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Abstract 
Background: Given that pregnant women are now included among 
those for receipt coronavirus disease 2019 (COVID-19) vaccines, it is 
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important to ensure that information systems can be used (or 
available) for active safety surveillance, especially in low- and middle-
income countries (LMICs). The aim of this study was to build 
consensus about the use of existing maternal and neonatal data 
collection systems in LMICs for COVID-19 vaccines active safety 
surveillance, a basic set of variables, and the suitability and feasibility 
of including pregnant women and LMIC research networks in COVID-
19 vaccines pre-licensure activities.  
Methods: A three-stage modified Delphi study was conducted over 
three months in 2020. An international multidisciplinary panel of 16 
experts participated. Ratings distributions and consensus were 
assessed, and ratings’ rationale was analyzed.  
Results: The panel recommended using maternal and neonatal data 
collection systems for active safety surveillance in LMICs (median 9; 
disagreement index [DI] -0.92), but there was no consensus (median 
6; DI 1.79) on the feasibility of adapting these systems. A basic set of 
14 maternal, neonatal, and vaccination-related variables. Out of 16 
experts, 11 supported a basic set of 14 maternal, neonatal, and 
vaccination-related variables for active safety surveillance. Seven 
experts agreed on a broader set of 26 variables.The inclusion of 
pregnant women for COVID-19 vaccines research (median 8; DI -0.61) 
was found appropriate, although there was uncertainty on its 
feasibility in terms of decision-makers’ acceptability (median 7; DI 
10.00) and regulatory requirements (median 6; DI 0.51). There was no 
consensus (median 6; DI 2.35) on the feasibility of including research 
networks in LMICs for conducting clinical trials amongst pregnant 
women. 
Conclusions: Although there was some uncertainty regarding 
feasibility, experts recommended using maternal and neonatal data 
collection systems and agreed on a common set of variables for 
COVID-19 vaccines active safety surveillance in LMICs.

Keywords 
COVID-19 vaccine, pregnancy, Delphi Technique, active safety 
surveillance
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Introduction
The coronavirus disease 2019 (COVID-19) pandemic has cre-
ated unprecedented global health challenges, triggering an 
accelerated development and distribution of safe and effective  
vaccines against severe acute respiratory syndrome coronavirus  
2 (SARS-CoV-2)1. The international research and devel-
opment (R&D) effort in response to the enormous health  
burden associated with the COVID-19 pandemic is unprece-
dented in terms of scale and speed2,3. The World Health Organi-
zation (WHO) interim guidance for COVID-19 vaccines has 
recommended that pregnant women should be vaccinated 
against COVID-19 on the basis of a benefit vs risk assessment4,5.  
However, limited data from clinical trials is available on 
COVID-19 vaccine safety, immunogenicity, reactogenicity, and  
efficacy in pregnancy and their potential effects on the fetus  
or the neonate, particularly in LMICs4–6.

Pregnant women have been historically excluded from clini-
cal trials for drugs and vaccines that do not target obstetric  
conditions7. However, there is mounting evidence that preg-
nant women are at an increased risk for health complica-
tions from COVID-19 compared to non-pregnant women8,9.  
Excluding pregnant women from studies on vaccination 
in order to provide protection from theoretical risks is not  
warranted and can prevent this population from potentially  
beneficial inmunizations. 

There have been considerable international efforts to ensure 
equitable access to COVID-19 vaccines, including the COVAX 
Advance Market Commitment (AMC)’s efforts to ensure 
equitable access and distribution of COVID-19 vaccines to  
low-and-middle-income countries (LMIC)10. Given these efforts  
to ensure LMIC access to vaccines and that pregnant 
women are now eligible to receive the COVID-19 vaccine,  
it will be essential to ensure that systems in LMICs can  
identify, evaluate, and respond to potential adverse events 
among pregnant women and their offspring. Following mater-
nal immunization gaps in infrastructure, resources, training,  
data quality, and methods may limit establishment of effec-
tive pregnancy surveillance systems in LMICs11. The acceler-
ated vaccine development in the context of COVID-19 poses 
further considerations for resource-limited settings in LMICs, 
including the need to enhance site capacity, ensure regula-
tory approvals are met, and obtain vaccine decision-makers’  
acceptance12.

The importance of safety surveillance of these vaccines in 
pregnant women will be critical as pregnant women are vac-
cinated, especially for safety surveillance immediately  
post-licensure or post-emergency use authorization13. It is in 
this timeframe where active safety surveillance must be con-
ducted, as this is when safety concerns are likely to occur6. 
Adverse events of special interest (AESI) for COVID-19  
vaccines have been identified and obstetric AESIs have been 
considered for active monitoring14–16. After introducing a vac-
cine, it will be essential to utilize perinatal health information 
systems to monitor obstetric and neonatal outcomes. Identifying  
which variables will be necessary to monitor will be critical 

to ensure quality safety assessments. These efforts have 
already begun with the Global Alignment of Immunization 
Safety Assessment in pregnancy (GAIA) project and the WHO  
Global vaccine safety in pregnancy multi-country collaborative  
study (MCC)13,17. 

This study had two aims: 1) to build consensus about the use 
of existing maternal and neonatal data collection systems in 
LMICs for active safety surveillance of COVID-19 vaccines  
post-licensure, as well as the basic set of variables needed; 
and 2) to establish an expert consensus on the suitability and 
feasibility of including pregnant women and LMIC research 
networks in pre-licensure activities for novel COVID-19  
vaccines.

Methods
A three-stage modified Delphi study was conducted between 
June 29th, 2020, and August 26th, 2020. This study first  
conducted two individual, online rounds and concluded 
with a third round: a virtual group discussion and final vote.  
Figure 1 outlines the study phases and procedures.

