylaxis, but they
received epinephrine promptly, and thus, the full clinical syndrome may not
have developed.

In the report by Korger et al. (1986) concerning data on adverse reactions
collected in the former West Germany over 15 years (1970-1984), during which
time 100 million doses of tetanus toxoid were dispensed, no cases of
anaphylactic shock after receipt of tetanus toxoid were reported.

In 1946, Werne and Garrow reported fatal anaphylactic shock in identical
twin infants, aged 10 months, following immunization with their second
injection of both diphtheria toxoid and pertussis antigen. It was recorded that
the infants cried "considerably" after reaching home, drank large amounts of
water, and "fell asleep." Later, they were arousable only by loud noises, and one
infant was noted to be "cold and wringing wet with perspiration." The following
morning, the infants were taken to the hospital, where one

Copyright © National Academy of Sciences. All rights reserved.
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was pronounced dead on arrival and the other was in shock and died several
hours later. No free diphtheria toxin was found in the vaccine, and the
histopathology was consistent with death from anaphylactic shock. One
additional case of anaphylaxis associated with diphtheria toxoid has been
reported (Ovens, 1986). That report described a 32-year-old woman who also
received inactivated polio vaccine and tetanus toxoid (Table 5-1). She denied a
prior history of immunization, so the possibility of a reaction to another vaccine
component could not be ruled out, and no further analysis was performed.

Two cases of anaphylaxis following Td immunization were reported
through VAERS (submitted between November 1990 and July 1992). Neither
case met the committee's criteria for anaphylaxis. In one instance, the patient
developed dyspnea alone 3 hours after immunization; in the other, the patient
had an apparent vasovagal reaction that lasted 15 minutes. In the MSAEFI
reports of adverse events with follow-up information following administration
of single vaccines, 1 case of anaphylaxis was reported following administration
of DT, 16 were reported following Td, and none were reported following
tetanus toxoid. All 17 patients recovered. Clinical details for assessing whether
these cases met the criteria for anaphylaxis described above were not available.

In the previous Institute of Medicine report on the adverse effects of DPT
(Institute of Medicine, 1991), the available evidence indicated a causal relation
between one or more of the vaccine components and anaphylaxis. The pertussis
component could not be implicated specifically.

Christensen (1972) reported the results of a prospective review of all side
reactions to diphtheria and tetanus toxoids administered in Denmark between
1952 and 1970. In that country, the author notes that a centralized reporting
system and a single vaccine supplier (State Serum Institute, Copenhagen)
provide a mechanism for a "fairly good estimate" of the frequency of serious
reactions to vaccine. Among 2.5 million adults who received monovalent
tetanus toxoid and 1.1 million children who received DT, two cases of "acute
collapse" were reported. Both reactions occurred in children (4 and 11 years of
age) after receiving their first dose of tetanus toxoid. Each child developed
"shock" but recovered completely after treatment with epinephrine. Although
the reactions were reported as anaphylactic, the author noted that neither patient
had "specific stigmata" of anaphylaxis.

In a prospective study comparing adverse events after primary
immunization with DPT (6,004 infants) and DT (4,024 infants) (Pollock et al.,
1984), 13 children developed pallor and cyanosis within 5 minutes to 24 hours.
Nine cases occurred following administration of DPT and four occurred
following administration of DT. The episodes did not resemble anaphylaxis and
resolved spontaneously. In the 7-year survey of vaccine reactions in the North
West Thames region conducted by Pollock and Morris

Copyright © National Academy of Sciences. All rights reserved.
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(1983), two cases of anaphylaxis or collapse were reported during the primary
series of DT immunizations (133,500 children; each child completed a course of
three doses), six followed booster DT immunization (221,000 children; one
dose), and one followed immunization with tetanus toxoid (the number
immunized was not given). Five of these children were described as becoming
cold, clammy, and pulseless, but all "recovered rapidly." The other four children
were said to have mild manifestations, including slight facial swelling, pallor,
and vasovagal attacks, from which they recovered. From the available
descriptions, none of the events in either study resembled anaphylaxis as
defined for the present analysis.

Controlled Observational Studies

None.

Controlled Clinical Trials

None.

Causality Argument

Studies in experimental animals and data collected from human subjects
suggest that both tetanus and diphtheria toxoids can induce immediate
hypersensitivity reactions. Although elevated levels of tetanus-and diphtheria-
specific IgE antibodies are frequently demonstrated in immunized individuals,
neither these antibodies nor immediate skin reactivity correlates well with
clinical manifestations of hypersensitivity to the toxoids. Nine cases of
anaphylaxis temporally related to immunization with tetanus toxoid alone have
been reported since the removal of contaminating proteins. Thus, it appears that
tetanus toxoid can cause anaphylaxis. No cases of anaphylaxis associated with
administration of diphtheria toxoid alone have been reported.

Conclusion

The evidence establishes a causal relation between tetanus toxoid and
anaphylaxis.

If the evidence establishes a causal relation between tetanus toxoid and
anaphylaxis, then in the committee's judgment the evidence establishes a causal
relation between DT or Td and anaphylaxis.

Because the conclusions are not based on controlled studies, no estimate of
incidence or relative risk is available. It would seem to be low.

Copyright © National Academy of Sciences. All rights reserved.
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Risk-Modifying Factors

Individuals with a history of immediate hypersensitivity reactions to
previous doses of vaccines containing tetanus toxoid may be at increased risk of
subsequent reactions. In such individuals, special precautions have been
suggested (American Academy of Pediatrics, Committee on Infectious
Diseases, 1991; Jacobs et al., 1982; Wassilak and Orenstein, 1988).

DEATH

A detailed discussion of the evidence regarding death following
immunization can be found in Chapter 10. Only the causality argument and
conclusions follow. See Chapter 10 for details.

Causality Argument

The evidence favors rejection of a causal relation between DPT and
sudden infant death syndrome (SIDS) (Institute of Medicine, 1991). Pollock et
al. (1984) presented data suggesting that the relative risk of SIDS after DPT
versus that after DT is not significantly different from 1. In the committee's
judgment the evidence favors rejection of a causal relation between DT and
SIDS.

The evidence favors acceptance of a causal relation between DT, Td, and
tetanus toxoid and GBS. The evidence establishes a causal relation between DT,
Td, and tetanus toxoid and anaphylaxis. Both GBS and anaphylaxis can be fatal.
The only well-documented cases of death causally related to immunization with
tetanus toxoid, DT, or Td are attributable to anaphylaxis; the evidence regarding
death as a consequence of GBS that temporally followed administration of one
of these toxoids is very limited. In the committee's judgment DT, Td, or tetanus
toxoid may rarely cause fatal GBS or anaphylaxis. There is no evidence or
reason to believe that the case fatality rate from vaccine-associated GBS or
anaphylaxis would differ from the case fatality rate for these adverse events
associated with any other cause.

Reports of death from all other causes are not clearly linked to the
preceding immunization. No cases of death were reported by Christensen
(1972) in Denmark between 1952 and 1970, a time during which 2.5 million
doses of monovalent tetanus toxoid, 2.67 million doses of DT, and 1.1 million
doses of Td were given. No cases of death associated with tetanus toxoid, DT,
or Td were reported through MSAEFI between 1979 and 1990. During that
time, approximately 1.3 million doses of DT and 29 million doses of Td were
distributed.

Copyright © National Academy of Sciences. All rights reserved.
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Conclusion

The evidence establishes a causal relation between DT, Td, and tetanus
toxoid and death from anaphylaxis. Although this conclusion is based on direct
evidence, it is not based on controlled studies and no relative risk can be
calculated. However, the risk of death from anaphylaxis following DT, Td, or
tetanus toxoid would appear to be extraordinarily low.

The evidence favors acceptance of a causal relation between DT, Td, and
tetanus toxoid and death from GBS. This conclusion is not based on controlled
studies and no relative risk can be calculated. However, the risk of death from
GBS following DT, Td, or tetanus toxoid would seem to be extraordinarily low.

The evidence favors rejection of a causal relation between DT and SIDS.

The evidence is inadequate to. accept or reject a causal relation between
tetanus toxoid, DT, or Td and death from causes other than those listed above.
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6

Measles and Mumps Vaccines

BACKGROUND AND HISTORY

Measles

Measles formerly afflicted virtually all children before they reached
adolescence. It is a viral infection caused by a member of the paramyxovirus
group. Conventionally, the diagnosis of measles is made clinically on the basis
of its signs and symptoms, which include a characteristic rash. The diagnosis
can be confirmed by a laboratory test that detects antibodies to the measles
virus. It is also possible to isolate the measles virus, but this effort often fails.
Therefore, failure to isolate the virus is not an argument against the diagnosis. A
diagnosis of measles based solely on clinical appearance could be erroneous,
because a number of other exanthematous diseases can resemble measles.

The disease can be quite debilitating, and its complications are among the
most serious consequences of childhood exanthematous infections (Robbins,
1962). These include otitis media, croup, diarrhea, hemorrhagic rash,
pneumonia,  parainfectious  encephalitis, and  subacute  sclerosing
panencephalitis. Whatever its toll in industrialized countries, where the measles
fatality rate is 1 per 10,000 cases (Babbott and Gordon, 1954), measles has been
a far greater scourge in developing countries, with case fatality rates as high as
1,000 per 10,000 cases (Morley, 1974).

For these reasons, efforts to prevent measles have been extraordinary.
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The initial method of prevention depended on postexposure prophylaxis
with immune gamma globulin (Stokes et al., 1944). This method, although quite
effective, was marred by several difficulties. It required vigilance with respect
to exposure and almost immediate action, because if gamma globulin was given
more than 4 days after the exposure, it was no longer effective at preventing
disease, although it did attenuate it. Moreover, the prevention it afforded was
short-lived, because the injected antibodies tended to disappear within about 2
months. An effort to allow the infection to take place, but in an attenuated form,
by injecting less immune globulin was usually successful. The consequence of
this was a milder case of clinical measles and a resulting lifelong immunity.
However, the titration was not always perfect, and in some children the disease
was inadvertently prevented, and therefore, they were soon susceptible again,
whereas other children developed nearly full-blown measles, with all the risks
of serious morbidity and complications.

The next step in prevention efforts was the development of a killed
vaccine. The killed vaccine was derived from the Edmonston strain, which was
originally isolated in 1954 (Enders and Peebles, 1954). The component antigen
was the virus inactivated by formalin and precipitated by alum. Although this
vaccine was in use for nearly 4 years (1963 to 1967), it was abandoned when
analysis indicated that it provided only short-lived immunity and it was found
that formerly vaccinated children developed severe reactions called "atypical
measles" after their immunity waned and they became infected with the wild-
type measles virus (Centers for Disease Control, 1967).

Development of a live attenuated measles vaccine began a new era in the
prevention of this disease. The initial vaccine was derived from the Edmonston
strain, which was attenuated by serial passage in various tissue cultures and
ultimately grown in chicken embryo cells. The resulting variant was named the
Edmonston B strain. It was quite immunogenic, but it was not free of side
effects. One-third of the recipients developed high fever, and half of the
recipients had a rash. Nevertheless, none of the recipients acted ill.
Administration of the vaccine with immune globulin of the proper titer
attenuated the reaction without interfering with the induction of permanent
immunity.

In the meantime, two vaccines derived from the Edmonston B strain were
developed by additional serial passage in chicken embryo cells that were
maintained at a lower than optimal temperature. The resulting more-attenuated
Enders strain (Hilleman et al., 1968a,b) was the product of an additional 40
passages of the Edmonston B strain; the Schwarz strain was the product of an
additional 85 passages of the Edmonston B strain (Schwarz, 1964). Each
vaccine induced immunity, and the side effects from these further attenuated
vaccines were substantially reduced. The more-attenu
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ated Enders strain vaccine is currently in use in the United States; the Schwarz
strain is used elsewhere in the world. Other strains have been developed and
used in various smaller population groups. 'Figure 6-1 illustrates the derivation
of many measles vaccines from the Edmonston strain. Table 6-1 lists the
measles vaccines used in the United States.

—— AlK-C

____ Philips

——— Beckenham 44 Beckenham 16

Edmonsion ——
Edmonston A —— Schwarz FF-8
? ESC Chumakov

—— Edmonston B Zagreb (Edmonston-Zagreb)
Belgrade (Edmenston-Milovanovic
More-attenuated Enders

Figure 6-1

Derivation of measles vaccine strains. Sources: Adapted from Plotkin and
Mortimer (1988, p. 189) and Hirayama M. (1983).

TABLE 6-1 Measles Vaccines Used in the United States

Attenuation Strain Trade Name  Manufacturer Years in Use
Live Edmonston B Rubeovax Merck Sharpe 1963-1975
attenuated & Dohme
M-Vac Lederle 1963-1975
Pfizer-vax; Pfizer 1963-1975
Measles-L
Generic Lilly, Parke 1963-1975
Davis, Philips
Roxane
Live, more Schwarz Lirugen Pitman Moore- 1965-1976
attenuated (derived Dow
from
Edmonston
A)
More- Attenuvax Merck Sharp & 1968-presen
attenuated Dohme
Enders
(derived
from
Edmonston
B)

Source: Adapted from Plotkin and Mortimer (1988, p. 189).

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.



Adverse Events Associated with Childhood Vaccines: Evidence Bearing on Casuality
http://lwww.nap.edu/catalog/2138.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

MEASLES AND MUMPS VACCINES 121

Mumps

Unlike measles, mumps is not considered a globally devastating disease.
Nevertheless, because of its complications, it was targeted for prevention by use
of a vaccine. The complications that prompted this were epididymoorchitis,
aseptic meningitis, meningoencephalitis, and deafness (usually, but not
exclusively, unilateral) (Coll, 1974).

Before a vaccine was developed, there was no effective means of
preventing this disease. Mumps is rare in the first year of life, and its rarity has
been attributed to the passive protection rendered by maternal antibodies
(Meyer, 1962). Nevertheless, immune globulin injections administered after
exposure do not prevent mumps (Reed et al., 1967).

Development of mumps vaccine had two stages. Initially, there was an
inactivated vaccine (Enders, 1946). It was not sufficiently effective, in that it
offered protection only to some 80 percent of the recipients and the protection
lasted for less than 1 year. Therefore, investigators undertook efforts to develop
an attenuated strain of mumps virus that could be used as a live vaccine.

The Jeryl Lynn strain, the mumps virus strain used in mumps vaccines in
the United States, came about by numerous passages in vitro, first in
embryohated ben's eggs and then in chicken embryo cells (Buynak and
Hilleman, 1966). The seroconversion rate was nearly 97 percent. Subsequently,
two other strains were developed by similar attenuation of a wild-type isolate.
They are Leningrad-3-Parkow and Urabe AM9, which were generated in the
former Soviet Union and Japan, respectively.

The American Academy of Pediatrics recommends that measles-mumps-
rubella vaccine (MMR) be given at age 15 months and at entry into middle or
junior high school. The Advisory Committee on Immunization Practices
recommends that MMR be administered at 15 months and then again at school
entry at age 4 to 6 years. ("MMR" is used in this report to indicate any
multivalent vaccine preparation directed against measles, mumps, and rubella.
No association with a specific manufacturer is intended or should be inferred.)

BIOLOGIC EVENTS FOLLOWING IMMUNIZATION

Measles

Although the measles vaccine is administered by injection rather than by
the natural, respiratory route of infection, the host response is similar to that
evoked by the wild-type virus in all but two respects. The immunized subject
develops humoral and cellular immune responses some 48 hours earlier than the
naturally infected host, and the recipient of the vaccine does
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not develop clinical measles. Three classes of immune globulin (IgA, IgG, and
IgM) are produced and are detectable in the serum and nasal mucus of
vaccinated subjects (Bellanti et al., 1969).

The standard test of immunity to measles is based on the detection of
serum antibodies by the enzyme-linked immunosorbent assay method.
Although the titers of these antibodies induced by the vaccine tend to be
somewhat lower than those resulting from natural infection (Schwarz and
Anderson, 1965), immunity acquired by vaccination is long-lasting (Krugman,
1983).

Mumps

Following the administration of mumps vaccine, seroconversion is slower
and the antibody titers achieved are lower than those following natural
infection. A neutralizing antibody response can be detected in some recipients 2
weeks after vaccine administration; in others, it can be delayed for up to 6
weeks (Hilleman et al., 1968a,b). It is assumed that this immunity is long-
lasting, but this has not yet been established.

ENCEPHALOPATHY AND ENCEPHALITIS

Clinical Description

Encephalopathy refers to any acute or chronic acquired abnormality of,
injury to, or impairment of the function of the brain. Symptoms can include
alterations in state of consciousness or behavior, convulsions, headache, and
focal neurologic deficits. Encephalitis refers to an encephalopathy caused by an
inflammatory response in the brain. This is usually manifested with systemic
constitutional symptoms, particularly pleocytosis of the cerebrospinal fluid
(CSF). However, the terms encephalopathy and encephalitis have been used
imprecisely and even interchangeably in the literature. The discussion that
follows uses the terminologies of the authors of the reports. However, if the
authors used the term encephalitis, but there was no documentation of
pleocytosis in the CSF, "encephalitis” is used in quotation marks. The annual
incidence of encephalitis for the years 1950 to 1981 in Olmsted County,
Minnesota, was 7.4 per 100,000 people (Beghi et al., 1984; Nicolosi et al.,
1986). The incidence in children less than age 1 year was 22.5, in children
between ages 1 and 4 years it was 15.2, and in children between ages 5 and 9
years it was 30.2 per 100,000. Other estimates of encephalopathy for children
less than age 2 years were somewhat lower than those reported by Beghi et al.
and Nicolosi et al. cited above. Other estimates for annual incidence range from
5 per 100,000 people (Walker et al., 1988) to 10 per 100,000 people (Gale et al.,
1990). Chapter 3 contains a discussion of encephalopathy.
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History of Suspected Association

The occurrence of encephalitis following a natural measles virus infection
is well described. The condition is quite severe, often leading to permanent
brain damage or even death. There may be no detectable pathologic lesion, but
in most cases some edema and demyelination are noted. Early studies of the
adverse events associated with measles vaccine concentrated on "encephalitis."
These are described below (Landrigan and Witte, 1973; Nader and Warren,
1968).

