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Abstract The US Vaccine Adverse Event Reporting System (VAERS), which is charged
with vigilance for detecting vaccine-related safety issues, faces an increasingly
complex immunisation environment. Since 1990, steady increases in vaccine
licensing and distribution have resulted in increasing numbers of reports to
VAERS. Prominent features of current reports include more routine vaccine
co-administration and frequent reports of new postvaccination clinical syndromes.
Data-mining methods, based on disproportionality analyses, are one strategy
being pursued by VAERS researchers to increase the utility of its complex
database. The types of analyses used include proportional reporting ratios, associ-
ation rule discovery, and various ‘historic limits’ methods that compare observed
versus expected event counts. The use of such strategies in VAERS has been
primarily supplemental and retrospective. Signals for inactivated influenza,
typhoid and tetanus toxoid-containing vaccines have been successfully identified.
Concerns flagged through data mining should always be subject to clinical case
review as a first evaluation step. Persistent issues should be subject to formal
hypothesis testing in large linked databases or other controlled-study settings.

Automated data-mining techniques for prospective use are currently undergo-
ing development and evaluation within VAERS. Their use (as one signal-detec-
tion tool among many) by trained medical evaluators who are aware of system
limitations is one legitimate approach to improving the ability of VAERS to
generate vaccine-safety hypotheses. Such approaches are needed as more new
vaccines continue to be licensed.

1. The US Vaccine Adverse Event frontline national passive surveillance system for
Reporting System (VAERS) vaccine safety, VAERS is primarily responsible for

The US Vaccine Adverse Event Reporting Sys- detecting rare or novel vaccine adverse events
tem (VAERS), which was established in 1990, is  (VAEs) that may require further study. Such signals
jointly operated by the Centers for Disease Control ~ have typically been detected by review of case re-
and Prevention (CDC) and the US FDA. As the ports and case series published in the medical litera-
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ture, inquiries from providers and the general pub-
lic" or media attention.!?!

Although VAERS is subject to well described
limitations common to other passive surveillance
systems,”®! including under-reporting and reporting
bias, its monitoring infrastructure successfully de-
tected the signal that associated intussusception with
rotavirus vaccine.*! It has also helped to fully
characterise the safety profile of newly licensed
vaccines®® and identify risk factors for rare serious
adverse reactions to vaccines.!!

2. Current Context of
Vaccine-Safety Activities

Since 1999, multiple prominent vaccine-related
safety issues have arisen almost simultaneously.
These have included the withdrawal of rotavirus
vaccine,®! concerns about the thimerosal content of
licensed vaccines, which led to its removal from
almost all recommended US childhood vaccines!”!
and the now apparently disproved hypothesis that
the measles-mumps-rubella (MMR) vaccine was
linked to autism.[!!!

Additional factors that have increased the visibil-
ity of VAERS include the capability for secure
electronic reporting,''?! which was implemented in
2002, and the use of VAERS to support the US
smallpox vaccination programme from 2003 on-
ward.!3] There has also been increasing scientific,
public policy and media scrutiny of postlicensure-
safety monitoring for medical products, including
specific attention to vaccine-safety activities.!'¥!

This article will (i) present data that underpins the
rationale for the use of data mining in VAERS; (ii)
provide an overview of general types of data-mining
methods used; (iii) review the objectives of data-
mining techniques; and (iv) discuss illustrative ex-
amples of how data mining is used to identify and
clarify specific safety signals.

3. Increasing Complexity of the
VAERS Database

In order to assess time trends in spontaneous
vaccine-safety reports in the US relative to measures
of vaccine usage, the VAERS team have reviewed
recent trends in vaccine licensing and changes in
vaccine immunisation schedules. In addition, we
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were able to describe the changes in complexity of
the VAERS database using vaccine-combination
and symptom-code data.

Since the inception of VAERS, there has been a
three-fold increase in the number of licensed vac-
cine products in the US. In 1990, there were 16
vaccines under surveillance for safety.!'>! In 2004,
there were 49 licensed vaccine products.®!

In 1989, there were eight recommended child-
hood vaccines.!'”! Children received no more than
six shots by the time they were 2 years old and not
more than two shots at a single visit. Now, children
may receive as many as 20 shots by 2 years of age
and up to five shots at a single visit.

One relatively crude measure of increased vac-
cine usage among the total US population is the total
number of vaccine doses distributed, which has been
gradually but steadily increasing since the mid
1990s (figure 1). In 2003, the total number of vac-
cine doses distributed was just over 235 million — or
nearly one dose per capita.'8!

In parallel with increases in vaccine distribution,
there has been an increase in the number of passive
surveillance reports received by VAERS over the
past 5 years (figure 2). Through end 2003, a total of
162 606 reports had been received.''¥! The number
of reports involving hospitalisation, death, life-
threatening illness or disability (designated as ‘seri-
ous’ by regulatory standards!'”') has also increased
since the inception of the VAERS system. Such
reports are subject to enhanced follow-up and sur-
veillance analysis.

The number of combination vaccines has in-
creased and the number of potential vaccine permu-
tations that may be given simultaneously has in-
creased significantly. Between 1991 and 2003, the
total number of vaccines and vaccine combinations
seen in reports to VAERS for both children and
adults increased from 101 to 951.1'8) Since the incep-
tion of the VAERS system, >1000 separate symp-
toms (reflected as Coding Symbols for Thesaurus of
Adverse Reaction Terms [COSTART] codes;?%
VAERS plans to begin use of the Medical Diction-
ary for Regulatory Activities [MedDRA] system by
2006) have been reported as potential adverse
events. This number has increased incrementally but
steadily (figure 3). Most reports describe more than
a single symptom.

