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Background In this priority-setting exercise, we
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ic preparedness and response in many settings.

sought to identify leading research priorities needed
for strengthening future pandemic preparedness and
response across countries.

Methods The International Society of Global Health
(ISoGH) used the Child Health and Nutrition Research
Initiative (CHNRI) method to identify research priori-
ties for future pandemic preparedness. Eighty experts
in global health, translational and clinical research
identified 163 research ideas, of which 42 experts then
scored based on five pre-defined criteria. We calcu-
lated intermediate criterion-specific scores and over-
all research priority scores from the mean of individ-
ual scores for each research idea. We used a bootstrap
(n=1000) to compute the 95% confidence intervals.

Results Key priorities included strengthening health
systems, rapid vaccine and treatment production, im-
proving international cooperation, and enhancing sur-
veillance efficiency. Other priorities included learning
from the coronavirus disease 2019 (COVID-19) pan-
demic, managing supply chains, identifying planning
gaps, and promoting equitable interventions. We com-
pared this CHNRI-based outcome with the 14 research
priorities generated and ranked by ChatGPT, encoun-
tering both striking similarities and clear differences.

Conclusions Priority setting processes based on hu-
man crowdsourcing — such as the CHNRI method —
and the output provided by ChatGPT are both valuable,
as they complement and strengthen each other. The
priorities identified by ChatGPT were more grounded
in theory, while those identified by CHNRI were guid-
ed by recent practical experiences. Addressing these
priorities, along with improvements in health planning,
equitable community-based interventions, and the ca-
pacity of primary health care, is vital for better pandem-
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The emergence of coronavirus disease 2019 (COVID-19) precipitated an unparalleled global crisis that
exposed the fragility of health systems and poor pandemic planning worldwide [1,2]. The pandemic led
to job losses, disrupted education, exacerbated food insecurity, and strained health care systems, even in
nations once lauded as the champions for pandemic and emerging infections readiness [3-5]. Notably, the
pandemic highlighted and exacerbated disparities in health care access and outcomes between high-in-
come countries (HICs) and low- and middle-income countries (LMICs) [6-8]. According to the latest World
Health Organization (WHO) statistics, as of 5 July 2023, LMICs accounted for over 58% of COVID-19 deaths
globally [9]. Although the WHO has declared that COVID-19 is no longer a global health emergency, the
pandemic’s impact will be long-lasting, which underscores the need for research to inform pandemic pre-
paredness globally.

The COVID-19 pandemic highlighted the pivotal role of preparedness and governance in managing infec-
tious disease outbreaks [10]. Numerous studies have demonstrated that these factors are independently
associated with the severity of the pandemic. While some HICs delivered an effective response, LMICs have
endured a disproportionate burden. In particular, the pandemic revealed the fragility of health systems in
many nations and their lack of readiness to tackle infectious disease outbreaks. This underscores a pressing
need for establishing resilient and coordinated systems for detecting, preventing, and responding to such
crises. Furthermore, the pandemic has intensified existing health disparities globally, placing marginalised
communities and vulnerable populations at heightened risk of infection, severe illness, and death [10,11].
Indeed, in many settings, poor, voiceless and marginalised population groups were the most affected, under-
pinning that addressing key social determinants, such as poverty and inequity, is equally important to tackle
future pandemics and strengthen global health security [12,13].

Defining research priorities for global pandemic preparedness is crucial, particularly for LMICs, which
contend with persistent underinvestment and limited resources in global health. Such prioritisation can
inspire leaders, researchers, and stakeholders to tackle this burden, guide policymakers, and inform fund-
ing organisations with evidence-based interventions for enhancing pandemic preparedness in these settings.
The process of setting research priorities has played a vital role in shaping the global health agenda in the
21st century. Previous approaches to priority-setting have included surveys [14,15], expert input [16], the
Delphi method [17], and mixed methods [18]. The Child Health and Nutrition Research Initiative (CHNRI)
method has emerged as the most widely used, transparent, systematic, and replicable prioritisation process
that can also engage all relevant stakeholders [19-21]. It has successfully facilitated decision-making and
consensus development in diverse fields of global health, making it a valuable tool for determining research
priorities in post-COVID-19 global pandemic preparedness [21-20].

In this study, we used the CHNRI method to establish global research and development priorities for pan-
demic preparedness. We also used output from the Chat Generative Pre-trained Transformer (ChatGPT), ver-
sion 3.5 (OpenAl, SF, USA) to compare human-produced and artificial intelligence (Al)-generated research
priorities. ChatGPT presented us with a remarkable opportunity to compare the input crowdsourced from
the group of experts to that of AL Previous research based on the CHNRI method occasionally raised ques-
tions on whether the results by some other group of experts would provide a different set of priorities. This
is the first study to compare the results of human collective opinion (assembled through the CHNRI pro-
cess) and human collective knowledge (as captured in and generated by ChatGPT).