Panel composition
This study is the second phase of a larger study entitled “Land-
scape analysis: Sentinel site readiness for Maternal Immuniza-
tion Active Safety Surveillance in LMIC” (safeinpregnancy.org)  
that seeks to define the landscape for integrated maternal 
immunization active safety surveillance by reviewing the lit-
erature (phase 1), building consensus among experts (phase 
2), and identifying potential sentinel sites in LMICs (phase 3).  
An independent Scientific and Technical Advisory Board  
(STAB) integrated by 12 experts in the field was already 
established to provide up-to-date and globally representa-
tive advice on the larger study. For the Delphi study, all  
members of the STAB and four additional experts identi-
fied by the Bill & Melinda Gates Foundation were nominated 
to integrate the panel. All the nominated experts had recog-
nized international leadership in maternal immunization, vac-
cine safety, and maternal and neonatal health. During the 
recruitment process, as well as experts were selected based of 
their knowledge in maternal and perinatal health information  
systems for active safety surveillance. Geographical repre-
sentation was another criteria taken into consideration. The 
rationale behind the 16-member panel was that they were 
large enough to permit diversity of representation while  
still being small enough to allow everyone to be involved in  
the group discussion.

To prevent the bias that could be introduced by knowing other  
leaders’ opinions on the subject, the experts answered the ques-
tionnaires in each round anonymously and individually. The 
panel did not meet with each other face to face before the  
final meeting. The Delphi technique aims to generate con-
sensus, and for this reason, each participant must know the 
opinion of the group. However, during all rounds, the shared 
data was de-identified, and in the final meeting, participants 
declared whether they had any conflict of interest and a mod-
erator sought to prevent some participants from leading  
the discussion.
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Figure 1. Flowchart of phases and procedures performed during the study. LMIC=low- and middle-income countries;  
COVID-19=coronavirus disease 2019.
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Development of questionnaires
A bibliographic search was carried out in PubMed and grey 
literature. The following terms were employed to identify  
relevant peer-reviewed literature, reports published by  
governments or international health organizations (i.e. WHO), 
and other relevant articles to inform survey development:  
“COVID-19”, “coronavirus”, “SARS-CoV-2”, “pregnancy” 
and “pregnant women” were combined separately with the  
keywords: “active safety surveillance”, “vaccines”, “vac-
cine clinical trial”, “vaccine development”, “COVID-19 vac-
cine development”, “COVID-19 vaccine landscape”, “vaccine 
safety surveillance”, “sentinel site surveillance”, “information 
systems”, “safety monitoring”, “maternal immunization”, “low 
income countries”, “low- and middle-income countries” and  
“LMIC”.

This search identified publications that described factors 
affecting experts’ opinion on the use of routine information  
systems for COVID-19 vaccine active safety surveillance. 
Additionally, this search identified publications describing  
factors affecting experts’ views on pregnant women’s inclu-
sion for novel COVID-19 vaccine R&D activities. Reported 
variables to be collected for maternal immunization safety 
monitoring were identified and listed. Subject matter experts 
were consulted to validate a preliminary list of variables 
based on the literature search. All this information was used to  
inform the development of the first questionnaire.

The first questionnaire included the following domains:  
a) appropriateness of using existing maternal and neonatal 
data collection systems for active safety surveillance, b) feasi-
bility of adapting these systems prior to the pregnancy licen-
sure of novel COVID-19 vaccines, c) benefits versus risks 
of including pregnant women in COVID-19 vaccine trials;  
d) feasibility of including pregnant women in the target popu-
lation for COVID-19 vaccine R&D (in terms of the capac-
ity of existing research networks and acceptability among  
vaccine decision-makers); and e) feasibility of incorporat-
ing existing research networks in LMICs (in terms of capac-
ity and decision-makers’ acceptability). Additionally, lists of  
maternal, neonatal, and vaccine-related variables (i.e., name of 
the vaccine, date of vaccination, administration site, lot number) 
were included in the questionnaire to their prioritize their 
importance for active safety surveillance. The list of maternal  
and neonatal variables was selected from GAIA project case 
definitions piloted in 24 sentinel sites across four WHO  
regions17. Questionnaires for the second and third rounds  
included a selection of questions to address disagreements that 
were noted in previous rounds. Questions related to select-
ing variables for active safety surveillance were re-evaluated 
in round two with new variables suggested by experts in the 
first round. All three questionnaires included both closed-ended  
and open-ended questions. The questionnaires can be found  
as extended data18.

Data collection
Data were collected through an iterative consensus exer-
cise, starting with two rounds of online, individual surveys  

followed by a third round, which involved a virtual group dis-
cussion and final vote on remaining dissents. Online surveys  
were self-administered via Survey Monkey™. For both 
online rounds, panellists were asked to rate questions on a 
9-point Likert RAND Appropriateness Scale (RAS)19. In 
addition, the rationale for each rating was collected using  
open-ended questions.

During the second round, experts received the overall rat-
ing distributions and comments from the previous round and  
were asked to re-rate the questions that generated dissent.

The first survey was sent on June 29th, 2020, to 16 selected 
experts who had confirmed their interest and availability to 
participate. Three reminders were sent to participants with  
partial or no response over two weeks. The second survey was 
sent on July 22nd, 2020, to the same 16 experts, followed by 
four reminders over another two weeks. Completeness and 
consistency between the survey items were monitored during  
survey administration.

During the third round, experts met via virtual meeting  
on August 26th, 2020, to confirm the generated agreements and 
address remaining disagreements. Presentations and guided 
discussions were held in plenary sessions. The main ques-
tions to be discussed were developed by researchers with  
experience in qualitative research (MB, VP and SM). A meet-
ing facilitator (PB) conducted and moderated the discus-
sion (60 minutes). Detailed field notes were taken by one of 
the researchers (SM). During the plenary session, the system  
Poll Everywhere® was used to record the final individual vote. 

Data analysis
Panel median rating and disagreement index (DI) were cal-
culated to summarize experts’ ratings and measure consen-
sus. The DI is a continuous scale used to measure panel ratings’ 
dispersion, taken as an indicator of the level of agreement19.  
A DI < 1 (including negative values) represents a com-
plete agreement among panellists, while a DI ≥ 1 indicates  
disagreement among the panel. The RAND/UCLA appro-
priateness scale (i.e., RAND, a 9-point Likert scale ranging  
from 1 to 9) was used to classify domains as “appropriate”,  
“inappropriate” or “uncertain”, in accordance with: a) the  
median panel rating, and b) the DI. Domains with median rat-
ings in the top third (score of 7–9) of the appropriateness 
scale were classified as “appropriate”, those in the bottom  
third were classified as “inappropriate” (score of 1–3), and 
those with intermediate median ratings were classified as  
“uncertain” (score of 4–6). Besides, domains with disagreement  
among the panel was also classified as “uncertain”. Table 1  
provides the definitions for how each item was evaluated 
for “Appropriateness” and “Agreement”. The analysis was  
performed using STATA 14.0.