Drug Safety 2006; 29 (5)
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Fig. 1. Number of vaccine doses distributed (in millions) in the US,
1991-2003.1'8

In summary, during the period from 1991 to
2003, the number of licensed vaccines tripled, ac-
companied by steady proportionate increases in vac-
cine distribution and spontaneous adverse event re-
porting (7.0 vs 6.9% annual growth).!'8! At the same
time, there was a nearly ten-fold increase in the
number of potential exposures (vaccine combina-
tions) involved in VAERS reports along with an
8.6% annual increase in the total number of reported
symptom codes.['® However, all possible combina-
tions of vaccines that will be given in practice can-
not feasibly be tested in prelicensure studies.!?!)

In the near future, it is anticipated that additional
vaccines will be licensed and/or recommended for
infants, adolescents and adults. Examples include
meningococcal conjugate vaccines (MCV), a newly
formulated rotavirus vaccine and diphtheria-tetanus-
acellular pertussis (Tdap) vaccines designed for use
in adolescents and adults.

The disproportionate increases in both vaccine
combinations and possible vaccine-associated
symptoms reflect the increasing complexity of the
VAERS database. Given the possibility of increas-
ing difficulty in detecting vaccine-safety signals, we
are actively supporting the use of statistically based
‘data-mining’ tools to be used in conjunction with
traditional case review methods.

4. Data Mining: Background

Data-mining methods for use in pharmacovigi-
lance originated in drug safety,?>?3! which deals
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with many of the same issues, including multiple
exposures and potential outcomes, and very large
databases of spontaneous reports. Although it is not
universally agreed on, a ‘signal’ has been defined as
“any disproportionate difference in the occurrence
of an event in the population of users of a given drug
(or class of drugs), or any difference in the rate of
reporting of an event in association with a drug
relative to other drugs...”.?*! The ‘signal’ concept is
closely tied to theoretical underpinnings of data
mining. Because disproportionality is inherent to
what constitutes a signal, most data-mining methods
involve analysis of various types of disproportions
within product-safety databases.

Important differences exist between spontaneous
reporting databases for drugs and vaccines. For rou-
tine childhood vaccines given to healthy children,
confounding by indication is not a significant con-
cern. Because currently licensed vaccines are pre-
ventive rather than therapeutic, the protopathic bias
does not need to be accounted for; in fact, acute
symptoms are more likely to result in deferral of
vaccination.!>! Whereas polypharmacy, particularly
in older adults, has been associated with a variety of
drug interactions and adverse outcomes, co-admin-
istration of indicated vaccines is a standard of care
practice for both adult and childhood immunisa-
tion. 26!

For comprehensive assessment of vaccine safety,
what is needed is capture of clinical events under
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Fig. 2. Number of reports (in thousands) to the US Vaccine Ad-
verse Event Reporting System, 1991-2003."8
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Fig. 3. Number of separate symptom codes reported to the US
Vaccine Adverse Event Reporting System, 1991-2003.[18]

study in both vaccinated and unvaccinated individu-
als. In the US, programme infrastructure exists to
support childhood vaccination (e.g. through the
Vaccines for Children programme) and nationally
representative vaccine coverage surveys are con-
ducted annually. However, under the current US
healthcare and public health infrastructure, there is
no national repository of vaccination activity from
which the total numbers of persons receiving a vac-
cine or specific combination of vaccines can be
obtained. VAERS, which operates separately from
the vaccine programme, provides only partial infor-
mation on a subset of cases involving vaccinees who
have experienced and reported adverse events.!?”]

Traditional epidemiological approaches to vac-
cine-safety databases include calculation and com-
parison of crude reporting rates based on manufac-
turer supplied dose distribution data; however, such
approaches are best suited to vaccines sharing simi-
lar target diseases, ages and schedules.?®?! Because
spontaneous reporting systems such as VAERS are
limited by their lack of denominator data, the idea of
surrogate denominators internal to the system, bor-
rowed from proportionate morbidity ratio methodol-
ogy, was developed.?330

Figure 4 illustrates calculation of the proportional
reporting ratio (PRR) within VAERS, which com-
pares proportions of events for a given vaccine with
proportions for another vaccine or for a group of
vaccines. An event with a higher proportion for the
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study vaccine than for other vaccines might be con-
sidered a signal and require further study.3'" A PRR
of 2 is generally considered a minimal threshold for
further review, though the absolute number of case
reports involved for the vaccine of interest must also
be taken into consideration.?*) PRR can also be
monitored for time trends of increase, decrease or
persistent elevation.*?l Related methods including
Bayesian and neural network approaches!®*3% cal-
culate similar measures of disproportionality of vac-
cine-adverse event pairs but adjust them for specific
features of the data.

Association rule discovery (ARD), or so called
‘market basket’ analysis, has also been applied to
VAERS data for detection of multisymptom syn-
dromes, symptom interactions, and inter-vaccine in-
teractions that are seen proportionally more fre-
quently following specific vaccines.l®® This tech-
nique, which has been widely used in market
research and genetics,37-3¥1 appears to be suitable for
some analyses within VAERS. It can be conceived
of as multisymptom PRR.