The first report of encephalopathy following vaccination with the live
attenuated Edmonston B (Rubeovax) measles vaccine appeared in 1967 (Trump
and White, 1967). A 2-year-old girl developed unsteadiness 7 days following
vaccination. This was followed by pronounced generalized ataxia (diagnosed as
cerebellar ataxia), fever, vomiting, and an exanthem. There was pleocytosis in
the CSF 1 month after vaccination. The ataxia persisted for at least 8 months.
Because of the child's history and physical and laboratory findings, the
investigators attributed the condition to measles vaccination. Two early case
series investigations of neuralgic disorders following measles vaccination
included reports of "encephalitis." These are discussed below.

Mumps affects the central nervous system as well, but it is more likely to
cause meningitis than encephalitis (Azimi et al., 1969). This condition tends to
be self-limited and has a good prognosis. Cases of pure encephalitis following
mumps are rare, but they can be quite severe.

Evidence for Association

Biologic Plausibility

Chapter 3 contains a discussion of the biologic plausibility for certain
types of encephalopathies and vaccination. As described above, natural (wild-
type) measles virus infection is associated with a well-described, frequently
very severe encephalitis.

Case Reports, Case Series, and Uncontrolled Observational Studies

Many uncontrolled observational studies in the literature describe the
occurrence of encephalopathy after administration of measles vaccine. These
are reviewed first. Data from similar studies regarding multivalent preparations
are described next. Individual case reports and unpublished case reports from
U.S. Public Health Service passive surveillance systems are discussed last.
There are no data regarding monovalent mumps vaccine and encephalopathy.
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Measles Vaccine The first published case of encephalopathy (acute
cerebellar ataxia) attributed to measles vaccine was discussed above (Trump
and White, 1967). Retrospective analyses of populations who have received
measles vaccine have been reported from many countries, including the United
States. These uncontrolled observational studies provide no information on the
concurrent background rates of encephalopathy. Table 6-2 summarizes case
series and uncontrolled observational studies in which the incidence rates of
encephalopathy or encephalitis following administration of measles vaccine
were calculated by the authors.

Two case series addressed early concerns in the United States that measles
vaccine might cause encephalitis. The first was a report of 23 cases of
neurologic disease following measles vaccination in the United States from
January 1965 to February 1967 (Nader and Warren, 1968). The authors
characterized 18 of the 23 cases as "encephalitis" (described as including
disturbances of sensorium, seizure, major loss of motor function, and cerebral
edema; no data are provided regarding pleocytosis in the CSF). The interval
from vaccination to the onset of symptoms ranged between 3 and 24 days.
Postmortem findings in one case revealed herpes simplex virus in brain tissue.
There were two cases of aseptic meningitis, two cases of cerebellar ataxia, and
one case of extraocular muscle paralysis. The authors estimated a rate of 1.5
reported cases of "encephalitis" within a 4-week period of vaccination per 1
million doses of vaccine distributed. They compared this with a background rate
of 2.8 cases of encephalitis (unrelated to vaccination or known parainfectious
causes) per 1 million children for any 4-week period. The authors concluded,
"No single clinical or epidemiologic characteristic appears consistently in the
reports of cases of possible neurologic sequelae of measles vaccination” (p. 998).

A review of 84 patients with neurologic disorders occurring within 30 days
of vaccination against measles virus reported to the Centers for Disease Control
from 1963 to 1971 revealed 59 patients with extensive neurologic disorders,
which included encephalomyelitis (Landrigan and Witte, 1973). The cases
reported by Nader and Warren (1968) and discussed above are a subset of the
data of Landrigan and Witte (1973). Although in all 59 patients the onset of
symptoms occurred between 1 and 25 days after vaccination, in 45 it coincided
with the period of maximal viral replication (6 to 15 days after vaccination). Of
50 patients for whom follow-up information was available (follow-up
presumably from 1963 to sometime before 1973), 26 recovered fully, 5 died (2
of the 5 had pathologic features of Reye syndrome), and 19 were left with
permanent neurologic damage. Thirteen of the 59 patients were classified as
having encephalomyelitis. Long-term follow-up of 12 of the patients showed
residual neurologic signs in 3 patients. Long-term follow-up was available for
31 of 36 patients considered to have encephalopathy. Ten of those 31 patients
recovered fully, 5 died,
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and 16 were left with neurologic residua. The authors calculated rates of
"encephalitis” of 1.16 cases per 1 million doses of vaccine distributed.

Among the recipients of more than 3 million doses of measles vaccine
(various strains, but mostly the Schwarz strain) in the United Kingdom between
1968 and 1974, there were 47 cases of "encephalitis”" (Beale, 1974). The report
does not discuss the criteria used for the diagnosis. Data on the occurrence of
encephalitis in temporal relation to administration of measles vaccine for the
years 1965-1976 in Canada showed a rate of 1.79 cases of encephalitis per 1
million doses of vaccine distributed (White, 1983). These data are based on
hospital admissions associated with International Classification of Diseases
codes for "viral encephalitis unspecified" and "acute viral encephalitis."

In a report from the former East Germany (Dietzsch and Kiehl, 1976),
there were 7 central nervous system (CNS) complications out of 174,725
immunizations with an unstated vaccine, but it was probably one of the strains
from the former Soviet Union. Two febrile seizures, four cases of
encephalopathy, and one case of encephalitis (there was pleocytosis in the CSF)
were reported. Few clinical details were reported. Two of the patients with
encephalopathy and the patient with encephalitis recovered completely, one
patient with encephalopathy was left with a residual paralysis, and another died
of leukemia.

A report from the former Soviet Union (Ozeretskovskii and Gurvich,
1991) referred to cases of encephalitis and encephalitic reaction caused by a
measles vaccine (probably the Smorodintsev strain), but offered no primary
data. The authors quote three rates per 100,000 vaccinees: 0.1, 0.02, and 190
cases. The rate of 0.02 is far below the acknowledged background rate of
encephalitis and the rate of 190 is far above any rates quoted anywhere for
encephalitis/fencephalopathy after receipt of measles vaccine. Considering the
imprecision of the definition of "encephalitis" and "encephalitic reaction" and
the discrepancy of the rates, it is impossible to interpret that report.

A report of adverse events associated with measles vaccine in Japan from
1978 to 1983 cited 12 cases of "encephalitis" or "encephalopathy," without
describing them, and derived a rate of 3.7 cases of "encephalitis" per 1 million
vaccinees administered the Schwarz vaccine and 2.9 cases per 1 million
vaccinees administered the Biken-CAM vaccine (Hirayama, 1983). A follow-up
to that report published 5 years later (Isomura, 1988) mentioned 16 cases of
"encephalitis" (4 more cases than the earlier report), but provided no details.
The incidence rate for "encephalopathy" and "encephalitis" following measles
vaccination appeared to be lower than the observed incidence of encephalitis
from all causes among age-matched controls (Hirayama, 1983; Isomura, 1988).
This comparison was not derived from a controlled cohort study, however.

Copyright © National Academy of Sciences. All rights reserved.



Adverse Events Associated with Childhood Vaccines: Evidence Bearing on Casuality
http://lwww.nap.edu/catalog/2138.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

MEASLES AND MUMPS VACCINES 127

Measles Vaccine-Containing Preparations In an analysis of 433
spontaneous reports to a vaccine manufacturer in the Federal Republic of
Germany (former West Germany) between 1976 and 1989 (Fescharek et al.,
1990), 6 of 16 reports of "meningitis" or "encephalitis" were thought by the
authors to be possibly related to measles, measles-mumps, or measles-mumps-
rubella vaccine, leading to a rate of 1 case per 1 million doses distributed, as
calculated by the authors. The vaccine strains are those currently licensed in the
United States, that is, the more attenuated measles vaccine and Jeryl Lynn
mumps vaccine. Assuming that all 16 reports of cases of "meningitis" and
"encephalitis" were causally related to the vaccine, the rate would increase to
about 3 cases per 1 million doses distributed, which is within the range reported
in other countries, as described above.

A study based on a new passive surveillance system in Canada reported a
rate of 1.1 cases of meningitis or encephalitis, without distinguishing between
the two, per 100,000 doses of MMR (Koch et al., 1989). (This high rate was
probably due to the inclusion of meningitis in the survey.) It was estimated that
more than 8 million doses of MMR were distributed in Canada during the
reporting period.

A description of 212 adverse events associated with MMR reported to
Swedish health authorities from 1982 to 1984 (when an estimated 700,000
doses of MMR were sold) includes 17 reports of transient, serious cases of
neurologic symptoms: 3 patients with "encephalitic symptoms" who were
treated at the hospital, 7 patients with "encephalitic symptoms" who were not
hospitalized, 5 patients with acute symptoms with motor difficulties, 1 patient
with seizures and fever, and 1 patient with hemiparesis (Taranger and Wiholm,
1987). "Encephalitic symptoms" included tiredness, whining, irritability, and
mood changes with or without fever. No mention of CSF pleocytosis was made.
Follow-up of at least 1 year showed that one 18-month-old boy who had
developed symptoms of mild encephalitis with balance problems had residua of
foot dragging and stumbling when he was tired.

Case Reports Many case reports describe encephalitis or encephalopathy
following administration of measles vaccine. Because isolation of measles virus
is problematic and exposure to wild-type measles virus is common, it is difficult
to assess a possible role of measles or measles vaccine in the occurrence of
encephalopathy or encephalitis in an individual case. Typical case reports follow.

A S5-year-old received a live measles vaccine and developed fever two
weeks later (Alves et al., 1992). Three days after the onset of fever, the boy
presented with hemiparesis, dysarthria, and a generalized rigid-akinetic
syndrome. A spinal tap obtained four days later showed pleocytosis. One month
later he was diagnosed with postencephalitic parkinsonism. He responded to
levodopa therapy. The parkinsonism persisted for the 2 years
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between the time of vaccination and publication of the report (Alves et al.,
1992). A 14-month-old girl received the wellcome measles vaccine and
developed convulsions 12 days later (Barbor and Grant, 1969). She became
confused, restless, and then unconscious. Although the authors called this an
encephalitis, there was no CSF pleocytosis on days 13 or 21 postvaccination.
She made little progress in the 4 months between hospitalization and
publication of the report. An electroencephalographic record of slow waves,
which are not characteristic of measles encephalitis, and possible slight head
trauma 9 days after vaccination suggested a temporal, not a causal, relation
between the convulsions and the measles vaccination. A 13-month-old girl was
admitted to the hospital with involuntary jerking movements of her limbs 10
days after receiving a further attenuated Enders live measles vaccine (Jagdis et
al., 1975). She was afebrile, although she had fever for 2 days prior to
admission. The CSF was turbid and showed pleocytosis. She had a convulsion
followed by apnea. She died 13 days after vaccination. Postmortem examination
suggested viral encephalitis; Cowdry type A inclusion bodies suggested measles
virus as the etiologic agent, but no measles virus was isolated. She had no
known exposure to wild-type measles virus, but an epidemic in the community
was ending. Haun and Ehrhardt (1973) described a boy age 11 months who
developed drowsiness, convulsions, and coma 12 days following vaccination
with the L-16 SSW measles vaccine (a variant derived from the Soviet strain
Leningrad-16). There was pleocytosis in the CSF. He died the same day as
onset of symptoms. Autopsy findings were suggestive of disseminated
intravascular coagulation as the cause of death. A boy age 2 years was
administered live measles vaccine 10 days before the development of persistent
convulsions (Starke et al., 1970). The child suffered convulsions accompanied
by unconsciousness until his death a month later. He had experienced
convulsions in the first year of life during a bout of pneumonia. The autopsy
stated there was CNS death, "encephalitis" following measles inoculation, and
septic pulmonary infarction. No further details are given.

Several reports of encephalopathy following measles vaccination can be
found in the Vaccine Adverse Event Reporting System (VAERS) (submitted
between November 1990 and July 1992). As with many VAERS reports, the
information that is supplied is frequently inadequate to support or reject a
diagnosis or to exclude the possibility that other factors are responsible for the
disorder, if the case was encephalopathy or encephalitis. The committee found
that 17 VAERS reports were suggestive of encephalopathy or encephalitis in
vaccinees (mostly MMR) from ages 5 months to 16 years. Reported latencies
ranged from 1 to 14 days after immunization. The patients presented with
symptoms such as fever, ataxia, somnolence, convulsions, and flaccid paralysis.
Several reports contained too little information to suggest a diagnosis or to shed
light on causality.
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A specific type of measles encephalopathy, immunosuppressive measles
encephalopathy (IME), has been documented in two immunosuppressed
children following vaccination against measles. IME is distinct from acute
measles encephalitis and subacute sclerosing panencephalitis. It has an
incubation period of 5 weeks to 6 months. In one case of a 7-year-old girl with
acute lymphoblastic leukemia (Valmari et al., 1987), measles virus was isolated
from her CSF approximately 10 weeks after she received MMR (which contains
the more attenuated measles vaccine used in the United States). The authors
believed the isolated virus was vaccine strain rather than the wild-type strain
because the child had no contact with natural measles during the 5 weeks to 6
months prior to the onset of symptoms. A previously described case of IME in a
leukemic child involved the Schwarz strain vaccine virus (Mitus et al., 1962).
Measles virus was cultured from throat and conjunctiva, but not from
postmortem brain tissue.

Controlled Observational Studies

The National Childhood Encephalopathy Study, a case-control study
described in detail in Chapter 5, reported a significant association between
measles vaccination and onset of either convulsions or encephalopathy within 7
to 14 days of receiving the vaccine (Alderslade et al., 1981). However, a
separate analysis of those diagnosed with encephalitis or encephalopathy was
not performed

Controlled Clinical Trials

A report from India (Kumar et al., 1982) described 206 children injected
with the Schwarz strain of measles vaccine and 206 children who were not
immunized. A 14-month-old girl was diagnosed with encephalitis (fever,
vomiting, semi-consciousness, weakness, occasional white blood cells in the
CSF) on postvaccination day 10. At the time the report was published, she was
reported to be recovering "gradually." There were no cases of encephalitis in the
controls, but the numbers are far too small to detect an association.

Causality Argument

There is demonstrated biologic plausibility that measles vaccine might
cause encephalopathy. Although there are a number of reports of encephalitis or
encephalopathy following immunization with measles vaccines of various
strains, the rates quoted are impossible to distinguish from background rates.
Good case-control or controlled cohort studies of these conditions in similar
unvaccinated populations, which are necessary for deter
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mining the causal relation between measles and mumps and encephalopathy and
encephalitis, are lacking. No conclusive evidence of the occurrence of
encephalopathy or encephalitis resulting from the administration of measles
vaccine was identified. There are no data regarding the occurrence of
encephalopathy following administration of monovalent mumps vaccine. It is
therefore not possible to implicate specifically either the measles or mumps
component of MMR.

Conclusion

The evidence is inadequate to accept or reject a causal relation between
measles or mumps vaccine and encephalitis or encephalopathy.

ASEPTIC MENINGITIS

Clinical Description

Aseptic meningitis is defined as an inflammation of the meninges
associated with pleocytosis of the CSF. In the early stage of aseptic meningitis
polymorphonuclear leukocytes predominate, but within 8 to 16 hours this
changes to a predominance of mononuclear cells. There may be some elevation
of protein, but in general, the glucose level is normal. In patients with aseptic
meningitis associated with mumps, there may be hypoglycorrhachia. Bacterial
cultures are negative. The description of aseptic meningitis in the wake of
mumps vaccine administration follows this pattern, except that
hypoglycorrhachia was not mentioned in the reports.

The yearly incidence of aseptic meningitis for the years 1950 to 1981 in
Olmsted County, Minnesota, was 10.9 per 100,000 people (Nicolosi et al.,
1986). The annual incidence was markedly higher in children less than age 1
year (82.4 per 100,000) and slightly higher in children between ages 1 and 4
years (16.2 per 100,000) and in children between ages 5 and 9 years (18.8 per
100,000).

History of Suspected Association

Mumps disease is clearly associated with aseptic meningitis. The
committee was charged with investigating a possible causal relation between
only mumps vaccine and aseptic meningitis.
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Evidence for Association

Biologic Plausibility

Mumps disease has been found to be clearly associated with aseptic
meningitis. Mumps virus (both wild-type and vaccine strains) has been isolated
from the CSF of patients with aseptic meningitis.

Case Reports, Case Series, and Uncontrolled Observational Studies

The ability to isolate mumps virus from the CSF of patients presenting
with symptoms of meningitis and to determine the type of the isolate as a wild-
type or a vaccine strain indicates that mumps vaccine can cause aseptic
meningitis. Many case series and observational studies have documented cases
of meningitis after vaccination with mumps virus-containing vaccine. Of
particular interest are the cases in which the vaccine strain was identified. This
has been done extensively with the Urabe strain. Data concerning the Urabe
strain mumps vaccine will be presented first. Data related to the Jeryl Lynn
strain (that used in the United States) are presented last.

