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A R T I C L E  I N F O   

Keywords: 
WHO R&D Blueprint for action to prevent 
epidemics 
Pandemic 
In昀氀uenza viruses 
Disease X 
SARS-CoV-2 
SARS-CoV 
Ebola virus 
Infectious disease 

A B S T R A C T   

Introduction: The World Health Organization (WHO)’s Research and Development (R&D) Blueprint for Action to 
Prevent Epidemics, a plan of action, highlighted several infectious diseases as crucial targets for prevention. These 
infections were selected based on a thorough assessment of factors such as transmissibility, infectivity, severity, 
and evolutionary potential. In line with this blueprint, the VACCELERATE Site Network approached infectious 
disease experts to rank the diseases listed in the WHO R&D Blueprint according to their perceived risk of trig-
gering a pandemic. VACCELERATE is an EU-funded collaborative European network of clinical trial sites, 
established to respond to emerging pandemics and enhance vaccine development capabilities. 
Methods: Between February and June 2023, a survey was conducted using an online form to collect data from 
members of the VACCELERATE Site Network and infectious disease experts worldwide. Participants were asked 
to rank various pathogens based on their perceived risk of causing a pandemic, including those listed in the WHO 
R&D Blueprint and additional pathogens. 
Results: A total of 187 responses were obtained from infectious disease experts representing 57 countries, with 
Germany, Spain, and Italy providing the highest number of replies. In昀氀uenza viruses received the highest 
rankings among the pathogens, with 79 % of participants including them in their top rankings. Disease X, SARS- 
CoV-2, SARS-CoV, and Ebola virus were also ranked highly. Hantavirus, Lassa virus, Nipah virus, and henipavirus 
were among the bottom-ranked pathogens in terms of pandemic potential. 
Conclusion: In昀氀uenza, SARS-CoV, SARS-CoV-2, and Ebola virus were found to be the most concerning pathogens 
with pandemic potential, characterised by transmissibility through respiratory droplets and a reported history of 
epidemic or pandemic outbreaks.   
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Funding 

The VACCELERATE Site Network has received funding from the 
European Union’s Horizon 2020 research and innovation programme 
(grant agreement No 101037867) and the German Federal Ministry of 
Education and Research (Bundesministerium für Bildung und Forschung 
[BMBF]) (grant agreement No BMBF01KX2040). 

1. Introduction 

In 2016, the World Health Organization (WHO) released the initial 
Research and Development (R&D) Blueprint for Action to Prevent Epidemics, 
which was created in consultation with experts in the 昀椀eld [1]. The 
WHO R&D Blueprint [2] identi昀椀ed several infections as high priorities for 
prevention, including Crimean-Congo haemorrhagic fever, Ebola virus 
disease, Marburg virus disease, Lassa fever, Middle East respiratory 
syndrome (MERS), severe acute respiratory syndrome (SARS), Nipah 
and henipaviral diseases, Rift Valley fever, Zika virus disease, and Dis-
ease X [3]. After the declaration of the coronavirus disease 2019 
(COVID-19) pandemic in March 2020 [4], the list was updated to 
include COVID-19 [2]. The selection of diseases for the blueprint took 
factors into account such as human-to-human transmissibility, severity 
or case fatality rate, the level of interaction between humans and ani-
mals, the public health context of affected areas, potential societal im-
pacts, and the evolutionary potential of the pathogens [5]. Additionally, 
other organizations concerned with pandemic preparedness have also 
created their own compilations, such as Africa Centres for Disease 
Control and Prevention (Africa CDC) [6] or Coalition for Epidemic 
Preparedness Innovations (CEPI) [7] (Table 1). Of note, the WHO R&D 
Blueprint for Action to Prevent Epidemics did not prioritize the pathogens 
based on their likelihood of causing the next pandemic. 

In response to the COVID-19 pandemic, the VACCELERATE vaccine 
clinical trial network was established in Europe in 2021 (www.vaccele 

rate.eu) [8–10]. This consortium has created a network capable of 
responding not only to COVID-19 but to other emerging pandemics and 
strengthening vaccine development capabilities across Europe. VAC-
CELERATE’s capacity mapping initiative resulted in the establishment of 
a Site Network comprising approximately 500 clinical trial sites in 
Europe, each equipped expertise in infectious diseases [9]. Preparing for 
the next pandemic requires that pathogens of pandemic potential are 
ranked and the next strategic steps of the VACCELERATE network 
prioritised. 