Similar methods used in drug safety research
have included the reporting odds ratio (ROR)P! and
the FDA Multi-Item Gamma Poisson Shrinker
(MGPS) programme.[ ! ROR accounts for syn-
dromes and potential interactions by use of
covariates and interaction terms. MGPS computes
signal scores for three item and higher combinations
of drugs and events that are significantly more fre-
quent than predicted.

Although both PRR and ARD involve screening
for events over-represented among specific vaccine

Reported Other reported
VAE “Y” VAE
Reports following a b
vaccine “X”
Reports following c d
other vaccines
PRR a/(a+b)
" c/(c+d)

Fig. 4. Calculation of the proportional reporting ratio (PRR) in the
US Vaccine Adverse Event Reporting System. A potential signal
may warrant further investigation for a PRR >2, where ‘a’ is >3.
VAE = vaccine adverse event.
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reports compared with reports following other vac-
cines, so-called ‘historic limits’ methods screen for
unusual increases in the monthly number of reports
having specific vaccine-event combinations. In their
simplest form, historic limits involve instances such
as the first report of a novel symptom code. More
generally, they can be conceived of as comparisons
of ‘past period’ averages with current period report
counts.

From a public health perspective, historic limits
methods including time-series and scan statistics
serve to detect aberrations from the ‘baseline’ occur-
rence of health events under surveillance.*!) Newer
applications of this family of methods include syn-
dromic surveillance algorithms designed to detect
disease outbreaks potentially related to bioterror-
ism.[421

Additional specialised advanced signal detection
techniques are also being developed for use within
VAERS. Automated screening for nonrandom clus-
tering of event-specific symptom onset intervals
following vaccination*¥ has been successfully pilot
tested. So called ‘positive rechallenges’, in which
symptoms recur after a subsequent vaccine in a
series, have been flagged within VAERS for addi-
tional review since 1995.144

5. Objectives of Advanced
Signal Detection

Regardless of the methodology employed, all
data-mining techniques are designed to serve one or
more of the following purposes:

o Identification of unknown (previously undetect-
ed) signals, consistent with the WHO definition
of what constitutes a signal'*! or ‘potential sig-
nal’, and with the hypothesis generating function
of VAERS.B!

e Provision of supplemental evidence (either
favouring or refuting the proposed adverse event)
for safety concerns identified by traditional ‘case
finding’” means.

e Ascertainment of possible syndromes of related
symptoms or groups of symptoms associated
with a particular vaccine or vaccines.

e Similarly, identifying or investigating potential
vaccine-vaccine interactions, which may involve
issues of vaccine safety and/or efficacy.*® In
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general, vaccine efficacy and/or immunogenicity

are better studied in prelicensure or phase IV

postmarketing studies, due to availability of more

complete data.

These objectives must be considered in context
of the primary role of VAERS in vaccine vigilance,
that of detecting signals and generating hypotheses;
data-mining methods are not currently used by CDC
or FDA researchers as signal evaluation or confir-
mation methods."

6. Specific Examples from
VAERS Experience

6.1 Identification of Unknown (Previously
Undetected) Signals

A joint FDA-CDC assessment of the postlicen-
sure safety profile of newly licensed oral and inject-
able typhoid vaccines employed PRR methodology
to identify minor but previously undocumented ad-
verse events including dizziness, pruritus, fatigue
and myalgia.*” Disproportionality assessment is al-
so now routinely conducted as part of safety surveil-
lance for vaccines with newly expanded recommen-
dations, such as inactivated influenza vaccine (IT'V)
in 6-23 month olds. 8!

6.2 Provision of Supplemental Evidence

The most notable case of the use of a simple type
of historic limits approach within VAERS involves
the fact that when intussusception following
rotavirus vaccine came to attention in 1999, it was
noted that no reports of this condition had been
received previously following the administration of
any vaccine.”® Following this line of reasoning,
each newly reported symptom represents a potential
‘striking case’ that may warrant further investiga-
tion, although many such reports involve coinciden-
tal occurrences post-vaccination. Historic limits
methodology was also used to identify administra-
tion errors involving tetanus toxoid-containing vac-
cines and tuberculosis skin tests in 2004.4 Clusters
or single cases of inadvertent substitution errors of
these two products were identified in multiple states.
This instance, which involves a previously identi-
fied programmatic error,®” highlights the role of

Drug Safety 2006; 29 (5)
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data mining in drawing attention to adverse events
that are geographically or temporally clustered.

A signal of Bell’s palsy following IV, which was
primarily identified by case review and case series
analysis, was supported by an elevated PRR of
nearly 4.5!1 This signal appears to have been con-
firmed, albeit weakly, in a large linked-database
study in the US.?

6.3 Ascertainment of Possible Syndromes

PRR analysis also provided retrospective evi-
dence that IIV associated oculo-respiratory syn-
drome (ORS) cases had been reported to VAERS
prior to the identification of ORS in Canada.(*?!
ORS, which is clinically difficult to distinguish from
allergic rhinoconjunctivitis, also appears to be iden-
tifiable within the VAERS database using associa-
tional analysis. Various combinations of ocular and
upper respiratory-related findings appear among the
top ‘association rules’ for IIV.3!