METHODS

Overview of the CHNRI method

In this study, we adapted the CHNRI method for prioritising research for pandemic preparedness. The
CHNRI method is a systematic, transparent, and democratic approach that has been implemented in over
130 exercises led by national governments, funders, research institutions, and multilateral organisations
such as the WHO and United Nations Children’s Fund (UNICEF) [21]. It uses crowdsourcing to generate
independent research ideas from a group of experts, which are then scored against a predefined set of cri-
teria [27]. Its advantages lie in its systematic nature; transparency and replicability; clearly defined context
and criteria; involvement of funders, stakeholders, and policymakers; structured way of obtaining informa-
tion; informative and intuitive quantitative outputs; studying of the level of agreement over each proposed
research idea; and independent scoring of many experts which minimises the influence of individuals on the
rest of the group [28,29]. Relevant stakeholders, such as patients, caregivers, and support groups are engaged
in the process from an early stage, ensuring their input and investment in the outcomes [30-32] (Figure 1).
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Figure 1. The process of CHNRI exercise.

Establishment of management and consultation group

To guide this research prioritisation exercise, we established a Management and Consultation Group (MCG)
affiliated with the International Society of Global Health (ISoGH), which previously used the CHNRI method
in 2022 to set research priorities to address the burden of COVID-19 in LMICs [26]. The ISoGH is a not-for-
profit professional society based in Edinburgh, United Kingdom, actively engaged in setting global health
research priorities, fostering health research capacity in LMICs, and providing open-access platforms for
knowledge dissemination. We developed a protocol to guide this process in accordance with the revised
guidelines for the CHNRI method application [27,28,30-32]. The MCG defined the objectives and context
of the prioritisation exercise, and also coordinated various stages of the priority-setting exercise, including
the definition of final criteria, development of a scoring approach, establishment of timelines, and invitation
of relevant experts. This collaborative effort led to the establishment of a structured and systematic process
for setting research priorities.

Invitation of experts

The MCG invited ISOGH members from more than 100 countries worldwide to participate in this exercise
if they felt that they had sufficient expertise. In the first phase, e-mails were sent to all ISOGH members and
affiliates (nearly 1000 persons), soliciting their participation with details of the objectives and context of the
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exercise. During the second phase, we asked all members who declared both their interest and expertise to
generate a minimum of three research ideas they deemed to be ‘research priorities for global pandemic pre-
paredness in the post-COVID-19 era’; we received responses from 61 of ISOGH members. The MCG then
scrutinised the submitted research ideas, eliminated duplicates, ensured that the phrasing of each idea per-
mitted scoring against pre-defined criteria, and that they represented all key areas. This process yielded a
consolidated list of 163 unique research ideas with considerable diversity in both research type and area.
We then organised this list into seven sub-themes: Improving health system capacity and resilience (30
ideas); enhancing surveillance, monitoring, and evaluation (37 ideas); improving risk communication and
health promotion (25 ideas); fostering policy, planning, and decision-making (32 ideas); improving global
coordination, collaboration and partnerships (15 ideas); promoting equitable access (20 ideas); and foster-
ing innovations and new technologies (21 ideas). As some ideas were listed under multiple subthemes, the
overall number in this breakdown exceeds 163.

In the third phase, we re-invited ISOGH members to systematically score these ideas using the five pre-
agreed priority-setting criteria: Feasibility and answerability; impact on burden reduction; potential for a
paradigm shift; potential for translation and implementation; and equity. They scored the ideas based on
four response options: 0 (unlikely to meet the criterion); 1 (likely to meet the criterion); left blank if the
expert felt inadequately informed to make a judgment; or 0.5 if the expert possessed sufficient knowledge
on the topic, but remained uncertain (although this practice was generally discouraged). The scoring was
conducted without weighting or adjustments.

Research context and criteria

We defined the context and the scoring criteria in line with recommendations from the previous exercises
and guidelines [28]. Here, we defined the geographic context as ‘the whole globe’; the timeframe for expect-
ing proposed research ideas as ‘long-term,’ considering the enduring impact of the COVID-19 pandemic and
the lasting nature of pandemic preparedness initiatives; and the age group of people affected by COVID-19
was defined as ‘all ages, while the target population included ‘all populations.’

MCG members carefully considered the context of this exercise according to the CHNRI framework and
revised the criteria most frequently employed in prior CHNRI exercises. Based on the context of this exer-
cise and further consultations, they agreed upon five independent criteria for this exercise, which were then
used to discriminate between the many proposed research ideas:

1. Feasibility and answerability — “‘Would you say that the proposed research would likely be feasible and
successful in reaching the proposed endpoint?’

