
C
c

M
K
F
E

a

b

c

d

A
e

f

g

h

i

j

k

l

m

n

o

p

a

A

K
C
B
C
C
C
A
I
G
C

g
c

h
0

A

Vaccine  (2016) 

Contents lists available at ScienceDirect

Vaccine

j our na l ho me page: www.elsev ier .com/ locate /vacc ine

ongenital  anomalies:  Case  definition  and  guidelines  for  data
ollection,  analysis,  and  presentation  of  immunization  safety  data�

alini  DeSilvaa,  Flor  M.  Munozb,  Mark  Mcmillanc,d,  Alison  Tse  Kawaie, Helen  Marshalld,
ristine  K.  Macartneyf,g,  Jyoti  Joshih,  Martina  Onekoi,  Annette  Elliott  Rose j,  Helen  Dolkk,
rancesco  Trotta l,  Hans  Spiegelm, Sylvie  Tomczykn, Anju  Shresthao, Sonali  Kochharp,
lyse  O.  Kharbandaa,∗,  The  Brighton  Collaboration  Congenital  Anomalies  Working  Group1

HealthPartners Institute, United States
Baylor College of Medicine, Houston, TX, United States
School of Paediatrics and Reproductive Health, The University of Adelaide, Australia
Vaccinology and Immunology Research Trials Unit, Women’s and Children’s Hospital and Robinson Research Institute, University of Adelaide, South
delaide, Australia
Department of Population Medicine, Harvard Medical School & Harvard Pilgrim Health, United States
National Centre for Immunisation Research & Surveillance (NCIRS), Australia
Discipline of Paediatrics and Child Health, University of Sydney, Australia
Immunization Technical Support Unit, Public Health Foundation of India, India
Kenya Medical Research Institute/CDC, Kisumu, Kenya
Reproductive Care Program of Nova Scotia, Canada
WHO  Collaborating Centre for the Surveillance of Congenital Anomalies, Ulster University, United Kingdom
Ufficio di Farmacovigilanza, Agenxia Italiana del Farmaco, Italy
Henry M. Jackson Foundation, United States
Novartis influenza vaccines, Cambridge, MA, United States
Sanofi Pasteur, United States
Global Healthcare Consulting, India

 r  t  i  c  l  e  i  n  f  o

rticle history:

eywords:
ongenital anomaly
irth defect

34 6015–6026

vailable online 18    July     2016
ongenital disorders
ongenital malformations
ongenital abnormality
dverse event

mmunization

uidelines

ase definition

� Disclaimer:  The findings, opinions and assertions contained in this consensus docu
roup.  They do not necessarily represent the official positions of each participant’s organ
onclusions in this paper are those of the authors and do not necessarily represent the vi
∗ Corresponding author. Tel.: +1 952 967 5038.

E-mail addresses: contact@brightoncollaboration.org, secretariat@brightoncollaborati
1 Brighton Collaboration homepage: http://www.brightoncollaboration.org.

ttp://dx.doi.org/10.1016/j.vaccine.2016.03.047
264-410X/© 2016 Published by Elsevier Ltd. This is an open access article under the CC B
ment are those of the individual scientific professional members of the working
ization (e.g., government, university, or corporation). Specifically, the findings and
ews of their respective institutions.

on.org (E.O. Kharbanda).

Y license (http://creativecommons.org/licenses/by/4.0/).

dx.doi.org/10.1016/j.vaccine.2016.03.047
dx.doi.org/10.1016/j.vaccine.2016.03.047
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:contact@brightoncollaboration.org
mailto:secretariat@brightoncollaboration.org
http://www.brightoncollaboration.org/
http://www.brightoncollaboration.org/
http://www.brightoncollaboration.org/
http://www.brightoncollaboration.org/
dx.doi.org/10.1016/j.vaccine.2016.03.047
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2016.03.047&domain=pdf


ccine 

1

1
c
a

d
g
p
m
t
t
s
p
t
s
a
[

c
s
t
6
r
i
i
d
a
h
l
b
a
t
t
e
a

m
a
c
d
H
c
a
i
d
a
a
m
g
o
t
t

o
a

1
1
c
r
T
e
c
i

6
  M. DeSilva et al. / Va

. Preamble

.1. Need for developing case definitions and guidelines for data
ollection, analysis, and presentation for congenital anomalies as
n adverse event following immunization

Congenital anomalies, also commonly referred to as birth
efects, congenital disorders, congenital malformations, or con-
enital abnormalities, are conditions of prenatal origin that are
resent at birth, potentially impacting an infant’s health, develop-
ent and/or survival. We  will use the term congenital anomalies in

his report. Congenital anomalies encompass a wide array of struc-
ural and functional abnormalities that can occur in isolation (i.e.,
ingle defect) or as a group of defects (i.e., multiple defects). Multi-
le defects may  occur as part of well-described associations, such as
he non-random co-occurrence of Vertebral anomalies, Anal atre-
ia, Cardiac defects, Tracheoesophageal fistula, and/or Esophageal
tresia, Renal and Radial anomalies, and Limb defects (VACTERL)
1].

Congenital anomalies vary substantially in severity. Some
ongenital anomalies are associated with spontaneous abortion,
tillbirth, or death in the early postnatal period. Global deaths due
o congenital anomalies decreased from 750.6 thousand in 1990 to
32.1 thousand in 2013, with respective age-standardized death
ates of 11.0 and 8.7 per 100,000 [2]. Subtypes of fatal congen-
tal anomalies (with estimated number of global deaths in 2013
n thousands) are congenital heart anomalies (323.4), neural tube
efects (68.9), Down’s syndrome (36.4), and chromosomal unbal-
nced rearrangements (17.3) [2]. Other congenital anomalies may
ave little impact on survival. Anomalies which affect an infant’s

ife expectancy, health status, physical or social functioning may
e described as “major” anomalies. In contrast, “minor” anomalies
re those with little or no impact on health or short-term or long-
erm function [3]. We have chosen to focus on major anomalies for
his case definition due to their impact on public health and pre-
xisting structure for surveillance and reporting by large national
nd international organizations.

The causes of congenital anomalies are wide-ranging, with
any anomalies remaining of undetermined etiology. Structural

nomalies are often due to errors in embryogenesis occurring at
ritical periods of fetal development. Critical exposure periods
uring pregnancy can vary by organ system or type of anomaly.
owever, first trimester (gestational age 1–13 weeks) is generally
onsidered the highest risk period. Medications, infectious agents,
nd environmental toxins have all been implicated as teratogens;
llicit drugs and other maternal exposures can also disrupt fetal
evelopment and increase the risk for one or more congenital
bnormalities [1]. Some structural and many functional defects are
ttributed to underlying genetic defects or chromosomal abnor-
alities. These defects may  be due to one or both parents being

enetic carriers, one or both parents sharing the disease state, or the
ccurrence of de novo mutations [4]. The timing of clinical recogni-
ion of major anomalies varies both by type of defect and by access
o health care.

To date, multiple studies have investigated congenital anomaly
utcomes following maternal vaccination, for both recommended
nd inadvertent vaccination.

.1.1. Vaccinations routinely recommended during pregnancy

.1.1.1. Influenza vaccine, including seasonal and pandemic vac-
ines. Many countries routinely recommend that pregnant women
eceive influenza vaccine at any time during pregnancy [5,6].

