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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
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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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
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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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Table. Clinical evaluation of selected AEFIs

Diagnosis/AEFI Possible causes temporally related to AEFI other than immunization Clinical evaluation to consider

Guillain-Barr�e
syndrome14,15,39,51

Viral: CMV,* EBV,* influenza A and B, varicella, HIV, HSV, adenovirus, parainfluenza, WNV CSF, NP, serum, stool studies for listed viral and
bacterial organisms of suspicion

Other infectious causes: Campylobacter jejuni,* Mycoplasma,* Haemophilus influenzae,
Borrelia

Consider saving pretreatment serum for acute and
convalescent titer evaluation as IVIG or
plasmapharesis is frequently used for treatment.

Other: Surgery, head trauma

Transverse myelitis52,53 Viral: Enterovirus (coxsackievirus A and B, poliovirus), hepatitis A and C, CMV, VZV, EBV,
influenza, MMR

CSF, NPS, serum, stool studies for listed viral,
bacterial, and parasitic organisms of suspicion

Other infectious causes: Campylobacter, Mycoplasma, Brucella melitensis, Enterobius,
Schistosoma

Evaluation for systemic autoimmune disorders

Other diagnoses to consider: Systemic autoimmune disorders (MS exacerbation, SLE,
systemic sclerosis, mixed connective tissue disorder)

ADEM31,54,55 Viral: MMR, VZV, EBV, CMV, HSV, hepatitis A and B, coxsackievirus, influenza A or B, HIV,
HTLV-1, HHV6, vaccinia, human coronavirus

CSF, NPS, serum, stool studies for listed viral and
bacterial organisms of suspicion

Bacterial:Mycoplasma, Borrelia, Campylobactor, Leptospira, Chlamydia, Legionella, group
A Streptococcus, Rickettsia

Consider saving pretreatment serum for acute and
convalescent titer evaluation as IVIG or
plasmapharesis is often used for treatment.

Other: Paraneoplastic disorder, organ transplantation Evaluation for systemic autoimmune disorders
Other diagnoses to consider: Systemic autoimmune disorders

Encephalitis56 Viral: HSV, VZV, CMV, EBV, HHV6, La Crosse, Toscana, EEE, WEE, VEE, Chikungunya, JE, St.
Louis, WNV, tick-borne encephalitis, Powassan/deer tick, Dengue, Reoviridae, Colorado
tick fever, Picornaviridae, echovirus, coxsackievirus, poliovirus, enterovirus, HIV,
Papovaviridae, JCV, BKv, influenza A and B, measles, mumps, Nipah, adenovirus, LCM,
rabies, parvovirus B19

CSF, NPS, serum, stool studies for listed viral,
bacterial, and parasitic organisms of suspicion.

Other infectious causes: B. burgdorferi, B. henselae, Rickettsia/Ehrlichia/Anaplasma spp,
M. pneumoniae, Toxoplasma gondii, Plasmodium spp, B. procyonis, Angiostrongylus/
Gnathostoma spp, N. fowleri, Acanthamoeba spp, B. mandrillaris, Ameba,
cysticercosis, fungi, meningitis, brain abscess, parameningeal abscess

Evaluation for acute and convalescent titers for
infectious agents

Other: Venous sinus thrombosis, autoimmune, Reye syndrome, ADEM, acute necrotizing
encephalopathy, neoplasm, paraneoplastic disease, cerebrovascular, ischemic stroke,
subdural/epidural hematoma, vasculitis, systemic conditions, metabolic conditions,
connective tissue disorders, drug intoxication, epilepsy, head injury, confusion migraine

Evaluation for systemic autoimmune disorders,
cerebrovascular disease, paraneoplastic disorder,
or neoplasm

Aseptic meningitis57 Viral: Enteroviruses,* SLE, JE, WNV, Murry Valley, La Crosse, Jamestown Canyon,
Snowshoe hare, HSV 1 and 2, VZV, EBV, CMV, HHV6, Colorado tick fever, mumps, LCM,
measles, HIV, adenovirus, parainfluenza, influenza A and B, rotavirus,
encephalomyocarditis, parvovirus B19

CSF, NPS, serum, stool studies for listed viral and
bacterial agents

Other: Toxins, C. pneumoniae Serologic evaluation of acute and convalescent titers
of infection

Afebrile seizure58-61 Epilepsy, severe childhood epilepsies syndromes (Dravet, West, Doose, Lennox-Gastaut),
cerebral dysgenesis