2. Potential for burden reduction — ‘Would you say that this research has a potential to markedly reduce
the impact of a new pandemic on patients, caregivers and society (especially in LMICs?)’

3. Potential for a paradigm shift — ‘Would you say that this research is likely to result in a “paradigm shift”
that could change and improve our current approaches to the problem of pandemic preparedness?’

4. Potential for translation and implementation — ‘To the best of your knowledge and experience, would
you say that the proposed research would likely lead to practical application, implementation of new
knowledge and/or be deliverable at scale?’

5. Impact on equity — ‘Would you say that the proposed research would be likely to improve equity among
the sufferers affected by the new pandemic, their carers, and in the society as a whole?’

Data analysis

Based on the input from the expert scores, the MCG members generated intermediate criterion-specific scores
(CSS) by calculating the mean of individual scores for each research idea (across each criterion) received from
all experts. All CSS ranged from 0% to 100%. We first calculated the research priority scores (RPS) for every
idea according to each criterion and then combined the criterion-specific scores into overall RPS scores. We
used bootstrapping (n=1000) to compute the 95% confidence intervals (CIs). To provide insights into the level
of agreement among the scorers, an improved version of the average expert agreement score based on infor-
mation theory (AEA-e) was proposed, defined as the exponential of the negative entropy. Entropy is a widely
used information criterion to quantify uncertainty; in this case, higher entropy implied greater uncertainty
and less agreement. In contrast to the original AEA, which only used the most frequent score class for calcu-
lation, the AEA-e metric considers all score classes simultaneously, offering a robust theoretical guided inter-
pretation. It had a lower bound of 1/3 and an upper bound of 1, and is calculated per the following formula:

2024 « VOL. 14 « 04054 4 www.jogh.org e doi: 10.7189/jogh.14.04054



Research priorities for global pandemic preparedness

AEA e= exp(Zpi dogp.)

To assess the diversity of expert scoring, we performed hierarchical clustering on both the overall scores
and those within each criterion. All analyses were conducted using Python, version 3.7.1 (Python Software
Foundation, Wilmington, DE, USA).

The use of ChatGPT

We prompted ChatGPT with a question to ‘please define and list, in order of importance, the greatest research
priorities for global pandemic preparedness’ on 28 July 2023.

RESULTS

Research priority scores and expert agreement

A total of 42 ISoGH members scored the ideas; their brief information and originating countries are pre-
sented in Figure 2 and Table SI in the Online Supplementary Document.

Gender
© Female A Male

World Bank Region

I vish incone I vover middle incone [ Lover middle income [ ] Low income ) g B

Figure 2. The geographic distribution of contributing scorers (n=42).

The overall RPS for the 163 research ideas ranged from 0.317 (95% CI=0.255-0.387) to 0.860 (95%
CI=0.805-0.900), with a median of 0.656. while the AEA-e varied from 0414 (95% CI=0.382-0.439) to
0.626 (95% CI=0.558-0.673), with a median of 0.476 (Table S2 in the Online Supplementary Document).
There was a high degree of agreement among experts on the most highly ranked research ideas, with the
AEA-e decreasing with decreasing RPS (r=0.768; P<0.001). No discernible clustering patterns emerged in
the overall scoring or across individual criteria (Figures S1-6 in the Online Supplementary Document),
reflecting the diversity among participating experts and precluding the undue influence of any particular
subgroups.

Overall top-ranked priorities

Four (Ist, 4th, 8th, 10th) of the top 10 research ideas prioritised enhancing health systems’ capacity and
resilience. Approximately one-third (six, including two of the 10 highest scoring ideas) of the 20 top-ranked
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research priorities involved subtheme 6: ‘Promoting equitable access’ (Table 1). The top three research
ideas were aimed at identifying effective strategies to strengthen pandemic preparedness and response in
LMICs. The first (RPS=0.860; 95% CI=0.805-0.900, AEA-e=0.602; 95% CI=0.536-0.675) focussed on
exploring effective methods to scale up vaccine and medicine production in LMICs, such as establishing
regional vaccine hubs, promoting technical transfer, and providing intensive human resource training.
The second-ranked idea (RPS=0.838; 95% CI=0.783-0.884, AEA-e=0.626; 95% CI=0.558-0.673) aimed
to identify effective strategies for the WHO and other international organizations to enhance support for
improving pandemic preparedness in resource-limited settings. The third-ranked idea (RPS=0.834; 95%
CI=0.778-0.883, AEA-e=0.610; 95% CI=0.546—-0.665) sought effective approaches to advance the time-
liness and accuracy of pandemic surveillance, monitoring, and evaluation.

