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Summary
Background Disease outbreaks significantly affect maternal and neonatal health. Variability in reporting health out-
comes hinder evidence generation. We aimed to develop a core outcome set (COS) for maternal and neonatal health
research and surveillance during emerging and ongoing epidemic threats and to agree on outcomes’ definitions.

Methods We conducted a systematic review of observational and experimental studies related to epidemics to identify
outcomes, and a four-stage modified-Delphi consensus. 150 international stakeholders participated in online surveys,
and 24 representatives in consensus meetings. The panels were diverse, with balanced representation of professional
background, gender, and geography, including civil society representatives. Outcome were included if ≥ 80% of
participants scored them as critically important and ≤10% rated them as not important.

Findings The final COS includes seven main maternal outcomes—pregnancy outcome, maternal death, suspected
symptomatic infection, confirmed infection, severe disease, preterm delivery, mode of birth; seven complementary
maternal outcomes—antepartum haemorrhage, postpartum haemorrhage, hypertensive disorders of pregnancy,
maternal sepsis, admission to intensive care unit/special units, respiratory support, depression and anxiety; 11 main
neonatal outcomes—neonatal death, neonatal suspected symptomatic infection, confirmed infection, severe disease,
vertical transmission, low birth weight, prematurity, congenital disorder, respiratory support, skin-to-skin contact,
breastfeeding; and, four complementary neonatal outcomes—admission to neonatal intensive care unit/special
units, respiratory failure, birth asphyxia, sepsis.

Interpretation This COS could contribute to standardize maternal and neonatal outcomes selection and reporting in
observational and experimental studies, facilitating efficient data comparison and timely evidence-based decision-
making in the context of ongoing and emerging epidemic threats.

Funding Bill & Melinda Gates Foundation (grant INV-041181) and the UNDP/UNFPA/UNICEF/WHO/World Bank
Special Programme of Research, Development and Research Training in Human Reproduction (HRP), a
cosponsored programme executed by the World Health Organization (HQHRP2422779).

Copyright © 2024 World Health Organization; licensee Elsevier Ltd. This is an open access article under the CC BY
IGO license (http://creativecommons.org/licenses/by/3.0/igo/).
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Introduction
In recent decades, the world has experienced numerous
outbreaks of infectious diseases with epidemic and
pandemic potential.1 Pregnant and recently pregnant
women, along with their babies, are frequently nega-
tively affected by the direct and indirect effects of these
outbreaks.2–8 As these populations require comprehen-
sive healthcare services, the risks of maternal, perinatal
and neonatal complications due to an infectious disease
outbreak are exacerbated by disruptions and restrictions
in access to quality care.9–11 In addition, outbreaks may
occur with the risk to pregnant women and their babies
from new pathogens being unknow, and real-time
epidemiological surveillance is needed to inform the
response.

Wide variations in how health outcomes are defined,
measured, and reported across studies significantly
limit researchers’ ability to compare, collate, and inter-
pret findings and draw reliable conclusions.12–14 At the
same time, pregnancy status is often not reported in
health surveillance systems, and pregnant women are
frequently excluded from clinical trials of new or
repurposed countermeasures (i.e., vaccines and
drugs).12,13,15,16 Consequently, the process of generating
scientific evidence on how epidemic threats affect
pregnant women, fetuses, and neonates, or the impact
and safety of therapeutic or prophylactic interventions is
typically delayed. Therefore, decision-makers, healthcare
providers, pregnant women, and their families may lack
the necessary evidence to make informed care de-
cisions.17 This represents a substantial barrier to trans-
lating research findings into public health interventions
and clinical practice.

To address the challenge of inconsistent outcome
selection, a core outcome set (COS) is needed. A COS is
a minimum set of outcomes recommended to be
measured within a specific field of research or clinical
practice.18 Establishing a COS for assessing maternal
and neonatal health during outbreaks, epidemics, or
pandemics should facilitate timely evidence generation
and decision-making. Available literature reports sets of
pregnancy and newborn outcomes for monitoring the
safety of maternal vaccines.19,20 However, no standard-
ized set of outcomes has been proposed for maternal
and neonatal research or surveillance conducted during
emerging and ongoing epidemics. This study aimed to
develop a set of core outcomes for maternal and
neonatal health research and surveillance during
www.thelancet.com Vol 80 February, 2025
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Research in context

Evidence before this study
The generation of scientific evidence on the effects of
emerging and ongoing epidemic threats, as well as related
preventive and therapeutic interventions, on pregnant
women, fetuses, and neonates, is often severely delayed or
entirely lacking. This leaves decision makers, such as policy
makers, healthcare providers and pregnant women, without
information needed to make informed care decisions, as
highlighted in the COVID-19 pandemic. Establishing a set of
outcomes could help standardize reporting and timely
evidence generation. Before conducting this study, we
searched on Pubmed (“Pregnancy” OR “Childbirth” OR “Fetal”
OR “Maternofetal” OR “Perinatal” OR “Newborn” OR
“Neonatal”) AND (“Outbreaks” OR “Epidemic” OR
“Pandemic”) AND (“Basic outcomes” OR “Core outcomes” OR
“Core outcome set” OR “Minimal set” OR “COS”), but did not
identify relevant publications. A subsequent broader search
using this strategy (Pregnancy [Mesh] OR Pregnancy
Complications [Mesh] OR Abortion, Spontaneous [Mesh] OR
Parturition [Mesh] OR Fetus [Mesh] OR DART [tiab]) AND
(Epidemics [Mesh]) AND (Pregnancy Outcome [Mesh]), along
with a review of all core outcome sets (COS) registered in the
COMET database, also did not identified relevant publications.
Although there is literature on standardizing pregnancy and
newborn outcomes for immunization safety assessment,
there are currently no published COS for maternal and
neonatal health research specifically designed for application
in the context of ongoing and emerging epidemic threats.

Added value of this study
We developed a COS—consisting of 18 main outcomes and 11
complementary outcomes—for evaluating maternal and
neonatal health during emerging and ongoing epidemic
threats across epidemiological studies, clinical studies
assessing the safety and effectiveness of preventive and
therapeutic interventions, and post-authorization safety
surveillance. The development of this COS involved multiple
stages and incorporated diverse perspectives from an
international group of stakeholders including representatives
from civil society, ensuring its relevance and applicability
across diverse settings. This COS will contribute to minimize
research waste and help facilitate timely evidence generation
to enhance preparedness for future epidemics.