MRI (superior to CT unless need for urgent clinical
management)

Afebrile seizure associated with infection (rotavirus gastroenteritis) EEG
Neoplasm, trauma, nonaccidental trauma Genetic analysis

Rotavirus serology

Cerebellar ataxia61-63 Viral: VZV,*WNV, rubella, poliovirus type I, influenza A and B, mumps, EBV, parvovirus B19,
hepatitis A, echovirus type 9, coxsackievirus type B

CSF analysis for listed agents

Other infectious agents: Bacterial abscess, Mycoplasma, malaria, Legionella,
meningococcal meningitis, typhoid

Serologic evaluation of acute and convalescent titers
of suspected agents

Other causes: Toxin (alcohol, insecticides, barbiturates, thallium, benzodiazepines, heavy
metals, solvents), cerebrovascular (hemorrhage, thrombosis), multiple sclerosis,
trauma, neoplasm, paraneoplastic syndrome, hereditary ataxia (Friedrich, ataxia
telangiectasia, congenital cerebellar ataxia, Wilson disease, episodic ataxia,
spinocerebellar ataxia, other inherited ataxias), cerebral palsy, heat stroke, metabolic
disorders (mitochondrial, Hartnup disease, intermittent forms of maple syrup urine
disease), hyponatremia, other autoimmune disorders (SLE)

Urine analysis for toxins

MRI, CT
Genetic analysis
Evaluation for systemic autoimmune disorders

Optic neuritis64-67 Viral: Measles, mumps, VZV, HHV6 CSF, NPS, serum studies for listed agents
Other: Borrelia, Bartonella, Treponema pallidum Serologic evaluation of acute and convalescent titers

of infectious agents
Other diagnoses to consider: Often the first presentation of multiple sclerosis,

neuromyelitis optica, SLE, sarcoidosis, Sj€ogren syndrome
MRI for accurate diagnosis, extent of lesions

Evaluation for systemic autoimmune disorders

BKv, BK virus; CMV, cytomegalovirus; CSF, cerebrospinal fluid; CT, computed tomography; EBV, Epstein-Barr virus; EEE, Eastern equine encephalitis; EEG, electroencephalography; HHV6, human
herpes virus 6; HTLV-1, human lymphotropic virus-1; HSV, herpes simplex virus; IVIG, intravenous immunoglobulin; JCV, Jamestown Canyon virus; JE, Japanese encephalitis; LCM, lymphocytic
choriomeningitis; MRI, magnetic resonance imaging; MS, multiple sclerosis; NPS, nasopharyngeal swab; SLE, systemic lupus erythematosus; VEE, Venezuelan equine encephalitis; VZV, varicella
zoster virus, WEE, Western equine encephalitis; WNV, West Nile virus.
*Most commonly reported associations supported by biological evidence.

THE JOURNAL OF PEDIATRICS � www.jpeds.com Vol. 162, No. 6

1278 Williams et al



Figure. Use of the causality algorithm22 for assessing causal relationship of 2 clinical examples of AEFIs. Example 1: The
algorithm is applied for a case of varicella rash after varicella vaccine if vaccine strain virus is identified using advancedmolecular
techniques (blue squares). Example 2: The algorithm is applied for a case of ADEM after 2009 monovalent H1N1 vaccine if
concurrent parainfluenza infection is identified in the patient (red circles). Note: The causality algorithm includes a different order
of “steps”; however, the information obtained through comprehensive assessment can be inserted into the algorithm regardless
of the order in which it was obtained.
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cerebrospinal fluid; (2) nasopharyngeal swab; (3) serum; and
(4) stool samples (Table). ADEM may be managed with
intravenous immunoglobulin; thus, it is important to
obtain and save sera for later testing before intravenous
immunoglobulin administration because this treatment will
alter the patient’s serologic status.31 An evaluation for
systemic autoimmune disorders may also be appropriate.
This thorough evaluation allows for the most informed
causality assessment (step 5; Figure). CISA reviewed 8 cases
of ADEM reported to VAERS after receipt of the 2009
H1N1 vaccine; of these, 2 patients were found to have
concurrent parainfluenza virus infection.7

