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ABSTRACT

Introduction Pregnant women and their offspring are
often at increased direct and indirect risks of adverse
outcomes during epidemics and pandemics. A coordinated
research response is paramount to ensure that this

group is offered at least the same level of disease
prevention, diagnosis, and care as the general population.
We conducted a landscape analysis and held expert
consultations to identify research efforts relevant to
pregnant women affected by disease outbreaks, highlight
gaps and challenges, and propose solutions to addressing
them in a coordinated manner.

Methods Literature searches were conducted from 1
January 2015 to 22 March 2022 using Web of Science,
Google Scholar and PubMed augmented by key informant
interviews. Findings were reviewed and Quid analysis
was performed to identify clusters and connectors across
research networks followed by two expert consultations.
These formed the basis for the development of an
operational framework for maternal and perinatal research
during epidemics.

Results Ninety-four relevant research efforts

were identified. Although well suited to generating
epidemiological data, the entire infrastructure to support
a robust research response remains insufficient,
particularly for use of medical products in pregnancy.
Limitations in global governance, coordination, funding
and data-gathering systems have slowed down research
responses.

Conclusion Leveraging current research efforts while
engaging multinational and regional networks may be

the most effective way to scale up maternal and perinatal
research preparedness and response. The findings of this
landscape analysis and proposed operational framework
will pave the way for developing a roadmap to guide
coordination efforts, facilitate collaboration and ultimately
promote rapid access to countermeasures and clinical
care for pregnant women and their offspring in future
epidemics.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Previous epidemics and pandemics highlighted the
dearth of preparedness and response for maternal
and perinatal health, resulting in delayed access
to countermeasures for pregnant women and their
offspring, despite them often being identified as a
group at increased risk of severe disease outcomes.

= Existing literature evaluates gaps in approaches for
alleviating gender inequality in future public health
emergencies and the impacts of the COVID-19 pan-
demic on maternal and perinatal health services

WHAT THIS STUDY ADDS

= This study provides a comprehensive overview of
existing research efforts and key areas of focus rel-
evant to maternal and perinatal health, identifying
current gaps and exposing shortcomings in existing
infrastructure. It proposes an operational framework
for improving conduct of maternal and perinatal
heath research in the context of emerging and on-
going epidemic threats.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The findings of this landscape analysis and pro-
posed operational framework will pave the way
for developing a roadmap to guide coordination ef-
forts, facilitate collaboration and ultimately promote
rapid access to countermeasures and clinical care
for pregnant women and their offspring in future

epidemics.

INTRODUCTION

The likelihood of infectious disease outbreaks,
epidemics and pandemics is increasing and is
expected to triple over the coming decades,'
due to a number of contributing factors such
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as increased travel, urbanisation and climate change.”
Historically, the emergence of epidemic-prone diseases,
including Ebola, Zika and respiratory infections such
as severe acute respiratory syndrome (SARS), Middle
East respiratory syndrome (MERS) and influenza A/
Hb5NI1 and A/HINI has caused global panic and alarm.
However, disease emergence has often been followed by
underinvestment in capacity strengthening, integrated
surveillance and protection of populations during the
recovery phase.” In this context, the ability to quickly
gather information on the natural course of disease
progression, clinical characteristics and pathophysiology
is necessary for the development of prevention and clin-
ical care strategies and guidelines, as well as for the plan-
ning, design and delivery of care.”

Preparedness is key to reducing the impact of future
disease outbreaks, and there are a number of lessons to be
learnt from the experience of the COVID-19 pandemic,
where prepandemic response planning was limited,
and handling of the health emergency at the global
level was a considerable challenge.” In the aftermath of
the pandemic, the international community has called
for strengthening of health emergency preparedness,
response and resilience architecture' to better under-
stand the distribution of priority emerging infectious
diseases, together with drivers of transmission, natural
history, clinical characteristics, and disease pathophysi-
ology. This can help guide preparedness planning and
strengthen health systems to ensure that they can effec-
tively anticipate, respond to and recover from the impacts
of any health emergencies.” Integral to this response is
the WHO Research and Development (R&D) Blueprint,
which brings together key stakeholders to identify gaps
and accelerate research for accurate diagnostic assays,
novel therapeutics and effective vaccines against priority
pathogens.””

It is now globally recognised that a comprehensive
research response to emerging and ongoing epidemic
threats can and should contribute to improve our under-
stading of how these affect health and access to health-
care for women and children, in addition to their social
and economic burden.” Often, subpopulations, such as
pregnant women and their offspring, are at higher risk
both directly from the disease and from indirect factors.
For example, pregnant women may be more likely to
experience severe disease compared with non-pregnant
women, as was noted during the COVID-19 and the
2009 influenza pandemics,”” or their offspring may be
at increased risk for developmental abnormalities, such
as the association between microcephaly and maternal
Zika infection observed during the 2015 outbreak in
Brazil.'” ' In addition to direct disease effects, pregnant
women and their offspring are likely to be impacted by
indirect effects, such as decreased access to maternity
services, and increased childcare demands on working
mothers during lockdown situations.'* ' Furthermore,
pregnant women are generally excluded from clinical
trials of medicines and vaccines, resulting in delayed

access to potentially life-saving treatments or preventative
interventions.'*"’

Our objective was to evaluate the current maternal and
perinatal research landscape and identify major gaps and
challenges to delivering a coordinated and rapid research
response to emerging and ongoing epidemic threats. We
present the integrated findings of a landscape analysis,
discussions with key informants (KIs) and outcomes of
two expert consultations. We also propose an operational
framework for maternal and perinatal research to be
applied during ongoing and emerging epidemic threats.