Implications of all the available evidence
This COS can help researchers in standardising outcome
reporting in epidemiological studies on maternal and
neonatal health, product development, and post-
authorization surveillance during epidemic threats.
Researchers should report this COS as a minimum, alongside
any complementary and additional outcomes of interest.
Once outcome sets have been defined, it is necessary to
identify barriers that inhibit the implementation and
adoption of the core outcome sets in various settings.
Developing strategies to overcome these barriers is essential
to effectively enhance the comparability and meta-analysis of
study findings, thereby fostering meaningful changes in
health research.
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emerging and ongoing epidemic threats and to agree on
outcomes’ definitions and measurement instruments,
when applicable.
Methods
Study overview
The development of the MNH-EPI-COS and agreement
on outcomes’ definitions were based on a systematic
review to identify outcomes, and a modified-Delphi
consensus process. The protocol was published and
registered in Core Outcome Measures in Effectiveness
Trials (COMET).21,22 This report follows the Core
Outcome Set Standards for Reporting (COS-STAR); and
an independent Technical Advisory Group provided
technical guidance to this project.23,24

Systematic review of maternal and neonatal
outcomes
We conducted a systematic review to identify maternal
and neonatal health outcomes reported in research con-
ducted during outbreaks, epidemics, and pandemics.
Experimental and observational studies, protocols, and
ongoing studies published in English were included. We
www.thelancet.com Vol 80 February, 2025
searched in MEDLINE, EMBASE, LILACS, SCI-
EXPANDED, CINAHL, Cochrane Central Register of
Controlled Trials, PsycINFO, AMED, ClinicalTrials.gov
and ICTRP, between January 2015 and March 2023.
Outcomes were classified into domains (Supplementary
File S1).25 Further details on the methodology and re-
sults of this systematic review are published elsewhere.26,27

Modified Delphi consensus process
Consensus was achieved through an iterative four-stage
modified Delphi process (Fig. 1); which started with
two rounds of online surveys; followed by two rounds of
consensus meetings. The COS was developed for use in
maternal and neonatal research and surveillance, partic-
ularly in studies focused on: 1) epidemiology, 2) safety
and efficacy of preventive and therapeutic interventions,
and 3) post-authorization surveillance, all within the
context of ongoing and emerging epidemic threats.

Participants
A purposive sample was selected to ensure a multidis-
ciplinary and comprehensive perspective, through
diverse representation in professional backgrounds,
geographical diversity, and a balanced, self-reported
3
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Delphi round 1 (online, N=150)

• RaƟng of all the listed outcomes
• Proposal of addiƟonal outcomes

Technical working group

Analysis of agreements and content

Development and pilot of first quesƟonnaire

Development of the second quesƟonnaire to 
address disagreements

Analysis and reporƟng of included, borderline 
and addiƟonal outcomes

Delphi round  2 (online, N=141)

• Controlled feedback (interim analysis of first round)
• Re-raƟng of items with disagreement

Virtual meeƟng (N=24)

Review and discussion on included, borderline and 
addiƟonal outcomes

Final consensus on

SystemaƟc review

Core outcomes set, definiƟons and  measurement 
instruments for maternal and perinatal health to 
report in research and surveillance studies during 

emerging and ongoing epidemic threats

In-person meeƟng (N=24)

• Feasibility assessment of included outcomes
• Discussions on definiƟons and measurement 

instruments

Stakeholders´ panels

Analysis and reporƟng of virtual meeƟngs

Evidence synthesis on definiƟons and 
measurement instruments

Group discussion (N=6)

In-depth discussion and prioriƟzaƟon of paƟent-
relevant outcomes with disagreement

Final consensus on

Fig. 1: Flowchart of the Modified-Delphi study process.
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gender distribution. We invited 197 key stakeholders,
estimating this number to account for a 20% non-
response rate and a 20% attrition rate while ensuring
that each panel would retain a minimum of 20 partici-
pants. This approach aligns with the RAND Corpora-
tion’s guidance, which recommends approximately 18
experts with diverse expertise per panel, as well as with
Boukelid’s systematic review, which reported a median
of 17 panel members per panel.28,29

Eligibility criteria for health professionals included at
least 10 years of experience in specific clinical specialties,
public health, and research, and have conducted studies
or been involved in operational or policy aspects during
previous outbreaks, epidemics, and pandemics, as iden-
tified in the literature. Detailed information on partici-
pant eligibility, including specific expertise, roles, and
specialties required, can be found in the protocol.21 Ef-
forts were made to include experts in various commu-
nicable diseases. Some stakeholders were recommended
by the Technical Advisory Group and WHO officers.

Furthermore, we invited representatives of the civil
society affiliated with specialized organizations and
networks dedicated to promoting the well-being of
women and families during pregnancy, childbirth, and
the postnatal period, especially in the context of out-
breaks or epidemics.

Finally, four international stakeholder panels were
recruited: maternal and perinatal health, neonatal
health, public health and emergency response, and
representatives of civil society. Additional details on
participant selection and recruitment are outlined in the
study protocol.21

Online surveys
Participants underwent a self-screening process to
confirm their eligibility, interest in participation, and
commitment to engage in at least two surveys.

The first round took place between September and
October 2023, and involved administering a piloted
questionnaire with the complete list of outcomes iden-
tified in the systematic review. Participants had access to
the systematic review report. They were asked to rate the
importance of each outcome using a nine-point differ-
ential Likert scale ranging from 1 to 9, where 1
www.thelancet.com Vol 80 February, 2025
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represented ‘not important at all’ and 9 ‘extremely
important. Outcomes rated from 1 to 3 were classified as
‘not important’; those rated 4–6 were classified as
‘important but not critical’; and ratings of 7–9 as ‘criti-
cally important’. Additionally, the questionnaire
included open-ended questions to suggest additional
outcomes.

The second survey, conducted between November
and December 2023, involved re-rating items subject to
disagreement. Participants were provided with their
own previous ratings, ratings distributions from each
panel, and summaries of comments.

Both questionnaires included open-ended sections to
provide comments, had explanations of medical terms,
and were hosted on Delphi Manager.30 Participants
received weekly reminders to complete each survey.

An agreement to include an outcome was defined if
it was rated as critically important by at least 80% of all
stakeholder panels and as not important by no more
than 10%. Agreement to exclude an outcome was
defined if it was rated critically important by less than
65% of participants in all stakeholder panels. If out-
comes did not meet either of these criteria, they were
categorized as ‘no agreement’. When no agreement was
observed for an outcome in two consecutive rounds, the
outcome was eliminated.

During the process, it was identified that certain
outcomes were not suitable for systematic collection in
all studies. Consequently, it was decided to create two
categories to classify COS outcomes: “main outcomes”,
which should be measured in all studies, and “com-
plementary outcomes”. The latter refers to outcomes that
are important to measure in specific types of studies
(e.g., epidemiological, product development, or post-
authorization surveillance), settings (depending on
resource availability), or particular disease outbreaks.
Nevertheless, in research on emerging pathogens, with
unknown effects on maternal and neonatal health, re-
searchers should aim to report all complementary
outcomes or explain the reasons why they are not
reported.

Consensus meetings
A purposive sample of 24 stakeholders, who completed
the two online surveys and represented all panels and
world regions were invited to participate in the
consensus meetings.

