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Abstract

Background: The variability of terms and definitions of Adverse Events Following
Immunization (AEFI) represents a missed opportunity for optimal monitoring of safety of
immunization in pregnancy. In 2014, the Brighton Collaboration Foundation and the World Health
Organization (WHO) collaborated to address this gap.

Methods: Two Brighton Collaboration interdisciplinary taskforces were formed. A landscape
analysis included: (1) a systematic literature review of adverse event definitions used in vaccine
studies during pregnancy; (2) a worldwide stakeholder survey of available terms and definitions;
(3) and a series of taskforce meetings. Based on available evidence, taskforces proposed key terms
and concept definitions to be refined, prioritized, and endorsed by a global expert consultation
convened by WHO in Geneva, Switzerland in July 2014.

Results: Using pre-specified criteria, 45 maternal and 62 fetal/neonatal events were prioritized,
and key terms and concept definitions were endorsed. In addition recommendations to further
improve safety monitoring of immunization in pregnancy programs were specified. This includes
elaboration of disease concepts into standardized case definitions with sufficient applicability and
positive predictive value to be of use for monitoring the safety of immunization in pregnancy
globally, as well as the development of guidance, tools, and datasets in support of a globally
concerted approach.

Conclusions: There is a need to improve the safety monitoring of immunization in pregnancy
programs. A consensus list of terms and concept definitions of key events for monitoring
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immunization in pregnancy is available. Immediate actions to further strengthen monitoring of
immunization in pregnancy programs are identified and recommended.
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1. Introduction

The concept of maternal immunization — vaccinating pregnant women in order to protect
women themselves and their newborn infants from serious infectious diseases — emerged
along with the development of the first vaccines in the early 20th Century [1]. Routine
vaccination of pregnant women with tetanus toxoid has been successfully implemented
worldwide since the 1960s for the prevention of maternal-neonatal tetanus [2]. In some
countries, the recognition of severe influenza disease in pregnant women has led to the
recommendation to vaccinate women with influenza vaccine [3,4]. The resurgence of
pertussis disease in the United States and the United Kingdom has led those countries to
recommend vaccination of pregnant women to prevent pertussis in infants [5,6]. Since the
1980s, the United States National Institutes of Health (NIH) has funded clinical studies of
vaccines in pregnancy [7]. Worldwide, studies evaluating the safety, immunogenicity, and
efficacy of various licensed and investigational vaccines in pregnancy against influenza,
tetanus, Haemophilus influenzae type b, pneumococcus, meningococcus, group B
streptococcus (GBS), Bordetella pertussis and respiratory syncytial virus (RSV) have been
completed or are underway [7].

Although many studies and surveillance systems have collected information on reported
adverse events following immunization (AEFI) in both mothers and their infants, there is
variability in the terms and definitions of the events observed and assessed for a potential
causal association. Since 2000, the Brighton Collaboration (BC), an independent
professional network with the mission to enhance the science of vaccine research by
providing standardized, validated objective methods for monitoring safety profiles and
benefit-risk ratios of vaccines has provided investigators with case definitions of AEFI [8].
In 2004, the Brighton Collaboration was requested by WHO to develop a guidance
document harmonizing safety assessment during maternal and neonatal vaccine trials. This
document has been updated repeatedly in response to the rapidly evolving field [9]. In 2011,
the NIH convened a series of meetings of experts with the goal of producing guidance to
researchers in the field of maternal immunization, including recommendations concerning
adverse events [10-14]. These NIH guidance documents were designed with high resource
settings in mind, where research on maternal vaccines mostly had been conducted. Further
attention to maternal immunization has been given by WHO which recently recommended
that pregnant women receive influenza and pertussis vaccination under certain circumstances
[15-17]. Highlighting the urgency and need for tools to standardize assessment of vaccine
safety in pregnancy in all resource settings, large studies of vaccines for pregnant women,
against influenza, pertussis, GBS, and RSV are now being planned or implemented in low-
and middle-income countries [7,18,19].
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No consensus vaccine safety monitoring guidelines or adverse event definitions to meet the
need of concerted safety monitoring during the life cycle (development and post-licensure
monitoring) of vaccines for global access in rapidly emerging immunization in pregnancy
programs exist. This report describes the process pursued by BC and the WHO Initiative for
Vaccine Research to advance the development of these necessary vaccine safety monitoring
tools.

