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Abstract

Background Automating the classification of adverse
event reports is an important step to improve the efficiency
of vaccine safety surveillance. Previously we showed it
was possible to classify reports using features extracted
from the text of the reports.

Objective The aim of this study was to use the informa-
tion encoded in the Medical Dictionary for Regulatory
Activities (MedDRA®) in the US Vaccine Adverse Event
Reporting System (VAERS) to support and evaluate two
classification approaches: a multiple information retrieval
strategy and a rule-based approach. To evaluate the per-
formance of these approaches, we selected the conditions
of anaphylaxis and Guillain—Barré syndrome (GBS).
Methods We used MedDRA® Preferred Terms stored in
the VAERS, and two standardized medical terminologies:
the Brighton Collaboration (BC) case definitions and
Standardized MedDRA® Queries (SMQ) to classify two
sets of reports for GBS and anaphylaxis. Two approaches
were used: (i) the rule-based instruments that are available
by the two terminologies (the Automatic Brighton
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Classification [ABC] tool and the SMQ algorithms); and
(ii) the vector space model.

Results We found that the rule-based instruments, par-
ticularly the SMQ algorithms, achieved a high degree of
specificity; however, there was a cost in terms of sensitivity
in all but the narrow GBS SMQ algorithm that outper-
formed the remaining approaches (sensitivity in the testing
set was equal to 99.06 % for this algorithm vs. 93.40 % for
the vector space model). In the case of anaphylaxis, the
vector space model achieved higher sensitivity compared
with the best values of both the ABC tool and the SMQ
algorithms in the testing set (86.44 % vs. 64.11 % and
52.54 %, respectively).

Conclusions Our results showed the superiority of the
vector space model over the existing rule-based approaches
irrespective of the standardized medical knowledge repre-
sented by either the SMQ or the BC case definition. The vector
space model might make automation of case definitions for
spontaneous report review more efficient than current rule-
based approaches, allowing more time for critical assessment
and decision making by pharmacovigilance experts.

1 Introduction

The Vaccine Adverse Event Reporting System (VAERS) is
a spontaneous reporting system (SRS) that collects reports
of adverse events following immunization (AEFI) with
vaccines licensed for use in the US [1]. There are two main
safety surveillance purposes supported by VAERS: first, to
identify any new and unexpected AEFIs; and second, to
further characterize the safety profile of a vaccine by
reviewing previously described AEFIs in the context of
comorbidities and other medical products among the gen-
eral population. While the latter requires a thorough cross-
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examination of various sources (e.g. medical records, epi-
demiological data), the former is highly related to the
timely review of many incoming reports. The classification
of reports according to established case definitions of
AEFIs is highly prioritized in both cases, and automation of
this process is important to improve timeliness, efficiency
and consistency of safety surveillance.

The classification of cases based on the information
extracted from within a large collection of documents lies in
the field of information retrieval (IR) and deals mostly with
unstructured (free text) information [2]. While research to
apply natural language processing (NLP) techniques is
underway to extract the appropriate information from the free
text and support the text classification, i.e. the categorization
of the topic or theme of a document [3], currently in VAERS
and most other SRS databases, the encoding of the textual and
other information in the reports is undertaken manually. This
process is supported by medical terminology, namely the
Medical Dictionary for Regulatory Activities (MedDRA®)!
[4]. Current practice uses MedDRA® Preferred Terms (PTs)
and Standardized MedDRA® Queries (SMQs) to identify
cases of interest, followed by the application of a case defi-
nition, such as the Brighton Collaboration (BC) case defini-
tions [5], in preparation for a case-series evaluation.

Several IR approaches have been developed in bio-
medicine. The common framework in IR is the use of
medical terminologies and ontologies that have a general
focus, such as the Unified Medical Language System [6],
or a more specific one, such as the BioThesaurus [7] and
the recently developed BioLexicon [8]. Subsequently, a
number of steps are applied to extract the information of
interest, which can be used for various purposes, including
text classification [2, 3].