016
hus, studies evaluating the potential for these vaccines to impact
mbryogenesis or risks for congenital anomalies are of criti-
al importance. Maternal immunization during pregnancy with
nactivated influenza vaccine is associated with a brief increase in
 (2016) 

maternal inflammatory biomarkers [7,8]. At the time of publication,
there was no data to support an association between the maternal
inflammatory response to vaccination and fetal development and
risk for congenital anomalies.

As of March 2014, congenital anomaly data from more than 4000
pregnant women who received different types of adjuvanted and
non-adjuvanted influenza vaccination during the first trimester,
and over 19,000 during any trimester, were published [9–20]
and comprehensively reviewed [21]. Of individual studies, the
largest that included first trimester exposures reported pregnancy
outcomes for 323 woman immunized with adjuvanted or non-
adjuvanted A(H1N1)v2009 influenza vaccines and 1329 control
subjects. The rate of major malformations did not vary between
the two cohorts (all trimesters: OR 0.87; 95% confidence inter-
val [CI] 0.38, 1.77; preconception and first trimester exposure: OR
0.79; 95% CI 0.13, 2.64) [16]. The review authors concluded that
maternal influenza vaccination is not associated with an increased
risk of congenital malformations. However, statistical imprecision,
and clinical and methodological heterogeneity of included studies
made it impossible to totally exclude harm [21]. A 2014 Cochrane
systematic review combining five studies in a meta-analysis also
found influenza immunization during pregnancy was not associ-
ated with a higher risk of congenital anomalies, pooled estimate
OR 1.06 (95% CI, 0.90, 1.25) [11–13,16,17,22].

Since March 2014 there have been at least three retrospec-
tive studies published investigating congenital anomaly outcomes
following monovalent influenza A (H1N1) vaccines [23–25]. The
largest of the three studies was  conducted in Lombardy, Italy, dur-
ing the pandemic period (October 1, 2009–September 30, 2010)
and included 6246 pregnant women immunized with a MF59
adjuvanted pandemic A (H1N1) vaccine [24]. Pregnancies were
excluded if either chromosomal aberrations or congenital viral
infections were reported in the birth registry. Cases were identified
with ICD-9 coding and retained according to EUROCAT guidelines.
Unmatched analysis identified 284/6246 (4.5%) cases of congenital
malformations in the immunized cohort and 3246/79,925 (4.1%) in
the unimmunized cohort, OR 1.13 (95% CI, 0.99, 1.28), and propen-
sity matched OR 1.14 (95% CI, 0.99, 1.31) [24]. Rates and estimates
were also available for specific anomalies.

1.1.1.2. Tetanus diphtheria, acellular pertussis vaccines (Tdap). Many
countries recommend administration of the acellular pertussis vac-
cine during the third trimester of pregnancy [26,27]. One placebo
randomized controlled trial, conducted from 2008 to 2012, exam-
ined infant congenital anomaly outcomes following maternal Tdap
administration during pregnancy. Between 30 and 32 weeks gesta-
tion, 33 women  received the Tdap vaccine and 15 received a placebo
vaccine, with crossover immunization postpartum. In the vacci-
nated cohort one infant had a congenital anomaly, as compared to
two infants with congenital anomalies in the control group [28]. To
date, two  retrospective observational studies of Tdap administra-
tion during pregnancy have been published in the United States;
both suggest there is not a significantly increased risk of major
congenital anomalies in infants born to mothers who were vacci-
nated during pregnancy [29,30]. The remaining evidence regarding
the safety of pertussis containing vaccines is derived from passive
surveillance [31].

Maternal and neonatal tetanus remain problematic in geo-
graphic areas where childbirth occurs under conditions that do not
meet minimum standards of hygiene and immunization coverage
of the population is low. In these regions, women  with inadequate
immunization history are recommended to receive two doses of

34 6015–6026
tetanus toxoid (TT) containing vaccine as early as possible during
pregnancy [32]. Between 1959 and 1965 a large prospective study
in the United States was  conducted that included 337 mother and
child pairs evaluated for TT vaccine exposure before 20 weeks
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estation. The authors estimated a standardized relative risk (SRR)
f 1.19 (95% CI, 0.70, 1.87) for any anomaly following tetanus
accination during pregnancy [33]. In more recent case-control
tudies, increased risks of congenital anomalies following maternal
T vaccination were not observed [34,35]. In one of these studies,
0 women (55% of vaccinated women) were exposed during
he first three gestational months [34]. In the other, timing of
accination during pregnancy was not reported [35].

.1.2. Vaccinations inadvertently administered during pregnancy
Many vaccines are routinely administered to women of

eproductive age, increasing the opportunities for inadvertent vac-
ination during pregnancy. Thus, continued monitoring of birth
utcomes among women inadvertently exposed during pregnancy
emains a priority.

.1.2.1. Live virus vaccines (rubella, measles, mumps, oral poliovirus,
ellow fever, and varicella). Inadvertent maternal vaccination with a
ive virus vaccine is associated with replication of the vaccine virus
nd likely a more robust maternal inflammatory response than
hat observed for inactivated vaccines. However, of greater con-
ern, maternal infections with rubella, varicella, cytomegalovirus
nd other viruses, during critical periods of fetal development,
re associated with specific groupings of congenital anomalies or
yndromes [36]. Thus, there is a theoretical risk for inadvertent
aternal vaccination with a live virus vaccine to result in a fetal

nfection and subsequently increase risk for one or more congenital
nomalies.

A review of the inadvertent administration of live vaccines
monovalent or combined rubella, oral poliomyelitis virus, and
ellow fever vaccines) to pregnant females suggests no evidence
f adverse pregnancy outcomes [37]. The incidence of congenital
ubella syndrome (CRS) following inadvertent rubella vaccina-
ion of pregnant women has been evaluated in several countries
n Europe, the United States, Canada, Iran and Latin America.
mong more than 3500 susceptible women inadvertently vacci-
ated against rubella shortly before or in the first trimester of
regnancy, no cases of CRS were reported [38–45].

No specific studies have been conducted on pregnancy out-
omes following inadvertent measles or mumps  vaccination.
assive surveillance of vaccine exposures prior to conception and
uring pregnancy has not indicated an increased risk of congen-

tal malformation or spontaneous abortion [46], but there is not
ufficient information to exclude such a risk.

Oral poliovirus vaccine (OPV), containing live attenuated
oliovirus types 1, 2, and 3, has been widely used since the 1960s to
rotect pregnant women and neonates against poliomyelitis. The
ossible development of viremia following immunization and a
ew cases suggestive of vaccine-associated anomalies including an
nexplained report about fatal spinal cord neuronal damage fol-

owing maternal immunization in an immune mother have been
ocumented [47]. However, no population-based controlled stud-

es are available to confirm the significance of these individual
eports. In response to a poliovirus epidemic in Finland during 1985,
PV was given to 94% of the entire population, including pregnant
omen. There was no observed increase in the rates of growth

etardation, perinatal deaths, prematurity or congenital anoma-
ies in the infants exposed to OPV in utero in comparison with the
xpected rates [48].

Yellow fever vaccination has been documented in several hun-
red pregnant women. The risks of adverse outcome of pregnancy
nd childbirth appear to be similar to those in the general popula-

M. DeSilva et al. / Vac
ion [49,50].
Data from a U.S. registry of pregnant women who inadver-

ently received varicella vaccine either 3 months before, or at any
ime during, pregnancy, showed that, among the 587 prospectively
enrolled women  (including 131 live births to women known to be
varicella-zoster virus-seronegative), there was no evidence of con-
genital varicella syndrome [51]. The rate of occurrence of congenital
anomalies from prospective reports in the registry was similar to
reported rates in the general U.S. population (3.2%) and the anoma-
lies showed no specific pattern or target organ.