METHODS

This landscape and gap analysis involved compilation
and description of current research efforts relevant
to maternal and perinatal health during ongoing and
emerging epidemic threats. As such, it formed the basis
for a series of consultations to further identify main chal-
lenges and opportunities for coordination and generate
ideas of how current research efforts could be leveraged
to address gaps. These supported development of an
operational framework for improved maternal and peri-
natal health research during epidemics and pandemics.
A steering committee was established to oversee and
provide technical guidance at various stages of the
project.

Landscape and gap analysis
Desk review: search strategies and selection criteria
Initial searches were performed on Web of Science from
1 January 2015 to 22 March 2022 using three search
strings including population (eg, maternal/pregnancy),
topic area (eg, COVID-19, other infections) and meth-
odology (eg, various study designs) (see online supple-
mental material 1). Where the initial publications refer-
enced other relevant publications, research networks or
authors, Google Scholar and PubMed were examined
(using the same key search terms) to ensure complete-
ness of the searches. In parallel, a similar search was
performed across grey literature, including govern-
mental websites, relevant non-governmental and inter-
national organisations, conference proceedings, clinical
trial registers, existing research effort websites and associ-
ated networks’ sites, as well as targeted Google searches.

A research ‘effort’ was defined as a persistent data
generation or aggregation exercise, which could be an
individual study or a network or collaboration. Search
results were filtered to exclude efforts considered to be
beyond the scope of the study (eg, only testing inter-
ventions in neonates) or focused on multiyear/lifelong
longitudinal cohort studies’ or those that had otherwise
been terminated. Broader efforts, such as the WHO
Programme for International Drug Monitoring18 and
ISARIC network,19 were also excluded.

Preliminary findings from the literature review, grey
literature and interviews were filtered against these
screening criteria through manual review. The retrieved
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articles were screened by title and abstract to single out
relevant full-text documents to be evaluated against the
inclusion criteria. A data extraction form was used to
extract information on the characteristics of those efforts
(see online supplemental material 2), as well as oppor-
tunities and challenges pertaining to maternal and peri-
natal health research during epidemics and pandemics.
What remained at the end of the filtering process was
included in the landscape analysis.

Preliminary contacts with Kis

KIs were selected among the members of WHO steering
committee, principal investigators or network members
of efforts identified through the literature search. In
total, 23 experts were contacted to identify further
research efforts, gather more information on efforts led
by Kls and gain insights on opportunities and challenges
for collaboration.

Quid analysis

Findings of the literature search described above were
validated using Quid (Quid, Business Intelligence Soft-
ware, http://quid.com), an artificial intelligence soft-
ware. The results were cross-checked and tested via Quid
analysis to address biases and cover blind spots. This anal-
ysis allowed for finding gaps in the research landscape
and clustering authors and research focuses and topics
(eg, Zika, birth and morbidity) to detect networks and
key individuals linking efforts, and to identify disparate,
poorly linked clusters for which further investigation and
outreach might be needed.

Synthesis of findings

Associated study publications, protocols and websites
were reviewed to determine the population scope (eg,
maternal, neonatal, both or general population), the
region where the effort was active, operational period
(research duration), type of research focus (eg, observa-
tional, interventional, surveillance) and topic area (eg,
morbidity, outbreak/epidemic). Results of desk research
and expert interviews were used to evaluate research
efforts and better understand the full scope of activities
and related publications. When there was evidence of
previous pandemic and epidemic-related work, emer-
gency focus was included as part of the research scope.
Furthermore, key networks of clusters and authors serving
as connections were visually identified using Quid anal-
ysis. To gain additional understanding, a deeper charac-
terisation of selected efforts (exemplars) across a range
of geographies and types was conducted. Key themes
emerging from interactions with Kls were also identified
and used to inform subsequent technical consultations.

Technical consultations

Two expert consultations were conducted in June 2022
and May 2023 to reflect on the results of the landscape
analysis, learn from challenges and opportunities of
exemplars, discuss an operational framework, and
identify needs and next steps to produce concrete and

actionable outputs for improved maternal and perinatal
health research during epidemics and pandemics. A total
of 33 attendees with broad expertise and relevant clinical
and academic experience attended the meetings. Among
them, 22 were women and 11 were men; 11 experts came
from low-income and middle-income countries (LMICs)
while the remaining 22 experts represented high-income
countries (HICs), most with direct experience in coordi-
nating or supporting research in Africa, Asia and Latin
America. In terms of the geographical representation of
the WHO regions, 3 people came from Africa, 15 from
the Americas, 2 from Eastern Mediterranean, 10 from
Europe, 2 from South-East Asia and 1 person from the
Western Pacific.

RESULTS

Overall, literature searches identified 3023 unique arti-
cles which were reviewed to identify relevant efforts corre-
sponding with agreed definitions. Some articles yielded
multiple efforts, while others yielded none. At the end of
this process, a total of 94 research efforts considered rele-
vant for maternal and perinatal health research during
future outbreaks were identified (see online supple-
mental material 3). The landscape analysis and expert
consultations yielded three key findings leading to the
development of an operational framework.

Finding 1: substantial research efforts exist; there is
sufficient infrastructure to support robust maternal and
perinatal health research during outbreaks mainly in high-
income settings
Multiple relevant research efforts are already in place. In
total, 83% (78/94) of research efforts focused predomi-
nantly on both maternal and neonatal health (figure 1A),
with few efforts in the general population also including
pregnant populations (2%, 2/94). These efforts have a
broad geographical distribution, with 33% (31/94) being
global efforts, 38% (36,/94) originating from Europe or
North America and 29% (27/94) originating from the
rest of the world (figure 1B). Considerably fewer efforts
were identified in Latin America, and there were no
efforts solely based in the Eastern Mediterranean region.
Data on duration were available for 81 research efforts,
with the majority (60%) being operational for more than
5 years and 19% for more than 25 years (figure 1C).
Many of these efforts had been successfully used during
the COVID-19 pandemic by leveraging existing protocols
and clinical trials to collect data on COVID-19 burden,
pregnancy outcomes and use of medicines in preg-
nancy.m_22

Quid analysis showed that the over 3000 articles iden-
tified were authored by more than 20 000 researchers,
in research networks consisting of more than 65 000
specific collaborations. Overall, the research ecosystem
was predominantly comprised of discrete small clusters
of research, with few connections (online supplemental
figure 1a). In total, 31 clusters included 0-5 authors, 10
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A. Population scope
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Figure 1

included 6-10 authors and 11 included >10 authors. The
most connected networks contained several of the largest
clusters (online supplemental figure 1b). The research
landscape covered 16 major maternal and perinatal
health topics, the most common being low-resource chal-
lenges (11%), diet and nutrition (11%) and vaccinations
(12%; Online supplemental figure 1c).