Additionally, researchers have undertaken data-
mining studies in VAERS that are primarily meth-
odological in nature, seeking to assess whether ac-
cepted signals can be detected and to compare fea-
tures of different methods. In 2001, Niu et al.5¥
from the FDA reported that intussusception and
possibly related gastrointestinal symptoms were
successfully identified by use of a Bayesian data-
mining method closely related to PRR. Application
of ARD in a retrospective analysis yielded known
associations involving MMR, DTaP and rotavirus
vaccines."® The use of multiple methods simultane-
ously may increase the sensitivity of data mining,
but can also flag large numbers of apparent false-
positive signals.’>! ‘Side-by-side’ comparisons of
related data-mining approaches may allow public
agencies with limited information technology re-
sources to prioritise expenditures for data-mining
software.[3%-36]

7. Limitations and Criticisms of
Advanced Signal Detection Methods

Since all data-mining methods are essentially
specialised types of proportional morbidity analy-
ses, they share many common limitations.’” Such
measures cannot be used to calculate incidence or
estimate risks or relative risks of VAEs. PRR and
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related methods discussed in this paper should be
clearly understood as nonpopulation-based mea-
sures. Just as the proportion of cancers of a given
organ relative to all cancers may reflect underlying
population factors unrelated to differential risk of
cancers, so different distributions of VAEs between
vaccines may reflect differences in characteristics of
vaccinated populations or individuals involved in
adverse event reports.!*!

All “disproportions’ must be subject to case se-
ries level review for clinical coherence and alterna-
tive explanations should always be sought and con-
sidered.?”! Reviewers should pay particular atten-
tion to possible coding errors or reports of
unconfirmed conditions. Within passive surveil-
lance systems, disproportionality may reflect biases
related to either vaccine usage or adverse event
reporting.®! It cannot be stressed heavily enough
that elevations in PRR or other data-mining statistics
do not necessarily reflect a causal relationship be-
tween a vaccine-adverse event pair. Similarly, refer-
ences to ‘relative risks’ or ‘risk ratios’ based on data
internal to VAERS should be viewed circumspectly,
keeping in mind the nonpopulation-based nature of
the system.B! Inappropriate inference of causality is
an inherent problem of spontaneous reporting sys-
tems, not one specific to data-mining methods.5!

Regardless of the signal generation methods used
within VAERS, with few exceptions,?! testing of
such signals in cohort or other epidemiologic studies
is needed for confirmation of theorised vaccine ad-
verse event associations. Initial concerns identified
in VAERS may be verified®! or found to have been
false signals due to reporting biases.[°!l Perhaps
surprisingly, most signals identified from VAERS
have been confirmed on follow-up study. In the case
of intussusceptions, the initial VAERS case series
correctly identified not only the clinical event, but
also the time and dose specific risk window.!? Even
when signals are detected and validated, changes in
immunisation policy may not be warranted.!o3! Eval-
uation and prioritisation of signals for controlled
study represents an important emerging field; avail-
able tools include guidances for good pharmacovigi-
lance practices,'® standardised case definitions®”!
and expert reviews by oversight panels.[®®

Although the overall quality of passively report-
ed datal®”! remains a concern, this criticism must be

Drug Safety 2006; 29 (5)
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considered in the context of VAERS stated purpose
of hypothesis generation, not signal evaluation.
Web-based reporting has been shown to have a
positive impact on VAERS data quality and com-
pleteness.[®1 Additional methods of improving re-
ported data, including linkages with registries and
other immunisation information systems, are being
pursued. Prelicensure trials and postlicensure epide-
miologic studies are resource and labour intensive,
and cannot actively seek all potential adverse out-
comes related to vaccination.® The recent discov-
ery of the rare association of the New York City
Board of Health (NYCBOH) strain of smallpox
vaccine with myo/pericarditis, despite extremely
widespread prior use of the vaccine, should serve as
a cautionary tale regarding the limits of our safety
knowledge about vaccines.["”]

One persistent concern regarding data-mining
approaches to vaccine and drug safety is that these
methods will be used to the exclusion of clinical
reasoning and judgment.”!1 A closely related cri-
tique is that signal prioritisation will be based solely
on ranking of data-mining statistics.® Advanced
signal detection methods are best viewed not as
stand alone signal detection methods, but as valua-
ble additions to the pharmacoepidemiologic ‘tool-
box’ in an era of technological acceleration, novel
reporting channels and vast numbers of spontaneous
reports that are beyond the capacity of either public
or private organisations to perform systematic case
level review.”?! Properly implemented and con-
servatively interpreted statistical results are another
arrow in the quiver of the trained vaccine-safety
reviewer. Drug safety experts have reached similar
conclusions.[374

Specific categories of outcomes that may pose
special difficulties for study by a data-mining ap-
proach include pregnancy outcomes, suspected vac-
cine failures and neurodevelopmental disabilities.
Reasons include potential reporting biases,? coding
issuesB®! and lack of systematic validation of out-
comes of interest; however, these issues apply to
spontaneous reporting systems in general, not only
to quantitative signal detection approaches.l’> Re-
gistries are more appropriate study settings for preg-
nancy exposures!’®! and suspect vaccine failures.””!
Concerns about neurodevelopmental disabilities in
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relation to vaccination are better studied in longitu-
dinal cohort!”®! and case control”! studies and have
also been the subject of multiple systematic re-
views.[8081]

8. Future Directions for Data Mining
in VAERS

The primary use for data mining within VAERS
so far has been signal clarification for adverse
events identified by traditional means, but de novo
signal generation via data mining is beginning to
occur and may represent the future of these tech-
niques. While keeping in mind the limitations of
advanced signal detection approaches, in the interest
of efficiency researchers in VAERS are working
towards periodic automated screening of the
VAERS database using a ‘toolbox’ of PRR, ARD,
and historic limits methods. In order to make the
best use of information available within VAERS,
variables being used or explored in automated
screening methods include vaccine type or combina-
tion, dose and lot number, event type, seriousness,
age, sex and geographic location.