2. Methods

In 2014, Brighton Collaboration, together with WHO, convened two taskforces to conduct a
landscape analysis of current practice, available terms, and case definitions and to develop
and to propose interim terminology and concept definitions for the evaluation of the safety
of vaccines administered to pregnant women. One taskforce reviewed maternal and obstetric
events, and the other reviewed fetal and newborn events. Taskforce membership reflected
diverse geographic and professional backgrounds, as well as broad expertise in clinical
research, epidemiology, regulatory and immunization implementation requirements,
maternal immunization, obstetrics, and pediatrics. Members represented academia, the
pharmaceutical industry, regulatory agencies, clinical investigators, private and public
organizations. The taskforces gathered relevant information from a systematic review of
published literature on the safety of vaccination during pregnancy in mothers and infants as
well as from a global stakeholder survey of relevant terms and safety assessment methods.

The objective of the systematic literature review was to determine the extent and variability
in AEFI definitions and reporting in maternal immunization studies. The methods and
results of the review were reported separately [20]. The objective of the global stakeholder
survey was to identify existing case definitions of key events in pregnant women and
newborns, as well as to describe existing methods for the assessment of safety of vaccines
used in pregnancy. We developed an expansive list of national and international obstetric and
pediatric professional societies, government agencies, regulatory agencies, research
institutions, local and international organizations, and pharmaceutical companies that could
be involved in work relevant to our objectives. We sent each institution an electronic survey
and asked them to describe activities that collected information on key events during
pregnancy and the newborn period. We also searched for information in existing standard
terminology criteria documents, healthcare databases, population-based surveys, pregnancy
registries, active and passive surveillance reporting systems, meeting and study reports,
ongoing interventional and non-interventional studies, and the Brighton Collaboration
network of vaccine safety experts. Through these efforts, we established an inventory of
stakeholders and a repository of existing adverse event terms, case definitions, protocols,
practice guidelines, and manuscripts with data pertinent to the assessment of safety of
vaccines in pregnant women and their infants. The taskforces held regular meetings to define
procedures, to review progress of information gathering, to prioritize event terms, and to
recommend definitions of terms for further review at a larger expert consultation.

The taskforces identified “key terms”—defined as the most important adverse event terms
based on frequency of occurrence, severity or seriousness, public health relevance, potential
for public concern, and measurability or comparability with existing data. Key terms were
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organized with their synonyms (if pertinent), and existing definitions with bibliographic
sources. When a taskforce identified more than one existing definition, it proposed a best
definition based expert assessment of definition applicability and positive predictive value.
These key terms, synonyms, and proposed definitions were presented at the expert
consultation for further discussion.

The expert consultation took place at WHO in Geneva, Switzerland, July 24-25, 2014 and it
included taskforce participants and other invited experts [21]. The objectives of the
consultation were: (1) to review existing relevant obstetrical and pediatric adverse event case
definitions and guidance documents; (2) to prioritize terms for key events for continuous
monitoring of immunization safety in pregnancy; (3) to develop concept definitions for these
events; and (4) to recommend a core data set of key terms of events to be collected when
monitoring the safety of immunization in pregnancy. The terms and definitions were
intended to be used specifically in vaccine safety monitoring. They were not intended to be
used for diagnosis or treatment of patients, nor in non-vaccine clinical epidemiologic
studies.

The taskforces proposed key terms and concept definitions. For each term, the full
consultation determined whether the term was important for the assessment of safety of
vaccines in pregnancy (i.e. was a “key term”), identified potential synonyms, determined
whether there was consensus agreement on concept definitions, and considered the
applicability of the term and concept definitions in different resource settings. This led to a
list of key terms with synonyms and short descriptions of the respective disease concept,
recognizing that this was a first critical step towards globally harmonized safety monitoring.
It was acknowledged that an approach to reducing misclassification of reported events and to
promoting data comparability in globally concerted safety monitoring would require more
elaborate standardized case definitions. Such definitions should allow the classification of
events based on objective, as well as measurable criteria at different levels of diagnostic
certainty to serve the needs of monitoring the safety in diverse cultural and resource settings
during the vaccine life cycle. Selected key terms were further classified as “priority
outcomes” if they were considered to be the most important terms for the assessment of
safety of the vaccine in pregnancy, “outcomes” if there were considered important but not
critical, and “enabling” if the term was used to assist in the assessment of other outcomes or
priority outcomes.

