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Understanding the Role of Human Variation in
Vaccine Adverse Events: The Clinical Immunization
Safety Assessment Network

abstract
The Clinical Immunization Safety Assessment (CISA) Network is a col-
laboration between the Centers for Disease Control and Prevention
(CDC) and 6 academic medical centers to provide support for immuni-
zation safety assessment and research. The CISA Network was estab-
lished by the CDC in 2001 with 4 primary goals: (1) develop research
protocols for clinical evaluation, diagnosis, and management of ad-
verse events following immunization (AEFI); (2) improve the under-
standing of AEFI at the individual level, including determining possible
genetic and other risk factors for predisposed people and subpopula-
tions at high risk; (3) develop evidence-based algorithms for vaccina-
tion of people at risk of serious AEFI; and (4) serve as subject-matter
experts for clinical vaccine-safety inquiries. CISA Network investigators
bring in-depth clinical, pathophysiologic, and epidemiologic expertise
to assessing causal relationships between vaccines and adverse
events and to understanding the pathogenesis of AEFI. CISA Network
researchers conduct expert reviews of clinically significant adverse
events and determine the validity of the recorded diagnoses on the
basis of clinical and laboratory criteria. They also conduct special
studies to investigate the possible pathogenesis of adverse events,
assess relationships between vaccines and adverse events, and main-
tain a centralized repository for clinical specimens. The CISA Network
provides specific clinical guidance to both health care providers who
administer vaccines and those who evaluate and treat patients with
possible AEFI. The CISA Network plays an important role in providing
critical immunization-safety data and expertise to inform vaccine
policy-makers. The CISA Network serves as a unique resource for
vaccine-safety monitoring efforts conducted at the CDC. Pediatrics
2011;127:S65–S73
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Successful implementation of wide-
spread immunization programs in the
United States has resulted in a dra-
matic decline in the incidence of life-
threatening vaccine-preventable dis-
eases. However, at the same time, rare
adverse events following immuniza-
tion (AEFI) have received increased at-
tention from parents, health care pro-
viders, and the news media. Clinically
significant AEFI are so uncommon
that it is difficult for health care pro-
fessionals to provide standardized
evaluation, diagnosis, and manage-
ment for an individual patient’s AEFI.
The Clinical Immunization Safety As-
sessment (CISA) Network was con-
ceived in response to the need for
vaccine-safety risk assessment to
investigate the role of individual
variability and host risk factors in
the occurrence of an AEFI as well as
for clinical guidance on complex
vaccine-safety questions from health
care providers and the public.

The Centers for Disease Control and
Prevention (CDC) created the CISA Net-
work in 2001 to improve the scientific
understanding of vaccine safety at the
individual “patient” level. A network
comprising clinical academic centers
in partnershipwith the CDC serves as a
source of clinical expertise in evaluat-
ing and treating AEFI and conducting
clinical research on immunization-
associated health risks.

The primary goals of the CISA Network
include (1) developing research proto-
cols for clinical evaluation, diagnosis,
and management of AEFI, (2) improv-
ing the understanding of AEFI at the in-
dividual level, including determining
possible genetic and other risk factors
for predisposed people and subpopu-
lations at high risk, (3) developing
evidence-based algorithms for vacci-
nation of people at risk of serious AEFI,
and (4) serving as subject-matter ex-
perts for clinical vaccine-safety inqui-
ries (see Table 1).

The CISA Network advises clinicians
on the evaluation, diagnosis, and man-
agement of AEFI. The network conducts
research through establishment of
working groups for clinical consulta-
tions; for study of specific adverse
events using institutional review
board–approved, standardized proto-
cols; and for evaluation of overarching
immunization-safety issues such as hy-
persensitivity and causality. These
data will be used to improve the scien-
tific understanding of AEFI and develop
protocols or algorithms for health
care professionals that will assist in
evaluation, diagnosis, and manage-
ment of patients.

The CISA Network actively collaborates
with the Vaccine Adverse Events Re-
porting System (VAERS) and Vaccine
Safety Datalink (VSD) within the Immu-
nization Safety Office (ISO) at the CDC.1

Simply put, the VAERS identifies signals
of potential AEFI, the VSD investigates
the epidemiologic and statistical sig-

nificance of those signals, and the CISA
Network conducts clinical research
studies to evaluate these adverse
events, including their pathogenesis
and possible causal relationships with
vaccine, and provides advice and algo-
rithms regarding management and
administration of subsequent doses of
vaccine.

The Vaccine Healthcare Centers (VHC)
Network, established initially as a col-
laborative program between the De-
partment of Defense and the CDC, is a
comparable entity within the military
health system to the CISA Network in
the civilian sector and has been de-
scribed in a Government Accountabil-
ity Office report (www.gao.gov/new.
items/d07787r.pdf). The VHC was
developed to support improved evalu-
ation, treatment, and reporting of AEFI
in service personnel.

In this report we review the accom-
plishments of the CISA Network to date
in understanding the role of human
variation in vaccine adverse events.

METHODS

Academic Centers

The clinical academic centers include
Johns Hopkins University Bloomberg
School of Public Health (Baltimore,
MD), University of Maryland (Balti-
more, MD) (2001–2005), Northern
California Kaiser Permanente, Kaiser
Permanente Vaccine Study Center
(Oakland, CA), Stanford University
School of Medicine (Palo Alto, CA),
Vanderbilt University Medical Center
(Nashville, TN), Boston University Med-
ical Center (Boston, MA), and Columbia
University (New York, NY).