We have previously investigated the classification of
VAERS reports by combining the BC case definition for
anaphylaxis with medical expert knowledge to build a rule-
based text mining algorithm [9]. Despite its high perfor-
mance, the generalization of this strategy to the broad
spectrum of AEFIs requires considerable effort. We there-
fore sought a more generalizable approach from the IR
literature using a measure of semantic similarity [10]. An
information theoretic similarity measure [11] has been used
to find similar cases in electronic medical records within a
case-based reasoning framework [12, 13]. We approached
the problem of case classification as one of document
retrieval in which the document query vector is constructed
from key words in the case definition and applied the
commonly used cosine similarity measure to find likely

! MedDRA® terminology is the international medical terminology
developed under the auspices of the International Conference on
Harmonization of Technical Requirements for Registration of Phar-
maceuticals for Human Use (ICH).
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matches [2]. We demonstrated that it is possible to classify
reports for anaphylaxis by applying this approach to key
features extracted from VAERS texts and the BC case
definition for anaphylaxis [14]. However, how applying the
vector space model with the extracted text (using NLP)
would compare to the current, widely available standard for
encoding information (i.e. MedDRA®) in terms of case
classification has yet to be examined. We also wanted to
extend this approach to another case definition. Thus, we
explored alternative solutions by using the MedDRA® PTs
in VAERS to support two classification approaches: the
vector space model and a rule-based approach. To evaluate
the performance of these approaches, we selected the con-
ditions of anaphylaxis with which we previously worked
and Guillain—Barré syndrome (GBS) to represent a clinical
condition with different characteristics than anaphylaxis
and a more difficult case classification problem.

1.1 MedDRA® and Standardized MedDRA® Queries
(SMQs)

VAERS reports contain both structured (e.g. demographics)
and unstructured data (e.g. symptom text). Data-entry per-
sonnel apply MedDRA® PTs to the text in the reports
according to coding conventions and algorithms [15]. The
PTs are not considered to be medically confirmed diagnoses
(i-e. physicians have not verified the diagnoses based on a
review of medical records and elimination of alternative
explanations) but are used in the review process, primarily
as search terms for the selection of reports of potential
interest and the identification of data aberrations using sta-
tistical data mining procedures, all in support of potential
safety signal identification. Moreover, MedDRA® groups
the PTs into SMQs to aid in case identification [16] and
improve the sensitivity and specificity of search strategies;
thus, SMQs represent a type of case classification algorithm.
In this study we used the information represented by Med-
DRA® PTs to explore the performance of the BC rule-based
automated classification, the Automatic Brighton Classifi-
cation (ABC) tool (see Sect. 1.2), and the IR-based strategy
for the case definitions of anaphylaxis and GBS [17, 18],
comparing them with the anaphylaxis and GBS SMQs as the
current standards for case identification in SRSs.

1.2 Brighton Collaboration (BC) Case Definitions
and Automatic Brighton Classification (ABC) Tool

The BC (https://brightoncollaboration.org) develops stan-
dardized and globally accepted case definitions for a
number of AEFIs [5]. It also offers to its members an
online tool (namely the ‘ABC’ tool), which allows the
confirmation of AEFIs based on user input for the specific
criteria of the corresponding case definitions. For instance,
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for anaphylaxis and GBS the user is asked to respond to 34
and 10 questions, respectively, by selecting one of three
potential answers: ‘Yes’, ‘No’ and ‘Don’t Know’. Subse-
quently, the ABC tool processes user input and, unless
there is insufficient evidence (in this case the ABC tool
marks the report as having ‘Insufficient evidence’), clas-
sifies a spontaneous report as ‘Not a case’ (when the cri-
teria are not met) or into certain diagnostic levels (Level 1,
2 or 3) as defined by the BC case definitions. When applied
to data, BC definitions may be operationalized as Med-
DRA® PTs or other adverse reaction terms; in some cases,
BC definitions are developed based on prior knowledge of
existing MedDRA® PTs and/or SMQs.

It should be noted that in the case of anaphylaxis two
criteria must be initially satisfied to allow the consideration
of the remaining criteria: (i) the ‘Rapid progression of signs
and symptoms’; and (ii) the ‘Sudden onset of signs and
symptoms’—if the user selects ‘Don’t know’ the ABC tool
will return a notification for ‘insufficient evidence’. An
analogous condition must be satisfied in the case of GBS.
Specifically, any report will be classified as ‘Not a case’ if
either of the following two criteria is not met: (i) the
‘monophasic illness pattern’; and (ii) the ‘interval between
onset and nadir of weakness between 12 hours and 28 days
followed by subsequent clinical plateau’; both are neces-
sary for all levels of diagnostic certainty. However, if the
user selects ‘Don’t know’ the ABC tool will conditionally
classify the report to one or more diagnostic levels based
on the remaining criteria.

2 Materials and Methods

In this study we used the MedDRA® PTs (version 14.1) for
each VAERS report to evaluate the contribution of both the
BC case definition and the SMQ to the classification of
spontaneous reports for the two AEFIs (anaphylaxis and
GBS). Three directions were followed using two sets of
reports, one for anaphylaxis and one for GBS (Fig. 1):
(i) we measured the performance of the ABC tool; (ii) we
used the SMQ algorithms that have been proposed by the
MedDRA® working groups for the identification of reports
[19]; and (iii) we applied an IR-based strategy to the same
sets using the medical terms included in either the BC case
definitions or the SMQs. The first two directions represent
our rule-based approach (Fig. 1).