Open-ended questions were analysed using a content analysis. 
Responses were coded by one researcher (SM) and reviewed 
by other researcher (MB), and matrices were developed to 
help interpret the findings. The analysis process was facilitated  
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by a qualitative data management software Atlas.ti 8.4.  
All rationales that panellists provided to inform their quan-
titative responses are included in the findings, regardless of  
whether one or more person mentioned them.

The review was conducted and reported in line with the stand-
ards of the COREQ statement for qualitative studies and  
STROBE checklist for observational studies.

Ethical approval
Approval was obtained from the Tulane University Internal 
Review Board (Approval number 2019–1453), United States, 
and the Comité de Ética en Investigación “Norberto Quirno”, 
Argentina (Approval number 1258/2019). All participants 
provided electronic written informed consent to participate  
in the study.

Results
All 16 nominated experts from seven countries and three world 
regions participated in this consensus building exercise. Panel 
characteristics are described in Table 2. The multidiscipli-
nary panel provided a diverse perspective of experts affiliated 
with different types of organizations (i.e., academic institu-
tions, biopharmaceutical companies, government institutions,  
non-profit organizations, and international agencies). Most 
participants were working at institutions conducting projects 
related to COVID-19 vaccines (13/16). Sixteen experts  
completed Round 1, 14 completed Round 2, and ten experts 
from the same panel participated in the final virtual discussion  
and final vote.

Experts’ opinions on the following main themes related  
to COVID-19 vaccines were explored throughout the study: 

Table 1. Measure of disagreement index (DI) and RAND/UCLA appropriateness scale.

DI

Panel median rating

1 2 3 4 5 6 7 8 9

Bottom third (1–3) Intermediate third (4–6) Top third (1–3)

<1 (Agreement) Inappropriate
Uncertain

Appropriate

≥1 (Disagreement)

Table 2. Panel characteristics.

N = 16 
(n)

Gender

  Female 13

  Male 3

Type of organization

  Academia 7

  Government organization 4

  International Agency 2

  Biopharmaceutical company 3

Location

  Region of the Americas 9

  African Region 4

  Europe 3

Currently working on any activities relevant 
for COVID-19 immunization in pregnancy

  Yes 13

  No 3
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a) use and adaptation of existing maternal and neonatal data 
collection systems in LMICs for active safety surveillance;  
b) maternal, neonatal, and vaccine-related variables for 
active safety surveillance; c) inclusion of pregnant women  
in the target population for vaccine R&D; and d) inclusion 
of existing research networks from LMICs in pre-licensure  
vaccine R&D activities.

Use and adaptation of existing maternal and neonatal 
data collection systems in LMICs for active safety 
surveillance
The expert panel agreed (RAND DI -0.92) on the appropriate-
ness of using existing maternal and neonatal data collection  
systems in LMICs for active safety surveillance for  

COVID-19 vaccines, given that 12 out of 16 experts assigned 
a rating in the top third of the scale (7–9) and the panel 
median was 9 (Table 3). This question reached a consensus in  
round 1 and was not re-evaluated in subsequent rounds. 

   �“There are a number of active information systems 
that could be employed to support these activities with  
minimal additional support.” (Round 1 response) 

Some participants who gave lower ratings on this item cited 
limitations in systems and their overall lack of existence. 
Some participants mentioned that existing systems would need  
to be adapted and improved to collect meaningful data and  
link maternal and neonatal information.

Table 3. Experts’ ratings on the use of maternal and neonatal data collection 
systems in low- and middle-income countries (LMICs) for coronavirus disease 
2019 (COVID-19) vaccines maternal and neonatal active safety surveillance.

Maternal and neonatal active safety surveillance

Recommendation for the usage 
of existing information systems

Feasibility to adapt 
before licensure

First-round (n=16)

Rating distribution

    Median (p25;p75) 9 (7;8,5) 7 (6,5;5,5)

Agreement

    RAND DIa -0.92 2.45

    Agreementb Yes No

    Appropriatenessc Appropriate Uncertain

Second round (n=14)

Rating distribution

    Median (p25;p75) N/A 6 (5,25;7)

Agreement

    RAND DIa N/A 1,18

    Agreementb N/A No

    Appropriatenessc N/A Uncertain

Third round (n=10)d

Rating distribution

    Median (p25;p75) N/A 6 (3.5; 7)

Agreement

    RAND DIa N/A 1.79

    Agreementb N/A No

    Appropriatenessc N/A Uncertain

References: a DI (disagreement index) is a measure that shows if there was wide or limited 
dispersion of panelist ratings. If the DI is ≥ 1, then it indicates ‘extreme variation’ in ratings. The 
lower the DI, the lower the level of disagreement; b Agreement was defined as DI <1;  
c Appropriateness considers median scores and the level of disagreement. Items with median 
scores in the 1–3 range are classified as inappropriate, those in the 4–6 range as uncertain, and 
those in the 7–9 range as appropriate. However, all items rated “with disagreement,” whatever the 
median, are classified as uncertain. N/A: not applicable
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The panel consistently disagreed (DI 2.45; 1.18; 1.79 for 
rounds 1 through 3, respectively) on the feasibility of existing  
maternal and neonatal data collection systems in LMICs 
to incorporate new changes before approval or licensure of  
novel COVID-19 vaccines so that adequate active safety  
surveillance can be performed amongst pregnant women  
(Table 3). This indicates a considerable level of experts’ uncer-
tainty regarding this feasibility. Experts acknowledged that 
there are existing systems that could be modified. How-
ever, the variability between systems and locations was  
noted, and the feasibility of adapting these systems depended 
on the financial and human resources needed to make these 
changes before licensure. Support would be required to 
increase technical, managerial, and staff capacity. Given the  
accelerated timeline of COVID-19 vaccine development, it 
was noted that there might not be enough time or resources to 
adapt these systems before vaccine approval or deployment  
(Box 1).