The first meeting, held virtually on January 16 and
17, 2024, aimed to discuss included outcomes, addi-
tional outcomes suggested, and outcomes considered
borderline. Outcomes were deemed borderline if, in the
second survey, ≥90% of participants in at least one
stakeholder panel rated the outcome as critically
important. After a guided discussion, participants were
asked to rate the additional and borderline outcomes.

Up to this point in the process, none of the out-
comes highly rated by the civil society panel had been
www.thelancet.com Vol 80 February, 2025
included, and the “Functioning and well-being”
domain had no outcomes selected. COMET empha-
sizes including outcomes across various domains.18

However, it provides limited guidance in managing
multistakeholder panels and the risk of diluting civil
society representatives’ voices.31,32 The RAND organi-
zation and some COS developers propose conducting
independent discussions with civil society representa-
tives, which would later be integrated in to the
consensus process.33–35 Therefore, a virtual session was
held with civil society representatives to discuss
patient-oriented outcomes that were highly rated by the
civil society panel. These prioritized outcomes were
further discussed later by all panels.

The in-person consensus meeting took place in
Geneva on February 14 and 15, 2024. It aimed to review
all included outcomes, the feasibility of measuring them
in all settings, and discuss outcomes’ definitions. Par-
ticipants were provided with literature summaries and
definition reports. Details on how the literature was
reviewed and summarized are described in
Supplementary File S2. Given that the International
Classification of Diseases (ICD) and WHO definitions
are periodically updated based on scientific evidence,
participants were encouraged to prioritize these defini-
tions whenever possible. Participants worked in small-
groups and plenary discussions, and voting (when
required).

Statistics
The results for each outcome were summarized using
descriptive statistics and graphically represented using
histograms. A thematic analysis of the open-ended
questions from the two survey rounds was conducted
to identify prominent themes and key messages. Notes
from group discussions consensus meetings were sys-
tematically recorded and analysed to capture and sum-
marize the rationale behind the consensus process. The
summary of discussions and the consensus reached
were sent to the participants for review and approval.

Ethics
This study was granted an exception from theWHO Ethics
Review Committee, as it was determined that there was no
potential for harm resulting from the conduct of this
project. It was approved by the RESPIRE Research Ethics
Committee in Argentina (Registry number 10357). Par-
ticipants provided written consent and declare conflicts of
interest before completing the first survey.

Role of the funding source
The Bill and Melinda Gates Foundation officers had no
involvement in the study design, data collection, anal-
ysis or manuscript preparation. Authors MBo, MBab
and OTO, who are affiliated to WHO, contributed to
design the study and in the decision to submit for
publication.
5
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Characteristics

Total

Stakeholder group

Maternal and perinatal

Neonatal health

Public health and emer

Representatives of the

Gender

Female

Male

Prefer not to say

Age (years)

30–39

40–49

50–59

≥60
Prefer not to say

Main role

Researcher

Healthcare provider

Women/community re

Health service manager

Program manager

Policy maker

Funder

Regulator

Main specialtiesa

Maternal health

Epidemiology and publ

Neonatal and pediatric

Patient advocacy

Infectious disease

Pharmacy/laboratory

Psychiatry/psychology/s

Critical care

Otherb

aParticipants could select mo
hematology and blood trans

Table 1: Characteristics o
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Results
Panels and stakeholders’ characteristics
Out of 197 stakeholders invited, 159 (76%) responded
to the invitation and agreed to participate, and 150
completed the first online survey. The first round
ensured broad representation, with no fewer than 20
participants from each stakeholder panel, with the
Maternal and Perinatal Health panel having the most
participants (n = 73, 49%). Most participants were over
40 years old (85%), with “researcher” being the most
frequently reported primary role (46%). However,
participants reported multiple and varied roles and
specialties (Table 1). In the second round, 141
First
online
survey, n

% Second
online
survey, n

% Consensus
meetings, n

%

150 141 24

health 73 49 71 50 7 29

30 20 29 21 6 25

gency response 26 17 23 16 5 21

civil society 21 14 18 13 6 25

99 66 93 66 18 75

50 33 47 33 6 25

1 1 1 1 0 0

22 15 20 14 2 8

51 34 48 34 6 25

47 31 43 31 11 46

29 19 29 21 5 21

1 1 1 1 0 0

69 46 65 46 9 38

43 29 43 31 9 38

presentative 10 7 10 7 3 13

7 5 6 4 2 8

7 5 5 4 0 0

6 4 4 3 0 0

4 3 4 3 0 0

4 3 4 3 1 4

75 50 72 51 10 42

ic health 54 36 49 35 17 71

health 46 31 43 31 11 46

23 15 21 15 8 33

18 13 18 13 4 17

8 5 7 4 2 8

ocial work 5 3 4 3 0 0

10 7 10 7 3 13

14 9 13 9 6 25

re than one specialty. bAnthropology, congenital anomalies, genetics, parasitology,
fusion, physiology, anesthesiology; service or program manager.

f participants.
participants completed the survey (attrition rate of 6%).
Participants were from 60 different countries, and
represented all WHO world regions (Fig. 2).36

The subsample of 24 stakeholders who participated
in consensus meetings showcased a broad geographic
representation (19 countries and all WHO regions), had
diverse roles and specialties, and was well-balanced
across stakeholder panels (Table 1, Fig. 2).

Identification of outcomes
The systematic review included 440 studies conducted
in 107 countries. Most of these studies were epidemio-
logical (90⋅9%), with a smaller proportion related to
post-authorization surveillance (8⋅2%) or product
development (0⋅9%). Most studies focused on respira-
tory diseases (79⋅8% on COVID-19 and 4⋅1% on influ-
enza), while a smaller proportion addressed vector-
borne diseases (12⋅5% on Zika, 1⋅4% on chikungunya
and 1⋅1% on dengue), foodborne diseases (0⋅5% on
cholera), and haemorrhagic fever zoonosis (0⋅2% on
Ebola, 0⋅2% on Rift Valley fever, and 0⋅2% on yellow
fever). A total of 89 maternal and pregnancy outcomes
and 47 neonatal outcomes were identified and included
in the first round.27

Delphi surveys
In the first survey, consensus was achieved to include
seven maternal outcomes (livebirth, maternal death,
perinatal death, stillbirth, postpartum haemorrhage, vertical
transmission, admission to intensive care unit) and four
neonatal outcomes (neonatal death, severe disease-related
outbreak disease, admission to intensive care unit, me-
chanical ventilation), and to exclude 43 maternal and
seven neonatal outcomes. During this round, 75 out-
comes did not reach consensus, and 21 additional out-
comes were proposed by participants (Supplementary
Table S1).