Existing multicountry or regional networks may be
the fastest path to improving maternal and perinatal
health research during outbreaks. Large multicountry
or regional networks already exist across epidemiology,
research and development, postauthorization surveil-
lance and advocacy. The International Network of
Obstetric Survey Systems (INOSS) (https://www.npeu.
ox.ac.uk/inoss), the Global Network for Women’s and
Children’s Health Research (https://globalnetwork.
azurewebsites.net/ ),23 HIV/AIDS Clinical Trials Units
and Clinical Research Sites (https://www.niaid.nih.
gov/research/hivaids-clinical-trials-units-and-clinical-
research-sites) and NEOCOSUR (https://neocosur.uc.
cl/neocosur/vista/index.php) are already coordinating
research and enabling collaboration on randomised
controlled trials and observational studies. Multisite
networks increase access to larger and more diverse study
populations, which in turn increases the generalisability
of study findings. In addition, alignment and coordina-
tion within networks can allow prompt cascading of new
studies, protocols or interventions to smaller satellite
sites, which would not have been possible without coop-
eration within and among networks.

Finding 2: existing infrastructure is best suited to provide
epidemiological data; R&D including pregnant women during
outbreaks is limited
Approximately 87% of the identified efforts are suited
to support rapid generation of epidemiological data,
14% postauthorization surveillance data, whereas only
9% focus on research and development of interven-
tions. Many efforts conducted activities that contrib-
uted towards multiple categories (eg, epidemiology and
product development research).

Observational epidemiological efforts are suitable for
rapidly leveraging the current infrastructure to describe
the disease characteristics in outbreaks, epidemics and

B. Geographical distribution

C. Operational period

19%
>25 years

26%
33% 0-2years

Global

14%
16-25 years
14%
3-5 years

11%

Africa
13% 27%
Asia 6-15 years

Characteristics of research efforts identified through literature searches and expert consultations.

pandemics. Efforts such as the UK Obstetric Surveil-
lance System (UKOSS),”’ INOSS,** the Global Network
Maternal Newborn Health Registry,” INTERCOVID®
and MA-Cov® successfully adapted existing platforms
during the COVID-19 pandemic. Still, certain barriers
remain, such as the speed of ability to amend existing
protocols. Relatively few efforts focused on development
of interventions, and the majority centred on repur-
posing existing interventions rather than introducing
novel ones. For example, excluding women from clinical
trials resulted in a significant research gap during the
COVID-19 pandemic, *'* although there were efforts that
advocated for improving inclusion of pregnant women
in clinical trials (eg, ConcePTION27). Furthermore,
significant barriers to inclusion of pregnant women in
clinical trials persist for developers of medical products,
ranging from perceived higher levels of legal liability and
reputational damage to unknown risks to the pregnant
woman and the fetus. At the same time, relatively few
incentives are available, despite the existence of guid-
ance supporting inclusion of pregnant women in clinical
trials.'®**

Finding 3: limitations in global governance, coordination

and funding, and established data-gathering systems, cause
delays in prompt, broad activation of research efforts during
outbreaks

Establishing governance, coordination and funding
plans at the time, rather than in advance, of emergencies
such as the Zika virus disease outbreak and COVID-19
pandemic delayed generation of evidence critical to
determining the burden of disease and guiding public
health policies and clinical management. For example,
most of the maternal and newborn health efforts during
the Zika outbreak occurred after cases had peaked,
therefore, missing critical periods for data collection and
evidence generation for clinical decision-making. Efforts
that required de novo development of studies and data-
gathering systems, including protocols, ethics approvals,
datasharing agreements, etc, responded more slowly than
those that had these structures in place. Studies which
leveraged existing protocols and systems (eg, UKOSS,*
Zika in Pregnancy in Honduras® and INTERCOVID*
studies) during the COVID-19 pandemic resulted in more
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Figure 2 Operational framework for maternal and perinatal health research during emerging and ongoing epidemic threats.

rapid generation of epidemiological data compared with
those studies developed and launched after COVID-19
had already emerged. These existing research efforts
would benefit from increased global coordination,
including harmonisation of research protocols and prea-
greed data-sharing agreements and data analysis plans,
to generate robust data that is applicable on an inter-
national scale. Specific funding to improve prepared-
ness for research in pregnancy is not readily available,
and many research efforts still struggle to obtain base-
line funding. Funding for generating data concerning
pregnant women is scarce and many research efforts are
unable to secure and sustain baseline funding. It should
be noted that prior to the COVID-19 pandemic, minimal
investment was made for emergency preparedness and
coordinated response, yet individual efforts (eg, vsafe,”
UKOSS™) received funding from emergency response.

Operational framework for maternal and perinatal health
research during emerging and ongoing epidemic threats
The operational framework (figure 2) features three use
cases (epidemiology, product development and postau-
thorisation surveillance) that address the key gaps iden-
tified in the landscape review and expert consultations.
The ability to generate epidemiological data on distribu-
tion, risks and burden of disease, and to facilitate its use
for informed response, clinical guidance and to enable
prompt development of interventions is key. Conduct of
trials that involve pregnant women where appropriate
should support equitable development, access to and
utilisation of interventions. Properly conducted postau-
thorisation surveillance activities would allow generation
and communication of findings about the benefits and
adverse effects of the use of medical products to further
inform and update policy and practice.