Box 1. Experts’ opinion on tailoring existing maternal 
and neonatal data collection systems for active safety 
surveillance of coronavirus disease 2019 (COVID-19) vaccines 
amongst pregnant women

From a panelist point of view
•   �It is appropriate to use existing Maternal, Newborn 

and Child Health (MNCH)information systems in LMICs 
for active safety surveillance of a novel COVID-19 vaccine 
licensed for usage amongst pregnant women.

•   �It is reasonable and desirable to adapt existing 
systems, and there is a clear opportunity to leverage 
existing MNCH information systems in LMICs for active 
safety surveillance of COVID-19 vaccines in pregnant 
women.

•   �Existing systems would provide background rates of 
outcomes prior to vaccine introduction. There are 
sentinel sites and demographic health survey sites ready 
to start baseline measurements of critical data for active 
safety surveillance.

•   �In the COVID-19 vaccine accelerated timeline, there 
may not be time to adapt systems.

•   �Existing systems would need to be adapted and 
improved to collect meaningful data and link maternal 
and infant information. Systems could potentially 
augment active safety surveillance, and this could be 
significantly improved with targeted support.

•   �Merging existing MNCH systems with a pregnancy 
registry would be needed to optimize surveillance data 
for maternal immunization programs.

•   �Uncertainties on the feasibility to adapt existing 
systems prior to vaccine licensure.

     Feasibility would be conditioned by:
○   �Variability of the systems in different countries;

○   �Financial resources allocated to the requested 
modifications:

○   �Availability of support to increase technical, 
managerial, and staff capacity;

○   �Policymaker approvals and funds.

   �“Some systems are updated very irregularly due to fund-
ing limitations. With financial support, this could be 
overcome. However, financial support might need to  
include training of clinical staff, as well as additional 
staff responsible for QA/QC (quality assessment and 
quality control) of data, etc. - this is highly dependent  
on the country and system in question.” (Round 1 response)

   �“The incorporation would vary widely between LMICs 
and even within countries, depending on the available 
resources to do so. Overall, this would be a much slower 
process that would frustrate the people planning for  
the surveillance”. (Round 2 response)

   �“Timeliness is likely to be an issue given that a  
COVID-19 vaccine is needed on an accelerated timeline”  
(Round 3 response)

Maternal, neonatal, and vaccine variables for active 
safety surveillance
Table 4 shows the final set of 26 maternal, neonatal and  
vaccine-related variables prioritized by the experts. Variables 
were prioritized if they were selected by at least seven panel  
members (50% of the panel)  during the second round.

The following nine maternal variables were prioritized 
after receiving the vote of at least half of the experts’ panel:  
maternal death, spontaneous abortion, hypertensive disor-
ders of pregnancy, intrauterine growth retardation, threatened 
preterm labor, maternal age, maternal pneumonia, postpar-
tum hemorrhage, and chorioamnionitis. All variables were  
prioritized during both rounds, except for postpartum hemor-
rhage, maternal age, and pneumonia, which were only pri-
oritized during the second round. The following maternal 
variables were voted less often (by 1 to 6 experts): antenatal  
bleeding, postpartum hemorrhage, gestational diabetes, history 
of asthma or other respiratory disorders, endometritis, anemia, 
maternal gestational weight gain, hyperemesis gravidarum, 
dysfunctional labor, abnormal placentation, and pathways to  
preterm birth.

For the neonatal (late fetal period or neonatal) variables, at 
least half of the experts prioritized the following 11 variables  
(10 medical conditions and 1 enabling term): neonatal death, 
preterm birth, stillbirth, congenital anomalies, low birth weight, 
small for gestational age, respiratory distress, live birth,  
neurodevelopmental delay, microcephaly and assessment of 
gestational age. Other neonatal variables were prioritized 
less frequently: failure to thrive, neonatal encephalopathy, 
and neonatal seizures. All neonatal variables had very similar  
frequency distributions in each round.

At least half of the experts prioritized the following six  
vaccine-related variables were the following: date of  
vaccination, vaccine lot number, name of the vaccine, dosage, 
vaccine expiration date and gestational age at vaccination. 
All these variables were prioritized on both rounds. Other  
vaccine-related variables less frequently prioritized were: 
time of reconstitution, time of vaccination, manufacture date, 
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and diluent expiration date. Similar to the neonatal variables, 
vaccine-related variables presented very similar frequency  
distributions in each round.

A smaller set of 14 variables were identified by increasing 
the expert panel’s level of agreement to 80%. In this case, the 
variables that are prioritized were those that received at least  
11 votes and are as follows: maternal - maternal death, spontane-
ous abortion, intrauterine growth retardation; neonatal - neonatal 
death, preterm birth, stillbirth, congenital anomalies, low 
birth weight, small for gestational age, respiratory distress; 
and vaccine-related - date of vaccination, vaccine lot number,  
name of the vaccine, gestational age at vaccination.

Inclusion of pregnant women in the target population 
for COVID-19 vaccine R&D
The suitability of the inclusion of pregnant women in the  
target population for novel COVID-19 vaccine R&D activi-
ties was evaluated according to two factors: “Potential benefits  
versus the potential risks” and “Time appropriateness,” and 
the results are presented in Table 5. The panel weakly agreed  
(RAND DI -3.08) that the potential benefits outweigh the  
potential risks of including pregnant women for COVID-19 
vaccine R&D and found this statement appropriate given  
that the panel median rating was 7 (top third of scale: 7–9).  
However, six members still reported uncertainty, as indi-
cated by ratings in the intermediate third of the scale (4–6),  

and one expert considered the risks to outweigh the ben-
efits, as indicated by their reported rating in the bottom third  
(1–3). The panel agreed (RAND DI -0.93) that it is an  
appropriate time in the COVID-19 vaccine R&D land-
scape to consider pregnant women for inclusion in the target  
population, given that 12/16 experts assigned a rating in  
the top third of the scale (7–9) and the panel median  
was 9. These two questions reached consensus in Round 1 of 
this Delphi study and were not re-rated in subsequent rounds. 
From experts’ comments, it was observed that ratings on suit-
ability reflected their perception of what recent maternal 
immunization advances have had on maternal and neonatal  
health. Some experts viewed that this field has advanced to 
the point that pregnant women should be included to facilitate  
decision-making for immunization policy.