In 1989, Gray and Bums published two letters (Gray and Bums, 1989a,b)
in The Lancet concerning a 3-year-old girl presenting with aseptic meningitis 21
days after vaccination with MMR. Fluorescent-antibody tests identified the
isolated virus as mumps virus (Gray and Bums, 1989a), and soon thereafter, this
virus was identified by nucleotide sequencing analysis as the Urabe strain (Gray
and Burns, 1989b).

Identification of the mumps virus as the Urabe vaccine strain by nucleotide
sequence analysis of the isolates from eight patients with meningitis in Canada
led to suspension of the sale of that vaccine in Canada in May 1990 (Brown et
al., 1991). Using the polymerase chain reaction to amplify the genetic signal,
investigators from Japan also typed mumps virus isolated from patients with
meningitis as a vaccine strain, most probably Urabe (Mori et al., 1991; Yamada
et al., 1990).

Most recently, the Nottingham (United Kingdom) Public Health
Laboratory isolated mumps virus from the CSF of eight children following
administration of Urabe-containing MMR (Colville and Pugh, 1992). Seven of
the isolates resembled the vaccine strain (the sample from the eighth patient
could not be typed). Vaccination occurred 17 to 24 days prior to the lumbar
puncture. The rate of virologically confirmed and suspected MMR-associated
meningitis was calculated to be 1 case per 3,800 doses. None of the children
had severe illness, and no sequelae were seen. Colville and Pugh (1992)
reviewed laboratory records from an approximately 3-year period and
determined that there were excess cases of lymphocytic meningitis in the group
that recently received MMR compared with the incidence in
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those who had not recently been vaccinated with MMR. More cases of Urabe
strain-related meningitis have been identified in the United Kingdom, and use
of the Urabe vaccine strain has been suspended in that country.

A Urabe strain-containing MMR was released in Canada in 1986. Soon
after that, cases of mumps meningitis began to appear. In an investigation at
Montreal Children's Hospital of four patients with meningitis that appeared
within 19 to 26 days after receipt of the Urabe-containing vaccine, mumps virus
was isolated from the patients' CSF, as detected by hemadsorption inhibition
with mumps antisera (McDonald et al., 1989). This did not distinguish the
vaccine strain from the wild-type strain; however, none of the four patients
were known to have had contact with an individual with natural mumps virus
infection. The illnesses were not severe, and all patients recovered without
sequelae.

Retrospective studies of mumps-associated meningitis and reports from
surveillance systems provide more data regarding a relation between mumps
vaccine and meningitis. Cizman et al. (1989) retrospectively reviewed the
medical records of 2,418 children hospitalized and treated for aseptic meningitis
at University Medical Center in Ljubljana, Yugoslavia, between 1979 and 1986.
The etiology of the aseptic meningitis was assessed by serologic tests and
isolation of the virus from CSF, urine, feces, or throat swabs. They confirmed
the presence of mumps virus strains by the complement fixation test with a
specific antiserum. They also tested for poliovirus, Central European tick-borne
encephalitis virus, and herpes simplex virus. In 115 children, the onset of
aseptic meningitis occurred within 30 days of vaccination against measles and
mumps (Leningrad 3 strain), leading to an attack rate of approximately 1 per
1,000 immunized children, as calculated by the authors. Most of the cases
occurred between 11 and 25 days after vaccination. The attack rate in
immunized 6- to 8-year-old children was 3.5 times greater than that in
immunized 1- to 3-year-old children. None of the children had sequelae. Signs
of parotitis and virologic findings suggestive of mumps infection were found in
65 of the children, although only 1 child had a history of exposure to mumps.
Much more enterovirus was isolated from children with nonvaccine-associated
aseptic meningitis than from the 115 children with vaccine-associated aseptic
meningitis. Although the authors did not calculate a rate of aseptic meningitis
and they did not report how many cases of aseptic meningitis they finally
attributed specifically to mumps vaccination, they were clearly concerned about
the high incidence and, on the basis of in vitro tests, believed that their vaccine
was inadequately attenuated compared with the Jeryl Lynn strain.

Introduction of vaccination for measles, mumps, and rubella (using the
Urabe strain mumps vaccine) in Japan in 1989 coincided with early reports of
mumps vaccine-associated meningitis. This prompted surveillance efforts in
Japan to study the problem. Pediatricians at 24 hospitals in the
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Gunma Prefecture were asked to fill out a questionnaire regarding clinical
details and laboratory findings for patients with aseptic meningitis without a
history of vaccination with MMR and for patients with parotitis and convulsive
disorders within 2 months of vaccination with MMR during an 8-month period
in 1989 (Fujinaga et al., 1991). There were 35 cases of aseptic meningitis within
2 months of vaccination with MMR. These patients had no history of contact
with individuals with natural mumps virus infection. Mumps meningitis was
seen in 38 patients with no history of vaccination, and meningitis resulting from
other causes was seen in 46 patients. Mumps virus, but no other viral isolates,
was detected by indirect immunofluorescence in 13 patients with aseptic
meningitis who had been vaccinated within the 2 previous months, but who
were negative for contact with wild-type mumps virus. Characterization of virus
in samples from 13 patients by the polymerase chain reaction and nucleotide
sequence determination or by restriction enzyme analysis determined that all 13
viruses were of the Urabe strain. They referred to these as the virus-positive
group. They divided the remaining 22 patients into two groups: 11 patients who
seroconverted (the serum-positive group) and 11 patients who had clinical signs
of meningitis but from whom virus was not isolated and who had not
seroconverted. They calculated incidence rates for the virus-positive group, the
serum-positive group, and the clinical meningitis group for the 2-month period
of 3, 2.5, and 1.5 cases per 1,000 children vaccinated with MMR, respectively.
The estimated background incidence of acute neurologic diseases in the Gunma
Prefecture for the years 1987 and 1988, by comparison, was 0.37 per 1,000
children.

A nationwide surveillance of neurologic complications after mumps
vaccine administration in Japan during 1989 (which presumably included the
data from the report described above [Fujinaga et al., 1991]) revealed 311
suspected cases of vaccine-related meningitis among 630,157 vaccinations with
MMR (Sugiura and Yamada, 1991). Of 222 CSF samples examined, 99 samples
contained mumps virus, and 96 of these were shown by molecular biology
techniques to be the Urabe strain. The incidence rates of suspected or laboratory-
confirmed aseptic meningitis were 1 in 2,026 and 1 in 6,564 people
administered MMR, respectively. The authors noted that these incidence rates
were higher than the estimated incidence rate among those who received
monovalent Urabe strain mumps vaccine before or during the survey period.
They also noted that all patients with aseptic meningitis recovered without
sequelae.

Data concerning aseptic meningitis in association with the Jeryl Lynn
strain mumps virus are more scarce than those related to the Urabe strain. Virus
was isolated from a patient with symptoms of meningitis beginning 20 days
after vaccination with the Jeryl Lynn strain of mumps vaccine (that used in the
United States) (Ehrengut and Zastrow, 1989). The isolated
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virus, obtained from a swab of the orifice of Stenson's duct and from the CSF,
was identified as the vaccine strain on the basis of the morphology of the
cytopathic effect but not by molecular analysis. Fescharek and colleagues
(1990) described the isolation of mumps virus from two patients with
meningitis reported to the pharmaceutical firm Behringwerke AG in the former
West Germany. The mumps vaccine administered was Jeryl Lynn (that used in
the United States), but identification of the virus as wild-type or vaccine strain
was not attempted.

Eleven cases of meningitis following receipt of MMR in the United States
(the Jeryl Lynn strain of mumps vaccine) reported in VAERS (submitted
between November 1990 and July 1992) were examined by the committee. In
no case was the strain identified or the virus isolated. The latencies from
vaccination to symptoms ranged from 3 days to 2 weeks. In some patients the
clinical symptoms seemed supportive of a diagnosis of meningitis, but
intercurrent infections were seen in two of the patients, insufficient information
was available for three patients, and encephalopathy was possible for another
patient.

Controlled Observational Studies

None.

Controlled Clinical Trials

None.

Causality Argument

There is strong biologic plausibility that mumps virus could cause aseptic
meningitis. Wild-type mumps virus clearly does so. Isolation of the virus and
typing by molecular biologic techniques as the vaccine strain of mumps virus
from patients who developed aseptic meningitis following immunization with
mumps vaccine provide evidence of a causal relation. This relation is firmly
established for the Urabe strain. The incidence appears to be approximately 1
case per few thousand vaccine recipients. The matter is unclear with regard to
the Jeryl Lynn strain (that used in the United States), because in the sole
reported case in which the virus was identified as the "vaccine strain," the
isolated virus was typed by the older morphologic technique and not by
molecular analysis. In the two other published cases of Jeryl Lynn-associated
mumps meningitis, the virus was not typed as the vaccine or wild-type strain.
VAERS contains several reports of what probably is meningitis after
administration of Jeryl Lynn mumps vaccine-containing preparations, but the
reports do not describe virus isolation or typ
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ing. A recent study of various commercial mumps vaccine preparations
demonstrates the existence of two populations of Jeryl Lynn strain virus in
commercial vaccine preparations, with sequence variation of up to 4.4 percent
for some genes (Afzal et al., 1992). Only one population of the Urabe strain was
detected. The authors hypothesized that one of the populations could interfere
with the growth of the other, thus influencing rates of adverse reactions. There
are no data to substantiate this hypothesis directly.

Conclusion

The evidence is inadequate to accept or reject a causal relation between the
Jeryl Lynn strain mumps vaccine and aseptic meningitis.

SUBACUTE SCLEROSING PANENCEPHALITIS

Clinical Description

Subacute sclerosing panencephalitis (SSPE) is a rare subacute encephalitis
accompanied by demyelination. The entire course of SSPE may be one of slow
progressive deterioration, but variable periods of remission can occur. The usual
duration is about 12 to 24 months to a vegetative state or death. A more
complete discussion of SSPE can be found in Chapter 3.

History of Suspected Association

Laboratory findings implicate a measles-like virus as the cause of SSPE.
Epidemiologic data have also linked SSPE to prior measles infection.

The first report of SSPE in a patient with a negative history for measles but
a positive history of vaccination with live attenuated measles vaccine was
reported in 1968 (Schneck, 1968). The child had received measles vaccine with
immune globulin 3 weeks prior to the onset of symptoms. The clinical course
accelerated 10 weeks after vaccination, and the child died 18 months after
vaccination. Serologic studies were not performed, but postmortem histologic
examination of the brain supported a diagnosis of SSPE. Several more case
reports of SSPE in children negative by history for measles but positive for
receipt of the measles vaccine followed and are described in more detail below.

The dramatic decline in the number of measles cases in the United States
from 1964 to 1968 paralleled a decline in the number of cases of SSPE starting
in the early 1970's. Only 4.2 new cases of SSPE per year, on average, were
reported from 1982 to 1986 (Dyken et al., 1989). This is in contrast to the 48.6
new cases of SSPE per year, on average, reported from 1967 to 1971. This
decline is attributed to the increased use of measles
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vaccine, introduced in the United States in 1963. However, a report of data from
the National Registry for Subacute Sclerosing Panencephalitis showed that the
proportion of newly diagnosed cases of SSPE occurring in children identified
by history as vaccinated against measles increased approximately threefold
from 1967 to 1974 (Modlin et al., 1977). These data are discussed in more
detail below.

The first publication in 1972 of data in the newly established National
Registry for Subacute Sclerosing Panencephalitis in the United States reported
14 patients (of a total of 219 records in the registry) who had received a measles
vaccine prior to the onset between 1960 and 1970 of SSPE (Jabbout et al.,
1972). Six of the 14 patients were reported to have had measles prior to the
onset of SSPE as well. The interval between vaccination and the onset of SSPE
was 1 year or more in all 14 cases. The specific type of measles vaccine
administered is not known.

The committee was charged with investigating a possible causal relation
between measles vaccine only and SSPE.

Evidence for Association

Biologic Plausibility

SSPE is a recognized sequela of measles infection, and it is biologically
plausible that it could occur after administration of the live attenuated viral
vaccine. Identification of the cause of SSPE as wild-type or vaccine-strain
measles virus has not been possible. The viruses isolated from patients with
SSPE differ from the known measles viruses. The viruses may have become
altered by the prolonged residence in the brains of the patients, or they may
have been different at the time of the original infection.

Case Reports, Case Series, and Uncontrolled Observational Studies

The first published case report of SSPE in a child with a history of
vaccination with live attenuated measles vaccine appeared in 1968 and was
described above (Schneck, 1968). In the following 5 years, several more reports
of SSPE in individuals vaccinated against measles appeared (Cho et al., 1973;
Gerson and Haslam, 1971; Jabbour et al., 1972; Klajman et al., 1973; Landrigan
and Witte, 1973; Parker et al., 1970; Payne et al., 1969). These reports
represented a total of 22 patients with SSPE, 7 of whom had a history of both
measles and measles vaccination (Gerson and Haslam, 1971; Jabbour et al.,
1972). The other 15 patients had a negative history for measles and a positive
history for receipt of live attenuated measles vaccine (Cho et al., 1973; Jabbour
et al.,, 1972; Klajman et al., 1973; Landrigan and Witte, 1973; Parker et al.,
1970; Payne et al., 1969; Schneck, 1968). For
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two of those 15 patients, exposure to measles virus was probable, but clinical
measles was not recorded (Landrigan and Witte, 1973; Parker et al., 1970). The
latency between vaccination against measles and the onset of SSPE symptoms
ranged from 3 weeks (Landrigan and Witte, 1973; Schneck, 1968) to 5 years
(Cho et al., 1973).

The absence of prevaccination serology and the inability to characterize
the cause of SSPE as wild-type or vaccine-strain measles virus in all cases
preclude, as discussed below, a determination that the SSPE was caused by
administration of the live attenuated measles vaccine. A negative history of
natural measles disease in unimmunized persons is always suspect because
measles infection can occur subclinically without rash. No case reports of SSPE
definitively show that the cause of SSPE in a specific patient was the vaccine-
strain virus and not the wild-type virus.

In 1978 the question about SSPE and measles vaccine surfaced again in
response to a report concerning a boy who at age 7 years showed signs of SSPE,
including deterioration in school performance, incontinence, and forgetfulness
(Dodson et al., 1978). Within a few weeks of receiving live attenuated measles
vaccine at age 8 years, the patient's symptoms progressed. At 2.5 to 3 months
after vaccination, the patient died. SSPE was diagnosed by high measles virus
titers in serum and CSF and a high ratio of immunoglobulin G/albumin in
serum and CSF. At age 13 months he had suffered a mild illness considered by
history to be measles. The authors hypothesized that the measles vaccine
accelerated an already evolving SSPE.

The National Registry for Subacute Sclerosing Panencephalitis was
founded in 1969, in response to an interest in the effects of measles vaccine on
the incidence of SSPE (Schacher, 1968). Originally housed at the University of
Tennessee Center for Health Sciences, it now resides at the University of South
Alabama. The registry now includes data on more than 575 patients (Paul R.
Dyken, University of South Alabama, Mobile, personal communication, 1993).
The number of new cases of SSPE documented in the registry decreased from
46 in 1967 to 33 in 1972 to 13 in 1974 (Modlin et al., 1977). The average
number of new reports of SSPE per year from 1982 to 1986 was 4.2 (Dyken et
al., 1989) and is now about 1, although underreporting is suspected (Paul R.
Dyken, University of South Alabama, Mobile, personal communication, 1993).

Analysis of 375 confirmed cases of SSPE that occurred in the United
States from 1960 to 1974 (Modlin et al., 1977) demonstrated a decreasing
incidence of SSPE beginning in the early 1970's. From 1967 to 1970 the
proportion of new cases of SSPE associated with measles vaccine was less than
13 percent, but it increased to 20.6 percent in 1973 and 38.5 percent in 1974.
This prompted the authors to note:

Although far from conclusive, the data presented here suggest that live,
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attenuated measles vaccine virus may be capable of contributing to the
pathogenesis of SSPE. However, the risk of SSPE following vaccination, if
any, appears less than the risk following natural measles (Modlin et al., 1977,
p.511).

A review of the data in the registry of patients with SSPE whose onset
occurred up to 1986 (Dyken et al., 1989), which included the 375 patients
described by Modlin et al. (1977) in the study described above and 200
additional patients, confirmed the continuing decline in the incidence of SSPE
and the increase in the proportion of patients with SSPE who had a history of
measles vaccination.

Reports of patients with SSPE from other countries after the institution of
measles immunization campaigns have supported a role for measles disease in
the pathogenesis of SSPE. The very high levels of hemagglutination inhibition
(HAI) antibody in the serum and CSF of 100 patients with SSPE observed in
Tehran, Iran, between 1977 and 1982 (Mirchamsy, 1983) compared with the
HAI antibody levels in patients known to have been vaccinated against measles
suggest that these patients had naturally acquired measles. Similarly, all 70
patients with SSPE reported to the Virusdiagnostic Laboratory in Stuttgart,
Germany, between 1967 and 1978 were negative for measles vaccination by
history (Enders-Ruckle, 1978). Of 26 patients with documented SSPE in
Northern Ireland between 1965 and 1985, none had a history of measles
vaccination (Morrow et al., 1986). Beersma and colleagues (1988) described 77
patients with SSPE in The Netherlands whose onset of symptoms occurred
between 1976 and 1986. Only two of the patients had received a measles
vaccine. One of the two patients developed clinical measles 1 week after
vaccination and SSPE 9 years later. The other child developed SSPE 1.5 years
after vaccination against measles. Prior measles virus infection could not be
ruled out. Eleven of 215 patients with SSPE identified in Japan between 1966
and 1985 had received measles vaccine but had not had measles virus infection
by history. A total of 184 patients had a history of measles virus infection but
not vaccination against measles (Okuno et al., 1989).