1.1.2.2. Human papillomavirus (HPV) vaccine. To date, data on the
safety of the bivalent HPV (2vHPV), 4-Valent HPV (4vHPV), and
9-Valent HPV (9vHPV) vaccines administered inadvertently dur-
ing pregnancy are based on the pre-licensure clinical studies and
post-marketing surveillance studies. The latter have been mostly
passive, voluntary reporting registry surveillance, which extended
for the 4vHPV vaccine until 2012 and is ongoing for the 9vHPV
vaccine since licensure by the US FDA in 2015. As of today, there
are no data to suggest an increased risk of congenital malforma-
tions following exposure to HPV vaccines during pregnancy, but
overall numbers of cases have been low, potentially limiting sta-
tistical power and precluding the ability to definitively rule out
associations of the HPV vaccines with specific anomalies.

A pooled analysis of 42 pre-licensure clinical studies of the
2vHPV vaccine that included 479 pregnancies in which date of last
menstrual period occurred between 30 days prior to 45 days after
vaccination did not find an increased risk of congenital anomalies,
when compared to 414 controls with similar timing of vaccination
(1.7 vs. 2.2%) [52]. Similarly, a pooled analysis of five pre-licensure
clinical studies of the 4vHPV vaccine did not find a significant dif-
ference in the rate of congenital anomalies when comparing 2008
pregnant women  receiving vaccination with 2029 pregnant women
receiving placebo (2.0 vs. 1.5%, p = 0.20) [53].

Post-marketing data on the safety of HPV vaccines adminis-
tered during pregnancy include manufacturer-sponsored registries
of the 2vHPV and 4vHPV vaccines, reports on the 4vHPV vac-
cine to the Vaccine Adverse Event Reporting System (VAERS), a
passive surveillance system in the United States, and an obser-
vational cohort study of the 2vHPV vaccine conducted using data
from the United Kingdom. Voluntary reporting is known for under-
reporting of congenital anomalies if not detected at birth, and
over-reporting bias for anomalies is common with the use of ret-
rospective reports. The manufacturer-supported registries have
therefore only used prospective inadvertent vaccine exposure
reports for the calculation of the congenital anomaly rates [54]. The
manufacturer-sponsored registries observed overall rates of major
congenital malformations that were consistent with the back-
ground rates in the populations [5 of 189 live born infants (2.6%)
and 37 of 1527 live born infants (2.4%), respectively in the 2vHPV
and 4vHPV registries] [55,56]. Additionally, in an analysis of 4vHPV
vaccine reports submitted between June 2006 and December 2013
to VAERS, only two major congenital malformations were reported
out of all infants born to 147 women  who received 4vHPV dur-
ing pregnancy [57]. Published data from a formal epidemiologic
study on the safety of HPV vaccines during pregnancy in the post-
licensure setting come from an observational cohort study in the
Clinical Practice Research Datalink; no difference was observed in
the percentage of congenital malformations resulting from preg-
nancies in which pregnancy initiation occurred between 30 days
prior to 45 days after 2vHPV vaccination (7 of 119 pregnancies,
5.9%) vs. 120 days to 18 months after vaccination (23 of 350 preg-
nancies, 6.6%) [58]. Nakalembe et al., conducted a systematic review
of 14 studies that evaluated vaccine safety following administration
of 2vHPV and 4vHPV vaccines in low and middle income countries
[58]. Of the 14 studies, four included information related to preg-

 (2016) 6015–6026 6017
nancy outcomes; no difference was found between groups in these
4 studies.

Results from the multi-national, double-blind, randomized
phase IIb/III trial of the 9vHPV in 14,215 women have recently

dx.doi.org/10.1016/j.vaccine.2016.03.047
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een published. Pregnancy was reported in 1192 participants in
he 9vHPV group and 1129 participants in the 4vHPV group [59].
regnancy outcome data was available for 85% of pregnancies. Con-
enital anomalies were reported in a total of 32 infants and 9 fetuses
nd rates did not differ between groups (20 in the 9vHPV group and
1 in the 4vHPV group). Among pregnancies with an estimated date
f conception within 30 days prior to or after 4vHPV or 9vHPV vac-
ine administration, (representing 8% of pregnancies with known
utcome), no congenital anomalies were reported [59].

.1.2.3. Meningococcal vaccine. Evidence on the safety of adminis-
ration of meningococcal vaccination during pregnancy is scarce. A
ystematic review conducted in 2012 identified 6 studies evaluat-
ng the safety of Meningococcal Polysaccharide Vaccine (MPSV) in
regnancy [60]. None of the included studies suggested any adverse
utcomes, including birth defects, for infants born to mothers who
eceived MPSV during pregnancy. However, the total study popula-
ion included 335 women which may  be too small to evaluate rare
utcomes such as congenital anomalies.

The safety information on meningococcal conjugate vaccines
MCV) is derived from passive surveillance [61,62]. These data do
ot suggest harmful events on birth outcomes, including congeni-
al anomalies, when MCV  is administrated to pregnant women. To
ate, no data are available on the safety of new Meningococcal B
accines when administered during pregnancy.

.1.3. Background summary
The evidence on potential risks for congenital anomalies follow-

ng maternal immunization is mostly reassuring. However, studies
o date have been limited by insufficient sample sizes, varied defi-
itions for outcomes, and use of non-biologically feasible exposure
indows. One or more congenital anomalies are estimated to occur

n 3% of pregnancies [63]. However, specific isolated defects gener-
lly occur at rates of 1 per 10,000 to 1 per 100,000 births [64]. Given

M. DeSilva et al. / Va018
he variability in types and causes of birth defects, future studies
f maternal vaccine safety will need much larger sample sizes or
lternative approaches (e.g., case-control studies) to detect risks for
ongenital anomalies, both isolated defects and groups of defects.

able 1
ist of organizations focused on research related to congenital anomalies, specific term an

Organization Congenital anomaly
terminology

Definition

National Institute of Child
Health and Human
Developmenta

Birth defects Birth defects are s
disability, intellec
be  fatal, especially

WHOb Congenital Anomaly Structural or func
prenatally, at birth

National Birth Defects
Prevention Networkc

Birth defects Major anomaly – 

adverse effect on 

Minor anomaly – 

not  seriously affec
Metropolitan Atlanta

Congenital Defects Programd
Birth defects Major structural o

deformation, or d
known clinical syn
development, or f

March of Dimese Birth defects Health conditions
body. Birth defect
works.

WHO/CDC/International
Clearinghouse for Birth
Defects Monitoring Systemsf

Birth defects Wide range of abn
prenatal origin.

a https://www.nichd.nih.gov/health/topics/birthdefects/Pages/default.aspx.
b http://www.who.int/mediacentre/factsheets/fs370/en/.
c http://www.nbdpn.org/docs/SGSC - Ch3 Case Definition - final draft 3-24-15.pdf.
d http://www.cdc.gov/ncbddd/birthdefects/macdp.html.
e http://www.marchofdimes.org/.
f http://www.icbdsr.org/page.asp?p=9895&l=1.
1.1.4. Established definitions
Subtle differences exist among the various definitions for con-

genital anomalies used by organizations specializing in congenital
anomalies and development. The National Institute of Child Health
and Human Development (NICHD), Metropolitan Atlanta Congen-
ital Defects Program (MACDP), National Birth Defects Prevention
Network (NBDPN), and the March of Dimes use the term “birth
defects” to describe congenital anomalies. NBDPN subcategorizes
birth defects into major and minor anomalies. The definitions used
by these organizations focus on both structural and functional
abnormalities that are present at birth that have significant health
consequences. Please see Table 1 for a complete list of these orga-
nizations and the definitions used.