Experts’ perceptions on the existing evidence that would 
consider pregnant women an at-risk population for risk of  
COVID-19 on pregnancy and subsequent consequences 
to the fetus varied. For some experts that positively  
support the inclusion of pregnant women in novel COVID-19 
R&D activities, this population’s exclusion is a violation of  
pregnant women’s rights and may result in vaccine hesitancy.

   �“Leaving out pregnant women may result in a vac-
cine limited to use in non-pregnant women, omitting a  
large portion of reproductive age women from poten-
tial vaccine benefit. A novel COVID-19 vaccine that is 

Table 4. Prioritized maternal, neonatal, and vaccine-related variables for coronavirus disease 2019 (COVID-19) 
vaccines active safety surveillance.

Variable (votes) 
N=14

Maternal Neonatal outcomes Vaccine-related variables

Maternal death (14) Neonatal death (14) Date of vaccination (14)

Spontaneous abortion (12) Preterm birth (14) Vaccine lot number (13)

Intrauterine growth retardation (11) Stillbirth (13) Name of vaccination (13)

Hypertensive disorders of pregnancy (9) Congenital anomalies (13) Gestational age at vaccination (11)

Threatened preterm labor (8) Low birth weight (13) Dosage (9)

Maternal pneumonia (8) Small for gestational age (12) Vaccine expiration date (7)

Postpartum hemorrhage (7) Respiratory distress (11)

Maternal age (7) Live birth (9)

Chorioamnionitis (7) Neurodevelopmental delay (7)

Microcephaly (7)

Enabling term

Assessment of gestational age (10)
Note: variables prioritized by 80% of the experts’ panel are highlighted in bold.
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branded as not for pregnant women (due to unknown risk 
in pregnancy) increases the risk of the vaccine being  
viewed with suspicion and fear. Leaving pregnant women 
out of the R&D program is patriarchal and morally  
unjustified.” (Round 1 response)

The feasibility of including pregnant women in the target  
population for novel COVID-19 vaccine R&D activi-
ties was evaluated according to two factors: “Vaccine R&D  
decision-makers’ acceptability” and “Capacity of existing 

research networks”. Experts were also provided the opportu-
nity to suggest other factors that may hinder the feasibility. 
After analysing open-ended responses from round 1, another 
factor related to feasibility was identified and evaluated in  
Round 2: “Regulatory requirements of maternal immuniza-
tion vaccine studies”. There was no consensus throughout  
all three rounds (RAND DI 1.73; 2.04; 10.00; for rounds 1 
through 3 respectively) regarding decision-makers’ accept-
ability. This indicates a considerable level of expert uncer-
tainty on vaccine R&D decision-makers’ acceptability of 

Table 5. Experts’ ratings on the inclusion of pregnant women in the target population for coronavirus disease 2019 
(COVID-19) vaccine research and development (R&D) activities.

Suitability Feasibility
General 

recommendation 
for inclusionRisks 

versus 
benefits

Time 
appropriateness

Decision-makers’ 
acceptability

Capacity of 
research 
networks

Regulatory 
requirements

First-round (n=16)

Rating distribution

    Median (p25;p75) 7 (6;8) 9 (7;9) 6 (4;7) 8 (7;8) N/A 8 (7.5;8.5)

Agreement

    RAND DIa -0,71 -0.93 1.73 -0.71 N/A -0.61

    Agreementb Yes Yes No Yes N/A Yes

    Appropriatenessc Appropriate Appropriate Uncertain Appropriate N/A Appropriate

Second round (n=14)

Rating distribution

    Median (p25;p75) N/A N/A 6.5 (4.25;7) N/A 6.5 (3.25;7) N/A

Agreement

    RAND DIa N/A N/A 2.04 N/A 1.77 N/A

    Agreementb N/A N/A No N/A No N/A

    Appropriatenessc N/A N/A Uncertain N/A Uncertain N/A

Third round (n=10)d

Rating distribution

    Median (p25;p75) N/A N/A 7 (6;7.25) N/A 6 (5.25; 6) N/A

Agreement

    RAND DIa N/A N/A 10.00 N/A 0.51 N/A

    Agreementb N/A N/A No N/A Yes N/A

    Appropriatenessc N/A N/A Uncertain N/A Uncertain N/A
References: a DI (disagreement index) is a measure that shows if there was wide or limited dispersion of panelist ratings. If the DI is ≥ 1, then it 
indicates ‘extreme variation’ in ratings. The lower the DI, the lower the level of disagreement (i.e., the higher the level of agreement/ better consensus).; 
b Agreement was defined as DI <1; c Appropriateness considers median scores and the level of disagreement. Items with median scores in the 1–3 
range are classified as inappropriate, those in the 4–6 range as uncertain, and those in the 7–9 range as appropriate. However, all items rated “with 
disagreement,” whatever the median, are classified as uncertain. N/A: not applicable
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including pregnant women in the target population for novel  
COVID-19 vaccine R&D activities. From the experts’ point 
of view, decision-makers’ acceptability may be conditional 
on regional differences, liability issues, interactions among  
decision-makers, and the influence certain groups have on 
each other, politics, and/or access to the vaccine. The neces-
sity to develop and license a novel COVID-19 vaccine  
quickly to address the ongoing pandemic was considered a  
barrier to include pregnant women.

   �“Given the urgency for R&D in COVID-19, it may 
be difficult to obtain the necessary regulatory/ethics 
approvals for inclusion of pregnant women within the  
timeframe”. (Round 2 response)

Another barrier outlined was that vaccine developers might 
not want to take the risk of including this population in  
vaccine R&D activities when they are utilizing novel vaccine  
platforms.