The 4th and 7th priority ideas aimed to evaluate approaches for sustaining supply chains and identifying
gaps in planning and implementing health programs against pandemics in LMICs. The 5th priority idea
focused on summarising key lessons from COVID-19 at the local, national, and global levels to enhance
future pandemic preparedness. The 6th research priority idea focussed on studying local contexts in LMICs
to develop equitable community-based interventions. The 8th and 9th ideas targeted the development of
approaches to ensure the timely availability and supply chains of medicines and other essential goods. The
10th research priority investigated methods to strengthen primary care in pandemic response, including
vaccination, surveillance, diagnosis, and treatment.

Other topics among the 20 highest-scoring ideas were specific to studying barriers to equal access to diag-
nosis and treatment for disadvantaged groups, identifying strategies to address the mental health burden
in low-resource settings, and developing a reliable pandemic preparedness index for LMICs. The impor-
tance of identifying challenges to supplying and delivering vaccines safely and efficiently in LMICs and
designing behavioural strategies to improve public compliance with infection control measures was also
highlighted. The remaining ideas (ranked 16th to 20th) focussed on enhancing pandemic preparedness in
LMICs through strategies like increased funding from HICs; improved vaccine development technology
and equity; effective data sharing practices for epidemic surveillance; a framework for mitigating and mon-
itoring medical product shortages; and an assessment of the Early Warning Outbreak Recognition System
based on the One Health approach.

Top-ranked priorities within specific priority-setting criteria

The three highest-scoring research ideas according to each criterion are presented in Table 2. When research
ideas were assessed and ranked according to the criterion ‘Feasibility and answerability, the top two focussed
on uncovering gaps in pandemic response programs in LMICs and summarising key lessons from the
COVID-19 pandemic to improve future preparedness at all levels. One notable idea that did not appear in the
top 20 research priorities, but scored the third in this criterion alone, was analysing if the WHO Checklist
for pandemic preparedness is a valid and useful tool for LMICs.

The criterion ‘Impact on burden reduction’ was ranked highly for three research ideas that also made it
into the overall top 10: Enhancing primary care’s role in pandemic response; examining local contexts in
LMICs for equitable, community-based pandemic interventions; and developing strategies to ensure rapid
availability and distribution of vaccines and medicines during new pandemics.

Regarding the criterion ‘Potential for paradigm shift, the research to identify effective approaches to improve
timeliness and accuracy of pandemic surveillance, monitoring, and evaluation ranked first for this criterion
and third in the overall assessment. Simultaneously, developing behavioural strategies to enhance public
compliance with infection control measures and determining the best data-sharing and utilisation practices
for pandemic surveillance in LMICs were also seen as potentially leading to a paradigm shift.

For the criterion ‘Potential for translation and implementation,’ the three highest-scoring research ideas were
also within the top five on the overall list and included enhancing the timeliness and accuracy of pandemic
surveillance, monitoring, and evaluation; evaluating methods to maintain supply chains and prevent med-
ical stock depletion during rapid case surges; and finding strategies to increase vaccine and medicine pro-
duction in LMICs.

Finally, the top two scoring ideas from the Tmpact on equity’ criterion were discovering effective strategies
for international organisations (like the WHO) to bolster pandemic preparedness in LMICs and identifying
ways to increase vaccine and medicine production in LMICs. These were closely followed by the research
idea of determining strategies for HICs to enhance financial support to LMICs for improved pandemic pre-
paredness, which was predicted to have a high likelihood of improving impact on equity.
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Table 2. The three highest-ranked research ideas for each of the predefined priority-setting criteria

Overall o A RPS AEA-e
rank Subtheme* Research idea 95% Cl) 95% Cl)
Feasibility and answerability
Identify gaps in planning and implementation of the programs to combat pandemics in 0.938 0.730
7 Subtheme 4
LMICs. 0.825-0.988) 0.526-0.890)
5 Subtheme 4 Summarising the key lessons learnt from the COVID-19 pandemic at a local, national, and 0.929 0.773
international level to improve preparedness for future pandemics. 0.810-0.976)  0.615-0.894)
Analysing if the World Health Organization Checklist for pandemic preparedness is a valid 0.927 0.770
117 Subtheme 2
and useful tool for LMICs. 0.805-0.976)  0.633-0.892)
Impact on burden reduction
Expl h trengthening the pri thy t ible and equita-
xplore approaches to strengthening the primary care (as the most accessible and equita 0952 0.826

