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M
any events occurring after vaccination have been at-
tributed to vaccines, when in fact the associationwas
often due to chance.1 However, as with any medical

intervention, there are times when adverse events are caused by
immunizations.2 Distinguishing which events are causally re-
lated to vaccine, rather than coincidental events, is a challenge
for the pediatrician and amajor focus of vaccine safety science.
Consider a childwho presents with asepticmeningitis after im-
munization. Because of the temporal relationship, one may
suspect the immunizations as the cause, yet subsequent isola-
tion of enterovirus from cerebrospinal fluid implicates the en-
teroviral infection instead.3 The term adverse event following
immunization (AEFI) is defined as any untoward event that oc-
curs after immunization, regardless of causal association.4

AEFI is the preferred notation to describe such clinical events
because the term is free from implications regarding causal re-
lationship and favors an openmind about the role of immuni-
zations.AEFIs are a commonpart of routine clinical practice.5,6

The Clinical Immunization Safety Assessment (CISA) network
has reviewedmany individual cases of AEFIs7-9 and found that
when a comprehensive investigation for alternative etiologies
of the AEFI is completed, other causes for the event can often
be identified. Yet, such comprehensive evaluations are rarely
performed.8 We describe a stepwise approach to the compre-
hensive assessment of serious AEFIs by health care providers.
The main objective is to highlight the important role that
health care providers play in this effort by actively evaluating
for the most likely causes of serious events when they occur af-
ter immunization.

General Approach to Evaluating Serious AEFI

Step 1: Establish a Clear Diagnosis
Many AEFIs can be categorized using the Brighton Collabo-
ration,10 an independent global network of scientists who
have developed specific case definitions for select AEFIs to as-
sign levels of diagnostic certainty. Brighton Collaboration
case definitions are particularly useful for comparing AEFIs
across individuals, regions, and countries, and we encourage
providers to use Brighton definitions for AEFIs whenever
possible. The application of the Brighton case definition for

Guillain-Barr�e syndrome was used by CISA investigators to
classify cases of demyelinating polyneuropathy reported to
the Vaccine Adverse Event Reporting System (VAERS) after
receipt of the 2009 monovalent H1N1 influenza vaccine.7

Step 2: Consider Whether the Timing of the AEFI Is
Consistent with Prior Knowledge and Known
Biological Mechanisms
If “risk intervals” for AEFIs are known, it is important to ap-
ply these intervals in the evaluation of AEFIs. For example, if
a child experiences a febrile seizure 3 days after the receipt of
a measles, mumps, and rubella (MMR) vaccine, a parent
might consider the immunization to be the cause of the sei-
zure. However, peak vaccine virus replication occurs 1-2
weeks after vaccination,11,12 and the period of elevated risk
for fever and febrile seizures after an MMR vaccine is usually
7-10 days (range 5-12 days)13 after immunization. Thus, it is
improbable that a febrile seizure occurring 3 days after im-
munization was caused by an MMR vaccine.
However, for many serious AEFIs, the period of increased

risk after immunization is unclear. In these cases, we encour-
age providers to carefully document the time course of the
AEFI in relation to the vaccination. The natural history of
this adverse event should also be reported to VAERS so
that this information can be compiled and lead to a better un-
derstanding of the risk interval for similar events in the fu-
ture. The temporal relationship is also useful to CISA
investigators if the event is evaluated in this format.

Step 3: Conduct a Thorough Assessment for All
Potential Nonvaccine Causes of the AEFI and Seek
Evidence that the Vaccine May Be Causally Related
to the Event
This step is critical in determining the relationship of the
AEFI to the immunization and needs to be completed at

From the 1Vanderbilt Vaccine Research Program, Vanderbilt University Medical
Center, Nashville, TN; 2Kaiser Permanente Vaccine Study Center, Oakland, CA;
3Division of Pediatric Infectious Diseases, Columbia University, New York City, NY;
4Department of International Health, Disease Prevention and Control Program,
Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD;
5Division of Pediatric Infectious Diseases, Stanford University School of Medicine,
Stanford, CA; 6Immunization Safety Office, Division of Healthcare Quality and
Promotion, National Center for Emerging and Zoonotic Infectious Diseases, Office of
Infectious Diseases, Centers for Disease Control and Prevention, Atlanta, GA;
7Boston Medical Center, Boston, MA; and 8Immunology Research and
Development, CSL Behring LLC, King of Prussia, PA

Financial support and conflict of interest information is available at www.jpeds.com
(Appendix).

0022-3476/$ - see front matter. Copyright ª 2013 Mosby Inc.