Any disproportionate representation of VAE
characteristics in a subset of reports, represent po-
tential signals that must be further scrutinised both
clinically and epidemiologically. Data mining in-
creases rather than decreases the importance of the
clinical reviewer in evaluating postlicensure vac-
cine-safety concerns. Prioritisation of signals for
further study will therefore become more important
and some formal guidance in this field is emerg-
ing.[64

The increasing complexity of the immunisation-
delivery and vaccine-safety environments has made
the development of multiple approaches necessary,
including automated signal detection in VAERS,
which are more proactive and less reactive in assess-
ing vaccine-safety concerns./?!82I The Vaccine Safe-
ty Datalink (VSD) has also successfully tested ‘rap-
id cycle’ analysis, which may flag-safety signals
requiring further study very soon after vaccine intro-
duction.®3! VSD rapid cycle analysis may be used to
complement VAERS in detecting potential
problems related to newly licensed or recommended
vaccines.

Drug Safety 2006; 29 (5)



382

Iskander et al.

9. Conclusions

Data presented in this paper indicate the increas-
ing complexity of the VAERS database, seen for
both vaccine exposures and reported adverse events
or symptoms. The most important consequence of a
larger and more complicated dataset is the increas-
ing challenge of the early detection of potential
vaccine-safety problems. Traditional case-finding
methods should be supplemented by advanced sig-
nal detection to assure timeliness. Many data-min-
ing methods, such as onset interval clustering detec-
tion and simple historic limits methods represent
logical extensions of traditional signal detection
methods.[ 349311 Although data mining has inherent
limitations, if it is correctly used and understood it
represents another tool to increase the sensitivity of
the VAERS in detecting potentially vaccine-related
adverse events.

Historically, vaccine-safety science has evolved
in a public health environment in which new vac-
cines are introduced singly.®+851 VAERS was used
to generate hypotheses about whether adverse event
y had been reported after vaccine x, leading to
research studies in the VSD!3¢! or other settings of
whether event y was causally associated with vac-
cine X.

Several recently licensed or soon-to-be licensed
products, including MCV, Tdap and human papil-
lomavirus vaccines, will have overlapping recom-
mended age or risk groups. Questions regarding
safety of co-administration and acceptable inter-
vaccine intervals will naturally be raised. Vaccine-
safety surveillance systems will also need to be able
to provide data about the safety of potentially una-
voidable administrations of extra doses of vac-
cine® as well as identify potential interactions be-
tween vaccines related to either efficacy or safety.

In pharmacovigilance, signals from all possible
sources should be sought in the interest of safe-
guarding public health. Data mining is only one of
several improvements to the vaccine-safety infra-
structure of VAERS implemented or in progress in
recent years.?!! Enhanced surveillance through
VAERS and the potential use of VSD rapid cycle
analysis will be needed to ensure rapid detection of
any emerging safety concerns.

© 2006 Adis Data Information BV. All rights reserved.

Acknowledgements

The authors would like to thank Robert T. Chen, John
Sawyer, Penina Haber, Alena Khromova, Frank Destefano,
Lauren Dimiceli, Thomas Verstraeten.

Funding Source: US Government. The authors have no
conflicts of interest that are directly relevant to the content of
this manuscript.

References

1. Wise R, Kiminyo K, Salive M. Hair loss after routine immuniza-
tions. JAMA 1997 Oct 8; 278 (14): 1176-8

2. Woo E, Ball R, Bostrom A, et al. Vaccine risk perception among
reporters of autism after vaccination: vaccine adverse event
reporting system 1990-2001. Am J Public Health 2004 Jun; 94
(6): 990-5

3. Varricchio F, Iskander J, DeStefano F, et al. Understanding
vaccine safety: information from the Vaccine Adverse Event
Reporting System (VAERS). Pediatr Infect Dis J 2004; 23: 1-8

4. Zanardi LR, Haber P, Mootrey GT, et al. Intussusception among
recipients of rotavirus vaccine: reports to the Vaccine Adverse
Event Reporting System. Pediatrics 2001; 107 (6): E97 [on-
line]. Available from URL: http://www.pediatrics.org/cgi/con-
tent/full/107/6/e97 [Accessed 2006 April 3]

5. Wise RP, Salive ME, Braun MM, et al. Postlicensure safety
surveillance for varicella vaccine. JAMA 2000; 284: 1271-9

6. Braun MM, Mootrey GT, Salive ME, et al. Infant immunization
with acellular pertussis vaccine in the US: assessment of the
first two years’ data from the Vaccine Adverse Event Report-
ing System. Pediatrics 2000; 106: E51 [online]. Available from
URL: http://pediatrics.aappublications.org/cgi/reprint/106/4/
e51.pdf [Accessed 2006 April 3]

7. Pool V, Braun M, Kelso J, et al. Prevalence of anti-gelatin IgE
antibodies in people with anaphylaxis after measles-mumps
rubella vaccine in the United States. Pediatrics 2002 Dec; 110
(6): e71

8. Barwick-Eidex R for the Yellow Fever Vaccine Safety Working
Group. History of thymoma and yellow fever vaccination.
Lancet 2004 Sep 11; 364 (9438): 936

9. Centers for Disease Control and Prevention. Withdrawal of
rotavirus vaccine recommendation. MMWR 1999; 48: 1007

10. Centers for Disease Control and Prevention. Thimerosal in
vaccines: a joint statement of the American Academy of Pedi-
atrics and the Public Health Service. MMWR 1999; 48: 563-5