Working-Group Model

The CISA Network is structured
around a series of working groups
for specific immunization-safety top-
ics (outlined in Table 2). Current CISA
working groups address general
immunization-safety issues (eg, clini-

TABLE 1 CISA Network Initiative

Mission
Design and conduct research of immunization-
associated adverse events and individual
variation
Supply providers and the public with evidence-
based algorithms when considering
vaccination of those at risk for AEFI

Goals
Study the pathophysiologic basis of AEFI by
using hypothesis-driven protocols
Study risk factors associated with developing
an AEFI by using hypothesis-driven protocols
including genetic host risk factors
Provide clinicians with evidence-based
algorithms when evaluating AEFI
Provide clinicians with evidence-based
vaccination or revaccination algorithms

Objectives
Develop clinical protocols for the evaluation
and management of AEFI
Evaluate patients with similar AEFI by using a
standard protocol and assess genetic or
other risk factors that may predispose
groups at high risk to specific AEFI
Provide immunization algorithms and clinical
management protocol for patients at high
risk
Serve as subject-matter experts for clinical
vaccine-safety inquiries
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cal case consult review, hypersensitiv-
ity, causality assessment) or specific
CISA immunization-safety studies (eg,
Guillain-Barré syndrome, childrenwith
metabolic and mitochondrial disor-
ders, rotavirus vaccines, DiGeorge syn-
drome). The membership of the work-
ing groups varies according to the
investigators’ particular areas of in-
terest and expertise, and not all
sites are members of all working
groups. However, all the sites of co-
investigators listed in a specific CISA
study protocol are automatically rep-
resented on the associated working
group.

Each working group convenes monthly
conference calls, during which a com-
plex vaccine-safety question/concern/
issue is addressed in a structured for-
mat. For example, on the monthly
Clinical Case Consult Review and Hy-
persensitivity working-group calls, an
investigator presents a case, which in-
cludes the history of present illness
(the AEFI) and detailed physical and di-
agnostic (laboratory and other) find-
ings. A literature review on this subject
and a summary of the VAERS data are
also presented. The experts discuss
the findings and formulate a general
assessment and plan. When appropri-
ate, these conclusions are shared with
the concerned provider, and the pro-

vider frequently participates in the
call. Vaccine-safety questions come
from a variety of sources including the
CDC information hotline (1-800-CDC-
INFO), e-mail, and calls to the ISO and
individual CISA sites. Although the CISA
Network cannot address all vaccine-
safety concerns, it makes every effort
to provide support for these important
questions.

The mechanism for a CISA Network
consultation is outlined in Fig 1. Cases
can be referred either directly to indi-
vidual CISA investigators or indirectly
through referrals from the CDC. CISA
Network personnel contact the refer-
ring physician, obtain informed con-
sent from the vaccine recipient or
parent, collect relevant clinical and
laboratory data, and see the person in
consultation, if needed, at one of the
CISA Network centers. Cases are then
presented to the Clinical Case Consult
Review Working Group or other rele-
vant working groups. The working-
group conference calls are composed
of CISA Network investigators, sub-
specialists in allergy and immunol-
ogy and neurology affiliated with
CISA Network agencies/institutions,
and outside experts if needed. Issues
such as whether the event was caus-
ally related to the immunization, the
medical management of the event,
and the advisability of revaccination

are discussed, and recommenda-
tions are made. Information is trans-
mitted to the requesting physician or
health care provider in a written
communication.

Special Studies

The CISA Network has developed an
infrastructure for proposing, evalu-
ating, and initiating multicentered
immunization-safety projects. Propos-
als are considered from both within
and outside of the funded CISA Net-
work centers. A concept sheet is sub-
mitted, internal and external expert re-
viewers are chosen, and the initial
proposal is presented, discussed, and
accepted or rejected by amajority vote
of the CISA Network investigators. Ac-
cepted proposals are more fully devel-
oped and then resubmitted for final
approval. It is typical for several CISA
Network centers to participate in ap-
proved protocols. All of the centers
have developed local and regional net-
works of collaborating health care
providers who can refer patients to
the local CISA Network center for eval-
uation or participation in an ongoing
study. Subjects with conditions that
are under investigation can be re-
ferred to a CISA Network center to dis-
cuss participation in an ongoing study.
Other referred patients have condi-
tions that may be vaccine related but

AEFI occurs Reported to VAERS?

If yes: 
contact CISA 
working group

Clinical consult
case review 

Recommendations 
to reporter

Seek enrollment and specimen collection
into CISA Vaccine SafetyBiobank for possible future study

If no: report 
to VAERS

Referred 
to CISA

Protocol-specific working group 
for potential enrollment into ongoing studies

FIGURE 1
CISA Network consultation process.