There are no reports of SSPE in VAERS (submitted between November
1990 and July 1992), nor is there a discussion of SSPE in the surveillance
reports from the data base of the Monitoring System for Adverse Events
Following Immunization (MSAEFI), which preceded VAERS.

Controlled Observational Studies

Because SSPE is such a rare condition, study of its etiology is best done by
using a case-control design. Patients known to have SSPE are compared with
individuals without SSPE to determine whether the proportions of certain
characteristics or factors thought to be disease related are
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similar in the two groups. In this way, a number of possible etiologic factors can
be investigated in a single study.

In the years between the two reviews of the data in the SSPE registry
discussed above, a case-control study of patients in the SSPE registry was
reported (Halsey et al., 1980). Fifty-two patients with SSPE were compared
with controls (49 playmates and 49 hospitalized children) matched for age, sex,
and race. Children with SSPE were more likely than their age-matched controls
to have had measles (odds ratio [OR], 7; 95% confidence interval [95% CI], 2.5
to 19.6), but they were less likely than controls to have received measles
vaccine (OR, 0.28; 95% CI, 0.11 to 0.70). The age of infection with measles
virus for children with SSPE was significantly less than that for controls who
had measles. There was no difference in age at the time of vaccination between
those subjects and controls who did not have a prior measles infection. The
same proportion of cases as controls had more than one measles vaccination.

If the etiology of SSPE has changed over the years such that a proportion
of all cases were due to the vaccine, then the demographic and epidemiologic
characteristics of the SSPE cases would be expected to change as well. Two
such ecologic studies have been reported. When U.S. patients whose SSPE was
diagnosed between 1956 and 1975 were compared with those whose SSPE was
diagnosed between 1976 and 1986, there was no difference in the ratio of males
to females or in the proportion of African Americans with SSPE (Dyken et al.,
1989). The question of latency was assessed by dividing the patients into three
groups: those with a history of measles only, those with a history of both
measles and measles vaccination, and those with a history of measles
vaccination only. The latency to the onset of SSPE for each of the three groups
increased between the periods of 1956-1966 and 1980-1986. The latency to the
onset of SSPE for the group with a history of measles vaccine only was shorter
than the latencies for the groups with a history of measles, but this difference
was not statistically significant.

Similar analyses were done for cases of SSPE in Romania. Cernescu et al.
(1990) compared 50 patients whose SSPE onset was in 1978-1979 with 62
patients whose SSPE onset was in 1988-1989. The patients in the 1978-1979
cohort were diagnosed before the national measles immunization program in
Romania was implemented in 1979. For the 1988-1989 cohort, they found an
increased mean age at the time of onset (6.1 versus 12.1 years) and a difference
in the ratio of males to females (2.7:1 versus 0.76:1). They also reported that 76
percent of the cases of SSPE from the 1978-1979 cohort reported a primary
measles infection at less than 2 years of age, compared with only 47 percent of
the 1988-1989 cohort. The mean interval from the time of measles to the onset
of SSPE also increased, from 54 to
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106 months, as had the proportion of cases with extreme levels of measles
antibody (36 versus 88.7 percent).

Controlled Clinical Trials

No controlled clinical trials of measles vaccination have provided data on
the incidence of SSPE. The Medical Research Council of the United Kingdom
reported follow-up data on the incidence and complications of wild-type
measles infection from a randomized trial of 36,000 patients who received
either live measles vaccine or killed vaccine followed later by live measles
vaccine or no vaccine. Follow-up was for up to 4 years and 9 months (Medical
Research Council, 1971). No mention was made of SSPE, indicating either that
there were no cases or that it was not an outcome that was examined. Because
other neurologic events were noted and because SSPE is such a striking and
serious disease, it is likely that any cases of SSPE would have been reported, if
they had occurred.

Causality Argument

There is no question that measles virus is causally related to SSPE.
Therefore, it is biologically plausible that there is a link between receipt of live
attenuated measles vaccine and SSPE. There is strong evidence that if such an
association does exist, it would be very weak compared with the association
between a naturally acquired measles infection and SSPE. This evidence is
mainly temporal; that is, the incidence of SSPE has decreased dramatically in
parallel with widespread measles immunization. There have been only two new
cases of SSPE in U.S. citizens reported to the National Registry of Subacute
Sclerosing Panencephalitis since 1989 (Paul R. Dyken, University of South
Alabama, Mobile, personal communication, 1993). Neither patient had a history
of natural measles infection. One patient was immunized at 15 months of age.

It is likely that at least some patients with SSPE have had unrecognized
measles infection prior to immunization, and that the SSPE is directly related to
this measles infection. Evidence for this comes from Krugman et al. (1962),
who reported that before the use of measles vaccine, 15 percent of children
whose parents reported no history of measles were found to be immune to the
infection. In addition, data on 375 children in the National Registry for
Subacute Sclerosing Panencephalitis obtained from Modlin et al. (1977)
indicated that four children who had SSPE but no history of measles or measles
vaccination in fact had elevated measles virus antibody titers.

The data of Cernescu et al. (1990) showing that the characteristics of
patients with SSPE onset in 1978-1979 (prior to national measles immuni
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zation) differ from those of patients with SSPE onset in 1988-1989 indicate a
possible change in the nature of the disease since the introduction of measles
vaccine and a concurrent decrease in the incidence of measles. If such a change
is confirmed by other studies (and this will be difficult, because there are so few
new cases of SSPE), it could indicate a different etiology for current SSPE
cases compared with those in the past. It could also merely indicate a change in
the time of life at which a child is infected with measles and subsequently
develops SSPE (e.g., since the beginning of widespread immunization, perhaps
only infants who are too young for immunization are infected with measles
virus and only a proportion of these develop SSPE).

It will be difficult to obtain other evidence for a causal relation between
measles vaccine and SSPE. First, the number of cases of SSPE in the United
States is now so low that detection of even moderately strong associations may
be difficult. Second, the period of time between infection with the measles virus
and development of SSPE is quite long, and if an association between measles
vaccine and SSPE exists, a similarly long latency (perhaps 10 years or more)
would be expected. Even if the latencies for the two conditions were different
and the difference were moderately large, the difference would be difficult to
detect because the range of time from measles infection to SSPE is fairly long
and the number of new cases of SSPE is low.

Although application of new scientific methods, such as RNA sequencing,
could be used to describe more completely the virus that causes SSPE, the well-
known genetic alterations of the virus from wild-type measles virus will
confound interpretation of the data and make it unlikely that investigators will
be able to determine whether there is an independent association between
measles vaccine and the development of SSPE.

There has been some concern as to whether measles vaccine could
exacerbate preexisting SSPE (Dodson et al., 1978) and whether a second dose
of measles vaccine could more often result in SSPE (Halsey, 1990). After
publication of the case report of Dodson et al. (1978) of an 8-year-old boy with
SSPE whose condition appeared to have been exacerbated by administration of
the measles vaccine, Halsey et al. (1978) reported data suggesting that such a
concern was not warranted. The National Registry for Subacute Sclerosing
Panencephalitis contained records of nine patients who received attenuated or
killed measles vaccine after the onset of SSPE symptoms. Four of the nine
patients died an average of 3.6 years after the onset of SSPE symptoms and 2.4
years after vaccination. The remaining five patients on record at that time were
still alive an average of 10.5 years after the onset of SSPE symptoms and 9.3
years after vaccination. Halsey and colleagues argued that the variability in the
course of SSPE rendered the assertions of Dodson et al. (1978) questionable.
The same data set
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contained evidence that the proportion of SSPE patients who received more
than one dose of vaccine was the same as for the control population.

Conclusion

The evidence is inadequate to accept or reject a causal relation between
measles vaccine and SSPE.

RESIDUAL SEIZURE DISORDER

Clinical Description

A residual seizure disorder (RSD) caused by vaccination can be defined as
a seizure that occurs within 72 hours of vaccination and that is followed by two
or more afebrile seizures during the next 12 months (U.S. Department of Health
and Human Services, 1992). Subsequent seizures would be anticipated in
succeeding years. Approximately 0.5 to 2 percent of the population experience
epilepsy. It can occur at any age. Chapter 3 contains a more lengthy discussion
of RSD. The cases of RSD reported in this section would not necessarily fit the
criteria for RSD presented above. The committee accepted an author's statement
that a case was RSD. In addition, the committee considered all cases in which a
person experienced repeated (more than one) afebrile seizures to be RSD to not
exclude incorrectly any true cases of RSD.

Evidence for Association

Biologic Plausibility

Naturally acquired measles infection is associated with encephalitis, and
patients with encephalitis can present with seizures. There are no specific data
bearing on the biologic plausibility of an association between measles or
mumps vaccine and RSD.

Case Reports, Case Series, and Uncontrolled Observational Studies

The National Collaborative Perinatal Project followed about 54,000
pregnant women, living in 13 cities in the United States, between 1959 and
1966 (Hirtz et al., 1983). Among the children born to those women, 2,766
children experienced at least one seizure within the first 7 years of life. Thirty-
nine of those children experienced a convulsion within 2 weeks following an
immunization. One child had convulsions following two separate
immunizations (against measles and smallpox), so there were a total of 40
seizures. Ten seizures occurred following measles vaccination, generally with
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a latency of 7 to 10 days. All but one of the seizures were associated with fever;
however, the vaccine administered to the child with the febrile seizures was not
specified. The children were followed for up to 7 years, and all 10 children who
had received measles vaccination "did well" with no long-term neuralgic sequel.

Nader and Warren (1968) described 23 cases of neuralgic disease that
followed administration of measles vaccine and that were reported to the U.S.
National Communicable Disease Center between 1965 and 1967. During that
time, 15 million doses of measles vaccine were distributed throughout the
United States. Eleven of the 23 patients were reported to have seizures or
convulsions (three of which were noted to be accompanied by fever), and there
was one case of persistent spastic quadriplegia. One of the cases of seizures
persisted after the acute phase of the illness.

Beale (1974) reported on the measles vaccine experience in the United
Kingdom. From 1968 to 1974, more than 3 million children were immunized
with Schwarz or Beckenham 31 measles vaccines. Adverse reactions were
reported to the governmental Committee on Safety of Medicines. There were 57
febrile convulsions associated with the Schwarz vaccine and 65 associated with
the Beckenham 31 vaccine. No other data describing the nature of the seizures
or long-term follow-up of the patients were available.

In a study of voluntary reporting of reactions to vaccination in the North
West Thames region of England between 1975 and 1981, when approximately
170,000 children received live measles vaccine (as well as other childhood
vaccines), there were 26 reports of convulsions without evidence of neuralgic
damage following measles vaccination (Pollock and Morris, 1983). No further
details were provided, except that at follow-up the children were normal.

Maspero and colleagues (1991) reported a case series of 1,148 children
immunized in 1990 in Lombardy, Italy, with the Edmonston-Zagreb vaccine
strain and compared them with a case series of children in a nearby district
immunized from 1980 to 1987 with the Schwarz vaccine strain. The authors
reported that they saw no neuralgic events following administration of the
Edmonston-Zagreb vaccine. There was no comparable statement regarding the
incidence of neuralgic outcomes in the population immunized with the Schwarz
strain.

A 19-month-old Japanese boy was immunized with measles vaccine
(Schwarz strain) and 11 days later developed a fever and prolonged (30
minutes) convulsions with loss of consciousness (Abe, 1985). He had four more
brief convulsions over the next 6 months, all with fever, and his
electroencephalogram exhibited transient abnormalities 14 months later. The
report indicated that 2.5 years following the first seizure, the boy's development
appeared to be normal.

Haun and Ehrhardt (1973) described an 11-month-old child who devel
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oped clonic seizures and CSF pleocytosis within 12 days of receiving the
Leningrad-16 SSW measles vaccine strain and died soon thereafter. (This case
is discussed again in Chapter 10.)

Griffin and colleagues (1991) examined the records of a cohort of children
in Tennessee enrolled in the Medicaid program who had received MMR or
measles-rubella vaccine (MR) in their first 3 years of life to estimate the
incidence of neuralgic outcomes. As determined from computerized records,
children who were enrolled in the Medicaid program within 90 days of birth in
one of four counties, who had a Tennessee birth certificate indicating a birth
date within the study period (approximately 1974 to 1984), and who received
during those years at least one diphtheria and tetanus toxoid and pertussis
vaccine (DPT) immunization at ages 29-365 days and at least one MMR or MR
immunization between 12 and 36 months of age were included in the study.
Follow-up began at the time of the first MMR or MR immunization and was
restricted to the first 36 months of life. Of the population of 18,364 children
enrolled in the Medicaid program who received immunizations, 100 were
confirmed to have had a seizure. Of these, 77 had febrile seizures (4 children
had seizures between days 7 and 14 postimmunization and none were
recurrent), 15 had febrile seizures (1 child had two seizures at 1 and 3 days
postimmunization, and another child had a seizure at 29 days
postimmunization), and 8 had seizures associated with other acute neuralgic
illnesses. Most seizures occurred more than 30 days following the
immunization. It is possible that there was underascertainment of seizure cases
in this cohort, because only those patients for whom a medical claim was filed
were counted. Thus, children who moved, went off the Medicaid program, or
whose parents did not file a claim were not counted as seizure cases. The
authors made no attempts to follow seizure cases for long-term problems.

Fescharek et al. (1990) described convulsions that occurred in 41 patients
following administration of vaccine containing measles antigen, mumps
antigen, or both. Seven of the 41 patients had convulsions that were not
accompanied by fever. More detailed information was not supplied. It is not
clear whether any of the convulsions represented the early signs of an RSD.

A report from the passive surveillance system used to detect adverse
events following immunization in Canada provided the rates of occurrence of
adverse events but not long-term outcomes (Koch et al., 1989). Included in that
report were all adverse events reported prior to the end of 1988 for individuals
who had received immunizations at any time in 1987. For the purposes of
classification, convulsions/seizures were defined as those involving muscle
contractions and a decreased level of consciousness, with or without a fever,
and had to have been diagnosed by a physician. Forty-four cases were classified
as convulsions/seizures following the administration of MMR; the associated
rate was 9.3 cases per 100,000 doses. Although
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some follow-up beyond 1 year was done to identify residual disorders, the
authors did not provide data regarding seizures.

Controlled Observational Studies

The committee was not able to identify any controlled observational
studies that reported on the possible association between measles or mumps
vaccine and RSD.

Controlled Clinical Trials

As noted above, the Medical Research Council of the United Kingdom
reported follow-up data (up to 4 years and 9 months) from a randomized trial of
36,000 patients who received either live attenuated measles vaccine or killed
vaccine followed by live attenuated vaccine or no vaccine (Medical Research
Council, 1971). Although follow-up was designed to examine the incidence and
complications of wild-type measles infection, had an RSD occurred, it might
have been noted in such a long-term study. There was no mention of RSD.

Causality Argument

There is evidence that acute seizures are possible sequel of immunization
with measles and mumps vaccines. Therefore, it is biologically plausible that
there is a connection between immunization and RSD. However, it would be
essential to rule out the possibility that the acute cases described in the literature
are not febrile seizures, which are common in children and which would not be
expected to lead to an RSD. The available data are from case reports and case
series; there are no data from observational studies that would allow the
calculation of a risk of RSD for vaccinated as opposed to unvaccinated
individuals. Perhaps most important, none of the available cases can be
confirmed as RSD on the basis of the report alone.

Conclusion

The evidence is inadequate to accept or reject a causal relation between
measles vaccine and residual seizure disorder.

There is no evidence bearing on a causal relation between mumps vaccine
and residual seizure disorder.

The evidence is inadequate to accept or reject a causal relation between
multivalent measles or mumps vaccines and residual seizure disorder.
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SENSORINEURAL DEAFNESS

Clinical Description

Sensorineural deafness refers to hearing impairment resulting from
disturbances of the cochlea or auditory nerve. The ability to hear high
frequencies is often selectively lost. No population-based incidence rates were
identified.

History of Suspected Association

This condition, which can be unilateral or bilateral, is characteristic of
natural mumps infection and is reported in about 4 percent of cases of mumps.
Partial or complete recovery is common.

Evidence for Association

Biologic Plausibility

Viral infections of the cochlea are known to occur. Sensorineural deafness
can be a complication of natural mumps virus infection.

Case Reports, Case Series, and Uncontrolled Observational Studies

A 7-year-old girl who had audiometry 2 years earlier for an unstated
reason developed total deafness in the left ear 11 days after an injection of
MMR. This was not preceded by any symptoms such as dizziness or earache.
There was no recovery of hearing (Nabe-Nielsen and Walter, 1988a,b). A 3-
year-old girl was evaluated because of bilateral deafness. At the age of 15
months she received MMR. Ten days later, she developed high fever, headache,
ataxia, and irritability, which lasted several days. Nystagmus was noted. She
recovered spontaneously, but soon after she was noted to have hearing
impairment. On evaluation at the age of 3 years, she had moderate to severe
bilateral, unremitting sensorineural deafness (Brodsky and Stanievich, 1985).

Controlled Observational Studies

None.