Overall, for organizational and reporting purposes, key terms were classified in broad
conceptual categories. Key terms for the safety assessment related to immunization of
pregnant women were sub-classified as: pregnancy-related, complications of pregnancy,
complications of labor and delivery, and maternal health terms. Key terms for the assessment
of safety in the fetus and newborn were sub-classified as: events of delivery, physical
examination and anthropometric measurements, and neonatal complications classified by
organ system.
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3. Results

3.1. Systematic literature review of adverse event definitions

The results of the systematic literature review are reported in detail separately [20]. Briefly,
among 74 studies included in the review, 10 were clinical trials, 54 were observational
studies, and 10 were reviews. Most studies were related to influenza vaccine, followed by
yellow fever vaccines, and then Tdap. A total of 240 different types of AEFI were reported
on in these studies. Of these, 230 were systemic and 10 were injection site reactions.
Considerable variability of the event terms used and lack of consensus on the definitions
used for the assessment of AEFI reported in immunization in pregnancy studies was
identified, rendering meaningful meta-analysis or comparison between studies and products
challenging.

3.2. Stakeholder survey

WHO contacted 446 individuals, and Brighton Collaboration contacted 500 individuals.
Overall, 41% of individuals responded, and 40% of institutions responded. Individuals
represented 427 institutions, of which 57% were based in the EURO and PAHO WHO
regions. Of the institutions that responded, 81% were from the EURO and PAHO WHO
regions (Fig. 1). Respondents confirmed the lack of standardized definitions for the
assessment of safety of vaccines in pregnant women and reported their adverse event
reporting to be based on classifications of events and terms used for various medical
purposes or developed for use in a given organization of research network. Individuals
shared the actual case definitions, protocols, and manuscripts used, when available. The
survey identified relevant information from a wide variety of groups, including Brighton
Collaboration documents on safety of vaccines, WHO documents addressing vaccine safety
and surveillance of AEFI [9,22-26], the National Institutes of Health Toxicity Tables,
publications and studies [10-14,27,28], the US National Children Study project [29-31], the
Global Alliance on Prevention of Prematurity (GAPPS) [32], reports from GAVI Alliance,
UNICEF and WHO [33-40], established terminology databases including the International
Classification of Diseases (ICD-9, ICD-10) [41,42], Common Terminology Criteria for
Adverse Events (CTCAE) [43], Medical Dictionary for Regulatory Activities (MedDRA)
[44] and pregnancy and birth defect registries and guidance documents [45-55], vaccine
safety and pharmacovigilance surveillance systems including the CIOMS report on vaccine
pharmacovigilance [56], vaccine safety active surveillance programs [57-60], the American
College of Obstetrics and Gynecology (ACOG) practice guidelines [61,62], investigators of
current and planned clinical trials, and the pharmaceutical industry working on candidate
vaccines for pregnant women.

3.3. Key terms and consensus definitions

Based on the findings of the landscape analysis and predefined criteria as described above, a
total of 45 key terms describing medical events of significance for the assessment of safety
of vaccines in pregnant women were identified by the maternal and obstetric event taskforce.
A total of 62 key terms were identified by the neonatal and fetal event taskforce. The
participants of the consultation recommended the elaboration of disease concepts into
standardized case definitions with sufficient applicability and positive predictive value to be
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of use for monitoring the safety of immunization in pregnancy globally. Overall, 39 key
terms were reviewed, prioritized and agreed upon by the participants of the consultation and
consensus concept definitions were endorsed for immediate use. A summary of all key terms
are described in Tables 1 and 2, respectively. A complete repository including additional
suggested terms and interim concept definitions suggested by the taskforces is available at
the Brighton Collaboration website [63].

3.4. Other recommendations

In addition, the expert consultation identified and recommended critical steps to further
improve safety monitoring of immunization in pregnancy programs (Table 3), including the
development of guidance for data collection, analysis and presentation of safety data; tools
for harmonized data collection, classification, and data sharing; and globally concerted
secondary use of health care datasets to strengthen active surveillance to enable evidence
based local and global response to safety concerns [20].

4. Discussion

We conducted a literature review, global stakeholder survey, and expert consultation to
assess key events related to safety monitoring of immunization in pregnancy. We identified
substantial heterogeneity of event definitions and assessment methods in current practice,
and described a structured approach to initiating globally concerted action towards the
ascertainment of the safety of mothers and their children following immunization in
pregnancy.