TABLE 2 CISA Network Working Groups

Administrative
Bell’s Palsy
Causality
Clinical Case Consult Review
Diphtheria Tetanus Acellular Pertussis Vaccine
Hypersensitivity
Measles Mumps Rubella Encephalitis/
Encephalopathy
Nurse/Coordinator
Immunization Safety BioBank
Smallpox–Myocarditis
VAERS Case Review
DiGeorge Syndrome
Children With Metabolic/Mitochondrial Disorders
Autoimmunity and Autoimmune Diseases
Guillain-Barré Syndrome
Rotavirus
Yellow Fever
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for which there is no relevant ongoing
study. All CISA Network centers have an
institutional review board–approved
protocol for maintaining a deidentified
electronic vaccine consult registry and
central specimen repository to allow
for collection of clinical data and rele-
vant biological specimens from sub-
jects with AEFI. These data and sam-
ples will be available for future
investigations, whichwill use newer di-
agnostic methods (see below).

Collaborations

Regular CISA Network collaborators in-
clude the VHC Network, Health Services
Resource Administration, the US Food
and Drug Administration, the National
Vaccine Program Office, and the Na-
tional Institutes of Health. These col-
laborations have been a valuable
source of additional expertise to allow
the CISA Network to better study
emerging risks.

RESULTS

CISA Working Groups

Clinical Case Consult Review

The primary goal of this working group
is to provide expert consultation for
physicians caring for people who have
had an adverse event that was tempo-
rally associated with immunization.
More than 100 cases were evaluated in
the first 3 years of the project (2004–
2006). The main reasons for referral
included causality assessment, man-
agement of the adverse event, and
questions about revaccination. The re-
sults of these CISA Network clinical
case consults have been useful in
building a collective knowledge base
about adverse events potentially asso-
ciated with vaccination.

Hypersensitivity

The Hypersensitivity Working Group re-
views clinical cases to evaluate the
strength of the causal relationship be-
tween the hypersensitivity reaction

and vaccination, the need for intrader-
mal skin testing, and the advisability of
revaccination. To date, �50 patients
have been evaluated, and some of their
cases have also been reviewed by the
Clinical Case Consult Review Working
Group (see above).

The Hypersensitivity Working Group
developed standardized algorithms
for evaluating and managing persons
who have suspect or definite immedi-
ate hypersensitivity reactions such as
urticaria, angioedema, and anaphy-
laxis after vaccines.2 This review pre-
sented background information on
vaccine hypersensitivity and incorpo-
rated a detailed algorithm that pro-
vided a rational and organized ap-
proach for the evaluation and
management of patients with sus-
pected vaccine reactions. The Hyper-
sensitivity Working Group is currently
working on developing similar stan-
dardized algorithms for evaluating
and managing persons suspected to
have experienced a delayed hypersen-
sitivity reaction.

The development of these algorithms
indicated the need to assess the ap-
propriate dilution of vaccines to be
used for intradermal (intracutaneous)
skin testing, if such testing is indi-
cated. A clinical trial was conducted
and revealed that prick (puncture)
skin testing with full-strength vaccine
is unlikely to be complicated by irritant
effects and that irritant effects are un-
common when a 1:100 dilution is used
by the intradermal route but that
undiluted intradermal testing can re-
sult in irritant effects that result in
false-positive test results for some
vaccines.3

Causality

CISA Network investigators have pub-
lished a summary of the scientific
method for review of causal associa-
tions between vaccines and adverse
events and provided critical reviews of

the assessment of adverse events af-
ter anthrax vaccine.4,5 The Causality As-
sessment Working Group has devel-
oped an algorithm to assist with the
standardized and transparent evalua-
tion of potential causal relationships
between an adverse event and a pre-
ceding immunization. The Causality As-
sessment Working Group has devel-
oped an algorithm to assist with the
standardized and transparent evalua-
tion of potential causal relationships
between an adverse event and a pre-
ceding immunization. An algorithm
with illustrative cases is in prepara-
tion for publication.

Ongoing and completed projects of
the CISA Network are listed in Table
3. The following describes selected
examples.

Examples of CISA Studies

Active Telephone Surveillance to
Evaluate Adverse Events Among
Civilian Smallpox Vaccine Recipients
To characterize and actively moni-

tor adverse events after Dryvax (Wyeth
Laboratories, Marietta, PA) vaccinia
vaccination in civilian health care
workers and first responders, 825 re-
cipients of Dryvax vaccine were inter-
viewed by telephone. Although 12.5%
reportedmissing work because of vac-
cine adverse events, most adverse
events were anticipated and of short
duration.6 This approach was used as
a model for active surveillance of
adverse events during the influenza
A (H1N1) 2009 monovalent vaccine
campaign.

Adverse Events Reported After
Trivalent Inactivated Influenza
Vaccine in Children Aged 6 to 23
Months
In October 2003, the Advisory Com-

mittee on Immunization Practices rec-
ommended universal influenza vacci-
nation for children aged 6 to 23
months. In collaboration with the Food
and Drug Administration, Vanderbilt
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University, and the University of Mary-
land, the CISA Network evaluated the
safety of the expanded influenza vac-
cine recommendations.7 One-hundred
and four serious AEFI were identified in
the VAERS database after trivalent in-
activated influenza vaccine (TIV); 60%
of the reports occurred after TIV ad-
ministration with other vaccines. The 2
most common serious AEFI were fever
(n� 52) and seizure (n� 35). No new
or unexpected safety concerns were
identified with expanded TIV use.