Discussion

For some AEFIs, evidence exists supporting a causal relation-
ship with one or more vaccines based on biological plausibil-
ity, epidemiologic, mechanistic, or pathologic factors.
Examples include extensive limb swelling after diphtheria,
tetanus and acellular pertussis vaccine,32 large local reactions
after several vaccines,33-35 sterile abscesses after vaccines con-
taining alum,36 febrile seizures occurring after measles-
containing vaccines,13,37 and anaphylaxis or other immediate
hypersensitivity reactions after gelatin-containing vac-
Comprehensive Assessment of Serious Adverse Events Followin
cines.12,38-41 These relationships have been reviewed exten-
sively in prior publications and the CISA network has
developed guidelines to evaluate andmanage hypersensitivity
reactions occurring after immunizations.42

The rare occurrences of serious or life-threatening AEFIs
are of greatest concern for patients, providers, and public
health stakeholders, and their evaluation poses a challenge.
For the majority of serious AEFIs, the evidence has either
been contradictory or inconclusive as to whether a causal re-
lationship exists between the AEFI and specific vaccines. The
Institute of Medicine recently reviewed 158 specific AEFIs
temporally associated with 1 of 8 vaccines38 according to
a strict causal methodology that evaluated both mechanistic
and epidemiologic evidence. “Mechanistic evidence” was
clinical or biological evidence that a vaccine could cause
the specific event, and “epidemiologic evidence” was assessed
according to the precision of results and methodologic
limitations of peer-reviewed epidemiologic studies.38 The
committee found that there was inadequate evidence to de-
termine whether a causal link exists for the majority (135)
of AEFIs, concluding that the current “evidence is inadequate
to accept or reject a causal relationship.” Systematic reviews
of AEFIs by CISA with comprehensive evaluations may pro-
vide additional data to assist in these causal determinations
g Immunization by Health Care Providers 1279
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when reassessed in the future.43 With so much uncertainty
regarding causal associations of serious AEFIs, health care
providers can play an essential role in enhancing our vaccine
safety knowledge by fully evaluating for all likely cauess at the
time these events are diagnosed.

Because immunizations have been so effective at greatly re-
ducing vaccine preventable diseases, vaccine adverse effects
have become more evident than the consequences of the
diseases that vaccines prevent. When AEFIs are not thor-
oughly evaluated for causal association, affected patients
may believe the vaccine is the only potential culprit. Such
unsubstantiated beliefs may ultimately result in public dis-
trust of vaccines and reduced vaccine uptake.

Because serious AEFIs occur very infrequently, interna-
tional collaboration may be helpful to assess the risk of an
AEFI after a particular vaccination. Other countries have sys-
tems in place to address provider questions related to vaccine
safety, such as the Green Channel in Italy44 and InfoVac in
Switzerland.45 Global collaborations can also provide larger
sample sizes to better assess AEFI risk through epidemiologic
studies.46

For AEFIs potentially due to either wild-type or live atten-
uated vaccine strains, advances in molecular techniques that
correctly characterize agents as wild-type or vaccine strain
should be used in consultation with subspecialists to improve
causal assessments. Advancing scientific techniques have also
led to new explanations for AEFIs. One landmark discovery
was reported by Berkovic et al, in 2006 in which investigators
used genetic analyses to identify de novo mutations in the so-
dium channel gene SCN1A in patients with alleged vaccine-
induced encephalopathy.47 By uncovering the mechanisms
for this AEFI, which prior to this recent finding was believed
by many to be causally related to vaccination, these re-
searchers made a significant contribution to the scientific un-
derstanding of this rare event. The findings were recently
replicated in 5 additional cases of alleged vaccine-induced en-
cephalopathy.48 It is possible that some individuals experi-
ence a greater immunogenic response due to vaccine
compared with the general population; understanding the
genetic rationale for such events will likely be an important
area of future research.49,50

Many AEFIs have insufficient evidence, both mechanisti-
cally and epidemiologically, to assess a causal relationship
with vaccines, and there is a great need for additional vac-
cine safety research designed to further examine hypothe-
sized associations. Most serious AEFIs are rare and are
not causally related to vaccine(s). However, when serious
AEFIs occur, it is important for health care providers to
perform comprehensive clinical assessments that include ac-
curate diagnosis, consideration of biological plausibility,
comprehensive evaluation for all potential causes, and
reporting to the VAERS. The CISA network is available to
assist providers regarding complex cases of AEFIs and has
recently developed a causality assessment algorithm for
health care providers.22 Complete evaluations will improve
clinical care by providing accurate risk information to af-
fected patients, will provide a greater understanding of
1280
the risk of these rare events, and comprise a key component
of postmarketing vaccine safety monitoring. n
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