2.1 Sample
2.1.1 Anaphylaxis Sample

In the case of anaphylaxis we used the same (as in our
previous study) training and testing sets that were

BC Case MedDRA
Definition SMQ

/ /

ABC tool SMQ Algorithms

Frequency-based Frequency-based

Fig. 1 Resources and classification approaches. ABC Automatic
Brighton Classification, BC Brighton Collaboration case definition,
IR information retrieval, MedDRA® Medical Dictionary for Regula-
tory Activities, SMQ Standardized MedDRA® Query

randomly formed from 6034 VAERS reports for the HIN1
vaccine from 22 November 2009 to 31 January 2010 [9].
Based on the BC case definition for anaphylaxis (see
Appendix 1 [Online Resource 1]), these reports had been
previously classified by the FDA medical experts as
potentially positive or negative for anaphylaxis.

2.1.2 Guillain—Barré Syndrome Sample

In the case of GBS we searched all reports that were
submitted to the VAERS from 17 January 2007 (the date
that MedDRA® coding officially began in the VAERS) to
26 March 2012 (the date we started our analysis) for three
types of cases: (i) those that were likely to be GBS (so we
would have sufficient numbers to evaluate our procedures);
(ii) reports with neurological signs and symptoms (to test
the ability to distinguish GBS from other neurological
conditions); and (iii) reports without neurological signs and
symptoms. The search strategies for the three subgroups
were as follows:

e GBS and the synonym PTs: ‘Acute polyneuropathy’,
‘Chronic inflammatory demyelinating polyradiculoneu-
ropathy’, ‘Guillain—Barré syndrome’ and ‘Miller Fisher
syndrome’ (group of GBS events, N = 1291; 500
reports randomly selected);

e any PT from the System Organ Class (SOC) of Nervous
System Disorders (other than the four GBS terms
mentioned above) [group of non-GBS neurological
events, N = 55,363; 250 reports randomly selected];

e no PTs relating to GBS or other nervous system
disorders (group of non-neurological events,
N = 112,886; 250 reports randomly selected).

Henceforth, an experienced medical officer (EJW, one
of the co-authors) reviewed and classified the 1000 reports
into suspicious versus not likely to be GBS by reading the
full VAERS report using the BC case definition as a guide
with the caveats described in the next paragraph [18]; both
subsets were randomly split into a training and a testing set
following the 75-25 % rule as in the anaphylaxis case [9].
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Of note, the BC case definition of GBS includes strict
clinical and laboratory criteria (see Appendix 2 [Online
Resource 1]). In our experience, many initial VAERS
reports do not include information about the nadir, reflexes,
electromyography and other laboratory details required for
a BC level 1-3 classification, but based on follow-up
information are later found—based on expert review by
neurologists and other clinicians—to be GBS. Therefore,
the reports in the aforementioned three groups that
(i) included only some of the clinical and/or laboratory
findings (particularly if they described classic and charac-
teristic symptoms, such as rapidly progressive ascending
weakness and tingling), or (ii) described neurological
symptoms and treatment with intravenous immunoglobu-
lins, plasmapheresis and/or mechanical ventilation, or (iii)
had an MD’s diagnosis of GBS (i.e. medical records con-
tained documentation of a diagnosis of GBS by an
attending neurologist or other physician treating the
patient, even with no description of symptom), were flag-
ged as being ‘suspicious’ for GBS and earmarked for fur-
ther evaluation. This is an important distinction in the use
of the BC definition for day-to-day vaccine safety sur-
veillance and formal epidemiological evaluation. We made
this adaptation to the BC case definition because the ability
to automatically classify reports as ‘suspicious’ adds a
substantial benefit to the efficiency of surveillance opera-
tions, while minimizing the number of reports likely to be
GBS that would not be selected for further review.

2.2 Information Retrieval-Based Classification
2.2.1 Adverse Events Following Immunization Queries

The actual step to recognize and verify a pattern in an SRS
such as the VAERS is the case-series analysis. During
case-series analysis, an expert reviews the text describing
the adverse event and looks for unusual patterns by ana-
lysing a set of features, such as demographics, time to
onset, symptoms and diagnosis, and alternative explana-
tions [14]. The primary task in case-series analysis is the
extraction of the appropriate information by querying the
spontaneous reports. Either the criteria of a BC case defi-
nition or the PTs of an SMQ could form a query to support
the automated extraction of the required information and
the subsequent classification of reports. Based on this
assumption, we created two query versions for each of the
AEFIs under study, i.e. anaphylaxis and GBS.