There is no uniformly accepted definition of congenital anoma-
lies, or more specifically, of congenital anomalies following
maternal immunization. This is a missed opportunity, as data com-
parability across trials or surveillance systems would improve
data interpretation and promote the scientific understanding of
the event. Through the provision of standardized case definitions
and guidelines, this document is intended to improve reliability
and comparability of data collected from immunized patients and
controls in clinical trials, as well as provide a framework for consis-
tently monitoring the safety of vaccines currently recommended
during pregnancy or available to women  of reproductive age. Such
data can be used in the assessment of whether or to what extent
a vaccine administered during pregnancy may  increase a woman’s
risk for having a live birth or fetal demise with one or more con-
genital anomalies. The case definitions and guidelines are intended
to be applicable in diverse geographic, administrative, and cultural
regions, adaptable to both high and low resource settings.

1.2. Methods for the development of the case definition and
guidelines for data collection, analysis, and presentation for
congenital anomalies as an adverse events following
immunization

 (2016) 4 6015–6026
Following the process described in the overview paper [65]
as well as on the Brighton Collaboration Website (http://www.
brightoncollaboration.org/internet/en/index/process.html), the

d definitions used by each organization.

tructural or functional abnormalities present at birth that can cause physical
tual and developmental disability (IDD), and other health problems. Some may

 if not detected and treated early.
tional anomalies that occur during intrauterine life and can be identified

 or later in life.
congenital abnormality that requires medical or surgical treatment, has a serious
health and development, or has significant cosmetic impact

congenital abnormality that does not require medical or surgical treatment, does
t health and development, and does not have significant cosmetic impact
r genetic birth defects as conditions that (1) result from a malformation,

isruption in one or more parts of the body, a chromosomal abnormality, or a
drome; (2) are present at birth; and (3) have a serious, adverse effect on health,

unctional ability.
 present at birth that change the shape or function of one or more parts of the
s can cause problems in overall health, how the body develops or how the body

ormalities of body structure or function that are present at birth and are of
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righton Collaboration Congenital Anomalies Working Group was
ormed in 2015 and included members with backgrounds in clinical

edicine, research, public health and industry. The composition
f the working and reference group as well as results of the web-
ased survey completed by the reference group with subsequent
iscussions in the working group can be viewed at: http://www.
rightoncollaboration.org/internet/en/index/working groups.html.

To guide the decision-making for the case definition and guide-
ines, a literature search was performed using Medline and Embase,
ncluding the terms Pregnant Women/OR Pregnancy/OR preg-
ant.ti,ab. OR pregnancy.ti,ab. AND Vaccines/OR Vaccination/OR
inadvertent ADJ3 vaccin*).ti,ab. OR (vaccin* ADJ3 pregnan*).ti,ab.
ND exp congenital abnormalities/OR birth defect*.ti,ab. OR con-
enital abnormalit*.ti,ab. OR congenital malformation*.ti,ab. OR
risk ADJ2 (f?etus OR infant* OR bab* OR biolog*)).ti,ab. The search
as limited to English language articles and resulted in the identi-
cation of >400 references. All abstracts were screened for possible
eports of congenital anomalies following immunization. Over 60
rticles with potentially relevant material were reviewed in more
etail, in order to identify studies using case definitions or, in their
bsence, providing clinical descriptions of the case material. This
eview resulted in a detailed summary of >60 articles, including
nformation on the study type, the vaccine, the diagnostic criteria or
ase definition put forth, the time interval since time of immuniza-
ion, and any other symptoms. Multiple general medical, pediatric
nd infectious disease text books were also searched.

The literature search yielded publications in which terminology
as inconsistent. An inventory comprising 6 relevant case defi-
itions (Table 1) of congenital anomalies was made available to
orking group members.

.3. Rationale for selected decisions about the case definition of
ongenital anomalies as an adverse event following immunization

The group of conditions comprising “Congenital Anomalies” is
uite diverse. Our workgroup suggests that isolated congenital
nomalies can be stratified into three broad categories:

. External structural defects (e.g., cleft lip or gastroschisis)

. Internal structural defects (e.g., congenital cardiac defects or
intestinal atresias)

. Functional defects (e.g., galactosemia or Gaucher’s disease).

As previously mentioned, congenital anomalies might occur in
solation (single defect) or as a group of defects (multiple defects)

hich are often part of well-described associations (e.g., VACTERL).
n addition, there may  be overlap between categories for certain
ongenital anomalies. For example, chromosomal defects are often
ssociated with major internal structural defects.

For external structural, internal structural and functional
efects, the timing of clinical recognition varies by defect type
nd by access to health care. For example, in high resource
ettings, many structural congenital anomalies are diagnosed pre-
atally through ultrasound or other advanced imaging. Similarly,

n high resource settings, functional anomalies may  be diagnosed
hrough genetic screening following amniocentesis, chorionic villi
ampling, or maternal blood testing. If not detected prenatally,
ncluding in low resource settings, external structural defects are
sually evident at the time of birth. In contrast, it is common in
oth high and low resource settings for both internal structural
efects and functional defects to be diagnosed in the days, weeks,
r months following birth. The diverse range of congenital anoma-
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ies and their varied clinical presentation highlights the difficulty of
ssigning a single classification system. In addition, major congen-
tal anomalies may  result in spontaneous abortion, stillbirth or an
lective therapeutic abortion, and therefore may  not be captured
if data collection is limited to live births. It is therefore empha-
sized, that the possibility of congenital anomalies should always be
considered when evaluating etiology for a spontaneous abortion or
stillbirth.

Within the definition context, we have assigned four levels of
diagnostic certainty to each category listed above. For each cate-
gory, a fifth level is included to indicate that the event does not
meet the case definition for congenital anomalies. The case defi-
nition has been formulated such that the Level One definition is
highly specific for the condition. As maximum specificity normally
implies a loss of sensitivity, additional diagnostic levels have been
included in the definition, offering a stepwise increase of sensitivity
from Level One down to Level Three, while retaining an acceptable
level of specificity at all levels. In this way it is hoped that all possi-
ble cases of congenital anomalies can be captured. The diagnostic
levels must not be misunderstood as reflecting different grades of
clinical severity. They instead reflect diagnostic certainty for the
presence of a particular congenital anomaly.

When evaluating the possibility of a congenital anomaly, con-
ditions and syndromes due to either known maternal conditions
(e.g., pre-eclampsia or gestational diabetes) or prematurity (e.g.,
patent foramen ovale or patent ductus arteriosus) should be dis-
tinguished from standalone congenital anomalies not related to
known causes.

It needs to be re-emphasized that the grading of definition lev-
els is entirely about diagnostic certainty, not clinical severity of an
event. Thus, clinically severe anomalies may  appropriately be clas-
sified as Level Two or Three rather than Level One if there is no
evidence of a specific confirmatory test. However, detailed infor-
mation about the severity of the event should always be recorded,
as specified by the data collection guidelines.

The meaning of “Sudden Onset” and “Rapid progression” in the
context of congenital anomalies is not applicable as the anomaly or
predisposition to develop the anomaly is, by definition, present at
birth.