Controlled Clinical Trials

None.
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Causality Argument

There is demonstrated biologic plausibility that mumps vaccine could
cause sensorineural deafness, in that wild-type mumps virus is associated with
the condition. The biologic plausibility for a causal relation between measles
vaccine and sensorineural deafness is less firm. Although cases of sensorineural
deafness following administration of mumps and measles vaccines have been
reported, the timing of onset and other nonspecific features make it impossible
to distinguish vaccine from nonvaccine causation. Virus isolation would be
helpful in assessing causality when the data are as scarce as described for the
causal relation between measles and mumps vaccines and sensorineural
deafness; however, such data are lacking.

Conclusion

The evidence is inadequate to accept or reject a causal relation between
measles or mumps vaccines and sensorineural deafness.

OPTIC NEURITIS

Clinical Description

Patients with optic neuritis present with unilateral or bilateral impairment
of vision. This process can be transient, with full recovery following, or the loss
of vision can be permanent. In most instances the underlying pathogenesis is
demyelination involving the optic nerve. Chapter 3 contains a more detailed
discussion of optic neuritis. No population-based incidence rates were identified.

History of Suspected Association

Measles virus and measles vaccine have long been studied for their ability
to cause demyelinating disorders. The committee was charged with
investigating a possible causal relation between only measles vaccine and optic
neuritis.

Evidence for Association
Biologic Plausibility

Chapter 3 contains a description of the general biologic plausibility for a
role for vaccines, particularly live viral vaccines, in causing demyelinat
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ing disorders. There are no data bearing on the biologic plausibility that measles
vaccine specifically can cause optic neuritis.

Case Reports, Case Series, and Uncontrolled Observational Studies

There are several reports of optic neuritis following measles vaccination. A
6-year-old boy developed bilateral optic neuritis 18 days after an injection of
MMR. He was treated with corticosteroids and experienced a complete
resolution after several weeks (Kazarian and Gager, 1978). Marshall et al.
(1985) described a 16-month-old girl who experienced an acute loss of vision
16 days after an injection of MMR. Two days earlier she felt warm to the touch
and developed a cough, conjunctivitis, and a generalized maculopapular rash.
Examination revealed diffuse chorioretinitis and papilledema, which ultimately
evolved into a "salt and pepper" pattern. Seven months later she improved, but
she had macular scarring. Riikonen (1989) described 18 children with optic
neuritis following infection, vaccination, or both. Of those 18, 10 went on to
develop multiple sclerosis. Six of these children had been vaccinated between 3
days and 1 month before the onset of optic neuritis, but none had received
measles vaccine during that time period. All 18 of the children were reported to
have received measles vaccine (unspecified) between 12 and 18 months of age;
the age of onset of optic neuritis ranged from 5 years 2 months to 14 years 10
months.

Controlled Observational Studies

None.

Controlled Clinical Trials

None.

Causality Argument

There is demonstrated biologic plausibility of a causal relation between
optic neuritis and measles vaccine, in that measles virus is associated with
demyelinating disorders. The number of reported cases is too small and the data
contained within the reports are too equivocal to support a positive association
between measles vaccine and optic neuritis. As discussed in Chapter 3, optic
neuritis can result from many causes and is frequently associated with multiple
sclerosis.
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Conclusion

The evidence is inadequate to accept or reject a causal relation between
measles vaccine and optic neuritis.

TRANSVERSE MYELITIS

Clinical Description

Transverse myelitis is a focal, demyelinating lesion that can occur in
isolation or as a component of diffuse demyelinating diseases such as acute
disseminated encephalomyelitis and multiple sclerosis. Transverse myelitis is
characterized by an acute onset of signs of spinal cord disease, usually
involving the descending motor tracts and the ascending sensory fibers,
suggesting a lesion at one level of the spinal cord. Chapter 3 contains a general
discussion of transverse myelitis. The annual incidence of transverse myelitis in
Rochester, Minnesota, from 1970 to 1980 was estimated to be 0.83 per 100,000
people (Beghi et al., 1982). The authors noted that this incidence is
approximately sixfold higher than the rate calculated for Israel. They attribute
this to differences in case ascertainment.

History of Suspected Association

Measles virus is known to be associated with demyelinating disorders. The
committee was charged with investigating a possible causal relation between
only measles vaccine and transverse myelitis.

Evidence for Association

Biologic Plausibility

Chapter 3 contains an in-depth discussion of the biologic plausibility of a
relation between vaccines and demyelinating disorders. Measles virus is
associated with central demyelinating diseases.

Case Reports, Case Studies, and Uncontrolled Observational Studies

A case report (in abstract form) linking transverse myelitis with live
attenuated measles vaccine was identified (Clark et al., 1977). Thirteen days
after vaccination with Schwarz strain measles vaccine, a 16-year-old girl
developed symptoms of transverse myelitis. Measles virus was recovered from
her throat and stool. The authors hypothesized a relation between
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vaccine-associated demyelination and cell-mediated responses to measles virus
antigens and myelin basic protein.

As mentioned earlier, Landrigan and Witte (1973) used data voluntarily
submitted to the Centers for Disease Control regarding neuralgic disorders
following administration of measles vaccine. From 1963 to 1971, 84 cases of
neuralgic disorders with onset of less than 30 days after administration of live
measles vaccine were reported in the United States. One of the case patients
was diagnosed as having transverse myelitis. No further information was
provided.

VAERS contains one report (submitted between November 1990 and July
1992) of transverse myelitis developing shortly after MMR vaccination alone
and one after MMR given in conjunction with DPT, oral polio vaccine (OPV),
and Haemophilus influenzae type b (Hib) vaccine. The temporal and clinical
details in those reports are insufficient for proper evaluation.

Controlled Observational Studies

None.

Controlled Clinical Trials

None.

Causality Argument

There is demonstrated biologic plausibility for a causal relation between
measles vaccine and transverse myelitis, in that measles virus is well associated
with demyelinating disorders. Two cases of transverse myelitis following
administration of measles vaccine and two cases following administration of
MMR were identified. These cases were temporally associated with
administration of the vaccine; there was no other evidence that associated the
vaccine and the adverse event. No data from observational or experimental
studies lend support to the hypothesized association. The incidence of
transverse myelitis unrelated to vaccine is estimated to be about 1 case per
100,000 population (Beghi et al., 1982). Thus, the number of cases identified do
not appear to be above background rates, and any study designed to detect an
excess number of cases over the background would have to be very large.
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Conclusion

The evidence is inadequate to accept or reject a causal relation between
measles vaccine and transverse myelitis.

GUILLAIN-BARRE SYNDROME

Clinical Description

Guillain-Barré syndrome (GBS) is characterized by the rapid onset of
flaccid motor weakness with depression of tendon reflexes and inflammatory
demyelination of peripheral nerves (Asbury and Gibbs, 1990). The annual
incidence of GBS appears to be approximately 1 per 100,000 people for adults.
The data are not definitive, but the annual incidence of GBS in children under
age 5 years appears to be approximately the same. The annual incidence of GBS
in children over age 5 years and teenagers appears to be lower. Chapter 3
contains a detailed discussion of GBS.

History of Suspected Association

A possible relation between live attenuated viral vaccines and
demyelinating disease has been investigated for many years, as described in
Chapter 3. There is no specific information suggesting an association between
measles vaccine and GBS. The committee was charged with investigating a
possible causal relation between only measles vaccine and GBS.

Evidence for Association

Biologic Plausibility

Chapter 3 contains a detailed discussion of the arguments that vaccine can
cause demyelination, including GBS. GBS has been described in a few patients
following natural (wild-type) measles infection (Lidin-Janson and Straanegard,
1972). Thus, GBS appears to be a rare but possible sequela of measles.

Case Reports, Case Series, and Uncontrolled Observational Studies

Grose and Spigland (1976) reported two cases of GBS that developed in
patients within 1 week after immunization with measles vaccine. One of these
patients, a 19-month-old girl, was part of a study of 24 patients with GBS for
whom serologic studies were performed as part of an effort by the authors to
identify possible causal viral agents. She received a combined
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measles (Moraten strain) and rubella vaccine 5 days before the development of
symptoms (unable to stand and support her own weight). The authors
eliminated the possibility that the neuralgic reaction was unlikely to be related
to rubella vaccine, because the rubella virus titers indicated that the child was
already immune to rubella virus when she was given the vaccine. Four years
later the authors saw a second patient with characteristics similar to those of
their first one. A 10-month-old girl was given measles vaccine (Moraten strain),
as well as her second doses of DPT and OPV, and 4 days later she developed
early symptoms of GBS. Both children had a primary immune response to
measles antigen, as demonstrated by the seroconversion following immunization.

Norrby (1984) described a 12-year-old girl who became ill with a disorder
diagnosed as GBS soon after being vaccinated with MMR, but her CSF protein
levels were normal, which casts doubt on the diagnosis. The other findings were
supportive of a diagnosis of GBS. The authors presented summary data from
Merck Sharp & Dohme indicating that 1 in 60 million doses of MMR has been
associated with GBS. Landrigan and Witte (1973) used data voluntarily
submitted to the Center for Disease Control regarding neuralgic disorders
following administration of measles vaccine. From 1963 to 1971, 84 cases of
neuralgic disorders with onset less than 30 days after live attenuated measles
virus vaccination were reported in the United States, but these did not include
GBS. In a review of adverse event reports submitted between 1976 and 1989 to
the Behringwerke AG pharmaceutical firm in the former West Germany,
Fescharek and colleagues (1990) described three cases of GBS following
vaccination with measles or mumps vaccines (the specific vaccines used in the
three patients were not identified). Two of the cases were thought to be related
to something other than the vaccines; however, this was not elaborated.
Assuming that all three cases were causally related, the authors calculated an
incidence of 1 in 1.8 million doses of vaccine distributed.

Summary data from MSAEFI record eight cases of GBS following measles
immunization reported between 1979 and 1990. One patient received measles-
rubella vaccine and seven received MMR. Nine VAERS reports (submitted
between November 1990 and July 1992) reviewed by the committee describe
the occurrence of GBS after measles immunization. Three of the five VAERS
reports indicating the occurrence of GBS after vaccination with MMR alone
met the diagnostic criteria for GBS as outlined in Chapter 3. The patients
reported in the other four reports received other vaccines in addition to MMR.

Controlled Observational Studies

None.
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Controlled Clinical Trials

None.

Causality Argument

There is biologic plausibility for a causal relation between measles vaccine
and GBS. GBS has been shown to follow natural measles virus infection. As
described in Chapter 3, several vaccines and viruses are suspected of playing a
role in GBS. Reports in the literature describing a possible relation between
GBS and measles vaccine are case reports, case series, and uncontrolled
observational studies. These include at most a total of six cases of GBS reported
in the published literature and seven cases from VAERS. These cases were
temporally related to vaccination; however, lack of clinical details and other
antecedent events preclude a determination of a causal relation.

Conclusion

The evidence is inadequate to accept or reject a causal relation between
measles vaccine and GBS.

INSULIN-DEPENDENT DIABETES MELLITUS

Clinical Description

Diabetes mellitus is a genetically determined disease manifested by
abnormal metabolism of carbohydrate, protein, and fat (Fajans, 1989; Kaplan,
1990). Type I or insulin-dependent diabetes mellitus (IDDM) is associated with
an insufficiency of insulin secretion by pancreatic beta cells and is characterized
by an absolute need for injected insulin to sustain life. In most cases the onset of
IDDM is in childhood, but it may occur at any age. Almost all diabetes in
children is insulin-dependent. Approximately 10 to 15 percent of diabetics in
industrialized countries have IDDM. The annual incidence of IDDM in the
United States is about 12 to 14 new cases per 100,000 children ages O to 16
years. By age 20, approximately 0.3 percent of individuals will have developed
IDDM.

History of Suspected Association

Although the pathogenesis of IDDM is not completely understood, most
investigators feel that both environmental and genetic factors are involved, and
there are compelling data suggesting that viruses may be one of the
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most important environmental triggers of pancreatic beta cell destruction in
individuals with a genetic predisposition for IDDM (Banatvala et al., 1987;
Maclaren, 1992). Genetic susceptibility has been associated with certain
histocompatibility locus antigens (HLAs) on chromosome 6 (Gutierrez-Lopez et
al., 1992; Maclaren, 1992).

Evidence favoring a role for environmental factors such as viral infections
in the development of IDDM includes the finding that only about one of every
two or three pairs of identical twins who develop IDDM are concordant for the
disease, and individuals at highest genetic risk for IDDM, as well as rodents
genetically homogeneous for spontaneously developing IDDM, do not always
acquire the disease (Gutierrez-Lopez et al., 1992; Lipton et al., 1992; Maclaren,
1992).

Several different mechanisms appear to be involved in the pathogenesis of
virus-induced IDDM. These have been summarized by Yoon and colleagues
and consist of four main categories: (1) direct destruction of pancreatic beta
cells by cytolytic viruses without the stimulation of an autoimmune reaction, (2)
viral triggering of an autoimmune response, either by molecular mimicry or by
altering the immunologic appearance of beta cell antigens, (3) cumulative
insults to beta cells by environmental factors such as viral infections and toxins
(Dahlquist, 1991; Tishon and Oldstone, 1987; Yoon et al., 1987b), and (4)
persistent vital infection resulting in an altered ability to produce insulin with or
without progressive beta cell destruction over a period of time (Oldstone, 1989;
Tishon and Oldstone, 1987; Yoon et al., 1987a; Yoon and Ray, 1985).

There is no notable history of a suspected association between monovalent
measles vaccine and IDDM. Suspicion of an association between mumps
vaccine and IDDM is based on the ability of the wild-type mumps virus to
cause pancreatitis (Association for the Study of Infectious Disease, 1974;
Craighead, 1975; Prince et al., 1978), individual cases of IDDM with onset
shortly following acute clinical mumps infections (Gamble et al., 1980; Harris,
1899; Hinden, 1962; Kremer, 1947; McCrae, 1963; Messaritakis, 1971; Otten et
al., 1984; Patrick, 1924; Peig et al., 1981), clusters of IDDM after mumps
epidemics (Dacou-Voutetakis et al., 1974), and large epidemiologic studies
demonstrating parallel curves between outbreaks of mumps disease and new
cases of IDDM (Gunderson, 1927; Sultz et al., 1975). Some cases of IDDM
with clinical onset temporally related to immunization with mumps vaccine
have been reported in the literature and VAERS (submitted between November
1990 and July 1992) (Blom et al., 1991; Helmke et al., 1986; Otten et al., 1984;
Pawlowski and Gries, 1991; Quast et al., 1979; Sinaniotis et al., 1975; Taranger
and Wiholm, 1987).
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Evidence for Association

Plausibility

Pancreatitis is a well-recognized clinical feature of epidemic parotitis, with
an incidence ranging from less than 1 to as high as 25 percent (Association for
the Study of Infectious Disease, 1974; Craighead, 1975). Since 1899, there have
been many reports of abrupt-onset IDDM in individuals of all ages within a few
days to weeks following mumps infection or exposure to mumps infection in
household members or close contacts (Harris, 1899; Hinden, 1962; Kremer,
1947; McCrae, 1963; Messaritakis, 1971; Otten et al., 1984; Patrick, 1924; Peig
et al., 1981). One study found a significant excess of consultations for mumps
in the 6 months before the onset of IDDM, particularly in the month prior to the
onset of symptoms, in 1,663 children with recently diagnosed IDDM in Great
Britain and Wales (P < 0.001) (Gamble et al., 1980).

There have been reports of clusters of IDDM following epidemics of
mumps disease (Dacou-Voutetakis et al., 1974) and cyclic variations in
incidence curves for IDDM resembling those seen for epidemics of infectious
diseases (Gundersen, 1927; Sultz et al., 1975). Some data demonstrate that the
curves of the incidence rates of IDDM in children parallel those for epidemics
of parotitis and mumps encephalitis, with a lag of from 2 to 4 years (Gundersen,
1927; Sultz et al., 1975). Some investigators attribute the sharp rise in the
incidence of IDDM in boys in 1950 to 1960 to the common practice of
purposefully exposing boys to mumps in the 1950s, since mumps orchitis
occurs less commonly as a complication of mumps disease in children than
adults (Sultz et al., 1975).

There have been numerous case reports of IDDM following infection with
viruses other than the mumps virus, the most common being coxsackievirus and
rubella virus. One of the most convincing reports of the ability of viruses to
induce acute-onset IDDM was published by Yoon and colleagues in 1979. They
isolated a variant of coxsackievirus B4 from autopsy specimens of a 10-year-
old boy's pancreas. The child had developed diabetic ketoacidosis within 3 days
of onset of symptoms of a flu-like illness and died 7 days later. He had
lymphocytic infiltration of the islets of Langerhans, necrosis of beta cells, and a
rise in the neutralizing antibody titer to this virus. One of several inbred strains
of mice inoculated with the human viral isolate developed diabetes, and
fluorescein-labeled antiviral antibody staining revealed antigens of the same
virus in the mouse beta cells.

Since then other cases of a temporal association between the onset of
IDDM and well-documented coxsackievirus B4 and B5 infections have been
reported (Champsaur et al., 1982; Gladisch et al., 1976). Additional evidence
suggesting that coxsackieviruses may cause pancreatic damage and
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subsequent IDDM has been provided by a report by Jenson and colleagues who
found evidence of insulitis and beta cell damage in pancreatic sections from
four of seven neonates who died of coxsackievirus B infection, although this
finding does not prove that the infants would have developed IDDM if they had
lived (Jenson et al., 1980).