To create the first version of the queries, we used the
complete subset of the PTs in MedDRA® terminology and
built two lists with all the potential synonyms for the
medical terms that were included in the BC criteria for
anaphylaxis and GBS; both lists were enriched by the
synonyms for the ‘anaphylaxis’ and ‘GBS’ terms,
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respectively. It should be noted that it was not possible to
find PTs for all the BC criteria in the case definition of
(i) anaphylaxis (‘capillary refill time >3, ‘mast cell tryp-
tase elevation >upper normal limit’, ‘rapid progression of
signs and symptoms’, ‘recessions’ and ‘sudden onset of
signs and symptoms’), and (ii) GBS (‘illness pattern,
monophasic’ and ‘interval between onset and nadir of
weakness between 12 hours and 28 days followed by
subsequent clinical plateau’). Subsequently, an experienced
medical expert (RB, one of the co-authors) reviewed and
finalized the lists that are included in Appendix 3 (Online
Resource 1). Some of the choices are subjective and might
be different for another expert. Further work might be
fruitfully undertaken to optimize these lists.

In the case of anaphylaxis (see Appendix 3 [Online
Resource 1]), the medical expert excluded items that sug-
gested an alternative cause, e.g. ‘milk allergy’; neutral
statements, e.g. ‘blood pressure’; specific references to
vaccine injection site findings, ‘injection site erythema’;
terms with specific references to treatments, e.g. ‘blood
pressure inadequately controlled’; conditions that specifi-
cally referenced the genitalia or perineum; items that had
clear references to other body parts than the one in ques-
tion, e.g. ‘breast swelling’ is not a synonym for ‘upper
airway swelling’.

In the case of GBS, the BC case definition is structured
in such a way that the main clinical features of weakness/
paralysis and diminished/absent reflexes account for the
main terms of interest; there are MedDRA® PTs for these
conditions. The laboratory (cerebrospinal protein and white
blood cell count) and electromyography /nerve conduction
studies likewise have specific, although not exhaustive,
MedDRA® PTs. Because Fisher syndrome involves cranial
nerve findings, all MedDRA® PTs involving cranial nerve
abnormalities were also included. Other neurological dis-
orders might also involve these clinical or laboratory fea-
tures, so the diagnosis of GBS relies on the particular
pattern with which these conditions occur. Some of these
aspects (e.g. nadir) cannot be coded with MedDRA® PTs.
All other MedDRA® PTs representing neurological signs
and symptoms were considered not to contribute to GBS.

The second version of the queries was based on the
SMQs and included all the corresponding MedDRA® PTs
per AEFIL. The SMQ was not explicitly compared with the
list developed to represent the ABC tool, although there is
substantial overlap.

2.2.2 Vector Space Model

According to the IR theory, it is possible to represent both
the reports and the above queries as vectors with compo-
nents made of the corresponding medical terms. Then, a
score can be assigned to each report by calculating the
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cosine similarity of the report with the query vector [2]; the
mathematical details of the calculations are included in
Appendix 4 (Online Resource 1). After calculating the
scores for all reports in the anaphylaxis and GBS set, we
used the scores of the training set as the predictors and the
medical experts’ classification as the gold standard to build
the receiver operating characteristic (ROC) curve; speci-
ficity, sensitivity and area under the curve (AUC) were also
calculated for the best cutoff point. The scores of the
testing set were used to evaluate the performance of this
approach.

2.3 ABC Tool Classification

The first version of the queries that were described above
(see Sect. 2.2.1) should be considered comparable, how-
ever not equivalent, to the ABC tool, considering not only
the aforementioned inexistence of PTs to satisfy the spe-
cific criteria of the BC case definitions that were included
in the ABC tool but also the existence of specific BC
medical terms that were missing from the ABC tool.
Particularly, four (‘respiratory distress’, ‘reduced periph-
eral circulation’, ‘uncompensated shock’ and ‘anaphy-
laxis’) and one (‘GBS related terms’) terms were missing
from the anaphylaxis and GBS ABC tool, respectively.
Using the same list of MedDRA® PTs that was created for
the IR-based approach (see Appendix 3 [Online Resource
1]), we collected all the appropriate information from the
anaphylaxis (N = 6034) and GBS (N = 1000) datasets in
two databases that were further processed by the ABC
tool.