The three use cases supported by five key enablers
(governance and coordination, funding, advocacy,
research harmonisation, data sharing and use) reflect

interrelated actions that are needed to improve research
and decision-making related to pregnancy during
ongoing and existing epidemic threats. Good governance
and enhanced coordination mechanism are necessary
to enable, guide and oversee rapid research response
encompassing research analyses and prompt dissemi-
nation of findings. Addressing health emergencies in a
timely manner requires the presence of well-functioning
sites and a pool of trained personnel. Researchers in
maternal and perinatal health should work hand in
hand with public health administrators, policy-makers
and regulators on methods and data to be collected and
shared in a manner that allows for informing policy and
practice. The coordination mechanism should leverage
existing platforms, ensuring that work is complimentary
to and aligned with other preparedness initiatives
directed at the general population. Establishing ‘centres
of excellence’ or ‘sentinel sites’ should be supported as
it would help close some of the existing gaps. Finally,
opportunities ought to be created for research collabo-
ration to continue at times when there are no outbreaks
to maintain the existing infrastructure and promote
continuous capacity building, particularly in low-
resource settings.

In the initial phase, some funding would be required to
establish major components of coordination and catalytic
preparedness activities centred around capacity building,
advocacy, harmonisation, and data sharing and use. Incre-
mental funding would help maintain research readiness
and research implementation during outbreaks, encom-
passing data collection, publication and dissemination,
and translation of findings into policy and recommenda-
tions. There is a need to map funding opportunities and
proactively engage with donors to promote preagreed
funding priorities and mechanisms.

Building and maintaining relationships with key
stakeholders to encourage continuous interest in
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involving pregnant populations in research would
be an important enabler. Key stakeholders include
researchers, health security and epidemiological surveil-
lance actors, governments, policy-makers, industry,
regulators, patient groups, and civil society represen-
tatives, among others. High-profile advocacy is needed
to remove barriers to research concerning pregnant
women. Collaboration with pharmaceutical companies,
who are often disincentivised from involving pregnant
women in clinical trials, is needed to better understand
and address their concerns. Underlining the ethical
aspects could substantially help in facilitating the inclu-
sion of pregnant women in trials while encouraging
the use of medical products in pregnancy, and disag-
gregation of epidemiological and surveillance data by
pregnancy status. Another suggestion was to develop
best practice guidance for community engagement and
research, which would lead to meaningful engagement
of women and civil society in epidemic and pandemic
research. This covers efforts related to the dissemina-
tion of results and promotion of uptake of medicines
and vaccines once those have been proven to be safe
and effective. Advocating for the ‘general’ pandemic
funding to include sexual and reproductive health
funding is advisable as it would serve to ensure that
other emergency preparedness efforts launched in
the wake of COVID-19 pandemic consider pregnant
women’s needs.

Finally, equitable approaches should be used for
development and implementation of research and
data sharing, and to obtain relevant ethics and regu-
latory approvals in a timely manner and using a risk-
proportionate approach. Harmonisation of approaches,
as opposed to complete standardisation across sites,
is highly desirable. It would enable rapid research
response, minimising delays to data collection, support
rapid generation and synthesis of data, by addressing
inconsistencies in outcome selection, measurement,
and reporting. This entails development of harmonised
research protocols for population-based epidemiolog-
ical studies, clinical trials and postauthorisation surveil-
lance based on an agreed set of core variables/outcomes
and definitions, including patient-centred outcomes,
preagreed global data sharing principles, authorship
rules and publishing principles, in accordance with
international regulations. A mapping and analysis of
existing protocols, data analysis plans and data sharing
agreements would inform development of standard
procedures applicable across different countries and
networks. This would serve to improve the availability of
harmonised research tools and help streamline ethical
review and approval processes while promoting data
sharing and use by clinicians, regulatory authorities,
policy-makers and others. Establishing fair agreements,
including for sharing and using unpublished data, that
consider the interests of countries and allow for research
capacity building, while safeguarding those sharing data
and study participants is crucial.

Patient and public involvement

Patients were not involved in the design and conduct of
the landscape analysis or expert consultations. Results
of an ongoing systematic review on patient and public
involvement in maternal and perinatal health research in
LMICs were discussed at the expert consultation in June
2022.

DISCUSSION

This landscape analysis and consultative process identi-
fied 94 current research efforts applicable to maternal
and perinatal research during emerging and ongoing
epidemic threats. It further supported developing a
better understanding of limitations and challenges to
deliver a more coordinated and rapid research response
on maternal and perinatal health during outbreaks.
Many gaps were identified, ranging from clustered efforts
towards epidemiological research to the need to scale up
efforts related to R&D of medical products including preg-
nant women. In certain geographies, particularly in Latin
America and Eastern Mediterranean, scarcity of research
efforts was observed. Other regions suffered from lack
of coordination, poor governance, insufficient funding
and limited harmonisation of research and data sharing.
An operational framework for improved maternal and
perinatal health research has been proposed to address
all those gaps. It spans across three ‘use cases’ (epide-
miology, product development and postauthorisation
surveillance) supported by five key enablers (governance
and coordination, funding, advocacy, research harmoni-
sation, and data sharing and use). The use cases would be
ready for rapid deployment as per required geographical
scope of an outbreak, thus allowing for a timelier deci-
sion making by policy-makers, health workers and preg-
nant women themselves.