The purpose of this survey was to classify the diseases listed in the 
WHO R&D Blueprint for Action to Prevent Epidemics based on the 
perceived risk of pandemic potential, with input from infectious disease 
experts from the VACCELERATE Site Network. The VACCELERATE 
consortium could then prepare for the design and develop of phase 2/3 
clinical trials on the most relevant vaccination strategies. 

2. Methods 

From February to June 2023, data were collected using an online 
electronic case report form, accessible at https://www.clinicalsurveys. 
net/uc/Next_pandemic/(EFS Fall 2022, TIVIAN, Cologne, Germany). 
All members of the VACCELERATE Site Network (https://vaccelerate. 
eu/site-network/) [9] were contacted via email and invited to share 
their infectious disease expertopinion. Other relevant infectious disease 
experts from outside of Europe were also contacted to obtain feedback at 
a global scale. Furthermore, the survey link was actively promoted 
through VACCERELATE’s social media channels, including platforms 
such as LinkedIn® (https://www.linkedin.com/company/vaccelerate 
-eu) [11] and Twitter® (https://twitter.com/vaccelerate_eu) [12] 

Each participant could rank the pathogens responsible for the dis-
eases listed in the WHO R&D Blueprint for Action to Prevent Epidemics [2], 
including Crimean-Congo haemorrhagic fever virus, Disease X, Ebola 
virus, Lassa virus, Marburg virus, MERS causing coronavirus (MER-
S-CoV), Nipah virus, Rift Valley fever virus, SARS causing coronavirus 
type 1 (SARS-CoV), SARS causing coronavirus type 2 (SARS-CoV-2), and 
Zika virus. Infectious disease experts had also the option to include in 
their rankings three additional pathogens, namely hantavirus, henipa-
virus, and in昀氀uenza viruses, and had the opportunity to add pathogens 
of their own consideration in the rankings. Each ranking could contain 
as many pathogens as considered, from a minimum of one up to 15 
pathogens. 

In the analysis phase, depending on the infectious disease expert 
ranking, points from 15 to 1 were assigned to the rank in reverse order. 
The pathogen with the highest perceived likelihood of triggering a 
pandemic was valued (1st position) with 15 points, while the pathogen 
considered with lowest likelihood to trigger a pandemic (15th position) 
received a single point (Table 2). 

The resulting data were analysed and presented using frequencies, 
percentages, and appropriate ranges to provide a clear overview of the 
昀椀ndings. 

3. Results 

A total of 187 responses were obtained from individuals representing 
57 different countries. Among the countries providing the highest 
number of responses, Germany accounted for 27 replies (14.4 %), fol-
lowed by Spain with 20 replies (10.7 %), and Italy with 14 replies (7.5 
%). 

In terms of the pathogens with the highest perceived likelihood of 
triggering a pandemic, in昀氀uenza viruses received the highest positions 
in the classi昀椀cations. Out of the 187 participants, 147 infectious disease 
experts (78.6 %) included in昀氀uenza viruses in their top rankings, 
ranging from 1st to 4th positions. Disease X was selected 92 times (49.2 
%) ranging from 1st to 9th place, while SARS-CoV-2 was included in 81 
rankings (43.3 %) spanning from 1st to 14th place. SARS-CoV was 
ranked 41 times (21.9 %), occupying positions from 1st to 13th, and 

Table 1 
Pathogens identi昀椀ed as potential pandemic generators by Africa CDC, CEPI, 
WHO, and the current analysis.  

Pathogens Africa CDC 
[6] 

CEPI 
[7] 

WHO 
[1] 

Current 
analysis 

Anthrax X    
CCHF virus X  x x 
Chikungunya virus X x   
Dengue fever virus X    
Disease X X x x x 
Ebola virus X x x x 
Hantavirus    x 
Henipavirus    x 
In昀氀uenza viruses    x 
Lassa virus X x x x 
Lyssaviruses X    
Marburg virus X  x x 
MERS-CoV  x x x 
Monkeypox virus X    
Morbillivirus X    
Neisseria-meningitis X    
Nipah virus  x x x 
Poliovirus X    
Rift Valley fever virus X x x x 
SARS-CoV   x x 
SARS-CoV-2 X  x x 
Vibrio cholerae X    
Yellow fever virus X    
Yersinia pestis X    
Zika virus   x x 

Africa CDC, Africa Centres for Disease Control and Prevention; CCHF, Crimean- 
Congo haemorrhagic fever virus; CEPI, Coalition for Epidemic Preparedness 
Innovations; MERS-CoV, Middle East respiratory syndrome coronavirus; SARS- 
CoV, severe acute respiratory syndrome coronavirus type 1; SARS-CoV-2, se-
vere acute respiratory syndrome coronavirus type 2; WHO, World Health 
Organization. 
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Ebola virus 36 times (19.3 %) ranging from 1st to 9th place. These 
昀椀ndings position them as the top 昀椀ve pathogens overall based on the 
survey responses. The rankings of the top 昀椀ve pathogens did not show 
signi昀椀cant variations across different countries nor continents (Table 3, 
Fig. 1). 