Transverse Myelitis and Vaccines
Working with a team of neurolo-

gists, CISA Network investigators de-
veloped a standardized algorithm for

identification and assessment of pos-
sible causes of acute transverse my-
elopathy. An ongoing study will deter-
mine if there is an association between
vaccines and idiopathic transverse
myelitis and will compare the clinical
characteristics of idiopathic trans-
verse myelitis with onset in the 6-week
period after vaccines with transverse
myelitis not temporally associated
with vaccines.8

Role of Genetics in the Immune
Response to the Varicella Vaccine
This assessment of immune re-

sponses to varicella vaccine within sib-
ling pairs was conducted by CISA Net-
work investigators. The evaluation

revealed that post–varicella immuni-
zation antibody titers within sibling
pairs clustered more often than in
nonsibling pairs, which supports the
hypothesis that genetic factors play a
role in the antibody response to the
varicella vaccine.9

Recurrent Sterile Abscesses After
Immunization
This study examined 3 children with

recurrent sterile abscesses after immu-
nization and proposed a role of alumi-
numadjuvant in thedevelopment of ster-
ile abscesses after immunization.10

Collaborations

CISA Network investigators have par-
ticipated in the development of Brigh-
ton Collaboration’s case definitions
for encephalopathy,11 nodules at the
injection site,12 generalized convulsive
seizures,13 and smallpox vaccine–
associated adverse events.14–18 The
Johns Hopkins CISA site participated in
the comparison of 6 Brighton case def-
initions of AEFI with expert clinicians.
This site recruited and supervised the
clinical specialists and subspecialists
in pediatrics, neurology, and gastroen-
terology who reviewed several hun-
dred VAERS reports as part of the
validation process.19 CISA Network in-
vestigators have played a key role in
coordinating the assessment of the va-
lidity of Brighton case definitions for
intussusception, seizures, and hypo-
tensive hyporesponsive episodes.

Although use of smallpox vaccine in
the civilian sector was limited, as of
January 2008, �2 million US Depart-
ment of Defense personnel have been
vaccinated (personal communication,
Military Vaccine Agency and Immuniza-
tion Registry, updated January, 2011).
A partnership was established be-
tween the CISA Network, the VHC Net-
work, and the University of Washington
to develop and implement a study to
explore the possibility of a genetic pre-
disposition to developing myopericar-

TABLE 3 CISA Network Key Accomplishments and Ongoing Projects

Ongoing projects
Clinical risk assessment of new cases of GBS after immunization, including immune response and DNA
studies
Clinical risk assessment of myopericarditis after smallpox vaccination, including immune responses
and DNA studies
Retrospective Review of Safety and efficacy of live attenuated viral vaccines in patients with DiGeorge
syndrome
Ongoing registry that allows for enrollment of persons who experience an AEFI and the ability to store
specimens for future studies
Ongoing centralized immunization-safety repository of biological specimens
Ongoing 2-year fellowship in vaccine safety
Genetics of GBS: investigation of vaccine-associated and non–vaccine-associated GBS
The genomics of wheezing and variable immune response after influenza vaccination in infants
Review of immunization practices and safety among children with mitochondrial and metabolic
disorders
Acute disseminated encephalomyelitis after immunization
Encephalitis/encephalopathy and measles-mumps-rubella vaccine
Gelatin case-control study to evaluate immediate hypersensitivity after immunization Bell’s palsy after
immunizations

Key accomplishments
Developed an evidenced-based algorithm for managing individuals with vaccine hypersensitivity
reaction following vaccination2

Developed and evaluated an algorithm for assessing causality in the evaluation of AEFI5

Evaluated adverse reactions after the fifth dose of DTaP25

Assessed the role for genetics in the immune response to the varicella vaccine9

Evaluated adverse events among civilian smallpox vaccine recipients via telephone surveillance6

Evaluated cases of viscerotropic and neurotropic illness after yellow fever vaccine26

Determined via case-control study of SV40 and non-Hodgkin lymphoma that past infection with SV40 is
not associated with increased risk of developing non-Hodgkin lymphoma27

Evaluated risk factors for developing apnea after immunization in the NICU23

Studied immunogenicity and safety of vaccines administered to premature infants24

Evaluated AEFI after yellow fever vaccine via active surveillance28

Studied Vaccine Acceptance & Risk Perception22

Studied alopecia associated with hepatitis B vaccination by using a mouse model29

Evaluated immunization rates and safety among children with inborn errors of metabolism30

Evaluated hyperammonemic events are not associated with a 21-d postvaccination window in 90
children with urea cycle disorders31

GBS indicates Guillain-Barré Syndrome; IRB, institutional review board; SV40, simian virus 40; DTaP, diphtheria-tetanus-
acellular pertussis.
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ditis associated with vaccinations. In-
terim analysis of this ongoing study
identified two candidate genes. Valida-
tion studies to confirm significant ge-
netic polymorphism associations is
ongoing, completion is anticipated by
the end of 2011. Preliminary data have
shown that although�2% of influenza
vaccine recipients experiencenew-onset
chest pain after vaccination, there was
no associated evidence of other objec-
tivemarkers ofmyocarditis or pericar-
ditis in 186 subjects who underwent
prospective evaluation with serial
measurement of serial cardiac en-
zyme levels and electrocardiograms.20

CISA Network investigators have col-
laborated with the CDC’s Vaccine Ac-
ceptance and Risk Perception (VARP)
group to conduct a study to evaluate a
newly developed vaccine-information
pamphlet.21

Educational and Outreach Efforts

CISA Network investigators and their
co-investigators have lectured on
vaccine-safety issues at national and
international scientific meetings22

provided expert consultation to other
branches of government, and partici-
pated in the development of case defi-
nitions for evaluating vaccine-related
adverse events through the Brighton
Collaboration and algorithms for the
evaluation and management of these
events (see above). CISA Network in-
vestigators continue to work with re-
sponsible members of the general
press to help educate health care pro-
fessionals and the general public
about vaccine safety.