All rights reserved. http://dx.doi.org/10.1016/j.jpeds.2013.01.028

ADEM Acute disseminated encephalomyelitis

AEFI Adverse event following immunization

CISA Clinical Immunization Safety Assessment

MMR Measles, mumps, and rubella

VAERS Vaccine Adverse Event Reporting System
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the time of the AEFI by the pediatrician or health care pro-
vider. Comprehensive etiologic evaluations often are not per-
formed for a variety of reasons, including: (1) the perception
that defining the cause may not affect patient management;
(2) excessive costs are associated with such evaluations; (3)
provider belief that the vaccine was the likely cause; or (4)
the provider was not aware of how to conduct such an eval-
uation. CISA reviewed serious neurologic adverse events re-
ported to VAERS after the pandemic H1N1 influenza
vaccine7 and found that when etiologic investigations were
conducted, alternate (more likely) causes of the AEFI were of-
ten identified (eg, the occurrence of Campylobacter, Myco-
plasma, or cytomegalovirus infections before Guillain-Barr�e
syndrome).14,15 Although identification of an infectious
agent at the time of the event cannot completely rule out
any possibility that the vaccine was related to the event, this
finding lessens the likelihood of a causal association with vac-
cine.

It is vitally important to uncover other potential and more
likely causes for serious AEFIs for 2 reasons: (1) the investiga-
tion ensures that providers and patients have complete clinical
information on which to make informed decisions regarding
current management and future immunizations; and (2) such
assessments will enhance our collective knowledge of the true
risk of an event after receipt of specific vaccines, thus helping
to clarify whether these AEFIs are likely “causal” or “coinci-
dental.” The Table provides a list of many serious AEFIs,
a list of potential causes for these disorders, and proposed
comprehensive diagnostic evaluations.

Step 4: Providers Are Encouraged to Report Any
Clinically Significant or Unexpected AEFIs to the
VAERS
Several events are reportable by law (http://vaers.hhs.gov/
resources/VAERS_Table_of_Reportable_Events_Following_
Vaccination.pdf). VAERS16 is the spontaneous reporting
system for AEFIs in the United States. Although VAERS
has limitations inherent to any passive surveillance system,17

reports to VAERS have generated hypotheses that can be
tested using population-based databases such as the Vaccine
Safety Datalink.18 For example, in 1998, a cluster of VAERS
reports noting intussusception in infants after receipt of the
tetravalent rhesus-based rotavirus vaccine19-21 led to further
studies, resulting in the pharmaceutical company ultimately
removing the vaccine from the market.

Step 5: Assess the Causal Association of the AEFI
with the Vaccine(s) Using All Clinical Information
Collected as Discussed Earlier
Even with complete clinical information, if the provider is
concerned the AEFI is causally associated with vaccination,
the assessment can be challenging and may require consulta-
tion with subspecialists or experts in vaccine safety, such as
the CISA network. One primary purpose of CISA is to review
clinically complex AEFIs. CISA investigators review all data re-
lated to the AEFI, discuss the case with subspecialty experts
and ideally the requesting provider, and answer specific ques-

tions, typically related to causality and future immunizations.
Providers can contact the CISA network through the CISA
website (http://www.cdc.gov/vaccinesafety/Activities/CISA.
html). CISA has also developed a causality assessment tool
for use by health care providers22 that guides providers
through an algorithm for causality determination. Because in-
formation regardingdiagnosis, timing, and evaluationof other
known causes is intrinsic to the algorithm, it is necessary to
complete steps 1 through 3 to assess causality using this tool.

Comprehensive Evaluations of Case Studies
of AEFIs

To illustrate the complexities involved with comprehensive
AEFI assessments, 2 examples of clinical cases of AEFIs are
discussed. The CISA causality algorithm is applied for the 2
examples in the Figure.

Varicella
A 1-year-old child presents with a vesicular eruption after re-
ceipt of the varicella vaccine. The first step is to accurately
characterize the lesions and clinical presentation as consistent
with varicella. Step 2 is to consider whether the lesions and
symptoms occurred during a plausible risk interval after vac-
cination. The reported risk interval for varicella rash after the
varicella vaccine is 5-42 days,23 and the usual incubation pe-
riod after wild-type varicella infection is typically 14-16
days.24 To establish the actual cause of the rash (ie, vaccine
vs wild-type varicella) with the greatest level of certainty
(step 3), a provider should: (1) obtain biological samples to
confirm the presence of varicella; and (2) use molecular
methods to determine whether it is wild-type or vaccine
strain.25 A consultation with an infectious disease specialist
would likely facilitate the logistics of this evaluation. Confir-
mation of cause (ie, wild-type or vaccine strain varicella vi-
rus) results in a clear causality assessment (step 5; Figure).
If the rash were disseminated and associated with the vac-

cine strain, further investigation would be necessary, because
disseminated vaccine-type infections usually occur in the set-
ting of immunodeficiency.26-29

Acute Disseminated Encephalomyelitis
Consider a 5-year-old child who develops symptoms of al-
tered mental status and gross motor abnormalities 3 weeks
after receiving routine immunizations. The evaluation starts
with establishing the diagnosis of acute disseminated enceph-
alomyelitis (ADEM) (step 1) with appropriate neurologic ex-
aminations and magnetic resonance imaging. The Brighton
Collaboration has developed an ADEM case definition to
help determine the level of diagnostic certainty.10 Step 2 re-
quires the provider to consider carefully whether the symp-
toms began during an evidence-supported postvaccination
risk interval. CISA has recently proposed a risk interval of
2-48 days for ADEM.30 Step 3 is the comprehensive labora-
tory evaluation for other possible causes for the event or ev-
idence of vaccine association. Identification of suspected viral
and bacterial organisms would require the collection of: (1)
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