While some global efforts covered all regions, the
analysis revealed clustering of research towards certain
regions and specific use cases. Yet, despite recent
outbreaks of Zika, chikungunya and dengue relatively
few research efforts were found in Latin America and
that is concerning. Similarly, no efforts were identified in
the Eastern Mediterranean where MERS first appeared.
Going forward, a well-designed research infrastructure
should be established and maintained in all regions to
generate data as soon as the need arises. Although, our
search strategy maximised identification of active research
studies, networks and collaborations, from 2015, we may
have missed some relevant research efforts. However, our
findings showed that earlier research efforts, particularly
those that emerged in response to respiratory diseases,
were either discontinued or repurposed in the wake of
the COVID-19 pandemic.

Ongoing efforts focused largely on collecting epide-
miological data and relatively few efforts centred on
product development in pregnant women. Global collab-
orative research networks that use harmonised protocols
and simplified data collection systems have accelerated
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the process of evidence generation.” Maintaining and
expanding these research networks will help accelerate
the response to future epidemics.

Epidemiological efforts will be vital for providing data
on risks and outcomes during ongoing and emerging
epidemic threats, and informing development of clin-
ical trials and postauthorisation efforts that will encom-
pass the population of pregnant women. Yet, additional
engagement of stakeholders is desirable as it would help
increase advocacy for appropriate inclusion of preg-
nant women in product development while allowing for
a more rapid product delivery to this population in an
emergency context. During the COVID-19 pandemic, a
large number of clinical trials of selected vaccines and
therapeutics systematically excluded pregnant women,”
while many of the products under evaluation had none
or very low safety concerns during pregnancy.'*'” Barriers
for inclusion of pregnant women in trials persist, despite
continuous calls for generation of efficacy and safety data
during pregnancy in the context of outbreaks.'®**** The
lack of such clinical trial data hampers guideline devel-
opment and public health advice. Ethical and regulatory
frameworks and mechanisms defining when and how
subpopulations such as pregnant women and children
can and should be enrolled in clinical trials are needed
to better address their needs. Currently, various guidance
documents are being updated or developed at the inter-
national and national level, but none is specific to preg-
nancy research in the context of emerging and ongoing
epidemic threats.

In contrast, effective networks and research studies
are already underway or in place for conducting post-
authorisation surveillance across many regions and they
can be used during future outbreaks. Expanding them
to cover additional geographies would provide a robust
global picture of postauthorisation safety and allow for
a rapid identification of any concerning signals in preg-
nant women or their offspring. The efforts potentially
relevant to an emergency response identified in this
landscape analysis fit into a broader landscape, which
includes 8 maternal and neonatal data collection systems
in LMICs,” over 170 pharmacovigilance organisations
globally," and 52 clinical trial networks focused specifi-
cally on infectious diseases, including in LMICs."?

Another gap that was identified referred to insuffi-
cient governance and lack of funding, leading to unco-
ordinated and slow research responses on maternal and
perinatal health during epidemics and pandemics. Estab-
lished sites, trained personnel and alignment among
stakeholders are necessary for a coordinated emergency
response which promotes inclusion of pregnant women
in clinical trials, harmonises messaging and achieves a
maximal impact within the resources available. Outside
of epidemic and pandemic situations, the framework
provides the potential to expand research focusing on
pregnant women and their offspring at the global and
regional level, allowing for an increased focus on other
maternal and child health priorities. In addition, it serves

to promote greater collaboration among research groups
and institutions resulting in copublication of baseline
data to be used by decision-makers as needed. Advocacy
efforts underscore the importance of engaging pregnant
women in research so that their needs are more likely
to be considered in epidemic or pandemic situations.
Stakeholder engagement is one of the key elements
in achieving the vision of pregnant women benefiting
from at least the same level of prevention, detection and
care as the general population during epidemics and
pandemics. This maximises preparedness to ensure that
this group would not be left behind in the future.

In summary, this landscape analysis and associated
consultations identified numerous gaps that should be
addressed to improve generation of data on maternal
and perinatal health, and inform timely decision-
making by policy-makers, health workers and pregnant
women themselves, particularly in LMIC settings. Having
explored how existing maternal and perinatal health
research platforms could be leveraged to address existing
gaps and how they could be used to meet the need for a
comprehensive global emergency response, it was deter-
mined that structures and mechanisms would need to
be established to approach dealing with new epidemics
or pandemics in a holistic and coherent manner. Using
an operational framework based on three use-cases and
five supporting key enablers, the WHO/Human Repro-
duction Programme aims to develop a roadmap to
guide maternal and perinatal health research, facilitate
data consolidation to enable faster decision-making and
support readiness building. Efforts have already started
and should be expanded for harmonisation of research
protocols, and development of core outcomes to be
collected for measuring maternal and perinatal health
during future outbreaks.

Author affiliations

TUNDP/UNFPA/UNICEF/WHO/World Bank Special Programme of Research,
Development and Research Training in Human Reproduction (HRP), Department of
Sexual and Reproductive Health and Research, World Health Organization, Geneva,
Switzerland

%Department of Epidemiology, Tulane School of Public Health and Tropical Medicine,
New Orleans, Louisiana, USA

*Women's and Children's Health Research Unit, KLE Academy of Higher Education
and Research's, Jawaharlal Nehru Medical College, Belgaum, Karnataka, India
“Charité Centre for Global Health, Universitatsmedizin Charité Berlin, Berlin,
Germany

*National Perinatal Epidemiology Unit, Nuffield Department of Population Health,
University of Oxford, Oxford, UK

%Division of Birth Defects and Infant Disorders, National Center on Birth Defects and
Developmental Disabilities, Centers for Disease Control and Prevention, Atlanta,
Georgia, USA

Pharmacovigilance Team, Regulation and Prequalification Department, Access

to Medicines and Health Products Division, World Health Organization, Geneva,
Switzerland

®Departments of Pediatrics and Molecular Virology & Microbiology, Baylor College
of Medicine, and Texas Children's Hospital, Houston, Texas, USA

°School of Pharmacy and School of Public Health, University of Washington, Seattle,
Washington, USA