The second survey involved re-rating 39 maternal
and 36 neonatal outcomes. Consensus was achieved
to include seven maternal outcomes (preterm birth
-unspecified aetiology, spontaneous preterm birth,
maternal confirmed infection, progression to severe dis-
ease, sepsis, gestational age, and mechanical ventilation)
and nine neonatal outcomes (birth weight, gestational
age at birth, birth asphyxia, sepsis, respiratory distress
syndrome, confirmed infection -related outbreak disease,
symptomatic infection, severe disease, cardiopulmonary
resuscitation). No outcomes reached consensus for
exclusion, and six outcomes were identified as
borderline (fetal growth restriction, maternal symptom-
atic infection, thrombo-embolic event, hypertensive disor-
ders of pregnancy, any neonatal respiratory disorder(s)
and skin-to-skin contact).

The rating distributions for each round and outcome
is available in Supplementary Tables S2 and S3. The
number of outcomes assessed in each round is shown
in Fig. 3.
www.thelancet.com Vol 80 February, 2025
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Online Surveys                                                                                             Consensus Meetings

Americas Europe Africa Western 
Pacific

Eastern 
Mediterranean

South-East
Asia

Online surveys (n = 150) 48 (32%) 33 (22%) 28 (19%) 17 (11%) 15 (10%) 9 (6%)
Consensus meetings (n = 24) 7 (29%) 4 (17%) 7 (29%) 2 (8 %) 2 (8%) 2 (8%)

g

Fig. 2: Geographical distribution of participants. Disclaimer: The boundaries and names shown and the designations used on this map do not
imply official endorsement or acceptance by the World Health Organization. Note: The figure on the left represents the countries of residence of
the participants from Delphi Round 1 (N = 150), grouped by WHO region. This geographic distribution was roughly maintained through Delphi
Round 2 which had 141 participants (94% retention rate). Figure created with Datawrapper.

Articles
Consensus meetings
Virtual meetings
During the first virtual meeting, six borderline out-
comes and 21 additional outcomes were discussed and
rated. Three outcomes (cause of death, hypertensive dis-
orders of pregnancy and maternal symptomatic infection)
reached consensus for inclusion. Subsequently,
included outcomes were reviewed to discard overlaps
between outcomes and ascertain their applicability
across different types of studies and diseases. As a
Delphi first round = 89 outcomes 

Consensus out = 43
Consensus in = 7

Delphi second round = 39 outcomes 

Consensus out = 0
Consensus in = 7
No consensus = 32 

Excluded = 3
Moved to neonatal = 1 
Grouped into a single outcome = 3

Maternal outcomes

During the consensus meetings 21 outcomes were discussed: 14 
outcomes included in previous rounds, 4 borderline outcomes, 
and 3 outcomes suggested by representatives of the civil 
society.

7 main outcomes
7 complementary outcomes

Fig. 3: Flowchart of the outcomes selection process.

www.thelancet.com Vol 80 February, 2025
result, two outcomes were excluded: perinatal mortality,
given the overlap with stillbirth and neonatal mortality,
and gestational age at birth which was considered an
enabling variable required to measure outcomes.
Stakeholders agreed to report low birth weight instead of
birth weight.

A subsequent virtual session was convened with civil
society representatives to discuss outcomes related to
the domain of “Functioning and well-being”. The group
discussed and prioritized the following outcomes:
Delphi first round = 47 outcomes 

Consensus out = 7
Consensus in = 4

Delphi second round = 36 outcomes 

Consensus out = 0
Consensus in = 9
No consensus = 27

Excluded = 1

Neonatal outcomes

4 complementary outcomes
11 main outcomes

During the consensus meetings 17 outcomes were discussed: 13 
outcomes included in previous rounds, 2 borderline outcomes, 
and 2 outcomes suggested by representatives of the civil
society.

Panels relocated from maternal 
outcomes = 1

7
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maternal depression (or maternal mental health) and
gender-based violence due to its increase in the context of
epidemics; mode of delivery given its capacity to monitor
disparities in healthcare; and skin-to-skin contact and
breastfeeding within the first hour, as they might be (or
need to be) discouraged due to the risk of transmission
depending on the disease or the availability of scientific
evidence.

In-person meeting
During the in-person meeting, after assessing mea-
surement feasibility, participants agreed to include 18
main outcomes, remove one outcome (neonatal cardio-
pulmonary resuscitation), and classify 11 outcomes as
complementary. Participants also agreed on outcomes’
definitions. Gender-based violence was moved to a post-
consensus further evaluation because it was consid-
ered necessary to ensure that data collection had no
inconsistencies with WHO guidelines. Box 1 presents
the final COS.

Consensus meetings key discussion points
Main maternal outcomes
Participants agreed to consolidate mortality and vital
status outcomes into a single outcome named pregnancy
outcome, which includes live birth, stillbirth, miscarriage/
ectopic pregnancy, and induced abortion. In terms of
stillbirth subclassification, priority was given to dis-
tinguishing between early/late stillbirths due to their
implications for practice, as opposed to categorizing
them on antepartum/intrapartum or fresh/macerated,
which are more susceptible to misclassification. Con-
cerns were raised that data on induced abortion might
not be collected in settings where elective abortion is
considered illegal.

The outcome cause(s) of death, was incorporated into
the definition of maternal death, emphasizing the
importance of identifying, classifying, and reporting the
causes of death.

The feasibility of measuring maternal suspected
symptomatic infection and maternal symptomatic infection
was discussed, recognizing potential limitations in sys-
tematic data collection due to resource availability, staff
expertise and training, infrastructure through which to
collect data, and an evolving symptom profile. It was
emphasized that additional guidance is needed on how
to establish a confirmed infection since it is very dis-
ease-specific.

There were discussions about redundancy between
the outcomes spontaneous or iatrogenic preterm birth
(maternal outcome), and prematurity (neonatal outcome).
While these outcomes refer to the woman and neonate
respectively, combining them requires linking maternal
and neonatal records, which could impact data collection
in some settings. Furthermore, measuring only prema-
turity would limit the data collection of labour onset,
which may vary during epidemics.
Complementary maternal outcomes
Outcomes related to specific causes of maternal
morbidity (antepartum haemorrhage, postpartum hae-
morrhage, hypertensive disorders of pregnancy, and sepsis),
were proposed as complementary outcomes because
they may not be relevant to every disease or type of
study. For example, certain outcomes should be
measured when the outbreak infection is suspected or
confirmed to influence pathophysiological mechanisms
of these outcomes (e.g., SARS-CoV-2 infection and
preeclampsia). However, they may not be necessary for
other diseases where such relationship is not suspected
(e.g., Zika virus and preeclampsia). Certain outcomes
should be considered when assessing the safety of in-
terventions. In studies where these complementary
outcomes are not being collected, the impact of the
epidemic on these conditions can be assessed through
mortality analysis. Finally, stakeholders highlighted that
these outcomes may need to be measured if they could
be confounders or the outbreak is related to a pathogen
that has not yet been characterized.