Serious health problems after vaccina-
tion are rare, althoughmillions of people
are vaccinated every year in the United
States. Why do only a small number of
people develop these AEFI? Do they have
genetically determined differences in
their immune responses to vaccination
compared with those who do not experi-
ence adverse events?

Few studies have been published on
the genetic risk factors for AEFI. The
CDC has lead responsibility for moni-
toring the safety of vaccines licensed
for use in the United States and for per-
forming research to inform safe vacci-
nation practices. The CDC is working
with partners to study the relationship
between human genetics and vaccine
safety. Identifying genetic associations
and risk of serious AEFI eventually may
allow

● screening formarkers of susceptibility;

● improved guidance for vaccination;
and

● development of safer vaccines.

The CDC’s ISO has begun a genomics
initiative to (1) develop a scientific ap-
proach to understanding the genetic
basis for vaccine adverse events and
their proper public applications, (2) in-
crease cooperation between federal
agencies, academia, and industry, (3)
perform studies to identify genes that
may be associated with an increased
risk for AEFI, and (4) identify strategies
for integrating genomics into vaccine
safety. On January 30 through 31, 2008,
the ISO held a conference, “Under-
standing the Genomic Basis of Vaccine
Safety,” that brought together repre-
sentatives of the CDC, the Food and
Drug Administration, the VHC Network,
research universities, and vaccine
manufacturers. Those who attended
the conference discussed a systematic
approach to research into the genetics
of immunization safety.

Immunization Safety BioBank
Initiative

Because many AEFI are rare, it is dif-
ficult to have a sufficient number of
cases to have the power to ade-
quately evaluate risk factors, includ-
ing genetic risk factors. Thus, the
CISA Network began a postimmuniza-
tion adverse-event clinical registry
and specimen repository (ie, the
Immunization Safety BioBank) to

“bank” sufficient biological speci-
mens and associated clinical infor-
mation in anticipation of future
studies to assess genetic and immu-
nologic host factors that may
predispose people to selected AEFI. A
steering committee is currently be-
ing formed that is composed of CDC/
ISO staff and other government offi-
cials, CISA Network investigators,
and consultants. The steering com-
mittee will refine which AEFI will be
included in the repository, review
protocols for collecting specimens
and medical histories, develop a
long-term strategy to guide access
for researchers, enhance coordina-
tion with existing assets, and advise
on an outreach program to collect
and transfer biological specimens in
persons with AEFI, including recruit-
ment from specialty clinics and from
the VAERS.

Training of Future Investigators
With Expertise in Vaccine Safety

To date, 2 CISA Network–funded,
2-year, postdoctoral vaccine-safety
trainees have completed their fellow-
ships. Both have published articles
that resulted from their CISA Network–
related fellowship investigations8,23,24

and are pursuing academic careers in
vaccine safety. A third 2-year CISA fel-
lowship was recently awarded in the
2008–2009 academic year with the
main goal of performing a self-
controlled case-series study of the pe-
diatric population within the California
Encephalitis Project to determine the
relative incidence of encephalopathy/
encephalitis that occurs after immuni-
zation with pertussis- or measles-
containing vaccines. In addition to the
formal CISA-fellowship program, the
CISA Network centers have actively in-
volved pediatric infectious diseases
fellows in CISA Network–related
projects and provide supplementary
funding for their participation with the
CISA Network. Pediatric infectious dis-
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eases fellows at 2 CISA Network cen-
ters are leading the effort to better de-
fine the shedding of the first dose of
live attenuated rotavirus vaccine in
healthy vaccine recipients and prema-
ture infants. These efforts will in-
crease the pool of high-quality investi-
gators specifically trained to conduct
future vaccine-safety research and
vaccine-related clinical consultations.

CONCLUSIONS

The CISA Network of 6 vaccine-safety
centers has accomplished much
over the first 9 years of its existence.
The infrastructure and expertise are
in place to evaluate new potential
vaccine-related adverse events and
advise clinicians and vaccine recipi-
ents on the management of known
AEFI and the advisability of revacci-
nation if appropriate. Vital collabora-
tions with other vaccine-safety pro-
grams have been initiated and will
need to be strengthened. Finally, a
new generation of vaccine-safety ex-
perts is being trained by the CISA
Vaccine Safety fellowship program
to be able to address future vaccine-
safety concerns. Current information
about the CISA Network can be found on-
line (www.cdc.gov/vaccinesafety/Activities/
CISA.html).

Vaccine-safety surveillance for many
years has used epidemiologic meth-
ods to assess causality, but these
methods cannot address rare but seri-
ous adverse events or provide the clin-
ical expertise to evaluate individual
complex causality assessments. As
demonstrated by the World Health Or-
ganization Causality Assessment Guide-
lines (www.who.int/vaccines-documents/
DocsPDF05/815.pdf), there is international
interest and concern about the issues
that may affect vaccine trust and the
credibility of safety surveillance in par-
ticular. The CISA Network represents
a credible national commitment to
tackle the many issues that are not so

easily addressed by epidemiologic da-
tabase studies and is well positioned
to respond to new questions as they
arise with the release of new vaccines
or new questions about older vaccine
combinations.

