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a b s t r a c t

We evaluated the applicability, reliability, sensitivity, and specificity of six standardized case definitions for
adverse events
following immunization (AEFI) (for fever, generalized convulsive seizure, hypotonic–hyporesponsive
episode, intussusception, nodule, and persistent crying) developed by the Brighton Collaboration using
the U.S. Vaccine Adverse Event Reporting System (VAERS). The evaluation included: (a) the development
of codified search strings using standardized coding terminology, and (b) for sensitivity and specificity
analyses, the development of a “gold standard” for case determination by clinical expert reviews, and
its comparison against the application of the definitions to VAERS reports by nonclinicians. Application
of the case definitions in an automated approach proved to be valid, feasible, and unlikely to miss
confirmed cases of the reported clinical event. The definitions had variable but generally high sensitivity
and specificity compared to clinician review, which in itself yielded inconsistent case determination. The
study demonstrated the need for the developed standardized definitions for AEFI and their usefulness in
passive surveillance.

© 2008 Elsevier Ltd. All rights reserved.

1. Background

The Brighton Collaboration (http://www.brightoncollaboration.
org) is an international voluntary collaboration with the primary
goal of facilitating the development, evaluation, and dissemination
of information about adverse events following immunization (AEFI)
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about vaccines used in human populations through the develop-
ment of standardized case definitions of AEFI with corresponding
guidelines for standardized data collection, analysis, and presen-
tation [1–6]. The Brighton Collaboration case definitions (BCCDs)
are intended to increase comparability of AEFI data across surveil-
lance systems or research studies for retrospective analyses, and
through standardized prospective data collection in a variety of
geographic settings. Standardized terminology and case definitions
can improve our ability to monitor AEFI and vaccine safety, as well
as compare results of studies of different populations, vaccines, and
geographic regions [1,2,4,7].

The first six BCCDs, which were published in 2004, were fever,
generalized convulsive seizure, hypotonic–hyporesponsive episode
(HHE), intussusception, nodule at the injection site, and persistent
crying [8–13]. The Brighton Collaboration has since published
14 additional papers of standardized case definitions of AEFI, as
well as a revised version of the HHE case definition [14] based on
further review by an international vaccine safety working group
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(http://www.cioms.ch/jan2008 current programme and planned
activities.pdf). Minor revisions to the all published definitions can
be found on the Brighton Collaboration website as attachments to
each published version.

Several studies have investigated the use of study-specific case
definitions including BCCD in identifying and standardizing AEFI for
HHE, intussusception, encephalitis, fever, anaphylaxis, and acute
encephalopathy, as well as evaluating AEFI in association with
specific vaccines, (e.g., the Japanese encephalitis, pertussis, and
rotavirus vaccines) [15–24]. However, these studies tend to use a
case-series approach, comparing cases with BCCD that were felt to
be highly probable by another screening method (e.g., ICD-9, clin-
ician diagnosis) or evaluating responses to vaccines. These studies
can improve our understanding of the performance of the defi-
nitions in respective study settings and provide suggestions for
revising the definitions, but cannot provide sensitivity/specificity
parameter estimates or compare estimates for multiple BCCD
within the same population of reports.

The primary objective of our study was to evaluate the first six
published case definitions (Box 1 ) with respect to their applica-
bility, reliability, sensitivity, and specificity within the U.S. Vaccine
Adverse Event Reporting System (VAERS), one of the largest passive
AEFI surveillance systems globally. The secondary objective was to
propose methodology for doing so that is generalizable to other
surveillance systems and research studies.

2. Methods

The Vaccine Adverse Event Reporting System, which was estab-
lished in 1990, is operated as a collaboration between the Food and
Drug Administration (FDA) and the Centers for Disease Control and
Prevention (CDC) (http://vaers.hhs.gov/) [25]. This passive surveil-
lance system receives over 14,000 adverse event reports each year
from health care providers, vaccine recipients, parents/guardians
of vaccine recipients, vaccine manufacturers, and other interested
persons. Objectives of VAERS include identifying signals of pre-
viously unrecognized adverse events, improving characterization
of known events, and identifying risk factors for AEFI. As with
other passive surveillance systems, VAERS cannot provide unbiased
estimates of population prevalences of AEFIs, is limited by the vari-
ability of detail in reports, and cannot be used to prove causality.
Another limitation of VAERS is the inherent absence of case defi-
nitions to standardize measurement of AEFI and allow comparison
between time periods as well as with other surveillance systems or
studies. VAERS is limited by the literal translation process by which
its coding terminology is applied to AEFI descriptions by coding
staff.