The outcome maternal admission to intensive care
unit/special unit generated debate about the global
variability of access to intensive care and the validity of
the outcome in low-resource settings. It was consid-
ered an outcome that measures the capacity to
respond to emergencies and not exclusively the type of
care required or the severity of the disease. Partici-
pants agreed that in settings where intensive care is
available, the outcome should be reported. The
outcome maternal mechanical ventilation was renamed
as maternal respiratory support to include any respira-
tory therapy given the varying availability of respira-
tory support interventions in different settings. This
outcome was proposed as complementary due to
reporting concerns in settings with restricted avail-
ability and because it may be more relevant for res-
piratory diseases outbreaks.

Participants strongly agreed on the importance of
measuring maternal depression and anxiety, because
both, women experiencing pregnancy during infec-
tious disease outbreak or pregnant women who have
an infection may have a higher risk of experiencing
these outcomes than the general population. Howev-
er, concerns were raised regarding the appropriate-
ness of conducting screening tests in settings where
diagnostic and management pathways are not well
established. Consequently, it was proposed to mea-
sure them in settings where systems for referral,
diagnosis and management of women who screen
positive are established, or could be provided in the
context of research. Additionally, it might not be
suitable for product development and post-
authorization surveillance.

Participants unanimously emphasized the relevance
of gender-based violence; however, concerns were
raised due to the current lack of WHO
www.thelancet.com Vol 80 February, 2025
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recommendations for population-wide screening, and
the substantial underreporting associated with admin-
istrative data, particularly in countries where the issue
is most prevalent. In addition, this outcome was related
to isolation rather than the infectious disease. There-
fore, it was decided not to include it in the final list of
outcomes. Nonetheless, it could be measured in
epidemiological studies of future epidemics. Special
emphasis was placed on mistreatment within health-
care facilities.

Main neonatal outcomes
A data lag in measuring neonatal symptomatic infection
was anticipated, particularly regarding the teratogenic
effects of congenital infection during an outbreak, as
some pregnancies would need to reach completion
www.thelancet.com Vol 80 February, 2025
before comprehensive information on effects of in-utero
infection became available. Panellists suggested that
samples such as amniotic fluid, umbilical cord, and
placenta could be utilized to evaluate for neonatal
confirmed infection. It was noted that disease-specific
guidance should be followed to establish a confirmed
infection since it varies depending on the disease.
Panellists noted the importance of recognising that the
neonatal symptoms of infection may differ from those
observed in adults, and that any associated teratogenic
effects may be characterised by features that are not
predictable or related to the understood disease mech-
anisms of the infectious agent, or therapeutic mecha-
nism of action of an intervention.

Similar to the maternal set, cause(s) of death was
incorporated into the definition of neonatal death.
9
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Despite anticipated challenges in the feasibility of
measurement, neonatal respiratory support was included
as a main outcome because, in contrast to maternal
respiratory support, the need for neonatal respiratory
support is far less specific to respiratory illnesses and
can reflect many underlying aetiologies. The term was
adapted to encompass any respiratory technique
administered, acknowledging variations in available
respiratory support across settings.

Overlaps between skin-to-skin contact and breast-
feeding in the first hour were discussed. However, some
participants argued that they are distinct because
some mothers cannot, or choose not to, breastfeed, or
breastfeeding might be discouraged if there is a risk
of transmission through breast milk. Some partici-
pants emphasized the importance of monitoring
these two outcomes during an outbreak, given that
depending on the disease and scientific evidence
availability, the practice could be discouraged due to
the risk of transmission. Regarding breastfeeding, it
was proposed to measure it within the first hour after
birth because the timing of discharge varies signifi-
cantly across setting, particularly in the context of an
epidemic.37–41

Complementary neonatal outcomes
Neonatal morbidity such as birth asphyxia, neonatal
sepsis, and neonatal respiratory failure were proposed as
complementary outcomes. These outcomes should be
collected when these conditions are associated with the
outbreak diseases, or in research on emerging epidemic
threats that have not yet been characterized. The
neonatal sepsis definition was revised to exclude language
around respiratory signs to prevent overlap with
neonatal respiratory failure and to address feasibility
concerns regarding access to blood culture. Neonatal
respiratory failure replaced the outcome neonatal respira-
tory distress given that includes all causes of respiratory
failure within the neonatal period.

The discussion around neonatal admission to the
intensive care unit sparked a debate about global vari-
ability in access and practices leading to admission to
intensive care. While some participants suggested
broadening the definition to include any ward capable of
offering 24-h vital care to enhance measurement feasi-
bility, others argued for its inclusion as a complemen-
tary outcome due to practical limitations in certain
regions. However, in settings where there are not sig-
nificant access barriers, it should be measured given its
increased validity.

Neonatal cardio-pulmonary resuscitation was
excluded from the COS and placed in the comple-
mentary outcomes, due to its multifactorial non-
specific nature.

Agreed main and complementary outcomes defi-
nitions, and discussion remarks are presented in
Table 2.
Discussion
A consensus on a COS for maternal and neonatal health
research and surveillance of emerging and ongoing
epidemic threats was obtained in an international
modified Delphi study. The COS consists of seven main
and seven complementary maternal outcomes, along
with 11 main and four complementary neonatal out-
comes. Definitions were also agreed for all outcomes.

Currently, there are no other published COS on
maternal and neonatal health specifically designed for
application in the context of infectious disease outbreaks
and epidemics. Our findings align with established
broader outcome sets on maternal and neonatal health
research as well as those focusing solely on certain
pregnancy conditions, vaccine safety monitoring during
pregnancy, and COVID-19 research.20,42–46 These COSs
include a range of outcomes reflecting pregnancy out-
comes, maternal and neonatal mortality, health and
morbidity, as well as social functioning and well-being.46

They include outcomes such as stillbirth, preterm birth,
mental health, mother-infant bonding, confidence,
breastfeeding, maternal death, hypertension, post-
partum haemorrhage, maternal and neonatal admission
to intensive care, maternal and neonatal respiratory
support, and congenital anomalies.43–45,47

In relation to outcomes closely associated with in-
fectious disease outbreaks, a minimal common outcome
measure set for COVID-19 clinical research aligns with
our approach in adopting outcomes related to viral
burden, survival, and clinical progression. Pregnancy
outcomes included preterm delivery, miscarriage, and
fetal status.42

Researchers are encouraged to collect all main out-
comes from the COS and, when applicable, comple-
mentary outcomes. If they choose not to measure
certain outcomes, they should provide a justification for
this decision. We recognize that certain outcomes,
although essential, may be difficult to be measured,
particularly during wide outbreaks and shortage of re-
sources. For instance vertical transmission may require
several tests and different techniques and impose a
significant burden on providers.48 Other outcomes are
easy to measure but may be considered “weak” because
they rely on criteria non universally shared (e.g.,
admission to intensive care). In such cases, efforts
should be deployed at a medical specialty level to
harmonise criteria as this may also have an impact in
terms of public health.49 Such standardization may also
benefit responses to other outbreaks not involving
mother-to-child transmission.50