Evidence that persistent viral infection may cause IDDM comes from
studies of patients with the congenital rubella syndrome and experimental
evidence that rubella infection in rabbit and hamster models causes pancreatic
beta cell damage (Menser, 1978; Rayfield et al., 1986). Rubella virus has been
isolated from the pancreases of several patients with congenital infections (De
Prins et al., 1978; Monif, 1974), and inflammation of the pancreas has been
reported in other children with congenital rubella (Bunnell and Monif, 1972;
Patterson et al., 1981). Epidemiologic studies have shown that the prevalence of
IDDM among children with congenital rubella infection is high in some
countries, but not in others, suggesting that only patients with congenital rubella
plus a genetic predisposition for developing IDDM are affected (Menset et al.,
1978; Rubinstein et al., 1982). Indeed, it has been demonstrated that the
frequencies of the HLAs DR2 and DR3 are significantly lower and higher,
respectively, in patients with IDDM and congenital rubella than in those
without IDDM (Rubinstein et al, 1982).

Experiments in animals have demonstrated that viruses such as
coxsackievirus, encephalomyocarditis virus, mengovirus, reovirus, and
lymphocytic choriomeningitis virus are capable of inducing IDDM, but most
studies have shown that both the strain of the virus and the genetic
susceptibility of the animal are important in the development of IDDM (Menser
et al., 1978; Rayfield et al., 1986; Tishon and Oldstone, 1987; Yoon and Ray,
1985; Yoon et al., 1978, 1979, 1987a,b). This is illustrated particularly well by
the ability of certain strains of lymphocytic choriomeningitis virus to stimulate
the onset of IDDM and of others to prevent it (Dyrberg et al., 1988; Oldstone,
1988; Oldstone et al., 1990a,b; Tishon and Oldstone, 1987).

Infection with live (but not inactivated) mumps and rubella viruses, and
coxsackievirus B4 has been found to lead to increased expression of HLA class
I molecules and minor decreases in insulin secretion in cultured human beta
cells (Parkkonen et al., 1992). Several common viruses including mumps virus,
coxsackievirus B, and reovirus type 3 can infect human pancreatic beta cells in
vitro and destroy them (Parkkonen et al., 1992; Prince et al., 1978; Yoon and
Ray, 1985).

Case Reports, Case Series, and Uncontrolled Observational Studies

The case reports implicating measles vaccine as a potential cause of IDDM
involve administration of the mumps vaccine at the same time.
There have been several cases of IDDM reported following MMR, measles-
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mumps, or mumps vaccination. The committee heard presentations at its May
1992 public meeting from two parents whose daughters developed IDDM after
receiving MMR (see Appendix B). There have been four cases of IDDM
reported to VAERS (submitted between November 1990 and July 1992)
following receipt of MMR and one or two following receipt of mumps vaccine
(both reports might represent the same child, since both were 6-year-old males
who developed IDDM following mumps immunization). The ages have ranged
from 1 to 27 years, with one case each being reported at ages 1, 7, 18, and 27
years. There was either one or two cases in a child age 6 years, as explained
above. The onset of symptoms of IDDM in these patients ranged from 2 days to
2.3 months after immunization, with one case occurring at 2 days, two at 6
weeks, and one at 2.3 months. The intervals in the others were not specified.

In 1975, Sinaniotis and colleagues reported the onset of IDDM 1 month
after receipt of mumps vaccine in a 6.5-year-old boy. In 1991, Pawlowski and
Gries described an 11-year-old boy who had mumps disease at age 16 months
and then received measles-mumps vaccine 5 months before the onset of IDDM.
He had severe abdominal pain and fever 1 week after immunization.

In 1984, Otten and colleagues reported three cases of IDDM, with onset in
one case 10 days and in two cases 3 weeks after mumps vaccine in children 3,
2, and 16 years of age, respectively. They noted that the two younger children
were positive for HLAs DR3 and DR4 and that the older boy was positive for
DR4. In 1986, Helmke and colleagues reported seven children who developed
IDDM in the second to fourth week following mumps or measles-mumps
vaccination. All seven children were positive for DR4, and three were also
positive for DR3.

In 1979, Quast and colleagues noted that in the first 2 years after mumps
and measles-mumps vaccines were introduced in the former West Germany,
two cases of IDDM with onset 7 and 10 days after immunization with measles-
mumps and mumps vaccines, respectively, were reported to the manufacturer,
Behringwerke AG.

In 1990, Fescharek and colleagues noted that 20 cases of IDDM were
reported to the manufacturer, Behringwerke AG, from 1976 through 1989, a
period during which about 5 million doses of mumps vaccine were distributed
in the former West Germany, giving a rate of 1 for every 250,000 doses
distributed. The two cases of IDDM identified by Quast et al. (1979) are
probably part of the more extensive study from the records of Behringwerke
AG (Fescharek et al., 1990). For 19 of 20 patients, the interval between
immunization and the onset of symptoms was reported, and this ranged from 3
days to 7 months. Twelve cases began within 30 days of immunization. The
annual number of new cases of IDDM was assumed to be about
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12 per 100,000 on the basis of a mean value of the incidences of IDDM in
comparable countries, since no data were available for the former West
Germany. It was estimated that for every 5 million children vaccinated against
mumps, 50 spontaneous cases of IDDM would have been expected by random
coincidence within 30 days after immunization.

In 1987, Taranger and Wiholm noted that three cases of IDDM diagnosed
within 1 month of MMR immunization were reported to the pharmaceutical
department of the Swedish Health Authorities during the 3-year period (1982 to
1984), when 700,000 doses of the vaccine were sold. All were 12-year-old girls.
They noted that one had developed symptoms of IDDM 2 to 3 weeks before
being immunized. Prospective data on the incidence of IDDM in children in
Sweden since 1977 revealed that one to two girls at that age were expected to
develop IDDM during each 1-month period. Thus, they concluded that the
number of cases reported after receipt of MMR did not exceed the expected
background frequency.

Sultz and colleagues (1975) conducted interviews with 112 parents of
diabetic children in Erie County, New York (approximately one-third of all
cases identified for the 25 years from 1946 through 1971), and noted that IDDM
was preceded by mumps disease or exposure to mumps virus in almost 50
percent of the children and by mumps vaccination in an additional 11 percent.
The median lag time was 3 years (mean, 3.8 years).

Controlled Observational Studies

In 1991, Blom and colleagues reported the results of a nationwide
controlled study in Sweden evaluating vaccinations, infections, and the use of
medicines during the year preceding the diagnosis of IDDM as possible risk
determinants for IDDM in children O to 14 years of age. The study included 339
children with recent-onset IDDM and 528 control children matched for age,
sex, and county. The data were obtained from mailed questionnaires that
indicated that the purpose of the study was to reveal possible relations between
different childhood diseases and environmental factors. It did not mention that
the study was focusing on IDDM. They found no evidence that vaccinations
increased the risk of developing IDDM in childhood. Mumps and MMR
vaccinations had no significant effect on the relative risk of developing IDDM
(for mumps: OR, 1.75; 95 percent CI, 0.54 to 5.70; for MMR: OR, 0.95; 95
percent CI, 0.71 to 1.28). However, measles vaccination was associated with a
significantly decreased relative risk of developing IDDM (OR, 0.74; 95 percent
CI, 0.55 to 1.00). Other data from that study demonstrated a lack of association
between any specific infectious agent and IDDM, although children with IDDM
had more infections during the year prior to diagnosis.
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Controlled Clinical Trials

None.

Causality Argument

There is no demonstrated biologic plausibility to suggest a causal relation
between monovalent measles vaccine and IDDM. Indeed, the available data
demonstrate a decreased relative risk for IDDM in individuals who have
received measles vaccination (Blom et al., 1991).

There is evidence suggesting that mumps virus infection can trigger the
onset of IDDM in some individuals. Biologic plausibility data implicating the
mumps virus in the pathogenesis of IDDM include (1) the association between
viral infections, including mumps, and IDDM in humans, (2) the detection of
circulating autoantibodies against pancreatic antigens, particularly islet cells,
during convalescence from mumps infection as well as early in the course of
IDDM, and (3) in vitro studies demonstrating that the wild-type mumps virus
can infect human pancreatic beta cells.

Data regarding a possible association between mumps vaccine and IDDM
are limited to the cases noted above of a temporal relation between mumps
immunization and the onset of symptoms of IDDM (Fescharek et al., 1990;
Helmke et al., 1986; Otten et al., 1984; Pawlowski and Gries, 1991; Quast et al.,
1979; Sinaniotis et al., 1975; Taranger and Wiholm, 1987). It should be noted
that because the etiology of IDDM may be multifactorial, any temporal relation
with mumps vaccine may be because other factors (such as toxins, nutrients, or
other infections) have already destroyed enough pancreatic beta cells that even
minor damage by the mumps vaccine virus may trigger the onset of diabetic
symptoms.

The incidence of IDDM shortly following mumps immunization of
children in Sweden and Germany was at or below expected background levels
(Blom et al., 1991; Fescharek et al., 1990). It should be noted, however, that
most of the postulated mechanisms of the pathogenesis of IDDM (autoimmune,
cumulative environmental effects, or persistent infection) suggest that there may
be a prolonged interval between vaccination and the onset of symptoms of
IDDM. Even if the vaccine virus were to cause IDDM by direct cytolysis of
pancreatic beta cells, it will be difficult to document this by isolating the virus
from pancreatic tissue since, currently, there is a very low mortality early in the
course of IDDM, when the virus would most likely be present.

Conclusion

The evidence is inadequate to accept or reject a causal relation between
measles or mumps vaccine and IDDM.
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STERILITY DUE TO ORCHITIS

Clinical Description

Sterility is the inability to produce offspring. Orchitis is inflammation of
the testis, which is manifested by swelling and tenderness and is usually of
infectious origin, such as tuberculosis, mumps, enterovirus, syphilis, or certain
fungal diseases. Orchitis is also referred to as testitis, didymitis, and orchiditis.
No population-based incidence rates were identified.

History of Suspected Association

There is no suspected association between measles vaccine alone and
orchitis or sterility. The possibility of an association between mumps vaccine
and sterility secondary to orchitis has been suspected on the basis of reports of
orchitis following infection with wild-type mumps virus.

Evidence for Association

Biologic Plausibility

There are no data bearing directly on the biologic plausibility of an
association of orchitis or sterility with measles vaccine. The most compelling
argument for biologic plausibility regarding orchitis following mumps vaccine
are the reports of orchitis following infection with the wild-type mumps virus.
In 1950, Werner (1950a) reported that mumps is complicated by orchitis in one-
fifth of all cases of mumps occurring in males after puberty. He also found that
mumps orchitis had been the cause of testicular atrophy in 43 percent of 44
cases of obvious testicular atrophy found in an examination of 2,000 random
males 14 to 34 years of age. In another study, he analyzed seminal fluid from 49
males with a past history of mumps orchitis (Werner, 1950b). The age of onset
of orchitis ranged from 10 to 27 years, with a median age of 16 years. The
interval between the onset of orchitis and the study ranged from a few months
to 9 years, with a median of 4 years. Some degree of testicular atrophy was
apparent in 39 of 49 patients. Some 51 percent of 49 patients from 18 to 27
years of age with a past history of mumps orchitis had semen with mean sperm
counts and motilities that were lower than those for semen from control
subjects. Only one man had azoospermia. Testicular atrophy was no more
common among patients with abnormal semen specimens than it was in the
group with orchitis as a whole. Mumps orchitis was felt, on the basis of seminal
fluid examination, to have impaired fertility in 13 percent of the individuals
with a past history of the disease. Werner (1950b) concluded that since only 1.7
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percent of all males with mumps contract orchitis (but 20 percent or more of
males who develop mumps after puberty have orchitis) and only 13 percent of
those with orchitis had impaired fertility attributable to mumps orchitis, mumps
orchitis is not an important cause of sterility in males.

Penttinen and colleagues (1968) found that 15 to 25 percent of men who
contracted mumps developed orchitis, and in about 10 to 20 percent of these
men it was bilateral and, thus, had the potential to cause sterility. Two other
studies have found that 30 to 38 percent of postpubertal males with mumps
develop orchitis (Beard et al., 1977; Philip et al., 1959). They reported bilateral
involvement in 17 and 37 percent of cases, respectively. Mumps orchitis was
found to be most common in the second through fourth decades of life (Beard et
al., 1977).

A review of the records of 2,482 patients with mumps (about half of whom
were under 15 years of age) admitted to 16 infectious disease units in England
and Wales revealed that 333 of 1,513 males developed orchitis and 71 males
had orchitis and meningitis or encephalitis (Association for the Study of
Infectious Disease, 1974). Interestingly, 5 of 969 females had oophoritis. The
authors noted that orchitis was second only to CNS involvement as a
complication of mumps. There were no recorded sequel, but the investigators
did not attempt to follow up these patients for sterility because "the practical
difficulties associated with such a study are formidable" (p. 555).

In 1954, Sandler reported azoospermia in a 34-year-old male who
developed bilateral orchitis following mumps disease. Although his
azoospermia persisted for over 1 year, he subsequently fathered a child.

In a retrospective study, McKendrick and Nishtar (1966) found that several
men had fathered children following either unilateral or bilateral mumps orchitis.

Several authors concluded that since orchitis is usually unilateral, it is
rarely a cause of permanent sterility (Association for the Study of Infectious
Disease, 1974; Bendersky-Malbec, 1982; Penttinen et al., 1968; Werner, 1950b).

Case Reports, Case Series, and Uncontrolled Observational Studies

The data regarding mumps vaccine-associated orchitis in the literature are
in two reports of surveillance for adverse reactions to immunization in other
countries. Three cases of orchitis were reported following administration of
MMR in Canada in 1987, for an incidence of 0.5 cases per 100,000 doses of
MMR distributed (Koch et al., 1989). Six cases of suspected orchitis were
reported following administration of measles or mumps (Jeryl Lynn strain)
vaccine in the former West Germany from 1976 through 1989 (Fescharek et al.,
1990). During that period of time an estimated 5.5 mil
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lion doses of measles, mumps, and measles-mumps vaccines and MMR were
sold. Two of these patients had hydroceles. The other four patients recovered
after 2 to 3 days "with only slight inconvenience to the vaccinee" (p. 447).

There have been 11 reports in VAERS (submitted between November
1990 and July 1992) of orchitis, or possible orchitis, following vaccination with
MMR (10 reports) or mumps vaccine (1 report). The ages of the vaccinees
ranged from 19 months to 26 years, with a median age of 12 years. The interval
from immunization to the onset of symptoms was noted for nine patients and
ranged from 1 to 34 days, with a median of 16 days. Six patients recovered, and
no outcome was reported for five patients. Five cases were bilateral, and four
cases were unilateral (all on the left side); for two cases the laterality was not
specified. Seven patients were stated to have orchitis. The diagnosis was
questionable in four patients. In one case the patient had been seen in the past
for problems with his testicles. Following immunization he had three episodes
of testicular swelling and pain, with each episode lasting about 2 hours. In
another case, a urologist diagnosed torsion versus mild epididymitis and could
not rule out the possibility that the condition was related to MMR. In another
case, the patient did not have swollen testicles when examined on two occasions
by a physician, although he was reported by his mother to have swollen testicles
and swollen legs. In another, the patient had a swollen left testicle that was not
red or hot to the touch and was diagnosed as having "testis disease."

In 1976, Borsche reported that after about 1,000 vaccinations with
monovalent mumps vaccine, no side effects were noted.

A study of live attenuated mumps vaccine (Rubini strain) in monkeys, 13
adult males, and 60 children aged 15 to 24 months revealed no inflammation,
swelling, or pain of the testes (Gluck et al., 1986).

Controlled Observational Studies

Penttinen and colleagues (1968) found that the frequency of orchitis as a
complication of mumps was two to three times lower among recipients of
mumps vaccine than among nonvaccinated servicemen. Furthermore, they
found that the rate of orchitis was 25 times lower among the vaccinees than
among nonvaccinated men, suggesting that the vaccine afforded protection from
mumps orchitis.

Controlled Clinical Trials

Schwarz and colleagues (1975) looked for, but did not find, orchitis in
1,232 children who received MMR (Jeryl Lynn strain or a placebo).
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Causality Argument

There is no evidence bearing on a causal relation between measles vaccine
and orchitis or sterility.

Biologic plausibility for a causal relation between mumps vaccine and
orchitis stems from the relation between wild-type mumps virus and orchitis
(Association for the Study of Infectious Disease, 1974; Bendersky-Malbec,
1982; British Medical Journal, 1980; Sandler, 1954; Werner, 1950a,b) and from
the temporal correlation between mumps vaccine and orchitis in several
individual cases. Because orchitis is uncommon, it seems possible that cases
temporally related to mumps vaccination are caused by the vaccine virus.
However, it is also possible that at least some of the cases of orchitis following
administration of mumps vaccine were caused by infection with wild-type
virus, because the impetus to immunize males often is exposure to mumps
disease. It should be noted that even though millions of doses of mumps vaccine
have been administered, very few cases of mumps vaccine-associated orchitis
have been reported.

There are no case reports of sterility in the literature or in VAERS
(submitted between November 1990 and July 1992). However, these data are
difficult to obtain because of the number of years required for follow-up.
Because there are case reports of bilateral orchitis following administration of
mumps vaccine, there is a possibility of sterility, and thus, a causal relation
between mumps vaccine and sterility has not been fully studied.

Conclusion

There is no evidence bearing on a causal relation between measles vaccine
and orchitis or sterility.

The available evidence is inadequate to accept or reject a causal relation
between mumps vaccine and orchitis.

The available evidence is inadequate to accept or reject a causal relation
between mumps vaccine and sterility.