To treat the inexistence of MedDRA® PTs for the two
key criteria in the BC case definition for anaphylaxis
(‘rapid progression of signs and symptoms’ and ‘sudden
onset of signs and symptoms’) as well as for the corre-
sponding ABC tool questions, we hypothesized that the
response to these questions was positive (i.e. ‘Yes’);
otherwise all 6034 reports would be classified as having
‘insufficient evidence’. A report was considered positive
when it was classified as ‘Level 1°, ‘Level 2" and ‘Level 3°,
and negative when it was classified as ‘not a case’ or
having ‘insufficient evidence’.

The inexistence of the aforementioned key GBS criteria
(i.e. ‘illness pattern, monophasic’ and ‘interval between
onset and nadir of weakness between 12 hours and 28 days
followed by subsequent clinical plateau’) was treated dif-
ferently. To allow the conditional classification of reports
that did not include those criteria, we did not specify them
as ‘negative’ and responded to the corresponding question
of the ABC tool as ‘Don’t Know’.

In both anaphylaxis and GBS, ABC tool classification
was compared with the gold standard to calculate sensi-
tivity, specificity and AUC.

2.4 SMQ Algorithms

The MedDRA® working groups have developed algo-
rithms to combine a number of symptoms to increase the
specificity per AEFI [19]. In the case of anaphylaxis (three
SMQ algorithms), a case must include either:

e a narrow term or a term from Category A (e.g.
‘anaphylactic reaction’) OR

e a term from Category B (e.g. ‘asthma’) AND a term
from Category C (e.g. ‘angioedema’) OR

e a term from Category D (e.g. ‘hypotension’) AND [a
term from Category B (e.g. ‘stridor’) OR a term from
Category C (e.g. ‘cyanosis’)].

In GBS (four SMQ algorithms), cases to be selected for
further review should include any cases meeting any one of
the criteria listed below:

e at least one of the PTs listed for Category A (narrow
scope—e.g. ‘Guillain—Barré syndrome’) OR

e any case reporting at least two PTs from Category B
(e.g. ‘cranial neuropathy’ and ‘neuropathy’) OR

e any case reporting at least one PT from Category B
(e.g. ‘cranial neuropathy’) and at least one PT from
Category C (e.g. ‘areflexia’) OR

e any case reporting at least one PT each from Categories
B (e.g. ‘cranial neuropathy’), C (e.g. ‘paralysis’) and D
(e.g. ‘abasia’).

Using the SMQ algorithms, we classified the reports as
positive or negative for anaphylaxis and GBS. As in the
ABC tool case, the classification per SMQ algorithm was
compared with the gold standard to calculate sensitivity,
specificity and AUC. We also evaluated the classification
of reports combining the three and four SMQ algorithms in
anaphylaxis and GBS, respectively. In other words, a case
was classified as positive when either of the algorithms was
satisfied, e.g. 1A or (IB + IC) or (ID + 1B) or
(1D + 1C) in anaphylaxis.

In this study, R was used for plotting the ROC curves
and calculating the statistics.

3 Results

Table 1 presents the categorization of reports based on the
encoded information meeting either the BC case definition
or the SMQ criteria for the two conditions. Those reports
that did not include any PTs meeting the corresponding BC
criteria were marked as having ‘no evidence’ by the ABC
tool in the case of anaphylaxis (N = 2373; Table 2). The
remaining anaphylaxis reports were classified as positive
(N = 329: Nlevel_l =101, N]evel_2 =221 and Nlevel_S =T,
Table 2) and negative (N = 3332: Nnot_a_case = 2844 and
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Table 1 The distribution of reports with and without MedDRA® PTs
for the two standardized case definitions

Anaphylaxis Guillain-Barré syndrome
PTs present PTs absent PTs present PTs absent
BC 3661 2373 531 469
SMQ 2532 3502 585 415

BC Brighton Collaboration case definition, /R information retrieval,
MedDRA® Medical Dictionary for Regulatory Activities, PTs Pre-
ferred Terms, SMQ Standardized MedDRA® Query

Ninsufficient_evidence = 488; Table 2) based on the categori-
zation that was described above (see Sect. 2.3). Interest-
ingly, the ABC tool classified all the GBS reports as ‘not a
case’ (N =963) or having ‘insufficient evidence’
(N = 37; Table 2). It should be mentioned that the 37 GBS
reports with ‘insufficient evidence’ were conditionally
classified to the three diagnostic levels indicating the
additional criteria that would be required to fully meet the
respective level, i.e. the ‘monophasic illness pattern’ and
the ‘interval between onset and nadir of weakness between
12 h and 28 days followed by subsequent clinical plateau’
that were initially marked as ‘Don’t know’ in the corre-
sponding ABC tool questions. Subsequently, the perfor-
mance of the ABC tool to identify the positive and negative
reports was evaluated both in the training and testing set
per AEFI versus the gold standard (Tables 3, 4). In the case
of anaphylaxis, the ABC tool’s performance was excellent
in terms of specificity (96.76 %), but only fair in terms of
sensitivity (64.11 %). Given the conditional classification
of reports into the diagnostic levels of the BC case defi-
nition for GBS, we did not evaluate the corresponding
performance of the ABC tool.