We have attempted to provide adequate diagnostic specificity
without being overly restrictive in order to create definitions that
are applicable in both high and low resource settings. With regards
to specific pathology, radiology, or laboratory findings necessary to
meet the case definition, these findings will vary based on the spe-
cific congenital anomaly being evaluated. The current definitions
refer to broad categories of anomalies; more comprehensive defi-
nitions for specific congenital anomalies, (e.g., Tetralogy of Fallot)
including well-defined associations or combinations of anomalies
(e.g., CHARGE) have been developed elsewhere and are beyond the
scope of this working group [3]. We  have included appendices of
specific major congenital anomalies listed by groups across the
globe conducting birth defects surveillance. In addition, our clas-
sification is specific to major anomalies, affecting survival, physical
or social functioning. Classification of minor anomalies, occur-
ring as isolated or multiple defects, is beyond the scope of this
paper.

A treatment response or its failure, is not in itself diagnostic,
and may  depend on variables like clinical status, time to treatment,
and other clinical parameters. For congenital anomalies, treatment
is often a surgical intervention. In the absence of standard pathol-
ogy, radiology, or laboratory findings, documentation of specific
treatments (e.g., surgical reports) may  be used in evaluating case
status. Our definitions account for the possibility of an early surgi-
cal correction or, for functional anomalies, a definitive treatment
(e.g., stem cell transplant or dietary restrictions).

 (2016) 4 6015–6026 6019
1.3.1. Timing of vaccination during pregnancy
It is widely recognized that first trimester is the most critical

period for teratogen exposure during pregnancy with regards to
subsequent effects on fetal development [66]. However, there is

dx.doi.org/10.1016/j.vaccine.2016.03.047
http://www.brightoncollaboration.org/internet/en/index/working_groups.html
http://www.brightoncollaboration.org/internet/en/index/working_groups.html
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ariability in the timing of fetal development by gestational week
67]. In addition, more precise timing of embryogenesis depends
n the organ or anomaly of interest. With this in mind, the tim-
ng of maternal vaccine exposure needs to be both biologically
lausible and consistent among studies in order for associations
etween congenital anomalies and maternal vaccination to pro-
ide reliable information. In order to allow for wider windows
f teratogen exposure, account for potential errors in assigning a
ate of conception and gestational age, and focus on exposures
uring the most plausible time period for development of congen-

tal anomalies, we recommend that maternal vaccination from 30
ays prior to conception to 20 weeks gestational age be included

n the case definition. We  understand that some will choose to
nclude maternal vaccination outside this time period. However,
f a true risk during the biologically plausible exposure window
xists, inclusion of exposures in periods outside that window may
ias results toward the null and make comparison among stud-

es difficult. Regardless of what exposure time period is chosen,
he time interval between maternal immunization and diagnosis
f a congenital anomaly should be recorded to provide additional
nformation when evaluating the association between maternal
accination and congenital anomalies. The clinical manifestations
nd time-lines are dependent on the congenital anomaly being
valuated.

We postulate that a definition designed to be a suitable tool for
esting causal relationships requires ascertainment of the outcome
e.g., congenital anomalies) independent from the exposure (e.g.,
mmunisations). Therefore, to avoid selection bias, a restrictive
ime interval from maternal immunization to diagnosis of congen-
tal anomalies should not be an integral part of such a definition.
nstead, where feasible, details of this interval should be assessed
nd reported as described in the data collection guidelines.

Further, congenital anomalies often occur outside the controlled
etting of a clinical trial or hospital. In some settings it may  be
mpossible to obtain a clear gestational age at vaccination, par-
icularly in less developed or rural settings. In order to avoid
electing against such cases, the Brighton Collaboration case defi-
ition avoids setting arbitrary time frames.

It is important to differentiate congenital anomalies with
ell-documented causes from congenital anomalies without clear

tiologies. Therefore, while the case definition includes congeni-
al anomalies which are part of well-known syndromes associated
ith maternal medications (e.g., anti-epileptic medications), tox-

ns (e.g., alcohol), and infections (e.g., rubella), we recommend
ltering the analysis plan if a study includes these cases [66,68].
or example, a congenital heart defect associated with fetal alcohol
yndrome would be included in a study of congenital anoma-
ies following immunization. However, the analysis plan would
ifferentiate between this congenital anomaly and others which
re not due to a known alternative etiology. Similarly, congenital
nomalies associated with prematurity will be included during data
ollection, even if the congenital anomaly is clearly attributable to
rematurity, and then accounted for during data analysis.

.3.2. Guidelines for data collection, analysis and presentation
As mentioned in the overview paper, the case definition is

ccompanied by guidelines which are structured according to the
teps of conducting a clinical trial, i.e. data collection, analysis and
resentation. Neither case definition nor guidelines are intended to
uide or establish criteria for management of ill infants, children,

M. DeSilva et al. / Vac
r adults. Both were developed to improve data comparability. As
any studies of congenital anomalies following immunization will

ccur as part of post-marketing surveillance, it is our hope that
he following definitions can also be applied in observational stud-
es.
1.4. Periodic review

Similar to all Brighton Collaboration case definitions and guide-
lines, review of the definition with its guidelines is planned on a
regular basis (i.e. every three to five years) or more often if needed.

2. Case definition of major congenital anomalies

2.1. For all levels of diagnostic certainty

A major congenital anomaly is a structural or functional defect
with the following three characteristics:

1. Of prenatal origin
2. Present at the time of live birth or fetal demise, or in utero
3. Affecting (or has the propensity to affect) the health, survival, or

physical or cognitive functioning of the individual

The majority of structural congenital anomalies are diagnosed
before 2 years of age, usually within the first 6 months of life, and
are defined by:

Major External Structural Defects
Level 1 of diagnostic certainty for major external structural
defects*
• Alterations in external anatomy visible at the time of live birth

and persistent beyond the immediate peripartum period unless
surgically repaired

OR
• Alterations in external anatomy visible in a stillbirth or in

the products of conception of a spontaneous or therapeutic
abortion

AND
• Confirmed by documentation of a diagnosis made by a clinician

experienced in diagnosing congenital anomalies and with the
highest level of morphology training for the specific setting**

Level 2 of diagnostic certainty for major external structural
defects
• Alterations in external anatomy visible at the time of live birth

and persistent beyond the immediate peripartum period unless
surgically repaired

OR
• Alterations in external anatomy visible in a stillbirth or in the

products of conception of a spontaneous or therapeutic abortion
AND

• Confirmed by documentation of a diagnosis made by a clinician
with some experience diagnosing congenital anomalies***

Level 3 of diagnostic certainty for major external structural
defects
• Alterations in external anatomy visible at the time of live birth

and persistent beyond the immediate peripartum period unless
surgically repaired

OR
• Alterations in external anatomy visible in a stillbirth or in

the products of conception of a spontaneous or therapeutic
abortion****

AND
• Confirmed by documentation of a diagnosis made by a trained

maternal or child health care provider with at least minimal
experience diagnosing congenital anomalies

 (2016) 4 6015–6026
OR
• For live births, confirmed using individual (ICD-9/ICD-10) codes

or as part of an ICD-9/ICD-10 code based algorithm, where the
outcome (individual code or algorithm) has been validated*****

dx.doi.org/10.1016/j.vaccine.2016.03.047


• Confirmed by definitive diagnostic study**
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Level 4 of diagnostic certainty (insufficient evidence to con-
firm) for major external structural defects
• Alterations in external anatomy visible at the time of

live birth and persistent beyond the immediate peripartum
period unless surgically repaired