Until January 2007, reports submitted to VAERS were coded
according to Coding Symbols for a Thesaurus of Adverse Reac-
tion Terms or COSTART [26]. COSTARTS included 1048 codes for
symptoms text and diagnosis in VAERS reports. The analysis for
this study was conducted by using COSTARTS. In January 2007, the
VAERS coding system was converted to the Medical Dictionary for
Regulatory Activities (MedDRA) (http://www.meddramsso.com/
MSSOWeb/index.htm), a globally used coding system for drug and
vaccine adverse events with several thousand coding terms. In both
systems, each report can be coded with several terms depending on
the description of the AEFI provided on the report.

All reports submitted to VAERS during 1991–2003 were eligi-
ble if at least one symptom was present and coded, a birth date
was available, and the age at the time of onset of the AEFI was
≤18 years. Persons ≤ 18 years were selected because four of the six
BCCDs under evaluation were most common among children and
young adolescents, and use of the same age range allowed com-

parison between BCCD. Data on vaccines administered were not
required as AEFI characteristics were evaluated independent from
the vaccinations provided.

All six BCCDs were evaluated for their applicability to VAERS
reports by assessing the ease with which criteria of the definitions
could be applied to coded reports and text strings in the VAERS
data base. BCCDs were also assessed for their reliability when
being applied to VAERS reports by different reviewers; interrater
reliability between clinical reviewers blinded to the definitions
was equally assessed. And finally, sensitivity and specificity were
assessed by using independent clinical reviews of VAERS reports as
the gold standard against which to measure the application of the
BCCD to the same reports by nonclinicians.

Several steps were taken to evaluate the six BCCDs. These
include:

(1) Developing search strategies for reports with high and low
probability of representing the AEFI under evaluation. Search
strategies were first required to identify VAERS reports with
the potential to be an AEFI of interest. To develop the search
strategies, each BCCD was deconstructed into its compo-
nent symptom categories. For example, three categories were
included for the HHE BCCD: limpness, reduced responsiveness,
and pallor. COSTARTS [20] encompassing each symptom within
each category were identified by using a multidisciplinary pro-
cess that included pediatricians and pediatric subspecialists,
epidemiologists, and vaccine safety specialists. For each cate-
gory, component criteria were developed, each composed of
a series of COSTARTS. For example, for HHE, the COSTARTS
for the criterion of Limpness included hypotonia and paraly-
sis flaccid; the criterion Reduced responsiveness included coma,
stupor, and syncope; and the criterion Pallor included pal-
lor, cyanosis, and hypoxia. Combinations of symptoms and
categories were mapped from the BCCD onto each COSTART
combination, and eligible reports were analyzed to describe
the proportion of reports potentially representing the AEFI. For
example, where the Level 1 of the HHE BCCD requires “sud-
den onset of limpness (i.e., muscular hypotonia) and reduced
responsiveness (i.e., hyporesponsiveness) or unresponsiveness
and pallor or cyanosis,” query logic identified reports with
one of each of the selected criteria. Due to the broad nature
of COSTARTS, when detailed clinical, surgical, or radiographic
information was required (as for intussusception), BCCD lev-
els requiring only clinical criteria that could be described by
COSTARTS were used for search strategies. Reports having the
combination of COSTARTS required for the BCCD were con-
sidered “high probability”; that is, reports that were likely
to have identified reports suggestive of the AEFI or likely to
match the BCCD. Search strategies for “low-probability” reports
were then developed. These search strategies used COSTARTS
describing symptoms similar to those in “high-probability”
reports. For example, for HHE, reports with any COSTART of
Loss of consciousness/reduced responsiveness, Generalized motor
manifestations, Limpness or Pallor were eligible for compar-
ison. This strategy reduced the bias in favor of the BCCD
that would emerge if too-dissimilar reports were being pre-
sented (e.g., HHE vs. fever). “High-probability” reports and
“low-probability” reports are conceptually similar to “cases”
and “controls,” respectively; however, the COSTART terms were
not the criteria themselves, and were used only as a means to
identify reports for further review.

(2) Assess the applicability and validity of these search strate-
gies qualitatively and quantitatively. Applicability assessment
included (a) demonstrating that COSTARTS would be an appro-
priate method for assessment of BCCD within VAERS compared
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