Among all responses, three pathogens consistently did not reach the 
top ranking. The Marburg virus achieved an overall ranking of 9th (with 
the highest rank being 2nd and the lowest rank being 13th), henipavirus 
ranked 12th overall (with the highest rank being 5th and the lowest rank 
being 14th), and Rift Valley fever virus ranked 13th overall (with the 
highest rank being 3rd and the lowest rank being 14th). The bottom 5 
rankings in terms of perceived likelihood of triggering a pandemic 
included hantavirus and Lassa virus, both ranked 10ths. Nipah virus 

received a rank of 12th, while henipavirus ranked 13th, and Rift Valley 
fever virus ranked 14th (Table 3). Single participants also raised concern 
on pathogenic fungi. 

4. Discussion 

In a survey with 187 responses from 57 countries aiming to rank the 
diseases listed in the WHO R&D Blueprint for Action to Prevent Epidemics 
based on the perceived risk of pandemic potential, in昀氀uenza viruses 
received the highest rankings among the pathogens, with 79 % of par-
ticipants including them in their top rankings. Disease X, SARS-CoV-2, 
SARS-CoV, and Ebola virus also ranked prominently. The rankings of 
the top 昀椀ve pathogens did not vary signi昀椀cantly across countries. Three 
pathogens, namely Marburg virus, henipavirus, and Rift Valley fever 
virus, consistently ranked lower and did not reach the top positions. 

In comparison to the WHO R&D Blueprint [2], we included three 
additional pathogens to be ranked: in昀氀uenza viruses, hantavirus, and 
henipavirus. Among these, in昀氀uenza viruses not only outperformed the 

Table 2 
Ranking and voting system description.  

List of pathogens 
to be ranked  

Available for 
experts  

Available for 
analysts 

Ranking Assigned 
points 

CCHF virus1. 1st = 15 
Disease X 2nd = 14 
Ebola virus 3rd = 13 
Hantavirus 4th = 12 
Henipavirus 5th = 11 
In昀氀uenza viruses 6th = 10 
Lassa virus 7th = 9 
Marburg virus 8th = 8 
MERS-CoV 9th = 7 
Nipah virus 10th = 6 
Rift Valley fever 

virus 
11th = 5 

SARS-CoV 12th = 4 
SARS-CoV-2 13th = 3 
Zika virus 14th = 2 
Other pathogen* 15th = 1 

The experts who took part were able to rank a total of 15 pathogens, including 
up to 14 pre-selected pathogens and one additional pathogen suggested by them. 
They were required to rank at least one pathogen and could include a maximum 
of 15 pathogens in their rankings. During the analysis phase, different points 
were assigned based on the rankings given by the experts. These points were 
utilized to determine the overall ranking, as shown in Table 3. 
CCHF, Crimean-Congo haemorrhagic fever virus; MERS-CoV, Middle East res-
piratory syndrome coronavirus; SARS-CoV, severe acute respiratory syndrome 
coronavirus type 1; SARS-CoV-2, severe acute respiratory syndrome coronavi-
rus type 2. 

* Determined or suggested by the respective expert. 

Table 3 
Overall ranking of analysed pathogens.   

Overall 
ranking 

Points % of 
points 

Times 
voted 

Maximum 
points 

Minimum 
points 

Highest ranked 
position 

Lowest ranked 
position 

Voted by x % of the 
participants 

In昀氀uenza 1 2154 31.0 % 147 15 12 1 4 79 % 
Disease X 2 1282 18.5 % 92 15 7 1 9 49 % 
SARS-CoV-2 3 1076 15.5 % 81 15 2 1 14 43 % 
SARS-CoV 4 532 7.7 % 41 15 3 1 13 22 % 
Ebola virus 5 439 6.3 % 36 15 7 1 9 19 % 
MERS-CoV 6 319 4.6 % 27 15 5 1 11 14 % 
Zika virus 7 235 3.4 % 22 15 2 1 14 12 % 
CCHF virus 8 201 2.9 % 18 15 6 1 10 10 % 
Marburg virus 9 170 2.4 % 17 14 3 2 13 9 % 
Hantavirus 10 144 2.1 % 15 15 4 1 12 8 % 
Lassa virus 10 144 2.1 % 14 15 4 1 12 7 % 
Nipah virus 12 122 1.8 % 13 15 3 1 13 7 % 
Henipavirus 13 65 0.9 % 9 11 2 5 14 5 % 
Rift Valley fever 