OR
• Alterations in external anatomy visible in a stillbirth or in the

products of conception of a spontaneous or therapeutic abortion
AND

• Confirmed by medical record review******
OR

• Confirmed in claims data (ICD-9/ICD-10 diagnoses)******
*Please see Appendix A for a list of major external structural
defects
**In high resource settings with access to subspecialists, such
as the United States, these clinicians could be geneticists,
neonatologists, pathologists, or other relevant subspecialists
while in low and middle income countries, diagnosis by a gen-
eral physician trained in morphology could be sufficient
***In high resource settings, such as the United States, these
clinicians might include physicians, nurse practitioners, or
physician’s assistants trained in pediatrics, obstetrics, or fam-
ily medicine while in low and middle income countries,
diagnosis by a general physician trained in morphology could
be sufficient
****In cases of therapeutic or spontaneous abortion, if prod-
ucts of conception cannot be used for detailed morphologic
exam, detection of an external structural defect on prenatal
ultrasound could be classified as Level 3
*****Validation should be conducted in the same data source,
with clinical diagnosis or chart review as the gold standard and
a positive predictive value of ≥80%
******Where there is insufficient detail in the chart or lack of
validation in outcome to meet criteria for Level 3

Major Internal Structural Defects
Level 1 of diagnostic certainty for major internal structural
defects*
• Alterations in internal anatomy present at the time of

live birth** and persistent beyond the immediate peripartum
period unless surgically repaired

AND
• Confirmed by definitive imaging study*** or intraoperative

diagnosis
OR

• Alterations in internal anatomy detected during autopsy for
a stillbirth, spontaneous or therapeutic abortion confirmed by
documentation by a pathologist or other relevant subspecialist

Level 2 of diagnostic certainty for major internal structural
defects
• Alterations in internal anatomy present at the time of

live birth** and persistent beyond the immediate peripartum
period unless surgically repaired

AND
• Confirmed by documentation of a diagnosis made by a clinician

experienced in diagnosing congenital anomalies and with the
highest level of morphology training for the specific setting****
without definitive imaging or intraoperative evaluation

OR
• For stillbirth, spontaneous or therapeutic abortion, internal

structural defect is visible by ultrasound or other imaging
modality prenatally

Level 3 of diagnostic certainty for major internal structural
defects

M. DeSilva et al. / Vac
• Alterations in internal anatomy present at the time of
live birth** and persistent beyond the immediate peripartum
period unless surgically repaired
AND
• Confirmed by documentation of a diagnosis made by a clinician

with some experience diagnosing congenital anomalies*****
OR

• Confirmed using individual (ICD-9/ICD-10) codes or as part
of an ICD-9/ICD-10 code based algorithm, where the outcome
(individual code or algorithm) has been validated******

Level 4 of diagnostic certainty (insufficient evidence to con-
firm) for major internal structural defects
• Alterations in internal anatomy present at the time of

live birth** and persistent beyond the immediate peripartum
period unless surgically repaired

OR
• Alterations in internal anatomy present at time of stillbirth,

spontaneous abortion, or induced abortion
AND

• Confirmed through medical record review, with the medical
record demonstrating that the anomaly was present at the time
of live birth or time of fetal demise, and that the anomaly was
diagnosed by a trained maternal or child health care provider
with minimal experience diagnosing congenital anomalies

OR
• Confirmed by claims data (ICD-9/ICD-10 diagnoses)*******

*Please see Appendix B for a list of major internal structural
defects
**For pyloric stenosis, the propensity to develop this condi-
tion is present at birth
***Type of definitive imaging study depends on the specific
anomaly
****In high resource settings with access to subspecialists,
such as the United States, these clinicians could be geneticists,
neonatologists, pathologists, or other relevant subspecialists
while in low and middle income countries, diagnosis by a
general physician trained in morphology could be sufficient
*****In high resource settings such as the United States, these
clinicians might include physicians, nurse practitioners, or
physician’s assistants trained in pediatrics, obstetrics, or fam-
ily medicine while in low and middle income countries,
diagnosis by a general physician trained in morphology could
be sufficient
******Validation should be conducted in the same data source,
with clinical diagnosis or chart review as the gold standard
and a positive predictive value of ≥80%
*******Where there is insufficient detail in the chart or lack of
validation in outcome to meet criteria for Level 3
Additionally, many functional congenital anomalies are diag-

nosed before 2 years of age, usually within the first 6 months
of life, but some functional defects may  not be diagnosed until
later in life and are defined by:

Functional Defects
Level 1 of diagnostic certainty for major functional defects*
• For live births, alterations in functioning of one or more organs

or body parts not due to a structural defect, present at the
time of birth (or propensity to develop alteration present at
live birth), and persistent beyond the immediate peripartum
period, unless treated through gene therapy or stem cell trans-
plantation

OR
• For stillbirths, spontaneous or therapeutic abortions, alter-

ations in functioning of one or more organs or body parts, not
due to a structural defect

AND
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Level 2 of diagnostic certainty for major functional defects*
• For live births, alterations in functioning of one or more organs

or body parts not due to a structural defect, present at live

dx.doi.org/10.1016/j.vaccine.2016.03.047
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(4) Relation to the patient (e.g., immunizer [clinician, nurse], family

member [indicate relationship], other).

cine 36
  

birth (or propensity to develop alteration present at live birth),
and persistent beyond the immediate peripartum period, unless
treated through gene therapy or stem cell transplantation

OR
• For stillbirths, spontaneous or therapeutic abortions, alter-

ations in functioning of one or more organs or body parts, not
due to a structural defect

AND
• Confirmed by documentation of a diagnosis made by a clinician

experienced in diagnosing congenital anomalies and with the
highest level of training in the diagnosis of functional defects
for the specific setting***

Level 3 of diagnostic certainty for major functional defects*
• For live births, alterations in functioning of one or more organs

or body parts not due to a structural defect, present at live
birth (or propensity to develop alteration present at live birth),
and persistent beyond the immediate peripartum period, unless
treated through gene therapy or stem cell transplantation

OR
• For stillbirths, spontaneous or therapeutic abortions, alter-

ations in functioning of one or more organs or body parts, not
due to a structural defect

AND
• Confirmed by documentation of a diagnosis made by a clinician

with some experience diagnosing functional defects****
OR

• Confirmed using individual (ICD-9/ICD-10) codes or as part
of an ICD-9/ICD-10 code based algorithm, where the outcome
(individual code or algorithm) has been validated*****

Level 4 of diagnostic certainty (insufficient evidence to con-
firm) for major functional defects*
• For live births, alterations in functioning of one or more organs

or body parts not due to a structural defect, present at the time
of live birth (or propensity to develop alteration present at live
birth), and persistent beyond the immediate peripartum period,
unless treated through gene therapy or stem cell transplanta-
tion

OR
• For stillbirths, spontaneous or therapeutic abortions, alter-

ations in functioning of one or more organs or body parts, not
due to a structural defect

AND
• Confirmed through medical record review, with the medi-

cal record demonstrating that the anomaly was present at
the time of live birth or time of fetal demise, and that the
anomaly was diagnosed by a trained maternal or child health
care provider who is not a qualified geneticist, neonatologist,
pathologist, subspecialist, pediatrician, obstetrician, or family
medicine practitioner