"%nstitute of Tropical Pathology and Public Health, Federal University of Goias,
Goiania, Brazil

"Boston Consulting Group, London, UK

Bonet M, et al. BMJ Glob Health 2024;9:014393. doi:10.1136/bmjgh-2023-014393



BMJ Global Health 8

Twitter Flor Mufioz Rivas @Pnyx2010, @HRPresearch

Acknowledgements We gratefully acknowledge contributions of the participants
to the technical consultations of June 2022 and May 2023 (in an alphabetical
order): Edgardo Abalos (Centro Rosarino de Estudios Perinatales), John Allotey
(WHO Collaborating Centre for Global Women's Health at the University of
Birmingham), Mabel Berrueta (Institute for Clinical Effectiveness and Health
Policy), Zulfigar Bhutta (Hospital for Sick Children in Toronto), Robyn Churchill
(USAID Bureau for Global Health), Amanda Cohn (Centers for Disease Control and
Prevention), Stephanie Dellicour (Liverpool School of Tropical Medicine), Linda
Eckert (University of Washington), Michelle Giles (Monash University), Zahra
Hoodbhoy (Aga Khan University), Denise J. Jamieson (Emory University), Charu
Kaushic (Canadian Institutes of Health Research), Pisake Lumbiganon (Khon Kaen
University), Emeline Maisonneuve (Lausanne University Hospital), Anna Mastroianni
(Johns Hopkins Berman Institute of Bioethics), Ushma Mehta (University of Cape
Town), Edward Mullins (Imperial College London), Leslie Myatt (Oregon Health &
Science University), Lisa Noguchi (Jhpiego), Saad Omer (Yale University), Aris T.
Papageorghiou (University of Oxford), Helen Rees (University of Witwatersrand),
Nadia A. Sam-Agudu (Institute of Human Virology Nigeria), Suzanne Serruya (Latin
American Center of Perinatology, Women and Reproductive Health), Annick Sidibe
(Jhpiego) Emily Smith (George Washington University), Stacie Stender (Jhpiego),
Nathalie Strub Wourgaft (DNDi), Jimena Villar de Onis (Oxford University), and
Gerald Voss (Coalition for Epidemic Preparedness Innovations-CEPI). Furthermore,
we would like to acknowledge the HRP Scientific Committee: Pierre Buekens
(Tulane University), Shivaprasad S. Goudar (Jawaharlal Nehru Medical College),
Fyezah Jehan (Aga Khan University), Beate Kampmann (Charité Centre for Global
Health), Marian Knight (University of Oxford), Dana Meaney-Delman (CDC),

Flor Munoz-Rivas (Baylor College of Medicine), Andy Stergachis (University

of Washington), Christiana Toscano (Federal University of Goias); WHO (Janet

Diaz, Tracey Goodman, Sami Gottlieb, Edna Kara, Caron Rahn Kim, Smaragda
Lamprianou, Vaseeharan Sathiyamoorthy, Shanthi Pal, Martina Penazzato, Diana
Rojas Alvarez, Ronaldo Silva, Anna Thorson) and Bill & Melinda Gates Foundation
(Ros Hollingsworth, Laura Lamberti, Anna Seale, Ajoke Sobanjo-ter Meulen) for
their contributions in preparation and during the technical consultations. We would
like to thank key informants who supported identification of further research efforts
in the landscape analysis. Jenny Engelmoer (Sula Communications) is a medical
writer and was contracted by Bill & Melinda Gates Foundation to draft the first
version of the manuscript.

Contributors MBonet and 0TO conceptualised the study; JM and HS conducted
the desk review; UC and MW conducted Quid analysis; MBonet, MBabinska,
0TO, JB, SC, ES, AS, JM and HS coordinated the expert consultations. Members
of the HRP Steering Committee (PB, SSG, BK, MK, DM-D, SL, FMR, AS and CT)
made significant contributions to the manuscript and facilitated preparations for
the expert consultations in which they also participated. MBonet and MBabinska
drafted the manuscript with support from a medical writer. All authors provided
comments and approved the final version of the manuscript. MBonet is the
guarantor.

Funding This study has received financial support from the UNDP-UNFPA—
UNICEF-WHO-World Bank Special Programme of Research, Development and
Research Training in Human Reproduction, Department of Sexual and Reproductive
Health and Research, WHO, and the Bill & Melinda Gates Foundation (INV-041181
WHO).

Disclaimer The author is a staff member of the World Health Organization. The
author alone is responsible for the views expressed in this publication and they
do not necessarily represent the views, decisions or policies of the World Health
Organization. The views of the funding bodies have not influenced the content of
this manuscript.

Competing interests BK is a former member of Scientific Advisory Board

of Pfizer and a current member of Data Safety Monitoring Board at J&J. Her
employer received a grant from Pfizer. MK is a recipient of grants awarded to
the institution by the National Institute for Health Research Healthcare Quality
Improvement Programme. FMR is a member of Moderna’s Vaccine Safety
Monitoring Board and Pfizer’s and Meissa’s Data Safety Monitoring Board (RSV
vaccines) and Dynavax (plague vaccines). She has received grants awarded to
her institution from NIH & CDC for COVID-19 vaccines and respiratory viruses
epidemiology, Pfizer for COVID-19 vaccines and Gilead for remdesivir. Aside from
being compensated for conducting reviews, FMR receives author royalties and
consulting fees from Sanofi, Astra Zeneca, Merck and Moderna related to the
prevention of viral respiratory infections. AS has received grants from USAID
and BMGF which were awarded to his institution. He is a non-compensated
member of Data Safety Monitoring Board/Advisory Board of IMPROVE (malaria

chemoprevention) Trials and INTREPID (malaria testing). AS also sits on Safety
Platform for Emergency Vaccines (SPEAC) Executive Board and the Scientific
Advisory Board of Vivli AMR Register in addition to receiving consulting fees
from CEPI and PATH. CT receives support from Harvard School of Public Health,
Yale School of Public Health, and the Pan American Health Organization. All
other authors declare no competing interests. The collaboration between The
Human Reproduction Programme (HRP), Department of Sexual and Reproductive
Health, WHO and Research and Bill & Melinda Gates Foundation is governed by a
bilateral agreement.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as online supplemental information.