In response to a 2005 Institute of Med-
icine recommendation (www.iom.edu/
CMS/3793/21144/25184.aspx) and to
guide the ISO’s scientific direction, the
office developed a 5-year scientific re-
search agenda to guide its vaccine-
safety science in 3 areas: research;
surveillance (monitoring); and guid-
ance for health care providers. This
ISO scientific agenda was developed
with input from federal, academic, and
vaccine manufacturer scientists as
well as a group of vaccine-safety stake-
holders. The Department of Health and
Human Services conducted an exter-
nal review process, with oversight of
the National Vaccine Advisory Commit-
tee (NVAC), to provide advice on the
most important research topics on
which the ISO should focus during the
next 5 years. To better understand the
biological mechanisms of action re-
sponsible for AEFI, the NVAC recom-
mended that the CISA Network conduct
clinical research on the pathophysio-
logic basis of adverse events. There
were several identified research
needs that specifically fall under the
purview of the CISA Network: (1) study
of the molecular immune responses to
vaccinations, including common ad-
verse events such as fever or rash, as
subclinical correlates that might pre-
dict severe adverse events; and (2) the
NVAC further recommended that the
ISO create an expert advisory group on
genomics and vaccine safety to assist
with developing a focused genomics
research agenda and protocol devel-
opment. The NVAC recommended that
the ISO create a single written guide
dedicated to comprehensive clinical
guidance, including identification, re-
porting, and treatment, for AEFI. The

NVAC recommended that the ISO in-
clude the vaccination of children with
mitochondrial disease, mitochondrial
dysfunction, and other metabolic dis-
eases as a priority scientific area for
research to develop clinical guidance.
In addition, the NVAC recommended
periodic external review of the Vaccine
Safety Datalink and CISA research and
the ISO scientific agendamore broadly.
The ISO is currently preparing a re-
sponse to the NVAC recommendations.

The CISA Network findings assist do-
mestic and global vaccine-safety
policy-makers and thereby enhance
public confidence and sustain immuni-
zation benefits for all populations. The
CISA Network is uniquely suited to
study postlicensure vaccine safety in
special populations because of its ac-
cess to both the special populations
and the specialists who care for them.
In addition, people with rare and seri-
ous AEFI can be referred to the CISA
Network for collection of clinical data
and relevant biological specimens for
inclusion in the institutional review
board–approved CISA Vaccine Safety
BioBank to facilitate future, yet-to-be-
defined investigations.

ACKNOWLEDGMENTS
This work was supported by CDC con-
tract 200-2002-00732.

We extend special acknowledgment to
Robert Chen, Christine Casey, and John
Iskander (CDC), who were instrumen-
tal in the establishment of the CISA Net-
work. CISA as a network collaboration
has benefited from the contributions
of many people both currently and pre-
viously associated with the sites,
America’s Health Insurance Plans, the
CDC, the Department of Defense, the US
FoodandDrugAdministration, andother
government agencies. All of these peo-
ple, who are too numerous to mention
here, have contributed to the vision, de-
velopment, and scientific activities of the
CISA Network over the years.

SUPPLEMENT ARTICLES

PEDIATRICS Volume 127, Supplement 1, May 2011 S71
 by on April 20, 2011 www.pediatrics.orgDownloaded from 

pediatrics.aappublications.org/
http://www.pediatrics.org


REFERENCES

1. Chen RT, Glasser, JW, Rhodes PH. Vaccine
Safety Datalink project: a new tool for im-
proving vaccine safety monitoring in the
United States. Pediatrics. 1997;99(6):
765–773

2. Wood RA, Berger M, Dreskin SC, et al; Hyper-
sensitivity Working Group of the Clinical Im-
munization Safety Assessment (CISA) Net-
work. An algorithm for treatment of
patients with hypersensitivity reactions af-
ter vaccines. Pediatrics. 2008;122(3). Avail-
able at: www.pediatrics.org/cgi/content/
full/122/3/e771

3. Wood R, Setse R, Halsey N; Clinical Immuni-
zation Safety Assessment (CISA) Network
Hypersensitivity Working Group. Irritant
skin test reactions to common vaccines. J
Allergy Clin Immunol. 2007;120(2):478–481

4. Halsey N. Anthrax vaccine and causality as-
sessment from individual case reports.
Pharmacoepidemiol Drug Saf. 2002;11(3):
185–187

5. Halsey N. The science of evaluation of ad-
verse effects associated with vaccination.
Semin Pediatr Infect Dis. 2002;13(3):
205–214

6. Muralles A, Ray P, Black S, et al. Active tele-
phone surveillance to evaluate adverse
events among civilian smallpox vaccine re-
cipients. Vaccine. 2006;24(4):476–484

7. Rosenberg M, Sparks R, McMahon A, Is-
kander J, Campbell JD, Edwards KM. Seri-
ous adverse events rarely reported after
trivalent inactivated influenza vaccine (TIV)
in children 6–23 months of age. Vaccine.
2009;27(32):4278–4283