OR
• Confirmed by claims data (ICD-9/ICD-10 diagnoses)******

*Please see Appendix C for a list of major functional defects
**Type of confirmatory study (e.g., chromosome analysis,
FISH) depends on the specific anomaly
***In high resource settings with access to subspecialists, such
as the United States, these clinicians could be geneticists,
neonatologists, pathologists, or other relevant subspecial-
ists while in low and middle income countries, diagnosis
by a general physician trained in morphology could be
sufficient
****In high resource settings, such as the United States, these
clinicians might include physicians, nurse practitioners, or
physician’s assistants trained in pediatrics, obstetrics, or fam-
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ily medicine while in low and middle income countries,
diagnosis by a general physician with some training in diag-
nosis of functional defects could be sufficient
*****Validation should be conducted in the same data source,
with clinical diagnosis or chart review as the gold standard
and a positive predictive value of ≥80%
******Where there is insufficient detail in the chart or lack of
validation in outcome to meet criteria for Level 3

3. Guidelines for data collection, analysis and presentation
of congenital anomalies

It was the consensus of the Brighton Collaboration Congenital
Anomalies Working Group to recommend the following guidelines
to enable meaningful and standardized collection, analysis, and
presentation of information about congenital anomalies. However,
implementation of all guidelines might not be possible in all sett-
ings. The availability of information may  vary depending upon
resources, geographical region, and whether the source of informa-
tion is a prospective clinical trial, a post-marketing surveillance or
epidemiological study, or an individual report of congenital anoma-
lies. Also, as explained in more detail in the overview paper in
this volume, these guidelines have been developed by this working
group for guidance only, and are not to be considered a mandatory
requirement for data collection, analysis, or presentation.

3.1. Data collection

These guidelines represent a desirable standard for the collec-
tion of data on availability following immunization to allow for
comparability of data, and are recommended as an addition to data
collected for the specific study question and setting. The guide-
lines are not intended to guide the primary reporting of congenital
anomalies to a surveillance system or study monitor. Investigators
developing a data collection tool based on these data collection
guidelines also need to refer to the criteria in the case definition,
which are not repeated in these guidelines.

Guidelines numbered below have been developed to address
data elements for the collection of adverse event information as
specified in general drug safety guidelines by the International
Conference on Harmonization of Technical Requirements for Reg-
istration of Pharmaceuticals for Human Use [69] and the form
for reporting of drug adverse events by the Council for Interna-
tional Organizations of Medical Sciences [70]. These data elements
include an identifiable reporter and patient, one or more prior
maternal immunisations, and a detailed description of the adverse
event, in this case, of congenital anomalies following maternal
immunization. The additional guidelines have been developed as
guidance for the collection of additional information to allow for
a more comprehensive understanding of congenital anomalies fol-
lowing maternal immunization.

3.1.1. Source of information/reporter
For all cases and/or all study participants, as appropriate, the

following information should be recorded:

(1) Date of report.
(2) Name and contact information of person reporting2 and/or

diagnosing the congenital anomaly(ies) as specified by country-
specific data protection law.

(3) Name and contact information of the investigator responsible

 (2016) 4 6015–6026
2 If the reporting center is different from the vaccinating center, appropriate and
timely communication of the adverse event should occur.

dx.doi.org/10.1016/j.vaccine.2016.03.047
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five categories including the four levels of diagnostic cer-
tainty. Events that meet the case definition should be classified
according to the levels of diagnostic certainty as specified in
the case definition. Events that do not meet the case def-
inition should be classified in the additional categories for
analysis.

3 The date and/or time of first observation of the first sign or symptom indicative

ccine 3
.1.2. Vaccinee/control

.1.2.1. Demographics. For all cases and/or all study participants,
s appropriate, the following information should be recorded:

5) Case/study participant identifiers (e.g., first name initial fol-
lowed by last name initial) or code (or in accordance with
country-specific data protection laws).

6) Date of birth, stillbirth, or spontaneous or therapeutic abortion,
if applicable estimated gestational age at time of fetal demise,
age of mother, age of infant or gestational age of fetus, race and
ethnicity of both infant and mother, and sex of fetus.

7) For infants: Gestational age and birth weight.

.1.2.2. Clinical and immunization history. For all cases and/or
ll study participants, as appropriate, the following information
hould be recorded:

(8) For the mother, pre-conception medical history, including
hospitalizations, underlying diseases/disorders, and medi-
cations as well as medical history during pregnancy such
as exposure to substances related to major congenital
anomalies, tobacco use, alcohol use, illicit drug use, pre-
immunization signs and symptoms including identification
of indicators for, or the absence of, a history of allergy to
vaccines, vaccine components or medications. Specific focus
should be on maternal medical conditions associated with
increased risk for having an infant with a congenital anomaly
(e.g., diabetes).

(9) Also, for the mother, any medication history (other than treat-
ment for the event described) prior to, during, and after
immunization including prescription and non-prescription
medication with a specific focus on potentially teratogenic
medication exposures. Use of prenatal vitamins and folic acid
should also be noted.

10) Maternal immunization history (i.e. previous immunizations
and any adverse event following immunization (AEFI)), in
particular occurrence of a congenital anomaly in a prior preg-
nancy following previous maternal immunization.

.1.3. Details of the immunization
For all cases and/or all study participants, as appropriate, the

ollowing information should be recorded:

11) Date and time of maternal immunization(s).
12) Description of vaccine(s) (name of vaccine, manufacturer,

lot number, dose (e.g., 0.25 mL,  0.5 mL,  etc.) and number
of dose if part of a series of immunisations against the
same disease). The composition and volume of the dilu-
ent used as well as information about whether the diluent
was from the same or a separate container should also be
recorded.

13) The anatomical sites (including left or right side) of all immu-
nisations (e.g., vaccine A in proximal left lateral thigh, vaccine
B in left deltoid).

14) Route and method of administration (e.g., intramuscular,
intradermal, subcutaneous, and needle-free (including type
and size), other injection devices).

15) Needle length and gauge.

.1.4. The adverse event
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16) For all cases at any level of diagnostic certainty and for
reported events with insufficient evidence, the criteria ful-
filled to meet the case definition should be recorded.

Specifically document:
(17) Clinical description of signs and symptoms of one or more con-
genital anomalies, and if there was  medical confirmation of the
event (e.g., patient seen by physician).

(18) Date/time of first observation3 of congenital anomaly and
diagnostic confirmation4 and final outcome.5

(19) Concurrent signs, symptoms, and diseases.
(20) Measurement/testing – relevant laboratory testing, imaging

results, surgical and pathologic reports.
(21) Treatment given for congenital anomaly(ies), especially

whether surgical intervention was required.
(22) Physical and developmental outcome5 at last observation for

living infants.
(23) Objective clinical evidence supporting classification of the

congenital anomaly as “major,” varies depending on congeni-
tal anomaly evaluating.

(24) Exposures other than maternal immunization during preg-
nancy (e.g., maternal medications, environmental) considered
potentially relevant to the reported event.

3.1.5. Miscellaneous/general

(25) The duration of surveillance for congenital anomalies includes
any anomalies identified after the date of vaccination.

(26) The duration of follow-up reported during the surveillance
period should be predefined likewise. Although most con-
genital anomalies will be clinically recognized in the first 30
days of life, some may not be evident until 12–24 months or
later.

(27) Methods of data collection should be consistent within and
between study groups, if applicable.

(28) Follow-up of cases should attempt to verify and complete the
information collected as outlined in data collection guidelines
1 to 24.