Overall, these examples and the experience that will
be accumulated could inform future adjustments for
this COS. Also, additional outcomes should be
considered depending on the research question.
Certain additional outcomes can be reported without
the need to collect additional variables. For instance,
weight-for-gestational-age can be derived from the
www.thelancet.com Vol 80 February, 2025
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Domain and outcome Outcome definition and measurement Notes/remarks

Maternal main outcomes

Mortality/vital status

Pregnancy outcome Results of conception and pregnancy, measured as:
Live birth is an outcome of pregnancy, irrespective of the duration/
gestation, where the newborn breathes or shows any other evidence of life–
e.g., beating of the heart, pulsation of the umbilical cord or definite
movement of voluntary muscles– whether the umbilical cord has been cut
or the placenta is attached.
Stillbirth is the complete expulsion or extraction from a woman of a foetus,
following its death prior to the complete expulsion or extraction, at 22 or
more completed weeks of gestation. When information on gestational age
is unavailable use birthweight 500 g or more as criteria.
Miscarriage (also known as unintentional abortion or spontaneous
abortion) is a spontaneous loss of pregnancy (i.e., embryo or foetus) before
22 completed weeks of gestation. When information on gestational age is
not available, use birth weight of less than 500 g as a criterion.
Induced abortion is a complete expulsion or extraction from a woman of an
embryo or a foetus (irrespective of the duration of the pregnancy)
following a deliberate interruption of an ongoing pregnancy, which is not
intended to result in a live birth.

This definition may be variably interpreted in different settings according to
the gestational age and/or weight of the baby, which may affect
comparability. There is a need for standardization of its use across settings
and for consistency with definitions of miscarriage and stillbirth.
Stillbirths differ from induced abortion. Gestational age (GA) should be used
whenever possible, with weight being utilized only in settings where
accurately estimating GA is not feasible. It can be reported as early (22-27w–
or 500–999 g) and late (≥28w–or 1000 g) stillbirths.
A cut-off of 20 or 22 weeks for the definition was selected to stay
consistent with WHO guidance given international variability. Ectopic
pregnancy is proposed to be reported together with Miscarriage.
Data on induced abortions may not be routinely available in settings where
there are restrictive abortion laws. It may also be misclassified as
miscarriages or stillbirths.

Maternal death Maternal death is defined as the death of a woman while pregnant or
within 42 days of termination of pregnancy, irrespective of the duration
and site of the pregnancy, from any cause related to or aggravated by the
pregnancy or its management, but not from unintentional or incidental
causes.

Leading cause(s) of death should be reported following the ICD-MM
classification system (ICD-MM). The cause(s) of death must be specific, so
that the impact of the epidemic is not only measured through variations in
the relative weight of all indirect causes, but the specific deaths rate
attributable to disease outbreak.

Maternal infection (related outbreak disease)

Maternal suspected
symptomatic infection
(related outbreak disease)

A woman who meets clinical criteria (signs and symptoms) for the disease
under investigation while pregnant or within 42 days after birth.

Feasibility may be limited by staff training, data collection infrastructure
and evolving case definitions. It is recommended to use WHO case
definitions, which are regularly updated and allow collating data. This
should be reported regardless of vital status

Maternal confirmed
infection (related
outbreak disease)

A woman with a positive and confirmatory laboratory or pathology result
while pregnant or within 42 days of end of pregnancy, regardless of clinical
OR epidemiological criteria for the disease under investigation, and vital
status.

Pathology results refer to recognized pathogen identified using a validated
method.
There is a risk of under-reporting because of lack of access to testing. It is
recommended to use WHO case definitions, which are regularly updated
and allow collating data.

Maternal severe disease
(related outbreak disease)

A woman presenting while pregnant or within 42 days of end of pregnancy
with illness (specific to the disease under investigation) that results in acute
physiological instability (abnormal physiological parameters or vital organ
dysfunction or failure) or a clinical support requirement (such as
hospitalization, intensive care or high-dependency unit or time-sensitive
intervention) to prevent clinical deterioration, disability or death.

Some women with severe cases cannot access care and die. Although
maternal death is a separate outcome, it must be part of any assessment of
disease severity.
Near miss criteria can be used to measure instability.

Labour and delivery characteristics

Spontaneous/iatrogenic
preterm birth

Preterm is defined as babies born alive before 37 weeks of pregnancy are
completed
Spontaneous preterm birth is defined as the spontaneous onset of labour
and delivery of a live born between 22 and 36 completed weeks.
Iatrogenic preterm birth (also known as medically indicated for foetal and/
or maternal interest), is defined as a live born between 22 and 36
completed weeks after induction of labour or a caesarean before labour.

While there is overlap with prematurity (neonatal outcome), this outcome
monitors the impact of the epidemic on spontaneous preterm birth and
clinical practice. In settings where maternal and neonatal registries cannot
be linked, prematurity could be measured, but it might be challenging to
determine whether labour onset was spontaneous, induced, or due to a
planned caesarean section.

Mode of birth Parturition of a newborn from the uterus via spontaneous vaginal birth,
assisted vaginal birth (vacuum or forceps), elective caesarean section, or
emergency caesarean section.

Maternal complementary outcomes

Morbidity

Antepartum
haemorrhage

Vaginal bleeding after 22 weeks of pregnancy or during labour before
giving birth.

Pathologic aetiologies include placenta previa, placenta accreta, vasa previa,
abruptio placentae, and uterine rupture. This outcome should be measured
if it known to be (or might be) associated with outbreak disease under
investigation, or during emerging epidemic threats that have not yet been
characterized.

Postpartum
haemorrhage

A blood loss of 500 ml or more within 24 h after birth. This condition is caused by uterine atony, trauma, retained placenta, or
coagulopathy. Visually estimated blood increase misclassification. A
calibrated drape or other device should be considered to measure blood loss
in all births. This outcome should be measured if it is (or might be)
associated with outbreak disease under investigation or during emerging
epidemic threats that have not yet been characterized.

(Table 2 continues on next page)
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(Continued from previous page)

Hypertensive disorders of
pregnancy

A hypertensive disorder newly diagnosed after 20 weeks’ gestation or
before 1 week postpartum, characterized by systolic blood pressure greater
than 140 mmHg and/or a diastolic blood pressure greater or equal to
90 mmHg on two occasions, 4 h or more apart.

Laboratory or point of care confirmation, where feasible, should include the
evaluation of hepatic, renal or haematological changes, and a urine test. In
situations where healthcare services are overwhelmed during an epidemic,
the second blood pressure assessment may be performed≥1 h apart from
the first one. This outcome should be measured if it is (or might be)
associated with outbreak disease under investigation during emerging
epidemic threats that have not yet been characterized.