   �“Even though its is recommended by regulators to 
include pregnant women in clinical trials for COVID19  
vaccine, vaccine developers might not want to take 
the risk of involving pregnant women particularly for  
vaccines using new platforms. This might be sorted 
out with trials conducted by government agencies”.  
(Round 2 response) 

One facilitator contributing to the acceptability of vaccine  
developers and funding agencies mentioned by some respond-
ents was that regulatory agencies are requesting vaccine 
developers consider the inclusion of diverse populations,  
including pregnant women, in their pre-licensure studies.

How the pandemic has progressed in certain regions may 
also affect the acceptability of vaccine decision-makers. For 
example, countries that were significantly affected in the 
early stages of the pandemic may have more of a priority to 
include pregnant women, increasing acceptability of vaccine  
decision-makers. Differences in acceptability of including  
this population can be seen between regions with their  
previous implementation of maternal vaccines (e.g., flu and  
Tdap), where it was easier to implement in some regions versus 
others.

          �“There are differences and that this can be  
seen with the implementation of previous vaccines (e.g. flu  
and Tdap), where it was easier to implement this in some 
regions versus others.” (Round 3 response)

During the virtual meeting, panelists pointed out that the 
region where they currently work (their local working set-
ting) may influence their responses. Given the large variety  
of decision-makers, their answers may have been influenced 
by which decision-makers they were most familiar with. 
Acceptability among academics and medical organizations  
may be higher, but there is a dependence on those “higher-up” in 
authority to make the decision.

   �“Politics and access to the vaccine influence this as  
well. Although acceptability among academics and  
medical organizations may be higher, there is a dependence 
on those “higher-up” to make this decision to implement  
the vaccine.” (Round 3 response)

The panel agreed (RAND DI -0.71) and found appropri-
ate the capacity of existing research networks for includ-
ing pregnant women for COVID-19 vaccine research, as 
shown by a panel median of 8 and that the majority of experts  
(13 out of 16) provided a rating within the top third of the  
rating scale (7–9). This question reached consensus in round 
1 and was not re-evaluated in subsequent rounds. Experts  
mentioned in the open-ended question responses and 
agreed on existing networks’ capacity to include pregnant  
women and that they would need minimal support. The 
panel agreed (RAND DI -0.61) and found appropriate the  
recommendation to include pregnant women in the tar-
get population for novel COVID-19 vaccine R&D activities, 
indicated by 12 out of 16 experts assigning a rating between  
7–9 and the panel median was 8 (top third of the appro-
priateness scale). Despite this strong recommendation, in  
the open-ended question, some experts pointed out that it 
is essential to have better evidence about the burden of the  
disease that COVID-19 has on pregnant women and neonates 
or to conduct developmental and reproductive toxicology  
(DART) studies before including pregnant women in this  
target population. For some experts that highly recommend 
the inclusion of pregnant women in novel COVID-19 R&D 
activities, it is an ethical issue regarding women’s rights to  
access to vaccines.

   �“If pregnant women are not included in the COVID-19  
vaccine R&D activities, then they will not be  
beneficiaries of the vaccines when licensed, which would  
unfortunate to exclude such a a relatively high risk group.”

They noted that in LMICs, many health workers and  
front-line caretakers are women of reproductive age. There-
fore, the inclusion of pregnant women in trials would allow  
them access to the vaccine for those health workers.

   �“Pregnant women deserve access to COVID-19 vaccines; 
moreover, many frontline workers at high risk of  
COVID disease may be pregnant. If you don't have 
a vaccine that you can give to pregnant women, you 
don't have a vaccine for frontline workers”. (Round 1  
response)

Including existing research networks from LMICs in 
COVID-19 R&D activities amongst pregnant women
During the first round, panelists agreed (RAND DI 1.73) that 
there is uncertainty (panel median 5.5 – intermediate third of 
rating scale) on the acceptability among decision-makers  
of incorporating existing research networks in LMICs. 
During the subsequent rounds 2 and 3, the panel contin-
ued to show disagreement (RAND DI 2.04; 2.35) on their  
opinion regarding this domain (Table 6). In the open-ended  
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questions and during the virtual meeting plenary discussion, 
panelists mentioned that decision-makers’ acceptability would 
be determined by the specific network’s demonstrated capacity  
(e.g., capacity to properly care for study participants, ability  
to document the outcomes of interest or test the hypoth-
eses under evaluation). Consequently, it would influence how 
much needs to be invested in these networks to ensure suffi-
cient capacity to conduct this work. They also highlighted the 
potential ethical concerns that may affect decision-makers’  

acceptability due to concerns about unethical clinical research 
among LMIC populations in the past.

   �“Would need to have sufficient evidence on the bur-
den and risk of serious disease in pregnant women 
to ensure acceptability of including LMICs research  
network, ....would also need to demonstrate that 
long term follow up is possible in those settings”  
(Round 2 response) 

Table 6. Experts’ ratings on the inclusion of research networks from 
low- and middle-income countries (LMICs) in coronavirus disease 
2019 (COVID-19) vaccine pre-licensure activities amongst pregnant 
women.

Pre-licensure R&D activities

Decision-makers’ 
acceptability

Capacity of existing 
research networks

First-round (n=16)

Rating distribution

    Median (p25;p75) 5.5 (4;6) 7 (6.5;8)

Agreement

    RAND DIa 0.63 -0.68

    Agreementb Yes Yes

    Appropriatenessc Uncertain Appropriate

Second round (n=14)