10 Subtheme 1 ble point of care) in pandemic response, to include vaccination, surveillance, diagnosis and

0.838-1.000)  0.637-1.000)

treatment.
6 Subtheme 6 Studying the local contexts in LMICs to develop equitable community-based interventions 0.951 0.823
that can mitigate the effects of the pandemic. 0.829-1.000)  0.627-1.000)
9 Subtheme 6 Developing approaches to improve availability and timely roll-out of vaccines and medicines 0.940 0.739
rapidly developed to tackle new pandemics. 0.833-0.988)  0.539-0.894)
Potential for paradigm shift
3 Subtheme 2 Identifying effective approaches to improve timeliness and accuracy of pandemic surveil- 0.774 0.535
lance, monitoring and evaluation. 0.631-0.881)  0.415-0.637)
Designing behavioural strategies to improve public compliance and buy-in for infection con- 0.763 0.578
15 Subtheme 3
trol measures. 0.605-0.868) 0.511-0.714)
18 Subtheme 2 Identifying the most effective data sharing and data use practices for epidemic surveillance 0.763 0.578
for the emerging and re-emerging infections in LMICs. 0.605-0.868) 0.511-0.714)
Potential for translation and implementation
Identifying effective approaches to improve timeliness and accuracy of pandemic surveil- 0.888 0.644
3 Subtheme 2 o )
lance, monitoring and evaluation. 0.750-0.962) 0.482-0.820)
" Subtheme 1; Evaluate approaches to sustain supply chains and avoid depletion of medical stocks during 0.878 0.690
Subtheme 4 rapid surge of cases. 0.756-0.951) 0.574-0.823)
Identifying effective strategies to scale up the production of vaccines and medicines in LMICs 0.862 0.612
1 Subtheme 1 . . ) .
(e.g. regional vaccine hubs, technical transfer, human resource training). 0.725-0.950) 0.450-0.766)
Impact on equity
, Subtheme 5 Identifying effective strategies for the World Health Organization and other international 0.951 0.823
organisations to promote their support for pandemic preparedness in LMICs. 0.829-1.000)  0.659-1.000)
1 Subtheme 1 Identifying effective strategies to scale up the production of vaccines and medicines in LMICs 0.923 0.762
(e.g. regional vaccine hubs, technical transfer, human resource training). 0.795-0.974)  0.602—0.888)
16 Subtheme 5 Identifying effective strategies for high income countries to expand their funding support to 0.915 0.688
LMICs in improving pandemic preparedness. 0.793-0.976)  0.526-0.823)

AEA-e —average expert agreement score-based entropy, CI — confidence interval, LMIC — low- and middle-income country, RPS —research priority scores
*Subtheme 1: Improving health system capacity and resilience. Subtheme 2: Enhancing surveillance, monitoring and evaluation. Subtheme 3: Improving
risk communication and health promotion. Subtheme 4: Fostering policy, planning and decision making. Subtheme 5: Improving coordination and col-
laboration. Subtheme 6: Promoting equitable access. Subtheme 7: Fostering innovations and new technologies.

ChatGPT’s output

The output from ChatGPT is presented in Box 1. Clearly, the rapid development and accelerated approval
and roll-out of vaccines and medicines (antivirals) are at the two top spots — which corresponds to the top
priority identified by the ISOGH members. Surveillance and early detection ranked 3rd in both exercises,
which was another striking similarity. However, the 2nd priority of the ISOGH exercise — on the improved
role for the WHO and other organisations — did not emerge as prominently in ChatGPT’s output, although
it was broadly covered as its 8th priority.

Next identified research priorities in the CHNRI-based exercise were dominated by concerns over supply
chains and health systems’ capacity, which is also broadly covered by the ChatGPT’s 4th priority, suggest-
ing another similar and mutually supportive ranking. Then, ChatGPT ranked the ‘One health’ approach and
tracing pathogens genomically across species as the 5th and the 7th priority, while in the CHNRI exercise
this was captured by the priority questions ranked 20th (specifically) and 5th (more generally).

Both exercises placed value to behavioural and social sciences in the pandemic — ChatGPT ranked this
as the 6th priority, while it was encompassed by the ideas ranked 13th and 15th in the CHNRI exercise.
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Box 1. The output from ChatGPT, version 3.5., when prompted to ‘please define and list, in order of importance, the
greatest research priorities for global pandemic preparedness’(on 28 July 2023).

Global pandemic preparedness is a critical area of research that requires ongoing efforts and continuous improve-
ment. As of my last update in September 2021, the following list represents the greatest research priorities for
pandemic preparedness, listed in order of importance:

1. Vaccine Development and Accelerated Approval: Developing effective vaccines against a wide range of patho-
gens and streamlining the approval process are vital to respond rapidly to emerging infectious diseases.
Research should focus on novel vaccine platforms, universal vaccines, and efficient production and distribu-
tion methods.

2. Antiviral Therapeutics: Developing antiviral drugs that can effectively treat a broad spectrum of viruses is cru-
cial. Research should target viral replication mechanisms and identify potential drug targets to create effective
therapeutics.