virus 
14 57 0.8 % 8 13 2 3 14 4 % 

Pathogens considered relevant by individual participants are omitted from this table due to their low frequencies. 
CCHF, Crimean-Congo haemorrhagic fever virus; MERS-CoV, Middle East respiratory syndrome coronavirus; SARS-CoV, severe acute respiratory syndrome coro-
navirus type 1; SARS-CoV-2, severe acute respiratory syndrome coronavirus type 2. 

Fig. 1. Percentage of the overall points obtained by the respective pathogen. 
Other viruses include Crimean-Congo haemorrhagic fever virus, Marburg virus, 
Hantavirus, Lassa virus, Nipah virus, henipavirus, and Rift Valley fever virus. 
MERS-CoV, Middle East respiratory syndrome coronavirus; SARS-CoV, severe 
acute respiratory syndrome coronavirus type 1; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus type 2. 

J. Salmanton-García et al.                                                                                                                                                                                                                    



Travel Medicine and Infectious Disease 57 (2024) 102676

4

pathogens in the WHO R&D Blueprint [2] but also secured the top spot, 
surpassing the next pathogen on the list, which was Disease X. Hanta-
virus ranked 10th, and henipavirus ranked 13th, placing it just above 
Rift Valley fever. Although these three pathogens are currently not 
included in the WHO R&D Blueprint, they are indeed recognised as dis-
eases of concern [1]. These 昀椀ndings might lead to a potential inclusion 
of these three pathogens in the WHO R&D Blueprint [2], particularly 
in昀氀uenza viruses. The consideration of the previous epidemics caused by 
in昀氀uenza viruses, with several pandemics and outbreaks occurring over 
the last 50 years period, might be an argument in favour of the inclusion 
of in昀氀uenza [13–15]. Nevertheless, the absence of in昀氀uenza from the 
WHO R&D Blueprint [2] may be attributed to the existence of numerous 
in昀氀uenza vaccines and the distinct research and development (R&D) 
requirements associated with this disease when compared to other 
pathogens. 

Disease X represents the awareness that a severe international 
epidemic could be caused by a pathogen that is currently unknown to 
cause human disease, without being associated with a speci昀椀c pathogen 
[16]. Thus, it is challenging to prevent something of unknown nature, 
but it also provides a broad scope for rankings such as ours. To enhance 
pandemic preparedness for a potential Disease X outbreak, the VAC-
CELERATE consortium has implemented a ready-to-use Site Network 
[9] and Volunteer Registry [8]. These innovative measures have 
signi昀椀cantly reduced the time required to enrol clinical trial sites and 
trial volunteers by up to six months [8–10]. Additionally, the consortium 
is actively working on developing speci昀椀c protocols that can be swiftly 
activated and modi昀椀ed as needed during a disease outbreak. This 
comprehensive approach encompasses not only respiratory illnesses but 
also addresses diverse disease types such as diarrheal diseases [17], 
invasive fungal infections (including Candida auris) [18], neurotropic 
pathogens [19,20], and orthopox infections [21]. Furthermore, the 
VACCELERATE consortium recognizes the in昀氀uence of climate change 
on disease patterns, including the potential spread of vectors into pre-
viously unaffected regions. 

Both SARS-CoV and SARS-CoV-2 have already demonstrated their 
potential for causing pandemics, with outbreaks occurring in 
2002–2004 [22] and an ongoing pandemic from 2019 [23], respec-
tively. The fact that the data for this survey were collected during the 
昀椀nal months of the COVID-19 pandemic might have in昀氀uenced their 
high ranking. The global burden on healthcare systems has been sub-
stantial [24,25], and it is expected that SARS-CoV-2 may continue to be 
a seasonal virus of interest [26], similar to in昀氀uenza viruses. The rela-
tively rapid mutation rate of the virus [27] may also have contributed to 
its high ranking. 