Rating distribution

    Median (p25;p75) 6 (5.25;7) N/A 

 
N/A 

N/A 

N/A

Agreement

    RAND DIa 3.16

    Agreementb No

    Appropriatenessc Uncertain

Third round (n=10)d

Rating distribution

    Median (p25;p75) 6 (5; 7) N/A

Agreement

    RAND DIa 2.35 N/A

    Agreementb No N/A

    Appropriatenessc Uncertain N/A
References: a DI (disagreement index) is a measure that shows if there was wide 
or limited dispersion of panelist ratings. If the DI is ≥ 1, then it indicates ‘extreme 
variation’ in ratings. The lower the DI, the lower the level of disagreement (i.e., the 
higher the level of agreement/ better consensus).; b Agreement was defined as DI <1; 
c Appropriateness considers median scores and the level of disagreement. Items with 
median scores in the 1–3 range are classified as inappropriate, those in the 4–6 range 
as uncertain, and those in the 7–9 range as appropriate. However, all items rated “with 
disagreement,” whatever the median, are classified as uncertain. N/A: not applicable; 
R&D: research and development.
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In contrast to the previous domain, the panel agreed (RAND 
DI -0.68) on the capacity of existing research networks  
in LMICs to participate in maternal COVID-19 vaccine R&D, 
given that 12 out of 16 experts assigned a rating between  
7–9 and the panel median of 7 (top third of rating scale:  
7–9). This question reached a consensus in the first round 
and was not re-evaluated in subsequent rounds. In the open-
ended questions and during the virtual meeting, panelists 
remarked that capacity is dependent on the network and loca-
tion as there is variability between networks in LMICs.  
Some experts commented that it might be necessary to con-
duct this work in high-income countries with greater capacity  
concomitantly or before utilizing networks in LMICs.

Discussion
Main findings
In the present study, a systematic approach was used to explore 
experts’ opinions on the use of existing maternal and neona-
tal data collection systems and a list of prioritized variables 
for COVID-19 active safety surveillance, as well as the inclu-
sion of pregnant women and LMICs research network in  
COVID-19 R&D. A diverse international multidisciplinary 
panel recommended using maternal and neonatal data collection  
systems for active safety surveillance in LMICs. There was 
some uncertainty as to the feasibility of adapting these sys-
tems in a timely manner given the accelerated timeline of  
COVID-19 vaccine development. For active safety surveil-
lance, at least half of the experts supported the prioritization of 
nine maternal, eleven neonatal, and six vaccine-related variables.  
The experts found suitable the inclusion of pregnant women 
amongst the target population for COVID-19 vaccines R&D,  
although there is uncertainty on its feasibility. Similarly, there 
is uncertainty and no consensus on the feasibility of includ-
ing research networks in LMICs for conducting pre-licensure  
activities amongst pregnant women.

Interpretation
Experts highlighted the importance of including LMICs in pre- 
and post-licensure/post-authorization activities for COVID-19  
maternal immunization, but various disagreements have high-
lighted specific barriers. In their interim guidance recom-
mendation, the WHO recommends the COVID-19 vaccine for  
pregnant women based on a benefit vs risk assessment. Given 
this, the next steps will be to monitor the safety of these vac-
cines in pregnant women and their potential effects on the fetus  
and the neonate6. To ensure generalizability to LMICs, it is 
essential to engage them in these R&D and active safety sur-
veillance activities20. Insights from this panel can help guide 
the next steps to engage LMICs following licensure of COVID-
19 vaccines and echo the vaccine community’s opinion on the  
necessity of these activities.

This panel reached a consensus about the capacity of LMIC 
research networks to be included in R&D activities and  
their recommendation on the usage of existing LMIC infor-
mation systems for maternal and neonatal vaccine active 
safety surveillance of the novel COVID-19 vaccine. However,  
it was a commonly cited topic for both pre-licensure and 

post-licensure/post-authorization activities that the feasi-
bility of including LMICs in these activities would require  
investment in time, resources and improving decision-makers  
acceptability17,21,22. Studies of feasibility for multi-country  
active safety surveillance systems in LMICs noted that an ini-
tial investment in capacity is required for such activities17,  
which may reflect the panel’s uncertainty in feasibility given 
that these activities require time. Investment in capacity  
involves the engagement of vaccine decision-makers. This 
panel’s dissent regarding decision-makers’ acceptability on  
inclusion and comments regarding the feasibility of adapting  
information systems for active safety surveillance reflect 
the need to engage stakeholders. To increase accept-
ability and prioritization of maternal immunization efforts,  
decision-makers at the global, regional, national, and local 
levels must be involved in vaccine R&D activities, and their 
varying baseline awareness and perceptions of maternal  
immunization understood23. The panel’s dissent suggests that 
decision-makers lack of acceptability may pose the most  
significant barrier to COVID-19 R&D vaccine activities in  
LMICs. The influence of their awareness, priority, and invest-
ment in these activities has been cited as a barrier24,25. Insights 
from previous pandemics have highlighted that there is a 
need for solutions for liability and ethical concerns and  
promotion of R&D activities to engage decision-makers21,25. 
Experts commented that decision-makers have concerns  
regarding the inclusion of pregnant women for similar reasons. 
These barriers should be considered and addressed to ensure  
the timely inclusion of LMICs.

Given the WHO’s interim guidance on use of the author-
ized COVID-19 vaccines during pregnancy4,5, it is key to act  
quickly and utilize already existing systems so that quality  
data on vaccine safety in pregnancy can be collected from 
LMICs. The introduction of maternal vaccinations must 
occur almost concurrently across the globe in the high-,  
middle- and low-income countries, which requires building 
upon existing resources and capacity of systems in LMICs26.  
This panel has reached a consensus regarding maternal and 
neonatal data collection systems usage in LMICs for mater-
nal and neonatal active safety surveillance for COVID-19.  
Efforts to ensure access to COVID-19 vaccines in LMICs 
are already underway10. Experts highlighted the existence 
of systems that could be strengthened and adapted for vac-
cine surveillance, reflecting what other publications have also  
stated22,27. The adaptation of these systems for COVID-19 vac-
cine active safety surveillance is thus a critical next step to  
ensuring the collection of quality vaccine safety data.

Despite the recommendation of using these existing sys-
tems, the investment and necessary adaptation in these systems  
may be a challenge to collecting high quality vaccine safety 
data in LMICs. Experts were uncertain about the feasibil-
ity of adapting existing LMIC systems on time for COVID-19  
maternal immunization. Along with other authors, this panel 
has cited that resources and investment are needed to adapt 
these systems13,28. The urgency to adapt in time has posed  
a barrier to the establishment of post vaccination maternal 
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and neonatal surveillance systems during COVID-19 pan-
demic and other outbreaks, such as Ebola25. To address these  
barriers, it will be critical to plan and act quickly and uti-
lize and leverage already existing systems so that quality data  
on vaccine safety in pregnancy can be collected from LMICs.