Maternal sepsis A life-threatening condition defined as organ dysfunction resulting from
infection during pregnancy, childbirth, post-abortion, or post-partum
period.

Organ dysfunction is measured using specific scores (e.g., SOFA), that
usually require laboratory. In low resource settings, near miss criteria or
obstetric early warning systems could be considered as a proxy for assessing
organ dysfunction.

Delivery of care

Maternal admission to
intensive care unit/special
unit

Admission to an intensive care unit or a unit that provides 24-h monitoring
and vital support at any point during pregnancy through 42 days after
pregnancy (postpartum, post-abortion/miscarriage) for any obstetric
indication, outbreak disease or other non-obstetric indications.

The definition encompasses a range of special care units (e.g., high
dependence unit and special care unit) providing continuous monitoring
and vital support. Research conducted in settings capable of providing
critical care without substantial access problems should report this
outcome.

Maternal respiratory
support

Any respiratory support technique with any level of pressure via any
interface, during pregnancy, -labour and 42 days after pregnancy, not
related to anaesthesia during delivery (postpartum/postabortion).

This outcome should be measured systematically in settings where access to
this intervention is not an issue (where the results capture the real need)
and when is relevant to the type of disease (e.g., respiratory infections). In
settings where access to mechanical ventilation is not restricted, this
outcome could be further categorized into specific respiratory support types
to better reflect disease severity.

Maternal Functioning

Maternal symptoms of
depression and anxiety

Depressive disorders are characterized by sadness, loss of interest or
pleasure, feelings of guilt or low self-worth, disturbed sleep or appetite,
feelings of tiredness, and poor concentration.
Anxiety disorders refer to a group of mental disorders characterized by
feelings of anxiety and fear, including generalized anxiety disorder (GAD),
panic disorder, phobias, social anxiety disorder, obsessive-compulsive
disorder (OCD) and post-traumatic stress disorder (PTSD).

Depression can be long lasting or recurrent, substantially impairing an
individual’s ability to function at work/school or cope with daily life. Severe
depression can lead to suicide.
Screening could be conducted during the antenatal or postnatal period (six
weeks after birth).
Symptoms of depression and anxiety can be identified by administering
self-administered validated tools, such as the Edinburgh Postnatal
Depression Scale (EPDS) or Patient Health Questionnaire (PHQ-9). A total
score of≥11 of the EPDS might indicate depressive or anxiety symptoms.
This outcome is complementary because it should only be measured when
systems for referral, diagnosis and management of women who screen
positive are established to ensure adequate follow-up. On the other hand,
not all types of studies should include this outcome (e.g., product
development and post-authorization surveillance).

Neonatal main outcomes

Mortality/vital status

Neonatal death A death following a live birth, with 22 or more completed weeks of
gestation (or 500 g or more) occurring from time of birth to 28 days after
birth (note day 1 is the day of birth).

The definition includes early neonatal deaths occurring from birth through
day 7 after birth, and late neonatal death from day 8–28 days after birth. It
should be reported as overall and disaggregated rates.
Where possible the leading cause(s) of deaths for newborns should be
reported following ICD-PM (ICD-PM definition)

Neonatal infection

Neonatal symptomatic
infection (related
outbreak disease)

A newborn (1–28 days after birth) who meets clinical criteria (signs and
symptoms) associated with a disease under investigation, including
antenatal and postnatal infection.

Case definitions for neonates differ to adults. It is recommended to use
WHO case definitions, which are regularly updated and allow collating data.
Feasibility may be limited by staff training, data collection infrastructure
and evolving case definitions.

Neonatal confirmed
infection (related
outbreak disease)

A newborn (1–28 days after birth) with a positive and confirmatory
laboratory or pathology result (recognized pathogen identified using a
validated method), regardless of clinical criteria OR epidemiological criteria
(related outbreak in investigation), antenatal or postnatal acquisition, and
vital status.

Maternal infection should not automatically be assumed to reflect foetal
infection. When available, pathology (amniotic fluid, umbilical cord,
placenta) can be used to confirm an infection. Disease-specific guidance will
be needed on how to establish a confirmed infection (e.g., sample
collection, testing options). It is recommended to use WHO case definitions,
which are regularly updated and allow collating data. Feasibility may be
limited by staff training, equipment, supplies, data collection infrastructure
and evolving case definitions.

(Table 2 continues on next page)
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(Continued from previous page)

Neonatal severe/critical
disease (related outbreak
disease)

A newborn (1–28 days) with an antenatally or postnatally acquired illness
(specific to the outbreak under investigation) that results in acute
physiological instability (abnormal physiological parameters or vital organ
dysfunction or failure) or a clinical support requirement (such as
hospitalization, admission to NICU, intensive care or high-dependency unit
or time-sensitive intervention) to prevent further clinical deterioration,
disability, or death.

Disease-specific guidance will be needed on how to establish a severe/critical
disease. It is recommended to use WHO case definitions, which are regularly
updated and allow collating data. Feasibility may be limited by staff
training, equipment, supplies, data collection infrastructure and evolving
case definitions.

Vertical transmission Transmission of pathogen from a parent to the foetus or baby during
pregnancy (in utero), intrapartum by exposure to blood and secretions, and
by exposure after birth via breast milk.

Although most infections can be transmitted from mother to foetus/baby,
there is a small but not negligible possibility of disease transmission
through seminal fluid.

Morbidity

Low birthweight A live born with weight less than 2500 g at birth. Sub-categories include:

o Extremely low birth weight (<1000 g)
o Very low birth weight (1000–1499 g)
o Low birth weight (1500–2499 g)

It should only measure among neonates (live born) and it should be
reported as overall and disaggregated rates.

Prematurity Babies born alive greater than or equal to 22 + 0 and less than 37
completed weeks of gestation. Sub-categories include:

o Extremely preterm (22 + 0 w to 27 + 6)
o Very preterm (28 + 0 w to 31 + 6)
o Moderately preterm (32 + 0 w to 33 + 6)
o Late preterm (from 34 + 0 weeks to 36 + 6)

It should be reported as overall and disaggregated rates.

Any congenital anomaly Any structural or functional anomalies that develop in utero, and may be
identified before, at birth, or after birth.

The definition encompasses external, internal, and developmental
anomalies. Congenital anomalies should be classified and reported following
WHO/ICBDSR/CDC birth defects surveillance manual and ICD-11 version.

Delivery of care

Neonatal respiratory
support

Any respiratory support technique to a neonate between day 1 and 28 after
birth with any level of pressure via any interface, not related to anaesthesia.

The definition includes any respiratory support technique (e.g., mask,
cannula, nasal prong O2, CPAP, high-flow treatment) administered at any
pressure in response to concerns around varying degrees of respiratory
support available in different healthcare settings.