8. Qiang Y, Krishnan C, Kerr D, Setse R, Quigg
M, Halsey N. Idiopathic acute transverse
myelitis: comparison of patients with vs.
without receipt of a vaccine within 30 days
prior to onset. Presented at: 24th Interna-
tional Conference for Pharmacoepidemiol-
ogy and Therapeutic risk Management; Au-
gust 17–20, 2008; Copenhagen, Denmark

9. Klein N, Fireman B, Enright A, Ray P, Black S,
Dekker C. A role for genetics in the immune
response to the varicella vaccine. Pediatr
Infect Dis J. 2007;26(4):300–305

10. Klein N, Edwards K, Sparks R, Dekker C; Clin-
ical Immunization Safety Assessment (CISA)
Network. Recurrent sterile abscesses fol-
lowing immunization: a possible associa-
tion with aluminum adjuvant. BMJ Case
Rep. 2009;

11. Ball R, Halsey N, Braun MM, et al; VAERS
Working Group. Development of case defini-
tions for acute encephalopathy, encephali-
tis, and multiple sclerosis reports to the

Vaccine Adverse Event Reporting System. J
Clin Epidemiol. 2002;55(8):819–824

12. Rothstein E, Kohl KS, Ball L, et al; Brighton
Collaboration Local Reaction Working
Group. Nodule at injection site as an ad-
verse event following immunization case
definition and guidelines for data collection,
analysis, and presentation. Vaccine. 2004;
22(5–6):575–585

13. Bonhoeffer J, Menkes J, Gold MS, et al;
Brighton Collaboration Seizure Working
Group. Generalized convulsive seizure as an
adverse event following immunization: case
definition and guidelines for data collection,
analysis, and presentation. Vaccine. 2004;
22(5–6):557–562

14. Graham PL, LaRussa PS, Kohl KS; Brighton
Collaboration Vaccinia Virus Adverse Event
Working Group for Robust Take. Robust take
following exposure to vaccinia virus: case
definition and guidelines of data collection,
analysis, and presentation of immunization
safety data . Vacc ine . 2007 ;25(31) :
5763–5770

15. Beigel J, Kohl K, Brinley F, et al; Brighton
Collaboration Vaccinia Virus Vaccine Ad-
verse Event Working Group for Generalized
Vaccinia. Generalized vaccinia as an ad-
verse event following exposure to vaccinia
virus: case definition and guidelines for
data collection, analysis, and presentation
of immunization safety data. Vaccine. 2007;
25(31):5745–5753

16. Nell P, Kohl P, Graham P, et al; Brighton Col-
laboration Vaccinia Virus Vaccine Adverse
Event Working Group for Eczema Vaccina-
tum. Eczema vaccinatum as an adverse
event following exposure to vaccinia virus:
case definition and guidelines of data col-
lection, analysis, and presentation of immu-
nization safety data. Vaccine. 2007;25(31):
5725–5734

17. Nell P, Kohl K, Graham P, et al; Brighton Col-
laboration Vaccinia Virus Vaccine Adverse
Event Working Group for Progressive Vac-
cinia. Progressive vaccinia as an adverse
event following exposure to vaccinia virus:
case definition and guidelines of data col-
lection, analysis, and presentation of immu-
nization safety data. Vaccine. 2007;25(31):
5735–5744

18. Wenger P, Oleske J, Kohl K, et al; Brighton
Collaboration Vaccinia Virus Adverse Event
Working Group for Inadvertent Inoculation.
Inadvertent inoculation as an adverse event
following exposure to vaccinia virus: case
definition and guidelines for data collection,
analysis, and presentation of immunization

safety data . Vacc ine . 2007 ;25(31) :
5754–5762

19. Kohl KS, Magnus M, Ball R, Halsey N,
Shadomy S, Farley TA. Applicability, reliabil-
ity, sensitivity, and specificity of six Brighton
Collaboration standardized case definitions
for adverse events following immunization.
Vaccine. 2008;26(50):6349–6360

20. Slingluff M, Klote M, Hemann B, et al. A pilot
study: trivalent inactivated influenza vac-
cine (TIV) and myopericarditis [abstract]. J
Allergy Clin Immunol. 2007;119(1 suppl):
S96. Abstract 376

21. Klein NP, Kissner J, Aguirre A, et al. Differen-
tial maternal responses to a newly devel-
oped vaccine information pamphlet. Vac-
cine. 2009;28(2):323–328

22. Casey C, Campbell S, Iskander J, et al. Clini-
cal assessment of adverse events follow-
ing immunization (AEFIs): a converging
new international paradigm? Pharmaco-
epidemiol Drug Saf. 2004;13(S1):S13–S14

23. Klein NP, Massolo M, Greene J, Dekker C,
Black S, Escobar G; Vaccine Safety Datalink.
Risk factors for developing apnea following
immunization in the NICU. Pediatrics. 2008;
121(3):463–469

24. Klein NP, Gans H, Sung P, et al. Preterm in-
fants’ T cell responses to inactivated polio-
virus vaccine. J Infect Dis. 2010;201(2):
214–222

25. Rennels M, Black S, Woo E, Campbell S, Ed-
wards K. Safety of a fifth dose of diphtheria
and tetanus toxoid and acellular pertussis
vaccine in children experiencing extensive,
local reactions to the fourth dose. Pediatr
Infect Dis J. 2008;27(5):464–465