The classification of reports in the anaphylaxis and GBS
training sets using the frequency-based cosine similarity is
illustrated in Figs. 2 and 3. At the best cutoff point of the
ROC curves (marked with a dot, Figs. 2, 3) we calculated
sensitivity and specificity for both the training and testing
sets in anaphylaxis (Table 3) and GBS (Table 4). Thus, in
the anaphylaxis and GBS testing sets sensitivity and
specificity were equal to 84.75 % and 89.62 %, and
85.65 % and 95.14 %, respectively.

Table 2 Classification using the ABC tool

As expected, the SMQ algorithms did achieve high
specificity for anaphylaxis and GBS. Interestingly, the
narrow algorithm for GBS (at least one of the PTs falling in
category A, as described in Sect. 2) classified the reports
with high specificity (97.49 % and 99.06 % in the training
and testing sets, respectively). These excellent figures
should be attributed to the original synthesis of our sample
that included 500 reports having one of the terms in cate-
gory A; it was almost identical to the set of reports that
were classified by the medical expert as possible GBS
cases. In terms of sensitivity, the combined SMQ algorithm
performed slightly better (54.24 % vs. 52.54 %) or equally
(99.06 % vs. 99.06 %) to the best-performing SMQ cate-
gory in anaphylaxis (1B + 1C) and GBS (1A), respec-
tively; on the other hand, specificity was lower in all cases
(Tables 3, 4).

4 Discussion

To the best of our knowledge, this is the first study to
evaluate the use of MedDRA® PTs as input into formal
case definitions using both two rule-based approaches
(ABC tool and SMQ algorithms) and an IR strategy (vector
space model) for the purposes of case classification in an
SRS. In this study, we used the encoded information in
VAERS as well as standardized medical knowledge to
categorize a large set of reports for anaphylaxis and GBS.
Three paths were followed to combine these sources: an
existing classifier (ABC tool), an IR-based approach and a
number of SMQ categorization algorithms. In the case of
anaphylaxis, we demonstrated that the IR-based approach
performed significantly better compared with both the
ABC tool and the SMQ algorithms in terms of sensitivity
(IR-based sensitivity equal to 86.44 % vs. 64.11 % and
52.54 %, respectively); the lower specificity could be
corrected by selecting a different cutoff point other than the
one marked in Fig. 2. In the case of GBS, sensitivity was
still higher in all but one case, which, as aforementioned
(see Sect. 2.1.2), should be attributed to the selection
process in which 500 reports included at least one GBS or
GBS-related term. These results showed the superiority of

Positive Negative

Level 1 Level 2 Level 3 Not a case Insufficient evidence No evidence®
Anaphylaxis 101 221 7 2844 488 2373
Guillain-Barré syndrome 1° 13)° (37)° 963 37 0

ABC Automatic Brighton Classification, BC Brighton Collaboration case definition

# No BC criteria were identified in these reports and, thus, were not processed by the ABC tool

" These reports were conditionally classified to this diagnostic level and were marked as having ‘insufficient evidence’
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Table 3 Anaphylaxis classification

Sensitivity (95 % CI)

Specificity (95 % CI)

AUC (95 % CI)

Training set (N = 4526)

0.7861 (0.7737-0.980)
0.9669 (0.9611-0.9718)

0.8528 (0.8420-0.8630)
0.9989 (0.9973-0.9995)
0.9738 (0.9686-0.9781)
0.9975 (0.9955-0.9986)
0.9995 (0.9983-0.9999)
0.9703 (0.9649-0.9750)

0.8144 (0.8123-0.8165)
0.7643 (0.7609-0.7678)

0.8421 (0.8404-0.8439)
0.5275 (0.5201-0.5349)
0.7987 (0.7957-0.8016)
0.5100 (0.5023-0.5176)
0.5082 (0.5005-0.5159)
0.8054 (0.8026-0.8082)