Skin-to-skin contact
during the first hour after
birth

A newborn without complications is kept in skin-to-skin contact with her/
his mother, placed prone on the mother’s abdomen or chest in direct
ventral-to-ventral skin-to-skin contact for at least an hour or until after the
first feed.

The baby should be kept dry and warm with a blanket or the mother’s
gown covering the baby’s back, and the infant may have worn a diaper or
cap.

Breastfeeding within 1 h
of birth

Newborn who is put to the breast during as soon as possible after birth and
within 1 h of birth, when they are clinically stable, and the mother and baby
are ready.

Early initiation of breastfeeding does not require that the infant suckled at
the breast or that milk was transferred from breast to infant. It represents
the practice of putting the baby to breast within the first hour, which is
related to a number of positive outcomes including reduced mortality and
exclusive breastfeeding (47).

Neonatal complementary outcomes

Morbidity

Birth asphyxia Birth asphyxia is the inability of a newborn to start and sustain breathing
immediately after birth, characterized by a low Apgar score and/or
metabolic acidosis.
It is classified in:

o Mild and moderate: Normal respiration not established within 1 min, but
heart rate 100 per minute or above, some muscle tone present, some
response to stimulation. Apgar score 4–7 at 5 min and/or pH < 7.2 on the
umbilical cord arterial blood sample

o Severe: Pulse less than 100 per minute at birth and falling or steady,
respiration absent or gasping, colour poor, tone absent. Apgar score
0–3 at 5 min. And/or also characterized by profound metabolic acidosis,
pH < 7.0 on the umbilical cord arterial blood sample.

This definition increase feasibility for data collection in all resource settings,
allowing for using the Apgar score or diagnosis of acidosis in umbilical cord
blood. This condition may not be relevant to all disease outbreaks. This
outcome should be measured if it is (or might be) associated with outbreak
diseases or in research on emerging epidemic threats that have not yet been
characterized.

Neonatal sepsis A condition affecting foetuses or newborns, that is (or suspected to be)
caused by a maternal infection (acquired in utero or during birth) with a
bacterial, viral, fungal, or parasitic source.

The definition includes “suspected” cases given feasibility concerns around
access to blood culture. This outcome should be measured if it is (or might
be) associated with outbreak diseases or in research on emerging epidemic
threats that have not yet been characterized.

Neonatal respiratory
failure

Acute onset of respiratory failure in a newborn (any gestational age or
birthweight), in the first 28 days after birth, from any cause. It is recognized
as one or more signs of increased work of breathing (such as tachypnoea,
nasal flaring, chest retractions, or grunting) with or without cyanosis.

This definition encompasses all causes of respiratory failure irrespective of
the cause.
This outcome should be measured if it is (or might be) associated with
outbreak diseases or in research on emerging epidemic threats that have
not yet been characterized.

(Table 2 continues on next page)
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Delivery of care

Neonatal admission to
the intensive care unit/
other special units

Admission of a neonate in the first 28 days after birth to an intensive care
unit or a unit that provides 24-h monitoring and vital support for any
indications.

The definition has been modified to encompass a range of special care units
providing care to all critically ill neonates across various care settings. It
includes any ward capable of offering 24-h vital care. Research conducted in
settings capable of providing this type of care critical care without
substantial access problems should report this outcome.

Notes: GA, gestational age; w, weeks; g, grams; NICU, Neonatal Intensive Care Unit.

Table 2: Final COS outcomes definitions and remarks.
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same enabling terms (birth weight and gestational age)
used to report low birth weight and prematurity. The
results of this systematic review, which reported out-
comes across different types of research studies and
diseases could facilitate the selection of additional
specific outcomes.

Finally, definitions were agreed upon with consid-
eration of their applicability across all settings, including
those with limited resources. However, some outcome
definitions are aspirational in certain settings. For
instance, defining stillbirth to include all fetal deaths
from 22 weeks of gestational age, instead of the 28-week
threshold often used for statistical purposes, poses a
challenge.

This study has several strengths. First, the meth-
odology was defined a priori based on the guidelines of
the COMET Initiative, and the development of the
core outcome set followed a rigorous multistage
approach. Second, it included diverse perspectives
from international key stakeholders, including repre-
sentatives from civil society. Participants came from a
wide array of countries with varying income levels,
ensuring the relevance and applicability of the devel-
oped COS across diverse settings. Other strengths of
the study include the low attrition follow-up rate, and
the diversity of domains, such as patient-relevant
outcomes and those related to service delivery. We
also advanced the definitions of each outcome within
the COS. Finally, this COS is not limited to experi-
mental studies, but can also be applied to epidemio-
logical research.

However, our study has some limitations. There
were imbalances in the size of the panels, although this
was compensated for the equitable weight ascribed to
each of the four panels for decision-making, indepen-
dent of its size. No participants with expertise in
mental health were invited to the face-to-face meeting,
as a consequence the consensus on the definitions of
“depression and anxiety” and the suggestions on
measurement instruments derived from published
WHO recommendations. Additionally, the outcomes
initially identified through the systematic review were
primarily derived from epidemiological studies in the
context of COVID-19; and the search was conducted
from 2015 onwards, which may have led to the omis-
sion of outcomes from earlier epidemics. It is possible
that we missed outcomes reported in other languages
and smaller studies, specifically those with fewer than
50 participants (e.g. mpox and listeria outbreaks).
Nevertheless, studies covering a range of diseases with
various modes of transmission were included. We did
not conduct a qualitative study to identify outcomes
that were not documented in the literature. This limi-
tation was mitigated by the participation of represen-
tatives of civil society and asking to propose additional
outcomes. Finally, although the methodology is well
described, the published evidence supporting it is
limited, including the agreement criteria; and final
decisions were made during consensus meetings. We
attempted to address this limitation by following robust
methodological standards. However, a necessary next
step is to evaluate the acceptability of this COS on a
larger scale.

This COS, developed through a robust methodol-
ogy with an international multidisciplinary effort, will
serve to standardize outcome selection, collection, and
reporting in maternal and neonatal health research
and surveillance during epidemics. We suggest that
researchers conducting epidemiological studies,
product development, and post-authorization surveil-
lance report main COS outcomes as a minimum,
along with complementary and additional outcomes of
interest.

Further research is needed to identify stakeholders’
acceptability of the COS and validating them to facilitate
the adoption of the COS and ensure its generalizability,
credibility, and usability. It will be important to develop
standardized data collection tools that include essential
data elements to facilitate implementation. Additionally,
feasibility assessments in diverse settings are required,
including pilot testing of data collection in real-time
outbreak scenarios, to identify potential barriers to
data collection and reporting. This is especially impor-
tant for observational studies, as most evaluation of
barriers to the use of COS have been conducted in the
context of experimental studies.
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