(29) Investigators of patients with congenital anomalies should
provide guidance to reporters to optimize the quality and
completeness of information provided.

(30) Reports of congenital anomalies should be collected through-
out the study period regardless of the time elapsed between
immunization and the adverse event. If this is not feasible due
to the study design, the study periods during which safety data
are being collected should be clearly defined.

3.2. Data analysis

The following guidelines represent a desirable standard for anal-
ysis of data on congenital anomalies to allow for comparability of
data, and are recommended as an addition to data analyzed for the
specific study question and setting.

(31) Reported events should be classified in one of the following
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for  Congenital Anomalies can be used if date/time of onset is not known.
4 The date of diagnosis of an episode is the day post immunization when the event

met  the case definition at any level.
5 E.g., recovery to pre-immunization health status, spontaneous resolution, ther-

apeutic intervention, persistence of the event, sequelae, death.
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Event classification in 5 categories6

Event meets case definition
Level 1: Criteria as specified in the Major Congenital Anomalies case
definition
Specify Major External Structural, Major Internal Structural or
Major Functional

Level 2: Criteria as specified in the Major Congenital Anomalies case
definition
Specify Major External Structural, Major Internal Structural or
Major Functional

Level 3: Criteria as specified in the Major Congenital Anomalies case
definition
Specify Major External Structural, Major Internal Structural or
Major Functional

Insufficient Evidence to Confirm case definition
Level 4: Criteria as specified in the Major Congenital Anomalies case
definition
Specify Major External Structural, Major Internal Structural or
Major Functional

Event does not meet case definition
Level 5: Not a major congenital anomaly

In addition, major congenital anomalies attributed to an alter-
ative cause (e.g., congenital CMV) should still be recorded and

dentified as likely attributable to a known cause.

32) The interval between maternal immunization and reported
congenital anomaly could be defined as the date/time of
immunization (with regards to gestational age) to the
date/time of clinical recognition7 of the first symptoms and/or
signs consistent with the definition. If few cases are reported,
the concrete time course could be analyzed for each; for a
large number of cases, data can be analyzed in the following
increments:

Time Interval

Days prior to mother’s last menstrual period
0 to <14 weeks gestational age (highest risk for congenital
anomaly)
14 to <20 weeks gestational age (lower risk for congenital
anomaly)
≥20 weeks gestation (unlikely to be in risk window for congenital
anomaly)

M. DeSilva et al. / Vac024
Periods of infancy for age of clinical recognition of congenital
nomaly.

6 To determine the appropriate category, the user should first establish, whether
 reported event meets the criteria for the lowest applicable level of diagnostic
ertainty, e.g., Level three. If the lowest applicable level of diagnostic certainty of
he definition is met, and there is evidence that the criteria of the next higher level
f  diagnostic certainty are met, the event should be classified in the next category.
his approach should be continued until the highest level of diagnostic certainty
or a given event could be determined. Major criteria can be used to satisfy the
equirement of minor criteria. If the lowest level of the case definition is not met, it
hould be ruled out that any of the higher levels of diagnostic certainty are met  and
he event should be classified in additional categories four or five.

7 The date and/or time of onset is defined as the time post immunization, when the
rst  sign or symptom indicative for a Congenital Anomaly is clinically recognized.
his may  only be possible to determine in retrospect.
Time period Days

Prenatal <Day 1 of life
Neonatala 1–27b

Early neonatala 1–6b

Late neonatala 7–27
Post neonatal 28–364
a Use either Neonatal or divide into early neonatal and late neonatal.
b Day 1 = first 24 h of life.

(33) If more than one measurement of a particular criterion is taken
and recorded, the value corresponding to the greatest magni-
tude of the adverse experience could be used as the basis for
analysis. Analysis may  also include other characteristics like
qualitative patterns of criteria defining the event.

(34) The distribution of data (as numerator and denominator data)
could be analyzed in predefined increments (e.g., measured
values, times), where applicable. Increments specified above
should be used. When only a small number of cases are pre-
sented, the respective values or time course can be presented
individually.

(35) Data on congenital anomalies obtained from subjects receiv-
ing a vaccine should be compared with those obtained from
an appropriately selected and documented control group(s)
to assess background rates in non-exposed populations, and
should be analyzed by study arm and dose where possible, e.g.,
in prospective clinical trials.

3.3. Data presentation

These guidelines represent a desirable standard for the presen-
tation and publication of data on congenital anomalies following
immunization to allow for comparability of data, and are recom-
mended as an addition to data presented for the specific study
question and setting. Additionally, it is recommended to refer
to existing general guidelines for the presentation and publi-
cation of randomized controlled trials, systematic reviews, and
meta-analyses of observational studies in epidemiology (e.g., state-
ments of Consolidated Standards of Reporting Trials (CONSORT), of
Improving the quality of reports of meta-analyses of randomized
controlled trials (QUORUM), and of Meta-analysis Of Observational
Studies in Epidemiology (MOOSE), respectively).

(36) All reported events of congenital anomalies should be pre-
sented according to the categories listed in guideline 31.

(37) Data on possible congenital anomalies events should be pre-
sented in accordance with data collection guidelines 1–24 and
data analysis guidelines 31–34.

(38) Terms to describe congenital anomalies such as “low-grade”,
“mild”, “moderate”, “high”, “severe” or “significant” are highly
subjective, prone to wide interpretation, and should be
avoided, unless clearly defined.

(39) Data should be presented with numerator and denominator
(n/N) (and not only in percentages), if available.

Although immunization safety surveillance systems denomi-
nator data are usually not readily available, attempts should be
made to identify approximate denominators. The source of the
denominator data should be reported and calculations of estimates
be described (e.g., manufacturer data like total doses distributed,
reporting through Ministry of Health, coverage/population based
data, etc.).

 (2016) 6015–6026
(40) The incidence of cases in the study population should be
presented and clearly identified as such in the text. It would
be useful to compare rates to background rates for these con-
ditions. Useful resources include: EUROCAT prevalence tables
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(http://www.eurocat-network.eu/accessprevalencedata/
prevalencetables). This allows that both exposed an
unexposed cohorts can be compared with an external
standard.

41) If the distribution of data is skewed, median and range are usu-
ally the more appropriate statistical descriptors than a mean.
However, the mean and standard deviation should also be
provided.

42) We  recommend the studies powered to evaluate compos-
ite congenital anomaly outcomes also publish, or make data
available that contains a description of individual anomalies.
This will potentially allow meta-analysis of more discrete out-
comes and help define the risk of less frequent anomalies.

43) Any publication of data on congenital anomalies should
include a detailed description of the methods used for data
collection and analysis as possible. It is essential to specify:

The study design;
The method, frequency and duration of monitoring for congenital
anomalies;
The trial profile, indicating participant flow during a study includ-
ing drop-outs and withdrawals to indicate the size and nature of
the respective groups under investigation;
The type of surveillance (e.g., passive or active surveillance);
The characteristics of the surveillance system (e.g., population
served, mode of report solicitation);
The search strategy in surveillance databases;
Comparison group(s), if used for analysis;
The instrument of data collection (e.g., standardized question-
naire, diary card, report form);
Whether the day of immunization was considered “day one” or
“day zero” in the analysis;
Whether the date of timing of first observation relative to
vaccination7 and/or the date of first observation3 and/or the date
of diagnosis4 was used for analysis; and
Use of this case definition for congenital anomalies, in the abstract
or methods section of a publication.8,9,10,1112
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