Open access This is an open access article distributed under the terms of the
Creative Commons Attribution 1GO License (CC BY 3.0 1G0), which permits use,
distribution,and reproduction in any medium, provided the original work is properly
cited. In any reproduction of this article there should not be any suggestion that
WHO or this article endorse any specific organization or products. The use of the
WHO logo is not permitted. This notice should be preserved along with the article’s
original URL.

ORCID iDs

Mercedes Bonet http://orcid.org/0000-0001-9015-1635
Magdalena Babinska http://orcid.org/0009-0008-7850-4168
Pierre Buekens http://orcid.org/0000-0002-4294-8559
Shivaprasad S Goudar http://orcid.org/0000-0002-8680-7053
Beate Kampmann http://orcid.org/0000-0002-6546-4709
Marian Knight http://orcid.org/0000-0002-1984-4575

Flor Mufioz Rivas http://orcid.org/0000-0002-0457-7689
Olufemi T Oladapo http://orcid.org/0000-0002-3371-5892

REFERENCES

1 World Health Organization. Strengthening health emergency
prevention, preparedness, response and resilience. Geneva, 2023.

2 Haileamlak A. Pandemics will be more frequent. Ethiop J Health Sci
2022;32:228.

3 World Health Organization. 10 proposals to build a safer world
together — Strengthening the Global Architecture for Health
Emergency Preparedness, Response and Resilience. Geneva, 2022.

4 World Health Organization. Lessons learned from COVID-19
pandemic: virtual regional consultation with informal expert group.
Geneva, 2021.

5 World Health Organization. How global research can end this
pandemic and tackle future ones. Building a resilient research
architecture and capability to protect us all. Geneva, 2022.

6 World Health Organization. An R&D Blueprint for Action to Prevent
Epidemics - Update. Geneva, 2017.

7 World Health Organization. Annual review of diseases prioritized
under the research and development blueprint. Informal consultation.
Geneva, 2018.

8 Van Kerkhove MD, Vandemaele KAH, Shinde V, et al. Risk factors
for severe outcomes following 2009 influenza A (H1N1) infection: a
global pooled analysis. PLoS Med 2011;8:e1001053.

9 Allotey J, Stallings E, Bonet M, et al. Clinical manifestations, risk
factors, and maternal and perinatal outcomes of Coronavirus
disease 2019 in pregnancy: living systematic review and meta-
analysis. BMJ 2020;370:m3320.

10 de Aratjo TVB, Ximenes R de A, Miranda-Filho D de B, et al.
Association between Microcephaly, Zika virus infection, and other
risk factors in Brazil: final report of a case-control study. Lancet
Infect Dis 2018;18:328-36.

11 Musso D, Ko Al, Baud D. Zika virus infection — after the pandemic.
N Engl J Med 2019;381:1444-57.

12 Kotlar B, Gerson EM, Petrillo S, et al. The impact of the COVID-19
pandemic on maternal and perinatal health: a Scoping review.
Reprod Health 2021;18:10.

13 Chmielewska B, Barratt |, Townsend R, et al. Effects of the
COVID-19 pandemic on maternal and perinatal outcomes:

a systematic review and meta-analysis. Lancet Glob Health
2021;9:e759-72.

Bonet M, et al. BMJ Glob Health 2024;9:6014393. doi:10.1136/bmjgh-2023-014393


https://twitter.com/Pnyx2010
https://twitter.com/HRPresearch
https://creativecommons.org/licenses/by/3.0/igo/
http://orcid.org/0000-0001-9015-1635
http://orcid.org/0009-0008-7850-4168
http://orcid.org/0000-0002-4294-8559
http://orcid.org/0000-0002-8680-7053
http://orcid.org/0000-0002-6546-4709
http://orcid.org/0000-0002-1984-4575
http://orcid.org/0000-0002-0457-7689
http://orcid.org/0000-0002-3371-5892
http://dx.doi.org/10.4314/ejhs.v32i2.1
http://dx.doi.org/10.1371/journal.pmed.1001053
http://dx.doi.org/10.1136/bmj.m3320
http://dx.doi.org/10.1016/S1473-3099(17)30727-2
http://dx.doi.org/10.1016/S1473-3099(17)30727-2
http://dx.doi.org/10.1056/NEJMra1808246
http://dx.doi.org/10.1186/s12978-021-01070-6
http://dx.doi.org/10.1016/S2214-109X(21)00079-6

8 BMJ Global Health

14

15

16

17

18

19

20

21

22

23

24

Taylor MM, Kobeissi L, Kim C, et al. Inclusion of pregnant women in
COVID-19 treatment trials: a review and global call to action. Lancet
Glob Health 2021;9:€366-71.

Minchin J, Harris GH, Baumann S, et al. Exclusion of pregnant
people from emergency vaccine clinical trials: a systematic review
of clinical trial protocols and reporting from 2009 to 2019. Vaccine
2023;41:5159-81.

Gomes MF, de la Fuente-Nunez V, Saxena A, et al. Protected to
death: systematic exclusion of pregnant women from Ebola virus
disease trials. Reprod Health 2017;14(Suppl 3):172.

Schwartz DA. Clinical trials and administration of Zika virus vaccine
in pregnant women: lessons (that should have been) learned from
excluding immunization with the Ebola vaccine during pregnancy
and Lactation. Vaccines (Basel) 2018;6:81.