3. Surveillance and Early Detection Systems: Improving global surveillance networks, including real-time data
sharing, early warning systems, and advanced diagnostic technologies, can significantly enhance the ability to
detect and respond quickly to outbreaks.

4. Public Health Infrastructure and Response: Strengthening public health systems globally is essential. Research
should focus on optimizing response protocols, communication strategies, and resource allocation during
pandemics.

5. One Health Approach: Understanding the interconnectedness of human, animal, and environmental health
is vital for early detection and prevention of zoonotic diseases. Research should emphasize the collaboration
between human and veterinary medicine.

6. Behavioral and Social Sciences: Investigating human behavior during pandemics, including risk perception,
adherence to public health measures, and effective communication strategies, is essential to tailor interven-
tions and improve compliance.

~

. Pathogen Characterization and Genomics: Rapidly identifying and characterizing pathogens during outbreaks
is crucial for devising targeted response strategies. Genomic research can aid in tracing the origin, spread, and
evolution of pathogens.

8. Global Coordination and Governance: Researching effective global coordination and governance structures
can improve international collaboration, resource sharing, and coordinated responses during pandemics.

9. Medical Supply Chain and Stockpiling: Researching efficient and resilient medical supply chains, including
the stockpiling of essential medical equipment and supplies, can help ensure sufficient resources during emer-
gencies.

10. Vulnerable Populations: Understanding the unique challenges faced by vulnerable populations, such as the
elderly, immunocompromised individuals, and marginalized communities, is crucial for developing inclusive
and equitable pandemic response strategies.

11. Risk Communication and Misinformation: Researching effective risk communication strategies and combat-
ting misinformation can improve public understanding, trust in public health institutions, and adherence to
preventive measures.

12. Innovative Technologies: Exploring and developing innovative technologies such as Al big data analytics, tele-
medicine, and remote monitoring can enhance pandemic response capabilities.

13. Ethical Considerations: Research should delve into the ethical implications of pandemic preparedness and
response, including issues of equity, privacy, and resource allocation.

14. Economic and Social Impact Analysis: Understanding the economic and social impacts of pandemics can
inform policies that mitigate the negative effects on livelihoods and societies.

These priorities are not exhaustive, and the field of pandemic preparedness is continually evolving. Continuous

research, international collaboration, and investment in public health infrastructure are necessary to effectively

address future pandemics and protect global health.

Furthermore, ChatGPT identified the challenges with the supply chain as the 9th priority, while this
research theme was more prominent in the CHNRI exercise (ranked 4th, 8th, 14th, and 19th). The 10th
priority identified by ChatGPT — ‘Vulnerable populations’ — was given higher prominence in the CHNRI
exercise, where this was an important element of the questions ranked 6th, 9th, 11th, 12th and 16th. The
priorities ranked 11th to 13th by ChatGPT (e.g. risk communication and misinformation, innovative tech-
nologies, and ethical considerations) were also captured in the top 20 CHNRI priority questions. The one
specific research priority which ChatGPT still ranked highly, while it was absent from the top 20 CHNRI
ideas was ‘economic and social impact analysis.’
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DISCUSSION
Main findings

As the pandemic evolved, and with the recent WHO determination that the pandemic is no longer clas-
sified as a Public Health Emergency of International Concern, it has become crucial to understand how
LMICs can enhance their pandemic preparedness for future emergencies, especially in the context of scarce
resources and other health systems challenges. In this study, four of the top ten ideas (1st, 5th, 9th, 10th)
prioritised optimising production and supply chains for vaccines and medicines, preventing depletion of
medical stocks during a surge, maintaining supply chain efficiency, and strengthening primary care deliv-
ery infrastructure for effective pandemic response. Three of the top ten ideas were aimed at understand-
ing how to improve planning and response to future pandemics by learning from COVID-19 experiences
in sustaining supply chains, avoiding shortages, and addressing related gaps in LMICs. Developing local-
ly-appropriate, equitable community-based interventions (7th), improving availability of new vaccines and
treatments during pandemics (8th), identifying effective strategies for international organizations to sup-
port strengthening pandemic preparedness in LMICs (2nd), and effective approaches to improve timeli-
ness and accuracy of pandemic surveillance, monitoring and evaluation (3rd) were also among the most
highly scoring priorities.