BC
IR approach F-b 0.8427 (0.7820-0.8889)
ABC tool 0.5618 (0.4884-0.6326)
SMQ
IR approach F-b 0.8315 (0.7696-0.8793)
SMQ categories 1A 0.0562 (0.0308-0.1003)
1B + 1C 0.6236 (0.5505-0.6915)
1D + 1B 0.0225 (0.0088-0.0563)
1D + 1C 0.0169 (0.0057-0.0484)
Combined 0.6404 (0.5677-0.7073)
Testing set (N = 1508)
BC
IR approach F-b 0.8644 (0.7546-0.9297)
ABC tool 0.6411 (0.5166-0.7540)
SMQ
IR approach F-b 0.8475 (0.7348-0.9176)
SMQ categories 1A 0.0339 (0.0093-0.1154)
1B + 1C 0.5254 (0.4004-0.6473)
1D + 1B 0 (0-0.0611)
ID + IC 0 (0-0.0611)
Combined 0.5424 (0.4166-0.6630)

0.7861 (0.7642-0.8064) NA
0.9676 (0.9571-0.9755) NA
0.8565 (0.8375-0.8736) NA
0.9979 (0.9939-0.9993) NA
0.9793 (0.9706-0.9855) NA
0.9945 (0.9891-0.9972) NA
0.9979 (0.9939-0.9993) NA
0.9724 (0.9626-0.9797) NA

F-b Frequency-based, ABC Automatic Brighton Classification, AUC area under the concentration—-time curve, BC Brighton Collaboration case
definition, IR information retrieval, MedDRA® Medical Dictionary for Regulatory Activities, NA not applicable, SMQ Standardized MedDRA®

Query

the vector space model over the existing rule-based
approaches irrespective of the standardized medical
knowledge represented by either the SMQ or the BC case
definition.

The main limitation of our study is the use of the
encoded information, and not the textual information, in
VAERS. Using the encoded information only, it has not
been possible to identify MedDRA® PTs for all the criteria
in the BC case definition. Therefore, one could argue that
the inability of MedDRA® to fulfill all criteria, such as
‘recessions’ for anaphylaxis and ‘illness pattern, mono-
phasic’ for GBS, might have resulted in considerable
information loss. On the other hand, other criteria (‘capil-
lary refill time >3’ and ‘mast cell tryptase elevation >upper
normal limit’ for anaphylaxis; ‘interval between onset and
nadir of weakness between 12 h and 28 days followed by
subsequent clinical plateau’ for GBS) never or less fre-
quently appear (‘rapid progression of signs and symptoms’
and ‘sudden onset of signs and symptoms’ for anaphylaxis;
‘electrophysiologic findings’ for GBS) in spontaneous
reports. Even though the assumption behind text mining is
the acquisition of more granular information, it appears
that our classification approaches performed surprisingly

well based on the encoded information (i.e. MedDRA®
PTs). As a side benefit, identification of potentially
important omissions in MedDRA® could lead to
enhancements of that system. MedDRA® is continuously
updated based on suggestions from subscribers and review
by the MedDRA® Management Board [20].

A second limitation is related to the use of MedDRA®
PTs in GBS that may be listed under more than one SOC.
In our medical judgement, some of the PTs with a sec-
ondary listing under ‘Nervous System’ have only marginal
neurological relevance (e.g. astrocytoma malignant, which
is more usefully classified under ‘Neoplasms Benign,
Malignant, and Unspecified’; and carotid artery dissection,
which is more germanely categorized under ‘Vascular
Disorders’). However, we decided by consensus to accept
the potential limitations resulting from the overlapping
categorization, i.e. we allowed the use of both primary and
secondary listings and did not modify SOCs to make them
mutually exclusive.

The two standardized medical terminologies used for
classification purposes in safety surveillance, i.e. the BC
case definition and the SMQ, appeared to have several
important differences. First, the key BC criteria could not
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Table 4 Guillain—Barré syndrome classification

Sensitivity (95 % CI)

Specificity (95 % CI)

AUC (95 % CI)

Training set (N = 750)
BC

IR approach

ABC tool
SMQ

IR approach

SMQ categories

Testing set (N = 250)
BC

IR approach

ABC tool
SMQ

IR approach

SMQ categories

F-b

F-b

1A

2B

1B + IC

1B + 1C + 1D
Combined

F-b

F-b

1A

2B

1B + 1C

1B + 1C + 1D
Combined

0.8777 (0.8372-0.9093)
NA

0.9624 (0.9354-0.9784)
0.9749 (0.9513-0.9872)
0.4608 (0.4069-0.5157)
0.6458 (0.5918-0.6962)
0.5737 (0.5188-0.6267)
0.9969 (0.9825-0.9994)