The systematic literature review was a hallmark of this consensus process, highlighting the
opportunities for improvement. The strengths and limitations of this effort are discussed in
detail elsewhere [20]. The findings directly informed decision making and prioritization both
at the taskforce and consultancy levels, and provide a useful baseline assessment for
monitoring and re-evaluation of globally concerted actions in this rapidly evolving field of
research.

The stakeholder survey was the second hallmark of consensus formation. Given the
thorough approach, we interpret the response rate and geographic distribution of responses
to be reflective of the actual availability of event terminologies, case definitions, and
guidance documents in the regions where most of the structured research into the safety of
drugs and vaccines administered during pregnancy have thus far been conducted. The expert
consultation recommended efforts be made to increase involvement from low- and middle-
income countries, particularly in Africa and Asia, as trials and immunization programs are
increasingly occurring in these regions.

WHO and the Brighton Collaboration continue to monitor emerging case definitions and
guidance documents, as well as validation efforts informing best practice and harmonization
efforts for upcoming vaccines and programs of immunization in pregnancy. The authors
recognize that despite the taskforces’ efforts to capture existing definitions for key safety
events in pregnancy, it is likely we have not identified all definitions available or needed.
Thus, we encourage readers to share available information not captured or adequately
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represented in this publication by contacting the WHO (VaccineResearch@who.int) and
Brighton Collaboration (contact@brightoncollaboration.org).

While challenging, the development of a common language through harmonized definitions
will facilitate efforts in the research and implementation of vaccines for maternal
immunization. The consistent use of definitions of key events related to immunization in
pregnancy will enhance comparability of safety outcomes monitored during the vaccine life
cycle from pre-licensure to post-licensure clinical trials, as well as from observational
studies.

Harmonization of terms, disease concepts and the development of standardized case
definitions of key events related to safety monitoring of immunization in pregnancy is a
challenging exercise, specifically in view of the need for applicability in high- and low-
income settings and the multiple stakeholders involved. We employed a structured approach
building on the recognized standard Brighton Collaboration process [8] to arrive at interim
terminology and concept definitions for immediate use, while planning for collaborative
development and validation of standardized case definitions with investigators and
stakeholders in the near future. We recognize that the establishment of a core set of terms,
disease concepts, and definitions is an important step towards this aim, while acknowledging
that not all pertinent events may be identified and defined in anticipation. However, with an
established network and processes among globally collaborating investigators, additional ad
hoc definitions may be developed rapidly as the need arises.

Therefore, an important aspect of this effort was the broad net that was cast to identify
relevant methods, terms, and definitions available from all resource settings. The early
involvement and contributions by a large group of stakeholders with diverse backgrounds
and the global expertise within the taskforces and in the consultation strengthened the
harmonization process from its inception. Broad representation and face-to-face discussion
encouraged increasing information exchange and collaboration, while minimizing
duplication of efforts.

The harmonization exercise and consultancy also helped foster discussion on the necessary
way forward given current limitations. The participants identified additional obstacles and
needs. Recommendations included the development of tools to standardize and increase the
efficiency of safety data collection in clinical trials and observational studies. Further, robust
data on background rates of key events related to immunization in pregnancy, and pooled
safety analyses based on international data sharing would better inform decision making on
maternal immunization programs, and enhance patient, regulator, and provider decision
making and comfort with vaccination offered to protect pregnant women and their children
from preventable diseases and possible death.

Maternal immunization is an evolving field, and adaptation of standards and tools to specific
vaccines, protocols, populations, geographic regions, and other factors is necessary when
evaluating the safety of vaccines in pregnancy. The Brighton Collaboration has established a
collaborative network dedicated to address this continuing need: the Global Alignment of
Immunisation Safety Assessment in Pregnancy (GAIA) [63,64]. The aim of the GAIA
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project is to provide standards and tools to establish a globally shared understanding of
outcomes and approaches to monitoring them with specific focus on low- and middle-
income countries needs and requirements. GAIA will build on the efforts of this initial work
and develop standardized case definitions for selected key terms through the standard
Brighton process as well as guidance and tools harmonizing data collection in clinical trials
and observational studies.

The process described in this paper outlines a format successfully initiating active discussion
and sharing of information between stakeholders and investigators in view of rapidly
evolving immunization programs of pregnant women. This approach could serve as a model
for future efforts aiming at early harmonization of the safety assessment of specific vaccines
and global immunization programs leading to sustainable collaboration and concerted action
while minimizing fragmentation and duplication of efforts in line with the Global Vaccine
Safety Blueprint, the strategic plan of the WHO Global Vaccine Safety Initiative [65].
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