Strengths and limitations

The primary strength of this research priority-setting exercise lies in the utilisation of the CHNRI approach,
which is transparent, replicable, and feasible to apply. This methodology has been refined and enhanced
through numerous implementations in recent years [21,27,28]. In our study, we made further methodolog-
ical improvements — we calculated the 95% Cls of RPS and proposed the use of an improved AEA score,
the AEA-e, which is the exponential of the negative entropy. Rather than using the most frequent score
class for calculation in the conventional manner, AEA-e takes all score classes into consideration simul-
taneously and offers a theoretically guided interpretation. The output of this study is intuitive and easily
comprehended. Moreover, the comparison to ChatGPT’s output further strengthened the main conclusions.

Additionally, previous experiences and statistical simulations have indicated considerable convergence of
collective expert opinions when the number of scoring experts reaches 40 or more (our study had 42 scor-
ing experts), ensuring stability and replicability of the final rankings according to CHNRI methods [21,27].
Consistent with this, we observed a high degree of agreement among experts on the most highly ranked
research ideas based on AEA-e values [22,26]. Again, ChatGPT’s output helped with confirming the iden-
tified priorities. Moreover, we detected no discernible clustering patterns in either the overall scoring or
individual criteria. This diversity — also evidenced by representation of respondents from many countries
and world regions — added robustness to our results and provided a wide range of perspectives within the
scientific community.

A major limitation to consider when interpreting our findings is that the participating experts were iden-
tified from the ISoGH, rather than from the broader community involved in the COVID-19 pandemic
response or pandemic preparedness. However, our goal here was two-fold. First, by conducting this CHNRI
exercise within the ISOGH, we were able to mobilise global health experts from LMICs. Second, COVID-
19 pandemic response was challenged by an evolving lack of trust toward official institutions involved in
response; therefore, adding a voice from an independent, not-for-profit organisation to the public debate on
priorities for pandemic preparedness might represent a useful additional guidance to policymakers glob-
ally. Largely, while countries may need to contextualise their research priorities, our findings could serve
as an independent external guide for such exercises. Moreover, experts were allowed, albeit discouraged,
to employ a ‘0.5' response in cases where they possessed sufficient knowledge on the topic but remained
uncertain. This might have contributed to a ‘regression to the mean’ effect in the final distribution of the
overall RPS. Careful consideration of this potential impact is necessary to guarantee the validity and robust-
ness of those findings.

While representativeness is difficult to ensure with any approach, the CHNRI method relies on expert-sourc-
ing to mitigate these effects. It produces the best results when scorers provide their private, independent
views and when there is a diversity of opinions. Previous research has shown that rankings of research ideas
by independent scorers with some topic familiarity become stable after about 40 participants, with very lit-
tle change in rankings upon addition of more expert scorers [21,27]. It is positive for this exercise that we
detected no clustering among these global health experts, largely ensuring that the resulting priorities reflect
collective rather than individual views.
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Findings in the context of the literature

Research efforts focusing on effective strategies to scale up the production of vaccines and medicines in
LMICs were found to be paramount, with the highest overall RPS of 0.863 (95% CI=0.810-0.905). This
research idea also ranked highly (2nd) in both the criteria of ‘potential for translation and implementa-
tion’ and ‘impact on equity.” The COVID-19 pandemic has starkly exposed disparities in access to vaccines
and medicines across socioeconomic levels, regions, and countries [33,34]. As such, it is unsurprising that
addressing this pressing issue by scaling up production, enhancing self-sufficiency and ensuring a more
equitable distribution of essential health care resources is considered a priority. However, many experts
appear to understand the contextual challenges in the feasibility and/or scale-up of production of vaccines
and medicines in many LMICs [34], which reflects in the ranking of this idea as only 16th for the ‘feasi-
bility and answerability’ criterion.

Opverall, identifying effective strategies for the WHO and other international organisations to promote
their support for pandemic preparedness in LMICs was ranked 2nd, and it was the leading one out of the
163 proposed ideas in the criterion of ‘impact on equity.” In this pandemic, the role of the WHO and other
international organisations appear to have been under-emphasised and rarely exploited at country levels,
despite available resources to support efforts — especially in LMICs — such as financial support, technical
assistance, sharing information, and best practices, among others [35,36]. However, many experts thought
that the potential of this idea for translation and implementation may be unrealistic, which resulted in the
rank 12th for that criterion. This calls for concerted efforts among global partners to work together to make
international support and collaboration in the response to pandemics implementable.

The third overall priority focused on ‘identifying effective approaches to improve the timeliness and accu-
racy of pandemic surveillance, monitoring, and evaluation.” This achieved top rankings under ‘potential
for paradigm shift’ and ‘potential for translation and implementation.’ It also scored high in ‘feasibility
and answerability’ (6th) and ‘impact on burden reduction’(4th), suggesting that effective pandemic sur-
veillance, monitoring, and evaluation should be attainable goals, even for many LMICs. However, in less
resourced settings, well-functioning surveillance, monitoring, and evaluation systems are predominantly
found in urban and more affluent areas, making it difficult to maintain equity across regions within those
countries [37,38]. Consequently, the ‘impact on equity’ for this priority received a lower ranking (45th).