0.8962 (0.8237-0.9411)
NA

0.9340 (0.8699-0.9676)
0.9906 (0.9485-0.9983)
0.3585 (0.2736-0.4533)
0.6698 (0.5757-0.7520)
0.6321 (0.5372-0.7178)
0.9906 (0.9485-0.9983)

0.9443 (0.9185-0.9623)
NA

0.8144 (0.7750-0.8483)
0.8770 (0.8427-0.9047)
0.9652 (0.9434-0.9788)
0.9582 (0.9350-0.9734)
0.9652 (0.9434-0.9788)
0.8485 (0.8073-0.8757)

0.9514 (0.9031-0.9763)
NA

0.8056 (0.7333-0.8619)
0.9028 (0.8434-0.9412)
0.9583 (0.9121-0.9808)
0.9861 (0.9508-0.9962)
0.9861 (0.9508-0.9962)
0.8819 (0.8191-0.9250)

0.9110 (0.9103-0.9118)
NA

0.8884 (0.8874-0.8894)
0.9260 (0.9523-0.9267)
0.7130 (0.7101-0.7159)
0.8020 (0.8001-0.8039)
0.7694 (0.7671-0.7717)
0.9207 (0.9199-0.9215)

NA
NA

NA
NA
NA
NA
NA
NA

F-b Frequency-based, ABC Automatic Brighton Classification, AUC area under the concentration-time curve, BC Brighton Collaboration case
definition, IR information retrieval; MedDRA® Medical Dictionary for Regulatory Activities, NA not applicable, SMQ Standardized MedDRA®
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Fig. 2 Receiver operating characteristic curve in the anaphylaxis
training set. BC Brighton Collaboration case definition, MedDRA®
Medical Dictionary for Regulatory Activities, SMQ Standardized
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be mapped to MedDRA® PTs and, consequently, to an
SMQ. Second, certain SMQ terms did not appear in the BC
case definition, such as ‘asthma’ and ‘nasal obstruction’ in
anaphylaxis. Third, in contrast to the SMQs, BC definitions
did not include the ‘anaphylaxis’ and ‘GBS’ terms or their
synonyms. Despite these differences, both instruments
supported equally the classification of reports when cou-
pled with the IR-based approach.

So what is the value of automated case classification for
pharmacovigilance practice and what are the implications
of our findings about the performance of the IR approach
using MedDRA® terms? While the uptake of statistical
data mining methods over the past decade has undoubtedly
improved the efficiency of spontaneous report evaluation,
the case-series evaluation remains the cornerstone of
pharmacovigilance practice and is still largely dependent
on human expert review of reports [21]. The first step in
this often laborious process is the organization of clinical
data and, when possible, the application of a formal case
definition. Previously we showed it was possible to auto-
mate the rule-based BC anaphylaxis definition using fea-
tures extracted from the narrative text [9]. But text-mining
tools are not widely available and rule-based approaches
require complex computer programming. Spontaneous
reports usually have less information than a complete
medical record but because our initial goal is simply to
reduce the number of reports requiring expert review in a
screening step, a less stringent approach can still provide
important efficiency gains. In this study we demonstrate
that we can obtain similar, if not superior, performance in
identifying possible anaphylaxis and GBS cases using
widely available MedDRA® codes and a generic IR
algorithm.

Of course further validation with other conditions and
comparisons with text-mining approaches are necessary,
but this work shows that, in principle, this same approach
might be applied to other conditions so that the automation
of case classification for spontaneous report review might
be a less complex process than anticipated. Such tools
could improve the efficiency of report classification,
making more time available for critical assessment and
decision making by pharmacovigilance experts.

5 Conclusions

SMQs and BC case definitions are the standardized medi-
cal terminologies that are typically used in the case-series
analysis. Using the MedDRA® PTs in the VAERS we
demonstrated that the vector space model might support
report classification better than the existing rule-based
approaches (either the ABC tool or the SMQ categories).
Depending on the availability of the appropriate

terminologies, the same IR strategies can be applied to
postmarketing surveillance of drugs and other medical
products. We believe that our analysis may stimulate fur-
ther research. Specifically, it raises two main questions:
(i) what is the most efficient way to translate the existing
medical terminologies into machine-readable algorithms
and bridge them to either the MedDRA® PTs or textual
information in spontaneous reports; (ii) how should we
generate formal case definitions to consistently and effi-
ciently perform case-series analyses for the universe of
adverse events? These questions relate to our long-term
goal of automating case classification and enhancing safety
surveillance of medical products. Many drugs and biolo-
gics have novel characteristics and unique safety profiles,
and may be used in populations with risk factors for spe-
cific AEFIs. We hope that further refinement of IR methods
will improve our ability to review and prioritize safety
topics for both old and new products.
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