11. Wakefield AJ, Murch SH, Anthony A, et al. Ileal-lymphoid-
nodular hyperplasis, non-specific colitis, and pervasive devel-
opmental disorder in children. Lancet 1998 Feb 28; 351
(9103): 637-41

12. Vaccine adverse event reporting system [online]. Available
from URL: https://secure.vaers.org/VaersDataEntryintro.htm
[Accessed 2005 Apr 21]

13. Centers for Disease Control and Prevention. Smallpox vaccine
adverse events monitoring and response system for the first
stage of the smallpox vaccination program. MMWR 2002; 52:
88-9

14. Centers for Disease Control and Prevention. Notice to readers:
public comment sought on CDC’s vaccine safety. MMWR
2004; 53 (31): 720

15. Centers for Disease Control and Prevention. Adverse events
following immunization. Surveillance Report No. 4,
1979-1990. Atlanta (GA): Centers for Disease Control and
Prevention, 1995 Jun

16. Immunization Action Coalition [online]. Available from URL:
http://www.immunize.org [Accessed 2005 Apr 21]

Drug Safety 2006; 29 (5)



Data Mining in the US using VAERS

383

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

32.

33.

34.

National Immunization Program [online]. Available from URL:
www.cdc.gov/nip/publications/images/schedule1989s.jpg
[Accessed 2006 Apr 13]

Data on file, Centers for Disease Control and Prevention, 2004

US Code of Federal Regulations, 21CFR600.80. Postmarketing
reporting of adverse experiences [online]. Available from
URL: http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/
cfefr/CFRSearch.cfm?.FR = 600.80 [Accessed 2005 Apr 21]

Coding Symbols for Thesaurus of Adverse Reaction Terms
(COSTART). 5th ed. Rockville (MD): US Food and Drug
Administration, Center for Drug Evaluation and Research,
1995

Chen R, Pool V, Takahashi H, et al. Combination vaccines:
postlicensure safety evaluation. Clin Infect Dis 2001; 33 Sup-
pl. 4: S327-33

Finney DJ. The design and logic of a monitor of drug use. J
Chronic Dis 1965 Jan; 18: 77-98

Evans SJW, Waller PC, Davis S. Use of proportional reporting
ratios for signal generation from spontaneous adverse drug
reaction reports. Pharmacoepidemiol Drug Saf 2001; 10: 483-6

Meyboom RH, Egberts AC, Edwards IR, et al. Principles of
signal detection in pharmacovigilance. Drug Saf 1997; 16:
355-65

Virtanen M, Peltola H, Paunio M, et al. Day-to-day reactogenic-
ity and the healthy vaccinee effect of measles-mumps-rubella
vaccination. Pediatrics 2000 Nov; 106 (5): E62

Centers for Disease Control and Prevention. General recom-
mendations on immunization: recommendations of the Advi-
sory Committee on Immunization Practices (ACIP) and the
American Academy of Family Physicians (AAF). MMWR
2002, 51 (No. RR-2): 19-21

Offit PA. The power of "box a". Expert Rev Vaccines 2003 Feb;
2(1):1-3

Zhou W, Pool V, Iskander J, et al. Surveillance for safety after
immunization: vaccine adverse event reporting system
(VAERS): United States, 1991-2001. In: Centers for Disease
Control and Prevention DC surveillance summaries (January
24). MMWR 2003, 52 (NoSS-1)

. Rosenthal S, Chen R, Hadler S. The safety of acellular pertussis

vaccine vs whole-cell pertussis vaccine. A postmarketing as-
sessment. Arch Pediatr Adolesc Med 1996; 150 (5): 457-60

. Ball R. Methods for ensuring vaccine safety. Expert Rev Vac-

cines 2002; 1: 161-8

. Haber P, Iskander J, English-Bullard R, et al. Use of proportion-

al reporting rate ratio in monitoring vaccine adverse event
reports, US [abstract]. Pharmacoepidemiol Drug Saf 2002; 11:
S229

Khromova A, Pool V, Chen R. Oculo-Respiratory Syndrome
(ORS) following influenza vaccine: United States, 1990-2002:
new or previously unrecognized? [poster]. Epidemic Intelli-
gence Service Conference; 2003 Apr; Atlanta (GA)

Dumouchel W. Bayesian data mining in large frequency tables,
with an application to the FDA spontaneous reporting system.
Am Stat 1999; 53: 177-90

Bate A, Lindquist M, Orre R. Data-mining analyses of
pharmacovigilance signals in relation to relevant comparison
drugs. Eur J Clin Pharmacol 2002; 58: 483-90

. Rolka H, Bracy D, Russell C, et al. Using simulation to assess

for the sensitivity and specificity of a signal detection tool for
multidimensional public health surveillance data. Stat Med
2005; 24: 551-62

. Pool V, Chen RT. Association rule discovery as a signal genera-

tion tool for the vaccine adverse event reporting system.
Pharmacoepidemiol Drug Saf 2003; 11: S57

. Evans S, Lemon SJ, Deters CA, et al. Automated detection of

hereditary syndromes using data mining. Comput Biomed Res
1997 Oct; 30 (5): 337-48