Ideas regarded as less important by the experts in this exercise mainly encompass topics not directly
linked to immediate pandemic response or critical health care concerns. Some ideas focused on broader
global challenges, such as Sustainable Development Goals, climate change, and online education. Although
important, they may not have immediate and/or direct implications for pandemic preparedness in many
settings. Some ideas, such as describing pandemic waves, may have been seen as already sufficiently done.
Other ideas, such as those related to career satisfaction, chatbots in primary health care, or alternative
medicine practitioners, could be perceived as unconventional, futuristic, or overshadowed by more urgent
research areas.

Findings in the context of the ChatGPT’s output

The comparison of the results of the CHNRI process to the ChatGPT’s output highlighted many striking
similarities and was useful as an additional reassurance. It seems that both collective human opinion and
knowledge, harnessed through the CHNRI process, and ChatGPT — which, essentially, also harnesses
human collective knowledge — came to very similar conclusions. The key differences between the two are
that ChatGPT’s output seems very theoretical, identifying and listing broad research areas that should be
prioritized from the existing knowledge. The outputs of the CHNRI process are more specific and nuanced,
and are also clearly influenced by the recent experiences with the COVID-19 pandemic.

This study is the very first, to the best of our knowledge, to present both the results of human collective
opinion and human collective knowledge and compare them directly. We found this unexpected oppor-
tunity fascinating: It was reassuring that the obtained results were eventually quite similar through both
approaches. It is always expected from the CHNRI exercises to answer the question on the representative-
ness of the collective opinion of the particular group involved. Therefore, ‘validation’ of the output through
another source — in this case, ChatGPT — is a welcome opportunity. In this, we do not imply that ChatGPT
or any presently available Al tool should be considered a ‘gold standard’ for any priority-setting exercises
based on human collective opinion — we need a lot more experience with their use before we can draw
firmer conclusions.
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Research, funding, and policy implications

This study represents one of the first systematic approaches to identifying research priorities for pandemic
preparedness following the COVID-19 outbreak. This is particularly important for LMICs, as they must
navigate the challenges of the post-COVID-19 era and address the weakened and disrupted health systems,
or even society, with resource constraints [5,39,40]. Moreover, these research priorities hold broader impli-
cations for the global health research community, as the lessons learned from LMICs can inform strategies
for pandemic preparedness and response in other settings.

However, it is essential to acknowledge that the research priorities established in this study were set within
the overarching context of LMICs. Due to the heterogeneity among health care systems, governance struc-
tures, financing models, sociocultural practices, and the consequences of COVID-19 across different LMICs,
the application of this research priority-setting exercise may vary between settings.

The CHNRI method is not prescriptive. Its main purpose is to expose strengths and weaknesses of a very
large number of research ideas. The users can pick research ideas from the entire list and build a portfo-
lio of research ideas to support. In doing so, they will be guided by a collective optimism of the reasonably
large group of experts, whose collective input will signal how each of the research ideas would satisfy each
of the important criteria. In this way, the CHNRI method protects those who are making investment deci-
sions from taking too high risks wherever there are clear concerns expressed by the experts. Still, it allows
everyone to find and pick the ideas that are most feasible in their own context. To maximise the utility and
effectiveness of these priorities, policymakers and researchers should consider national-, sub-national-, or
even local-level contexts when developing tailored policies and programs. This contextualised approach can
help ensure that interventions and strategies are appropriately adapted to suit the unique needs and chal-
lenges of specific regions, ultimately enhancing the preparedness and resilience of health care systems in
the face of future pandemics.

CONCLUSIONS

We carried out a rigorous expert consensus process to identify research priorities for global pandemic pre-
paredness, incorporating the perspectives of numerous international experts and the ChatGPT large lan-
guage model. We believe that this is an example of how to make Al tools useful to decision-makers — they
can be very helpful when they ‘validate’ the human collective opinion. Very few investors are entirely com-
fortable with investing based on a collective opinion of any group of people. Similarly, very few are entirely
comfortable with relying on Al alone. However, when combined, the two approaches can provide reassur-
ance of each other’s output.

While the leading priorities identified focused on traditional research and development, many were related
to operational and/or implementation research which perhaps reflects the main challenges in many coun-
tries. Addressing these priorities, along with introducing improvements in health planning, undertaking
equitable community-based interventions, and expanding the capacity of primary health care, is vital for
better pandemic preparedness and response in many settings. As the COVID-19 pandemic has ceased to
be classified as a global health emergency, we advocate urgent attention to the reinforcement and improve-
ment of global pandemic preparedness strategies.
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