World Health Organization. The WHO programme for International
drug monitoring. Available: https://www.who.int/teams/regulation-
prequalification/regulation-and-safety/pharmacovigilance/networks/
pidm [Accessed 18 Apr 2023].

Isaric. Isaric network. 2020. Available: https://isaric.org/about-us/
[Accessed 18 Apr 2023].

Knight M, Bunch K, Vousden N, et al. Characteristics and outcomes
of pregnant women admitted to hospital with confirmed SARS-
Cov-2 infection in UK: national population based cohort study. BMJ
2020;369:m2107.

Vousden N, Bunch K, Morris E, et al. The incidence, characteristics
and outcomes of pregnant women hospitalized with symptomatic
and asymptomatic SARS-Cov-2 infection in the UK from March to
September 2020: A national cohort study using the UK obstetric
surveillance system (UKOSS). PLoS One 2021;16:e0251123.

Naqgvi S, Saleem S, Naqgvi F, et al. Knowledge, attitudes, and
practices of pregnant women regarding COVID-19 vaccination in
pregnancy in 7 Low- and middle-income countries: an observational
trial from the global network for women and children’s health
research. BJOG 2022;129:2002-9.

Kavi A, Goudar SS, Somannavar MS, et al. COVID-19 symptoms
and antibody positivity among Unvaccinated pregnant women: an
observational study in seven countries from the global network.
BJOG 2023;130:140-8.

de Bruin O, Engjom H, Vousden N, et al. Variations across Europe in
hospitalization and management of pregnant women with SARS-

25

26

27

28

29

30

31

32

33

34

35

Cov-2 during the initial phase of the pandemic: multi-national
population-based cohort study using the International network of
obstetric survey systems (INOSS). Acta Obstet Gynecol Scand
2023;102:1521-30.

Villar J, Ariff S, Gunier RB, et al. Maternal and neonatal morbidity
and mortality among pregnant women with and without COVID-19
infection: the INTERCOVID multinational cohort study. JAMA Pediatr
2021;175:817-26.

Figueroa-Romero A, Mendes A, Mombo-Ngoma G, et al.
Prevalence and impact of SARS-Cov-2 infection on maternal

and infant health in African populations: protocol of a multicentre
prospective cohort study (MA-Cov project). BMJ Open
2023;13:e067083.

van Rijt-Weetink YRJ, Chamani K, Egberts ACG, et al. Elements

to assess the quality of information of case reports in pregnancy
Pharmacovigilance data—a conception project. Front Drug Saf
Regul 2023;3:3.

Krubiner CB, Faden RR, Karron RA, et al. Pregnant women &
vaccines against emerging epidemic threats: ethics guidance for
preparedness, research, and response. Vaccine 2021;39:85-120.
World Health Organization. Guidance for managing ethical issues in
infectious disease outbreaks. Geneva, 2016.

Buekens P, Alger J, Althabe F, et al. Zika virus infection in pregnant
women in Honduras: study protocol. Reprod Health 2016;13:82.
Shimabukuro TT, Kim SY, Myers TR, et al. Preliminary findings of
mRNA Covid-19 vaccine safety in pregnant persons. N Engl J Med
2021;384:2273-82.

ISRCTN registry. SOLIDARITY TRIAL PLUS: an international
randomized trial of additional treatments for COVID-19 in
hospitalized patients who are all receiving the local standard of care.
n.d. Available: https://www.isrctn.com/ISRCTN18066414

Vousden N, Haynes R, Findlay S, et al. Facilitating participation in
clinical trials during pregnancy. BMJ 2023;380:e071278.

Sewell CA, Sheehan SM, Gill MS, et al. Scientific, ethical, and legal
considerations for the inclusion of pregnant people in clinical trials.
Am J Obstet Gynecol 2022;227:805-11.

Berrueta M, Ciapponi A, Bardach A, et al. Maternal and neonatal
data collection systems in low- and middle-income countries for
maternal vaccines active safety surveillance systems: a scoping
review. BMC Pregnancy Childbirth 2021;21:217.

Bonet M, et al. BMJ Glob Health 2024;9:014393. doi:10.1136/bmjgh-2023-014393


http://dx.doi.org/10.1016/S2214-109X(20)30484-8
http://dx.doi.org/10.1016/S2214-109X(20)30484-8
http://dx.doi.org/10.1016/j.vaccine.2023.06.073
http://dx.doi.org/10.1186/s12978-017-0430-2
http://dx.doi.org/10.3390/vaccines6040081
https://www.who.int/teams/regulation-prequalification/regulation-and-safety/pharmacovigilance/networks/pidm
https://www.who.int/teams/regulation-prequalification/regulation-and-safety/pharmacovigilance/networks/pidm
https://www.who.int/teams/regulation-prequalification/regulation-and-safety/pharmacovigilance/networks/pidm
https://isaric.org/about-us/
http://dx.doi.org/10.1136/bmj.m2107
http://dx.doi.org/10.1371/journal.pone.0251123
http://dx.doi.org/10.1111/1471-0528.17226
http://dx.doi.org/10.1111/1471-0528.17604
http://dx.doi.org/10.1111/aogs.14643
http://dx.doi.org/10.1001/jamapediatrics.2021.1050
http://dx.doi.org/10.1136/bmjopen-2022-067083
http://dx.doi.org/10.3389/fdsfr.2023.1187888
http://dx.doi.org/10.3389/fdsfr.2023.1187888
http://dx.doi.org/10.1016/j.vaccine.2019.01.011
http://dx.doi.org/10.1186/s12978-016-0200-6
http://dx.doi.org/10.1056/NEJMoa2104983
https://www.isrctn.com/ISRCTN18066414
http://dx.doi.org/10.1136/bmj-2022-071278
http://dx.doi.org/10.1016/j.ajog.2022.07.037
http://dx.doi.org/10.1186/s12884-021-03686-9