This panel’s prioritization of maternal and neonatal outcomes 
for vaccine active safety surveillance for COVID-19 pro-
vided interim, expert insight. According to the WHO’s safety 
surveillance manual for COVID-19 vaccines, the outcomes  
specifically mentioned for monitoring adverse events in  
pregnancy are maternal mortality, stillbirth, miscarriage, neo-
natal mortality, and congenital anomalies. These outlined out-
comes were also prioritized by the experts’ in this Delphi  
study. The GAIA project has created 25 standardized case 
definitions for maternal and neonatal outcomes13. With the 
expert insight on the prioritization of these variables given  
here, a minimal set of maternal, neonatal, and vaccine-related  
variables necessary for COVID-19 active safety surveillance 
can be inferred. Besides, this panel’s prioritization of maternal, 
neonatal, and vaccine-related variables can guide the required 
adaptation of existing maternal and neonatal data collection  
systems in LMICs for COVID-19 active safety surveillance.

There was established consensus on the need to include  
pregnant women in the target population for vaccine R&D, 
and the expert panelists agreed that the potential benefits out-
weigh the risks which is supported by recent evidence on the  
severity of disease and DART studies. 

The panel agreed that now is an appropriate time in the  
COVID-19 vaccine R&D landscape to consider including  
pregnant women in the target population. These findings align 
with the Institute of Medicine report that recommended that 
pregnant women be deemed eligible to participate in clini-
cal trials and the WHO interim guidance for the approved  
vaccines4,5,29. The ambiguous existing regulations concerning 
whether and when pregnant women should be included in clini-
cal trials remains one of the main reasons for the persistent  
underrepresentation of this population in research30.

The panel’s dissent over the feasibility of the inclusion of  
pregnant women in the target population for novel COVID-19  
vaccine R&D activities is also concordant with the litera-
ture. The concern of the panel was mainly about including  
pregnant women in early clinical studies to be cautious 
during a time of high uncertainty with little data avail-
able. Exclusionary criteria imposed by IRBs, federal guide-
lines, and codes of regulation have further contributed to  
this challenge31–33. This emerging consensus that systematic  
exclusion of pregnant women from study involvement ulti-
mately leaves these women and their fetuses susceptible to 
potentially substantially higher harm due to the lack of rigor-
ous clinical data on the safety of drugs and other treatments  
have pushed clinicians, academics, bioethicists, and profes-
sional societies to increasingly call for a re-examination of the 
routine procedure of excluding pregnant women from clinical  

research in recent years34. This panel’s dissent regarding 
the effect of regulatory requirements on the feasibility  
of including pregnant women in the target population for  
COVID-19 vaccine R&D activities suggests that additional 
guidance and regulation may be required to assist IRBs and 
research sponsors move toward an equitable, ethical, and ade-
quately protected inclusion of pregnant women in vaccine  
R&D in the context of COVID-19.

Strengths and limitations
The study has several strengths. First, a methodologically  
rigorous, transparent, and reproducible process guided the 
development of this consensus study. Second, the methodol-
ogy was defined and prior to the study commencing, and it 
was based on an extensively accepted consensus method tech-
nique: the modified-Delphi method. Third, a diverse panel 
affiliated with a broad spectrum of organizations and who were 
geographically distant participated in this study. Finally, the 
questionnaire included both closed- and open-ended questions,  
providing rich insight to experts’ ratings with qualitative data.

However, there were limitations to this study. First, inherent  
to any consensus process, there is some level of bias due  
to the influence of interpersonal dynamics. We tried to  
mitigate this by conducting two individualized online rounds 
and asking participants for disclosure of interest. Second, the  
small panel size did not allow for a subgroup analysis. It 
would have been particularly interesting to explore experts’ 
views by the type of country they were representing (high 
income countries vs. LMICs). Third, a classic in-person meet-
ing was not possible given travel restrictions during the  
pandemic, so a virtual meeting was conducted. A guided  
discussion with prompts and probes was developed to encour-
age and facilitate the discussion to overcome this limitation.  
Lastly, given time-constraints to report findings, pre-testing  
and pilot questionnaires were omitted. We tried to ameliorate  
this by asking five experts in immunizations or maternal  
health who did not participate in the study to assess the  
questionnaires’ content, their clarity, and the relevance of the  
included items.

Conclusion
A core set of variables was identified for COVID-19 vac-
cine maternal and neonatal active safety surveillance. More 
complex discussions may need to be undertaken to better  
understand the barriers and strategies for using maternal and 
neonatal data collection systems in LMICs for post-licensure  
activities. Further work will also be required to generate  
consensus- on the inclusion of pregnant women and research 
networks from LMICs, as safety data on COVID-19 vaccines  
become available. 

Data availability
Underlying data
Open Science Framework: Using maternal and neonatal data 
collection systems for coronavirus disease 2019 (COVID-19) 
vaccines active safety surveillance in low- and middle-income  
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countries: an international modified Delphi study - Supplementary 
materials. https://doi.org/10.17605/OSF.IO/ZNS2D18.

This project contains the following underlying data:

•   �Active Safety Surveillance for COVID19 Dataset Round 
1.csv

•   �Active Safety Surveillance for COVID19 Dataset Round 
2.csv

•   �Active Safety Surveillance for COVID19 Dataset Round 
3.csv

•   �Minutes Active Safety Surveillance in LMICs.docx

Extended data
Open Science Framework: Using maternal and neonatal data 
collection systems for coronavirus disease 2019 (COVID-19)  
vaccines active safety surveillance in low- and middle-income 
countries: an international modified Delphi study - Supplementary 
materials. https://doi.org/10.17605/OSF.IO/ZNS2D18.

This project contains the following extended data:

•   �Delphi Methods.pdf

•   �Delphi Results.pdf

•   �Discussion.pdf

•   �Supplementary materials_survey_methods.docx

Extended data are available under the terms of the Creative 
Commons Zero “No rights reserved” data waiver (CC0 1.0  
Public domain dedication).
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