© 2006 Adis Data Information BV. All rights reserved.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Evans S, Lemon SJ, Deters C. Using data mining to characterize
DNA mutations by patient clinical features. Proc AMIA Annu
Fall Symp. 1997, 7

van Puijenbroek EP, Bate A, Leufkens HG, et al. A comparison
of measures of disproportionality for signal detection in spon-
taneous reporting systems for adverse drug reactions.
Pharmacoepidemiol Drug Saf 2002 Jan-Feb; 11 (1): 3-10

Szarfman A, Machado SG, O’Neill RT. Use of screening algo-
rithms and computer systems to efficiently signal higher than
expected combinations of drugs and events in the US FDA’s
spontaneous reports database. Drug Saf 2002; 25 (6): 381-92

Teutsch SM, Churchill RE. Principles and practice of public
health surveillance. New York: Oxford Univerisity Press, 1994

Lawson BM, Fitzhugh EC, Hall SP, et al. Multifaceted syn-
dromic surveillance in a public health department using the
early aberration reporting system. J Public Health Manag Pract
2005 Jul-Aug; 11 (4): 274-81

Sawyer J. Use of temporal cluster analysis for vaccine safety
signal detection. Centers for Disease Control and Prevention/
ATSDR Statistical Symposium; 2005 Feb; Washington, DC

Haber P, Zhou W, English-Bullard R, et al. Positive re-chal-
lenge reports following hepatitis B vaccination in adults, Vac-
cine Adverse Event Reporting System (VAERS), USA,
1995-2003. Pharmacoepidemiol Drug Saf 2004; 13: S279-80

World Health Organization [online]. Available from URL: http:/
/www.who-umc.org/graphics/8321.pdf [Accessed 2006 Apr
13]

Centers for Disease Control and Prevention. Simultaneous ad-
ministration of varicella vaccine and other recommended
childhood vaccines: United States, 1995-1999. MMWR 2001;
50: 1058-61

Begier E, Burwen D, Haber P, et al. Postmarketing safety
surveillance for typhoid fever vaccines from the Vaccine Ad-
verse Event Reporting System, July 1990 through June 2002.
Clin Infect Dis 2004 Mar 15; 38 (6): 771-9

McMahon A, Iskander J, Haber P, et al. Adverse events alter
inactivated influenza vaccination among children less than 2
years of age: analysis of reports from the vaccine adverse event
reporting system, 1990-2003. Pediatrics 2005 Feb; 115 (2):
453-60

Centers for Disease Control and Prevention. Notice to readers:
inadvertent intradermal administration of tetanus toxoid-con-
taining vaccines instead of tuberculosis skin tests. MMWR
2004; 53: 663-4

Graham D, Dan B, Bertagnoll P, et al. Cutaneous inflammation
caused by inadvertent intradermal administration of DTP in-
stead of PPD. Am J Public Health 1981; 71: 1040-3

Zhou W, Pool V, DeStefano F, et al. A potential signal of Bell’s
palsy after parenteral inactivated influenza vaccines: reports to
the Vaccine Adverse Event Reporting System (VAERS): Unit-
ed States, 1991-2001. Pharmacoepidemiol Drug Saf 2004
Aug; 13 (8): 505-10

Zhou W. A population-based study of Bell’s Palsy after paren-
teral inactivated influenza vaccines. Epidemic Intelligence
Service Conference; 2003 Apr; Atlanta (GA)

Data on file, Centers for Disease Control and Prevention, 2005

Niu MT, Erwin DE, Braun MM. Data mining in the US Vaccine
Adverse Event Reporting System (VAERS): early detection of
intussusception and other events after rotavirus vaccination.
Vaccine 2001; 19: 4627-34

Banks D, Woo EJ, Burwen D, et al. Comparison of 4 data
mining methods in the US Vaccine Adverse Event Reporting
System (VAERS). Pharmacoepidemiol Drug Saf 2003; 12:
S138

Pool V, Pless R, English-Bullard R. Use of proportionate report-
ing ratios in postmarketing surveillance for vaccine adverse
events: comparison of two methodological approaches.
Pharmacoepidemiol Drug Saf 2002; 11: S243-4

Drug Safety 2006; 29 (5)



384

Iskander et al.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

McMahon B, Pugh TF. Epidemiology principles and methods.
Boston: Little, Brown and Company, 1970

Moore N, Thiessard F, Begaud B. The history of disproportion-
ality measures in spontaneous reporting of adverse drug reac-
tions. Pharmacoepidemiol Drug Saf 2005; 24: 285-6

Evans S. The mountain peaks and pitfalls of being spontaneous.
International Society of Pharmacovigilance; 2004 Oct; Dublin

Lasky T, Terracciano GJ, Magder L, et al. The Guillain-Barre
syndrome and the 1992-1993 and 1993-1994 influenza vac-
cines. N Engl J Med 1998; 339: 1797-802

Niu MT, Rhodes P, Salive M, et al. Comparative safety data of
two recombinant hepatitis B vaccines in children: data from
the Vaccine Adverse Event Reporting System (VAERS) and
Vaccine Safety Datalink (VSD). J Clin Epidemiol 1998; 51:
503-10

Centers for Disease Control and Prevention. Suspension of
rotavirus vaccine after reports of intussusception: United
States, 1999. MMWR 2004; 53: 786-9

Von Kries R, Toschke AM, Strassburger K, et al. Sudden and
unexpected deaths after the administration of hexavalent vac-
cines: is there a signal? Eur J Pediatr 2005 Feb; 164 (2): 61-9

US Food and Drug Administration. Guidance for industry: good
pharmacovigilance practices and pharmacoepidemiologic as-
sessment [online]. Available from URL: www.fda.gov/cder/
guidance/63590CC.htm [Accessed 2005 Apr 21]