26. Lindsey NP, Schroeder BA, Miller ER, et al.
Adverse event reports following yellow fe-
ver vaccination. Vaccine. 2008;26(48):
6077–6082

27. Rollison D, Helzlsouer K, Halsey N, Shah K,
Viscidi R. Markers of past infection with
simian virus 40 (SV40) and risk of incident
non-Hodgkin lymphoma in a Maryland co-
hort. Cancer Epidemiol Biomarkers Prev.
2005;14(6):1448–1452

28. Durbin AP, Setse R, Omer SB, et al. Monitor-
ing adverse events following yellow fever
vaccination using an integrated telephone
and Internet-based system. Vaccine. 2009;
27(44):6143–6147

29. Sundberg J, Silva K, Edwards K, Black B, Jen-
son A, King L. Failure to induce alopecia
areata in C3H/HeJ mice with exogenous in-
terferon gamma. J Exp Anim Sci. 2007;43(4):
265–270

30. Klein NP, Aukes L, Lee J, et al. Evaluation of im-

S72 LaRUSSA et al
 by on April 20, 2011 www.pediatrics.orgDownloaded from 

www.pediatrics.org/cgi/content/full/122/3/e771
www.pediatrics.org/cgi/content/full/122/3/e771
http://www.pediatrics.org


munization rates and safety among children
with inborn errors of metabolism. Pediatrics.
2011; In press

31. Schlegel C, Edwards KM, Morgan T, Welch-

Burke T, Lee HS, Summar M; Urea Cycle Con-
sortium. Hyperammonemic events are not
associated with a 21 day post-vaccination
window in 90 children with urea cycle dis-

orders (UCDs). Presented at: 11th Interna-
tional Congress of Inborn Errors of
Metabolism; August 29–September 2, 2009;
San Diego, CA

(Continued from first page)

Nexbio and PATH; Dr Dekker receives contract funding from the NIH and the CDC; Dr Klein receives contract funding from the CDC and research support from
GlaxoSmithKline, Merck & Co, Sanofi Pasteur, Wyeth (Pfizer), Novartis and MedImmune; Dr Halsey receives contract funding from the CDC and is compensated for
serving on safety monitoring committees for studies of vaccines for Merck and Novartis, has received an honorarium for training and support for travel from
Sanofi-MSD, a company in France, has research grants through Johns Hopkins University for studies of unrelated vaccines in Guatemala from Berna and
Intercel, and has received support for a study of a Merck HPV vaccine in Peru but receives no support for the effort in Peru; Dr Marchant receives contract
funding from the CDC and has performed clinical research for GlaxoSmithKline, Sanofi Pasteur, Merck, Wyeth (Pfizer Inc), MedImmune, and Novartis, has served
as a consultant to GlaxoSmithKline, Sanofi Pasteur, MedImmune, and Novartis, and has given lectures sponsored by GlaxoSmithKline and Sanofi Pasteur; Dr
Baxter receives contract funding from the CDC and research grants from Sanofi Pasteur, MedImmune, Novartis, GlaxoSmithKline, Pfizer, Protein Sciences, and
Merck. Drs Engler, Kissner, and Slade have indicated they have no financial relationships relevant to this article to disclose.

SUPPLEMENT ARTICLES

PEDIATRICS Volume 127, Supplement 1, May 2011 S73
 by on April 20, 2011 www.pediatrics.orgDownloaded from 

pediatrics.aappublications.org/
http://www.pediatrics.org


DOI: 10.1542/peds.2010-1722J 
 published online Apr 18, 2011; Pediatrics

Barbara A. Slade 
Halsey, Colin Marchant, Roger Baxter, Renata J. M. Engler, Jennifer Kissner and 

Philip S. LaRussa, Kathryn M. Edwards, Cornelia L. Dekker, Nicola P. Klein, Neal A.
 Clinical Immunization Safety Assessment Network

Understanding the Role of Human Variation in Vaccine Adverse Events: The

 & Services
Updated Information

 http://www.pediatrics.org
including high-resolution figures, can be found at: 

 Permissions & Licensing

 http://www.pediatrics.org/misc/Permissions.shtml
tables) or in its entirety can be found online at: 
Information about reproducing this article in parts (figures,

 Reprints
 http://www.pediatrics.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

 by on April 20, 2011 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org
http://www.pediatrics.org/misc/Permissions.shtml
http://www.pediatrics.org/misc/reprints.shtml
http://www.pediatrics.org

	Understanding the Role of Human Variation in Vaccine Adverse Events: The Clinical Immunization Safety Assessment Network
	METHODS
	Academic Centers
	Working-Group Model
	Special Studies
	Collaborations

	RESULTS
	CISA Working Groups
	Clinical Case Consult Review
	Hypersensitivity
	Causality
	Examples of CISA Studies
	Active Telephone Surveillance to Evaluate Adverse Events Among Civilian Smallpox Vaccine Recipients
	Adverse Events Reported After Trivalent Inactivated Influenza Vaccine in Children Aged 6 to 23 Months
	Transverse Myelitis and Vaccines
	Role of Genetics in the Immune Response to the Varicella Vaccine
	Recurrent Sterile Abscesses After Immunization


	Collaborations
	Educational and Outreach Efforts
	Immunization Safety BioBank Initiative
	Training of Future Investigators With Expertise in Vaccine Safety

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