THROMBOCYTOPENIA

Clinical Description

Thrombocytopenia is a decrease in the number of platelets, the cells
involved in blood clotting. Thrombocytopenia may stem from the failure of
platelet production, a shortened platelet life span, or an abnormal distribution of
platelets within the body (Lee et al., 1993). Normal platelet counts are on the
order of 150,000 to 450,000/mm?. Thrombocytopenia occurs in
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children of all ages, with an incidence of 31.9 cases (defined as a platelet count
less than 150,000/mm?) per 1 million children under age 15 years per year
(Cohn, 1976). Approximately 70 percent of cases occur following viral illnesses
(Lightsey, 1980). In most cases, thrombocytopenia in children is mild and
transient, and it is often discovered only incidentally when a complete blood
count is performed. Severe thrombocytopenia associated with spontaneous
bleeding, including bleeding into the skin, is called thrombocytopenic purpura.

History of Suspected Association

In 1966, Oski and Naiman reported a decrease of greater than 25,000/ mm?
in the platelet counts of 38 of 44 (86 percent) subjects immunized with live,
attenuated Edmonston B measles vaccine. The lowest platelet counts were
observed 1 week following immunization, and the platelet counts returned to
prevaccination levels after 3 weeks in all but two patients. There were no
petechiae and no purpura or bleeding problems in any of the patients. Nieminen
and colleagues (1993) found acute thrombocytopenic purpura in 23 of
approximately 700,000 children after they were immunized with MMR. The
mean interval between immunization and purpura was 19 days. There also have
been several individual case reports of thrombocytopenia following measles
vaccination in the literature and VAERS. These studies are described in detail
in a later section.

Evidence for Association

Biologic Plausibility

There is demonstrated biologic plausibility that measles or mumps
vaccines could be associated with thrombocytopenia on the basis of experience
with wild-type virus infections. Early case reports of purpura and bleeding
associated with measles did not provide sufficient data to indicate the cause of
bleeding. Specifically, they did not differentiate isolated thrombocytopenia
from the thrombocytopenia found in disseminated intravascular coagulation.
Severe hemorrhage is a well-documented, but rare, complication of infection
with measles virus. It is known as the "black measles" because of hemorrhage
into the skin (Hudson et al., 1956) and most likely results from disseminated
intravascular coagulation. The first case of fatal purpura associated with
measles was reported by Jackson in 1890. Hudson et al. (1956) reported 2 cases
of thrombocytopenic purpura in patients with measles and reviewed 20 other
cases reported in the literature. They found that the hemorrhagic manifestations
began an average of 6 days (range, 2 to 14 days) after the onset of the measles
rash. The number of circulating plate
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lets ranged from 5,000 to 90,000 (average, 30,900) in the 12 patients for whom
counts were available. In 1934, Perlman reported that there was "a rather
constant tendency for the platelet count to drop below normal" (p. 602) in 50
random cases of measles. No data on the degree of thrombocytopenia were
provided. Thrombocytopenia has been described as a rare complication of
mumps disease (Graham et al., 1974).

Case Reports, Case Series, and Uncontrolled Observational Studies

Even though large numbers of doses of live attenuated measles vaccine
have been administered, very few cases of thrombocytopenia have been
reported. In 1965, Katz noted that he was aware of two cases of idiopathic
thrombocytopenic purpura and one case of hemolytic-uremic syndrome after
approximately 5 million doses of live attenuated measles vaccine had been
administered over 6 years. The hemolytic-uremic syndrome is characterized by
the triad of hemolytic anemia, thrombocytopenia, and acute renal insufficiency
(Kaplan et al., 1987; Levin et al., 1989; Srivastava and Bagga, 1992). Rare
cases of this syndrome have been documented following immunization
(Srivastava and Bagga, 1992). In addition to the case noted above following
administration of live attenuated measles vaccine (Katz, 1965), there have been
other cases following administration of mumps vaccine (Dosik and Tricarico,
1970) and MMR (Taranger and Wiholm, 1987).

There are several individual case reports in the literature of
thrombocytopenia following administration of live attenuated measles vaccine
alone (Alter et al., 1968; Bach and Allard, 1974; DeRitis and Pecorari, 1990;
Giroud et al., 1983; Kiefaber, 1981; Medical Journal of Australia, 1980) or
concomitantly with immune globulin (Bachand et al., 1967; Saxton, 1967;
Wilhelm and Paegle, 1967). Cases of thrombocytopenia also have been reported
following administration of measles-mumps vaccine (von Muhlendahl, 1989)
and MMR (Azeemuddin, 1987; Neiderud, 1983), but not after administration of
mumps vaccine alone (other than that associated with hemolytic-uremic
syndrome discussed above). The vast majority of cases of thrombocytopenia
occur following the first dose of measles vaccine, but thrombocytopenia has
been documented following administration of a second dose as well
(Wiersbitzky et al., 1992). It should be noted that comparatively few individuals
have received more than one dose of measles vaccine to date.

Case series and uncontrolled observational studies provide the bulk of the
information regarding measles and measles-containing vaccines and
thrombocytopenia. Taranger and Wiholm (1987) and Bottiger and colleagues
(1987) found that 16 cases of thrombocytopenia following administration of
MMR were reported to the Swedish health authorities over a 3-year period from
1982 through 1984, when an estimated 700,000 doses of MMR (using
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the same strains that are used in the United States) were sold and approximately
590,000 children were immunized. One other child had hemolytic-uremic
syndrome (as noted above), but the child's platelet count was not reported.
Fourteen cases of thrombocytopenia occurred in 18-month-old children. Eight
of 13 patients with thrombocytopenia considered to have been vaccine related
recovered without therapy. One patient had a second episode, and two patients
responded to prednisone therapy within 2 months. Only one patient remained
thrombocytopenic at 2 years of follow-up, but that patient had no clinical
symptoms. Three other patients had a transient petechial rash, but platelet
counts were not determined at the time of the rash.

In 1987, a new passive surveillance system for adverse reactions to
vaccines was implemented in Canada (Koch et al.,, 1989). Five cases of
thrombocytopenia were reported to this new system, for a cumulative incidence
of 1 case per 100,000 doses of MMR distributed.

Fescharek and colleagues (1990) reported 11 cases of thrombocytopenia
following administration of measles vaccine between 1976 and December 1989,
over which period an estimated 5.5 million doses of measles and measles-
mumps vaccines and MMR were sold in the former West Germany. All cases of
thrombocytopenia occurred following immunization with vaccines containing
the measles virus antigen (the same strain that is used in the United States). The
lowest platelet count was 9,000. All 11 patients recovered either spontaneously
or after steroid therapy.

Data suggesting that MMR can cause thrombocytopenic purpura have
recently been reported by Nieminen and colleagues (1993). They found that 23
of about 700,000 children immunized with MMR in Finland (which uses the
same vaccine strains as those used in the United States) developed
thrombocytopenic purpura a mean of 19 days (median, 17 days; range, 7 to 59
days) following vaccination. The patients' ages ranged from 1.2 to 7.3 years.
The median platelet nadir was 4,000/mm? with a range of 1,000 to 45,000/mm?.
Fifteen of the patients' platelet counts returned to greater than 100,000 within 1
month, 20 within 2 months, and 22 within 6 months. Thirty months later, one
patient had a second episode associated with an infection.

Bone marrow aspirates were performed in 13 patients, and all revealed "at
least normal" (p. 268) numbers of megakaryocytes. Platelet survival was
decreased in both of the two patients studied, and platelet-associated
immunoglobulin was detected in 10 of 15 patients tested. Five of six lost
antibodies on follow-up 62 to 206 days after immunization, but one remained
weakly positive at 132 days. Five of 15 patients had glycoproteinspecific
platelet antibody.

There have been 12 reports in VAERS (submitted between November
1990 and July 1992) of thrombocytopenia following administration of measles
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vaccine (1 report) or MMR (11 reports). One case occurred after receipt of
measles vaccine alone, six after receipt of MMR alone, and five cases after
receipt of MMR plus one or more other vaccines (DPT, OPV, or Hib vaccine).
The ages of the patients ranged from 12 months to 18 years. Seven of the 10
patients whose ages were given were 2 years old or younger. The interval
between immunization and the onset of symptoms for the nine patients for
whom these data were provided ranged from 6 to 27 days, and for six patients it
was less than 14 days. Platelet counts were provided for 10 patients, and the
lowest count for each was 4,000, 9,000, <10,000, 11,800, 17,000, 38,000,
43,000, 43,000, 55,000, and 65,000/mm3. Five patients were reported to have
recovered. The outcomes in the other seven patients were not specified.

Controlled Observational Studies

Data suggesting that the live measles vaccine can cause thrombocytopenia
were provided by Oski and Naiman (1966), who found decreases in platelet
counts in most subjects following administration of live attenuated measles
vaccine (this vaccine is no longer used in the United States). They determined
platelet counts of 59 individuals on a weekly basis until 21 days after
administration of either live measles vaccine, live measles vaccine plus gamma
globulin, gamma globulin alone, or killed measles vaccine. Twenty-five of 28
patients who received immune globulin along with measles vaccine and 13 of
16 patients who received measles vaccine alone had transient decreases in their
platelet counts (mean maximum decrease of 92,000/mm’ [representing a 37
percent decrease from the original platelet count] for those who received
immune globulin versus 108,000/mm? [36 percent decrease from the original
platelet count] for those who received measles vaccine alone). The median
decrease in the 38 patients whose platelets fell by more than 25,000/mm? was in
the range of 76,000 to 100,000/mm?. In contrast, only 1 of the 10 patients who
received gamma globulin alone and none of the 5 patients who received killed
measles vaccine experienced a decline in platelet count.

In over 50 percent of patients vaccinated with live attenuated measles
vaccine, the platelet count fell more than 75,000/mm? below its original level.
The most dramatic decline was 317,000/mm? in an iron-deficient infant, whose
original platelet count had been 570,000/mm3>. The lowest documented platelet
count was 64,000/mm3. The maximum depression was noted at 1 week, and
postimmunization platelet counts returned to preimmunization levels in all but
two vaccinees by 3 weeks postimmunization. In those patients whose platelet
counts were determined more frequently, decreases were seen by 3 days
postimmunization. A decrease in the platelet
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count of one infant was documented after each of three challenges with live
attenuated measles vaccine.

The decrease in platelet counts was greater in children less than 2 years of
age than in those over 12 years of age (126,000 versus 51,000/mm?). It is not
known whether maternal antibody plays a role in the accentuated platelet count
decrease in infants less than 1 year of age. However, it seems unlikely since
there was little difference between the degree of thrombocytopenia seen in
patients who received measles vaccine alone and that seen in patients who
received immune globulin along with the measles vaccine. It should be noted
that measles vaccine is rarely given to infants who have the highest levels of
maternal antibody (those less than 6 months of age).

Serial bone marrow aspirates from three patients were examined, and a
decrease in the number of megakaryocytes was demonstrated by the third day
postimmunization. The megakaryocytes also demonstrated morphologic
alterations characterized by vacuolization of the cytoplasm and nucleus. In
addition to the bone marrow findings, stable or decreasing plasma acid
phosphatase determinations also suggested that the decrease in platelet count
was more likely the result of decreased platelet production rather than increased
destruction. This is in contrast to data of Hudson and colleagues (1956)
suggesting that the thrombocytopenia following wild-type measles virus
infection is caused by increased destruction of platelets.

Although Oski and colleagues (1966) speculated that the vaccine virus
may replicate in the bone marrow since the onset of the vaccine-induced
thrombocytopenia occurred during the incubation period of the live attenuated
measles virus infection following immunization, they were unable to isolate the
virus from the bone marrow on either of two occasions. It has been noted that
the thrombocytopenia following wild-type virus infection occurs later, usually
about 1 week following the onset of rash, not during the incubation period. Data
suggesting that the measles vaccine virus can suppress the bone marrow are
provided in a study by Olivares et al. (1989), who found a significant decrease
in hemoglobin concentration by days 9 and 14 following administration of live
attenuated measles vaccine (Schwarz strain) in infants studied prospectively at
0, 4, 9, 14, 21, and 30 days postimmunization. Platelet counts were not
determined in that study.

Controlled Clinical Trials

None.
Causality Argument

Evidence that wild-type measles virus is associated with thrombocytopenia
provides biologic plausibility that measles vaccine could also be associated
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with thrombocytopenia. Evidence from the study by Oski et al. (1966),
individual reports in the literature, and VAERS suggests a causal relation
between measles vaccine and thrombocytopenia. However, the measles vaccine
strain (the live attenuated Edmonston B strain) studied by Oski is no longer
used in the United States. The evidence concerning the live, more attenuated
measles vaccine strain currently used in the United States is scarce. Although
transient decreases in platelet counts following measles vaccination or from
other nonvaccine causes may be common, clinically significant
thrombocytopenia is extremely rare, especially considering the very large
number of doses of measles vaccine that have been administered.

The reports of thrombocytopenia following mumps diseases provide
biologic plausibility that mumps vaccine could be associated with
thrombocytopenia. The evidence bearing on a causal relation between mumps
vaccine and thrombocytopenia consists of one report of a child who had
thrombocytopenia as part of hemolytic-uremic syndrome following receipt of
mumps vaccine (Dosik and Tricarico, 1970).

Published reports of passive surveillance systems from several countries
provide evidence that MMR is associated with clinically significant
thrombocytopenia within two months of vaccination. On the basis of data from
Finland and Sweden, the incidence appears to be on the order of 1 per 30,000 to
40,000 vaccinated children. This is a sixfold higher incidence than that reported
in the only study of background incidence of thrombocytopenia identified by
the committee (Cohn, 1976). The committee could not identify the component
of MMR responsible for the thrombocytopenia, but the data from Oski and from
the experience with wild-type measles virus suggest that the measles vaccine
component of MMR might be responsible for the thrombocytopenia that occurs
after MMR.

Conclusion

The evidence establishes a causal relation between MMR and
thrombocytopenia. On the basis of data from Finland and Sweden, the incidence
appears to be on the order of 1 per 30,000 to 40,000 vaccinated children.

The evidence is inadequate to accept or reject a causal relation between
monovalent measles and mumps vaccines and thrombocytopenia.

Risk-Modifying Factors

Because so little information is available, the committee does not have the
means to recommend any precautions to prevent clinically significant
thrombocytopenia from occurring after administration of live attenuated
measles vaccine or MMR. One child in the series by Nieminen and colleagues
(1993) had had acute idiopathic thrombocytopenic purpura 9 months prior to
the episode following MMR administration. Children with a prior his
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tory of thrombocytopenia may be at increased risk for developing
thrombocytopenia following MMR.

ANAPHYLAXIS

Clinical Description

Anaphylaxis and anaphylactic shock refer to an acute, severe, and
potentially lethal systemic allergic reaction. Most cases resolve without sequel.
Signs and symptoms begin within minutes to a few hours after exposure. Death,
if it occurs, usually results from airway obstruction caused by laryngeal edema
or bronchospasm and may be associated with cardiovascular collapse. Chapter 4
contains a detailed discussion of anaphylaxis.

History of Suspected Association

The suspected relation between measles and mumps vaccines and
anaphylaxis is based on several reports of anaphylactic reactions following
administration of measles or measles-mumps vaccines or MMR in the literature
and VAERS (Aukrust et al., 1980; Fescharek et al., 1990; Herman et al., 1983;
McEwen, 1983; Pollock and Morris, 1983; Taranger and Wiholm, 1987;
Thurston, 1987; Van Asperen et al., 1981). No reports of anaphylaxis following
administration of monovalent mumps vaccine have been published, but the
1991 Red Book states that since 1967 there have been rare, isolated reports of
allergic reactions (American Academy of Pediatrics, Committee on Infectious
Diseases, 1991).

Anaphylaxis to egg proteins has been considered to be a relative
contraindication to immunization with live attenuated virus vaccines grown in
eggs or in tissue culture cells of chicken embryo origin (American Academy of
Pediatrics, Committee on Infectious Diseases, 1991). In 1983, Herman et al.
reported generalized urticaria, angioedema, and respiratory difficulty after
immunization with MMR in two children who had allergy to egg white protein
(ovalbumin). Both had serum immunoglobulin E (IgE) reactive with the
ovalbumin-related antigens in measles vaccine and MMR.

Evidence for Association

Biologic Plausibility

Concern has been raised regarding the safety of egg-derived vaccines in
individuals who are sensitive to egg protein, since some individuals are
exquisitely sensitive. Measles and mumps viruses in currently available
monovalent and combination (measles-mumps and MMR) vaccines are grown
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in cell cultures of chicken embryo fibroblasts (rubella virus is grown in human
diploid cell culture). Egg-related antigens can be detected in measles and
mumps vaccines, but in extremely small quantities (much less than in the egg-
derived vaccines).

Herman and colleagues (1983) reported that two children with systemic
allergic reactions to egg white protein (ovalbumin) had anaphylactic reactions
to MMR. Both children had serum IgE reactive with ovalbumin-related antigens
in the vaccine. They had no detectable IgE directed against the measles vaccine,
although IgE directed at ovalbumin was present.

Vaccine components other than egg protein have been implicated in
triggering severe allergic reactions to live attenuated virus vaccines. Previously
available live attenuated virus vaccines contained small amounts of antibiotics
such as penicillin and streptomycin, but currently they have only trace amounts
(25 pg/ml) of neomycin sulfate. They also have trace amounts of proteins such
as chick embryo tissue culture protein and human serum albumin.

Case Reports, Case Series, and Uncontrolled Observational Studies

In 1981, Van Asperen et al. reported immediate reactions following
administration of live attenuated measles vaccine (Rimevax) in three children in
Australia. The reactions began within 30 minutes of immunization and
consisted of vomiting, fever, and a rash; two of the patients also had cyanosis.