Bonhoeffer J, Kohl K, Chen R, et al. The Brighton Collabora-
tion-enhancing vaccine safety. Vaccine 2004 May 7; 22
(15-16): 2046

Stratton K, Almario DA, Wizeman TM, McCormick MC, edi-
tors. Immunization Safety Review Committee, Immunization
safety review: vaccinations and sudden unexpected death in
infancy. Washington, DC: Institute of Medicine, 2003

Lindquist M. Data quality management in pharmacovigilance.
Drug Saf 2004; 27 (12): 857-70

Haber P, Rashidee A, Zhou W, et al. Web-based reporting: 10
months experience in the vaccine adverse event reporting
system (VAERS), USA [abstract]. Pharmacoepidemiol Drug
Saf 2003; 12: S092

Fritzell B. Detection of adverse events: what are the current
sensitivity limits during clinical development. Vaccine 2002;
20: S47-8

Chen RT, Lane JM. Myocarditis: the unexpected return of
smallpox vaccine adverse events. Lancet 2003; 362 (9393):
1345-6

Shapiro S. Clinical judgment, common sense and adverse reac-
tion reporting. Pharmacoepidemiol Drug Saf 2004 Aug; 13 (8):
511-3

Zhou W, Pool V, DeStefano F, et al. Reply to the editorial.
Pharmacoepidemiol Drug Saf 2004 Aug; 13 (8): 515-7

Wilson AM, Thabane L, Holbrook A. Application of data min-
ing techniques in pharmacovigilance. Br J Clin Pharmacol
2004 Feb; 57 (2): 127-34

© 2006 Adis Data Information BV. All rights reserved.

74.

75.

76.

71.

78.

79.

80.

81.

82.

84.

85.

86.

Trontell A. Expecting the unexpected: drug safety,
pharmacovigilance, and the prepared mind. N Engl J Med
2004 Sep 30; 351 (14): 1385-7

Institute of Medicine. Stratton K, Gable A, Shetty P, McCor-

mick M, editors. Immunization safety review: measles-
mumps-rubella vaccine and autism. Washington, DC: National
Academy Press, 2001

Centers for Disease Control and Prevention. National smallpox
vaccine in pregnancy registry. MMWR 2003; 52: 256

Wise RP, Iskander J, Pratt RD, et al. Poslicensure safety surveil-
lance for 7-valent pneumococcal conjugate vaccine. JAMA
2004 Oct 13; 292 (14): 1702-10

Verstraeten T, Davis RL, Destefano F, et al. Safety of thimero-
sal-containing vaccines: a two-phased study of computerized
health maintenance organization databases. Pediatrics 2003
Nov; 112 (5): 1039-48

DeStefano F, Bhasin TK, Thompson WW, et al. Age at first
measles-mumps-rubella vaccination in children with autism
and school-matched control subjects: a population-based study
in metropolitan Atlanta. Pediatrics 2004 Feb; 113 (2): 259-66

Halsey NA, Hyman SL, Conference Writing Panel. Measles-
mumps-rubella vaccine and autistic spectrum disorder: report
from the New Challenges in Childhood Immunizations Con-
ference convened in Oak Brook, Illinois; 2000 June 12-13.
Pediatrics 2001 May; 107 (5): E84

Madsen KM, Vestergaard M. MMR vaccination and autism:
what is the evidence for a causal association? Drug Saf 2004;
27 (12): 831-40

Evans SJ. Pharmacovigilance: a science or fielding emergen-
cies? Stat Med 2000 Dec 15; 19 (23): 3199-209

. Davis RL, Kolczak M, Lewis E, et al. Active surveillance of

vaccine safety: a system to detect early signs of adverse events.
Epidemiology 2005 May; 16 (3): 336-41

Centers for Disease Control and Prevention. Rotavirus vaccine
for the prevention of rotavirus gastroenteritis among children:
recommendations of the Advisory Committee on Immuniza-
tion Practices. MMWR 1999 March 19, 48 (No. RR-2)

American Academy of Pediatrics Committee on Infectious Dis-
eases. Recommendations for the use of live attenuated varicel-
la vaccine. Pediatrics 1995; 95: 791-6

Chen RT, Glasser JW, Rhodes PH, et al. The vaccine safety
datalink project: a new tool for improving vaccine safety
monitoring in the United States. Pediatrics 1997; 99: 765-73

Correspondence and offprints: Dr John Iskander, Office of
the Chief Science Officer, Centers for Disease Control and
Prevention, 1600 Clifton Rd MS E-61, Atlanta, GA 30333,
USA.

E-mail: jxi0@cdc.gov

Drug Safety 2006; 29 (5)



	Abstract 375
	1. The US Vaccine Adverse Event Reporting System (VAERS) 375
	2. Current Context of Vaccine-Safety Activities 376
	3. Increasing Complexity of the VAERS Database 376
	4. Data Mining: Background 377
	5. Objectives of Advanced Signal Detection 379
	6. Specific Examples from VAERS Experience 379
	6.1 Identification of Unknown (Previously Undetected) Signals 379
	6.2 Provision of Supplemental Evidence 379
	6.3 Ascertainment of Possible Syndromes 380

	7. Limitations and Criticisms of Advanced Signal Detection Methods 380
	8. Future Directions for Data Mining in VAERS 381
	9. Conclusions 382
	Acknowledgements 382
	References 382
	Correspondence 384
	Email 384