Pollock and Morris (1983) reported that nine reactions in the 170,000
children who received measles vaccine fell into their category of "anaphylaxis
and collapse" during a 7-year period (January 1975 through December 1981) of
intensified voluntary reporting of vaccine reactions in the North West Thames
region of England. Some were felt to be vasovagal reactions, and some included
slight facial swelling or pallor. It was unclear whether any of these reactions
were anaphylactic.

Fifteen reports of reactions occurring within 30 minutes of vaccination
with live attenuated measles virus (Rimevax) were received by the Adverse
Drug Reactions Advisory Committee in Australia for the period February 1980
to March 1982 (McEwen, 1983). The most common findings were vomiting,
changes in skin coloring, and disturbances of breathing. The mechanism of the
reactions was unknown. Insufficient detail was provided to determine whether
any of these reactions represented anaphylaxis. All individuals survived, and in
10 individuals the symptoms resolved without active treatment. The authors
noted that the role that therapy played in the recovery of the other five children
could not be assessed.

In a report from India (Sokhey, 1991), measles vaccine was involved in
five incidents of adverse reactions in children. In three incidents, symp
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toms were felt to be typical of toxic shock. In one incident, 6 of the 12 children
who received measles vaccine died. The six children who survived were said to
have been saved by timely hospitalization and appropriate (but unspecified)
treatment. Most of the incidents were felt to have been caused by contamination
of the vaccines with pathogens, because the quality of the sterilization
procedures was unsatisfactory. These incidents, however, were not described in
sufficient detail to eliminate the possibility of anaphylactic shock.

In 1980, Aukrust et al. reported severe hypersensitivity or intolerance
reactions to measles vaccine in six children. No description of the reactions was
provided, although the authors felt that the children had immediate
hypersensitivity reactions "most probably due to allergy." This measles vaccine
was grown in monkey kidney cells (Aukrust et al., 1980). Trace amounts of calf
serum proteins, but not egg antigens, were demonstrated in measles vaccine by
crossed immunoelectrophoresis, but the exact cause of the untoward reactions
was not identified. Four of the cases received the same lot of vaccine,
suggesting the presence of an allergenic contaminant. The possibility of lot
contamination also was suggested by the higher incidence of severe
hypersensitivity reactions in Norway than in other countries (1 case per 15,000
to 20,000 doses versus 1 to 2 cases per 1 million doses, respectively) provided
with the same vaccine by the same manufacturer.

Thurston (1987) reported two cases of anaphylaxis in his private practice.
The first was an 18-month-old boy who developed bradycardia, cyanosis,
periorbital edema, widespread erythema, and hypotonia 5 minutes after
receiving MMR. He responded immediately to epinephrine. The second was a
16-month-old girl who started crying and who developed widespread erythema,
cyanosis, decreased respiration, and wheezing 5 minutes after receiving MMR.
She also responded to epinephrine.

The Swedish health authorities reported that no case with a clear picture of
anaphylactic shock following administration of MMR was reported from 1982
to 1984, during which time 700,000 doses of MMR were sold in Sweden
(Taranger and Wiholm, 1987). Five children had reactions that were described
as anaphylactic or hypersensitivity reactions. These included a 12-year-old boy
who developed urticaria with dyspnea and suspected laryngeal edema a couple
of hours after immunization. He was treated with epinephrine and cortisone.
Two 12-year-olds received epinephrine because of local redness and general
symptoms of paleness and itching. An 18-month-old child was reported to have
a diagnosis of mucocutaneous syndrome, but no further information was
provided. A 5.5-year-old boy received cortisone and antihistamine orally for
small urticaria.

In Germany, five reports of so-called immediate reactions were received
after distribution of approximately 5.5 million doses of measles, mumps, and
measles-mumps vaccines and MMR (Fescharek et al., 1990). Three
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reports were of siblings who all collapsed after having been vaccinated shortly
after one another. These were considered to be probable psychosomatic
reactions. Another was the possible aspiration of a piece of candy, and the last
case was called an "anaphylactic reaction" but was not described further.

In the new passive surveillance system for adverse reactions to vaccines in
Canada, 30 of the 511 reports of adverse events following administration of
MMR in 1987 were of allergic reaction, for an estimated incidence of 6.6
reports per 100,000 doses distributed (Koch et al., 1989). No details of these
reactions were given.

Nine cases of possible anaphylactic reactions following administration of
measles or mumps vaccines have been reported to VAERS (submitted between
November 1990 and July 1992). All of these reactions followed receipt of
MMR. The ages of the patients ranged from 4 to 31 years, with a median age of
11 years. None of the reactions were described in sufficient detail to verify the
diagnosis of anaphylaxis. Also, prompt treatment may have prevented some of
the individuals from developing full-blown anaphylaxis. Reactions in six of the
patients had at least one component of an anaphylactic reaction. Three cases
probably did not represent anaphylaxis. One child began to cry 2 to 4 hours
after vaccination, and she complained that she could not hear; then she became
pale and sweaty. Her symptoms resolved after she was given a drink of 7-Up.
Another had a probable vasovagal reaction. Another case listed complaints of
weakness, dizziness, nausea, blurred vision, and decreased hearing in the right
ear immediately after the vaccine was administered, but the patient went home
with no residual effects.

Egg allergy refers to an IgE-mediated immediate reaction to ovalbumin,
the most severe manifestation being anaphylactic shock. Most patients who
react to the ovalbumin skin test can ingest ovalbumin without any difficulties.
Genuine anaphylactic reactions are very rare. Most physicians feel that patients
with severe systemic reactions to egg proteins should be considered to be at
some increased risk for a severe systemic reaction to measles and mumps
vaccines. Most also agree that patients who are skin test positive to egg protein
but who do not have clinical symptoms are not at any higher risk of an adverse
reaction than the general population. There is disagreement, however, on the
usefulness of vaccine skin testing in predicting those children who should
receive the vaccines in graded (desensitizing) doses in order to avert life-
threatening reactions.

Several reports in the literature describe safe measles and MMR
immunization of patients with varying degrees of allergic symptoms to egg
protein, including severe immediate reactions (Brown and Wolfe, 1967; Bruno
et al., 1990; Di Cristofano, 1989; Greenberg and Birx, 1988; Kamin et al., 1963,
1965; Kemp et al., 1990).
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Herman and colleagues (1983) advocate intracutaneous testing with diluted
vaccine prior to immunization with measles vaccine in children with systemic
reactions to egg protein. They employed graded doses of measles vaccine to
safely immunize six patients who had severe allergic hypersensitivity reactions
to ovalbumin and IgE anti-measles vaccine antibody and positive reactions after
intracutaneous or intradermal testing with the vaccine.

Lavi and colleagues (1990) gave MMR to 90 egg-allergic children after
performing skin tests with diluted MMR. They confirmed the reliability of
negative reactions to skin tests with diluted MMR in predicting that the vaccine
can safely be administered to such children. However, they stressed the
importance of skin testing with diluted MMR because three patients who had
positive reactions to MMR skin tests developed generalized urticaria, despite
graded challenges, suggesting that they may have developed more pronounced
reactions if MMR had been given in a routine fashion. Indeed, Puvvada and
colleagues (1993) reported systemic reactions after just intradermal skin testing
with MMR in two patients with severe systemic reactions to egg.

Fasano and colleagues (1992) reported a case series of 140 children with
egg hypersensitivity in whom the safety of MMR was evaluated. Sixty-nine of
the 140 children already had received MMR and were not tested. Two of the
remaining 71 children had positive skin prick reactions to MMR. Three of six
egg-allergic children, as well as three of six normal adult control subjects, had
positive responses to MMR intradermal testing. All 71 children were given
MMR in the standard dose under close observation, and the only child with an
immediate reaction had four small hives 15 to 25 minutes after immunization.
However, systemic reactions to MMR were documented in two nonallergic
children. Both were skin test negative to egg and neomycin. One had a positive
skin prick test to MMR and its individual components (antigens). The other was
skin prick test negative, but intradermal test positive to the same components
(antigens). The authors concluded that MMR skin testing was not helpful in
predicting an adverse reaction.

Skin prick testing with MMR was performed on subjects with documented
or suspected systemic allergies to antigens other than egg before they were
immunized with MMR (Juntunen-Backman et al., 1987). Of 135 individuals,
126 had negative skin prick tests to MMR. Mild generalized urticaria or fever
was noted in 2 of the 122 vaccinees who eventually were vaccinated with
MMR. The authors concluded that children with common forms of systemic
allergy can safely be vaccinated with MMR.

MMR contains neomycin sulfate, which may be responsible for some
immediate reactions to the vaccine (Kwitten et al., 1993). Elliman and Dhanraj
(1991) reported safe MMR vaccination in one child, despite neomycin
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allergy documented by a positive reaction to skin patch testing with 20 percent
neomycin sulfate.

Controlled Observational Studies

None.

Controlled Clinical Trials

None.

Causality Argument

Evidence from individual reports in VAERS and the literature is consistent
with a causal relation between measles vaccine and MMR and anaphylaxis. The
most compelling evidence consists of the cases reported by Herman and
colleagues (1983) and by Thurston (1987). All four patients received MMR. In
most cases of MMR-associated anaphylaxis, the precise component of the
vaccine responsible for the severe reaction was not identified. In addition to the
measles and mumps antigens, egg proteins, antibiotics, and other contaminants
have been implicated. Reported cases of anaphylaxis following administration
of these vaccines are extremely rare, and several reports suggest that
anaphylaxis to measles vaccine is overreported and that not all of the cases are
substantiated (Fescharek et al., 1990; McEwen, 1983; Pollock and Morris,
1983; Sokhey, 1991; Taranger and Wiholm, 1987; Thurston, 1987; Van
Asperen et al., 1981). In 1983, Pollock and Morris estimated that anaphylaxis or
collapse within 24 hours of vaccination occurred with a frequency of about 9
cases per 170,000 doses of measles vaccine administered in a large region of
England over 7 years. In children with a history of anaphylactic reactions to
egg, only five cases of immediate allergic reaction had been reported after
distribution of more than 174 million doses of measles vaccine in the United
States (American Academy of Pediatrics, Committee on Infectious Diseases,
1991).

Conclusion

The evidence establishes a causal relation between MMR and anaphylaxis.

The evidence favors acceptance of a causal relation between measles
vaccine and anaphylaxis.

Because these conclusions are not based on controlled studies, the criteria
for the diagnosis of anaphylaxis are variable, and pharmacologic intervention
complicates the diagnosis, no reliable estimate of incidence or rela
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tive risk is available. Estimates from the studies described above range from 1
per 20,000 to 1 per 1 million doses distributed.

The evidence is inadequate to accept or reject a causal relation between
mumps vaccine and anaphylaxis.

Risk-Modifying Factors

Most anaphylactic reactions occur in individuals who have no known risk
factors for severe reactions to these vaccines; thus, no special precautions can
be taken. Patients who have demonstrated severe systemic reactions to egg
protein or neomycin may be at increased risk of anaphylaxis following receipt
of measles or mumps vaccines, and guidelines for immunizing such patients
have been provided by the Committee on Infectious Diseases of the American
Academy of Pediatrics (1991). Patients with allergies to other antigens,
including chickens and feathers, are not at increased risk of severe allergic
reactions to these vaccines.

DEATH

A detailed discussion of the evidence regarding death following
immunization can be found in Chapter 10. Only the causality argument and
conclusions follow. See Chapter 10 for details.

Causality Argument

The data relating death and measles or mumps vaccine are from case
reports and case series. The largest series comes from India, but toxic shock
syndrome caused by the unhygienic conditions involved in the immunization
program was the apparent cause of death reported for eight of nine patients.
Evidence based on RNA sequencing techniques has linked measles vaccine and
measles infection to subsequent death in some severely immunocompromised
children. In contrast, studies of the immunogenic response to measles vaccine in
children infected with human immunodeficiency virus, which causes acquired
immune deficiency syndrome, have not recorded any deaths from measles
infection.

The evidence favors the acceptance of a causal relation between measles
vaccine and anaphylaxis. The evidence establishes a causal relation between
MMR and thrombocytopenia and anaphylaxis. Anaphylaxis and
thrombocytopenia can be fatal. Although there is no direct evidence of death as
a consequence of measles vaccine-related anaphylaxis or of MMR-related
thrombocytopenia or anaphylaxis, in the committee's judgment measles vaccine
could cause fatal anaphylaxis and MMR could cause fatal

Copyright © National Academy of Sciences. All rights reserved.



Adverse Events Associated with Childhood Vaccines: Evidence Bearing on Casuality
http://lwww.nap.edu/catalog/2138.html

not from the

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book

original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

MEASLES AND MUMPS VACCINES 177

thrombocytopenia or fatal anaphylaxis. There is no evidence or reason to
believe that the case fatality rate of vaccine-related thrombocytopenia or
anaphylaxis would differ from the case fatality rates for these adverse events
associated with any other cause.

Conclusion

The evidence establishes a causal relation between vaccine-strain measles
virus infection and death. The conclusion is based on case reports in
immunocompromised individuals and not on controlled studies. No relative risk
can be calculated. However, the risk of death from measles vaccine-strain
infection would seem to be extraordinarily low.

The evidence establishes a causal relation between MMR and death from
anaphylaxis or complications of severe thrombocytopenia. There is no direct
evidence for this; the conclusion is based on the potential of thrombocytopenia
and anaphylaxis to be fatal. The risk would seem to be extraordinarily low.

The evidence favors acceptance of a causal relation between measles
vaccine and death from anaphylaxis. There is no direct evidence for this; the
conclusion is based on the potential of anaphylaxis to be fatal. The risk would
seem to be extraordinarily low.

The evidence is inadequate to accept or reject a causal relation between
measles and mumps vaccines and death from causes other than those listed
above.
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7

Polio Vaccines

BACKGROUND AND HISTORY

Poliomyelitis is an acute infectious disease caused by an enterovirus. There
are three types of this virus: types 1, 2, and 3. Each type is capable of infecting
humans; there is no cross-immunity and only those individuals immune to each
of the three types are protected against all three types. The virus enters the body
by the oral or respiratory route and multiplies in the pharynx and small
intestine. Within 24 hours it invades the regional lymph nodes, and after an
additional 24 to 48 hours it enters the bloodstream, which carries it to the
secondary sites of replication in many organs, and thus, viremia develops and is
maintained and enhanced. During the period of viremia, the virus can reach the
central nervous system and initiate infection there. Antibodies appear within 1
week to 10 days after the initial infection, and viremia then ceases, probably as
a consequence of neutralization by the antibodies. Only 1 to 2 percent of
infected individuals develop disease in the central nervous system, and fewer
still have residual paralysis. Nevertheless, the portent of these rare
consequences is great, because they result in death or lifelong disability.

Although there are currently effective vaccines against poliovirus, even
before they became available, Hammon et al. (1953) demonstrated the
effectiveness of passive immunization by injections of pooled gamma globulin.
Various attempts at developing a vaccine had been thwarted by the absence of
an effective in vitro system of virus replication. The establish

Copyright © National Academy of Sciences. All rights reserved.



Adverse Events Associated with Childhood Vaccines: Evidence Bearing on Casuality
http://lwww.nap.edu/catalog/2138.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

POLIO VACCINES 188

ment in 1949 of the tissue culture technique for supporting virus growth made
development of a vaccine possible (Enders et al., 1949). It was for these
findings that J.F. Enders, F.C. Robbins, and T.H. Weller received the Nobel
Prize in 1954. This development was followed by efforts to generate sufficient
quantities of the virus to inactivate it and use it as an inert antigen. An
alternative approach was to attenuate the wild-type virus and render it safe as a
replicating antigen. Both were successful and today there are two forms of the
vaccine: the inactivated polio vaccine (IPV), which is administered by the
parenteral route, and the live attenuated vaccine, which is administered orally
and hence is known as the oral polio vaccine (OPV).

IPV was developed in 1953 by Jonas Salk (Salk, 1953; Salk et al., 1953);
OPV was developed by Koprowski and colleagues (1952), who were the first to
use it, and Albert Sabin (1956). An enhanced-potency IPV was developed in the
late 1970s and is used today. Currently, IPV and the Sabin strains of OPV are
available for use in the United States; however, OPV is the vaccine
recommended for general use and is the most prevalent (American Academy of
Pediatrics, Committee on Infectious Diseases, 1991).

Shortly after the licensure of IPV in 1955, the vaccine manufactured by
Cutter was found to cause paralytic disease. It contained residual infectious
virus. The reason was traced to the method of inactivation. At that time the
dynamics of the inactivation process were not fully understood, and the U.S.
government's requirements for vaccine production were ambiguous. All of these
problems have since been corrected.

The first OPV was licensed in 1960 after an extensive trial in the former
Soviet Union (Benison, 1982). By then, over 100 million people in the former
Soviet Union and Eastern Bloc countries—except Poland—had received the
Sabin vaccine (LaForce, 1990). Trials of OPV in the United States followed,
and monovalent OPVs were quickly licensed. The trivalent OPV used today
was licensed in 1963. In the 1962 recommendations of the U.S. Public Health
Service, no preference for one or the other form of the vaccine was expressed
(U.S. Public Health Service, 1962), but in 1964 the Committee on Infectious
Diseases of the American Academy of Pediatrics recommended the use of OPV.

Polio has been eliminated as an endemic disease in the United States and
many developing countries. Outbreaks have occasionally occurred in subsets of
unvaccinated susceptible individuals. A persistent concern has been the
possibility of the rare complication of paralytic poliomyelitis in vaccinees and
their contacts, particular