Since the discovery of the Ebola virus in 1976, almost 30 outbreaks 
have been documented [28], primarily con昀椀ned to single countries, with 
the Democratic Republic of Congo experiencing most of the outbreaks, 
and the Republic of Congo, Gabon, Sudan and Uganda having experi-
enced other relevant outbreaks. Guinea, Liberia, and Sierra Leone have 
been described as the origin of the outbreak from 2013 to 2016, with 
global concern and expansion [29,30]. It is crucial to mention that Ebola 
virus transmission beyond Africa during the 2013–2016 outbreak was 
limited to hospital settings and restricted to patient care dynamics [31]. 
The relatively recent occurrence of this global outbreak, which may 
have triggered increasing awareness about the pathogen, may have 
in昀氀uenced its high ranking in our list [32]. It is worth noting that we 
received responses from only three African countries (Madagascar, 
Mauritius, and South Africa), origin continent of the Ebola virus [28], 
none of which have historically reported local outbreaks. One can pro-
pose that an increased representation of African participants might have 
contributed to a more prominent recognition of the impact of the Ebola 
virus infection. Additionally, the virus’s ranking can be linked to its 
highly transmissible nature. However, it’s important to acknowledge 
that the ease of transmission might be in昀氀uenced by the speci昀椀c 
geographical context. As part of an ongoing endeavour, this study will be 
repeated at regular intervals. By examining the 昀椀ndings of the 

subsequent iterations, it will be possible to determine whether the Ebola 
virus continues to be regarded as a highly pandemic-prone virus and 
why. 

The remaining pathogens have demonstrated their pandemic po-
tential to a lesser extent, with a more reduced number of outbreaks or 
none at all [33–39]. Furthermore, their rankings below the 
above-mentioned pathogens might have been in昀氀uenced by the fact that 
most of them require close contact with infected animals such as bats, 
rodents, and primates, which may not occur that commonly in the 
countries where most of participating infectious disease experts come 
from. The ranking of each pathogen may have been signi昀椀cantly in昀氀u-
enced by the personal clinical and research experience and expertise of 
the participating researchers. In future analyses, it may be necessary to 
inquire about the reasoning behind the speci昀椀c rankings. 

The analysis carried out by the VACCELERATE consortium holds 
signi昀椀cant promise for in昀氀uencing pandemic preparedness. By evalu-
ating the pandemic potential of various pathogens based on infectious 
diseases expert perception, the analysis becomes a valuable instrument 
for prioritizing future clinical trials, speci昀椀cally in phases 2 and 3. These 
trials might be focused in the development of effective preventive and 
therapeutic interventions against the identi昀椀ed pathogens. The analysis 
plays a critical role in guiding preparedness initiatives and optimizing 
resource allocation to mitigate the impact of potential outbreaks. 
VACCELERATE already demonstrated its ability to respond swiftly to 
emerging threats, as evidenced by its diagnostic and treatment capacity 
mapping during the onset of the 2022–2023 mpox outbreak [40]. This 
initiative not only identi昀椀ed the observed risks but also highlighted the 
populations at risk during the initial stages of the outbreak [41]. This 
rapid response showcases VACCELERATE’s proactive approach and 
effectiveness in assessing and addressing emerging infectious disease 
threats. 

Nevertheless, this study has certain limitations that should be 
acknowledged. Firstly, only a limited number of the VACCELERATE Site 
Network members participated, representing approximately one-fourth 
of the total. This could be attributed to the remaining high workload 
resulting from the COVID-19 pandemic at the time of the invitations. 
Moreover, our results suffer from a lack of participation from infectious 
disease experts in Africa and Asia, despite the fact that most outbreaks 
related to the analysed pathogens have occurred on these continents. 
Future ranking initiatives should prioritize incorporating perspectives 
from Africa and Asia, which could potentially in昀氀uence the 昀椀nal ranking 
of different pathogens. In order to obtain extensive feedback from these 
continents, it may be necessary to establish close partnerships with local 
institutions and ensure the survey is translated into languages other than 
English. Furthermore, it is worth noting that a substantial number of 
participants from European countries, speci昀椀cally Germany, Spain, and 
Italy, were included. This demographic composition could potentially 
impact the overall perspective on the viral infectious burden, as high-
lighted in the study. Additionally, the exclusion of certain viruses with 
seasonal epidemic potential, especially in certain populations at risk, 
such as parain昀氀uenza viruses [42] and respiratory syncytial virus (RSV) 
[43] in the survey should be acknowledged. Future studies and ranking 
initiatives may need to warrant their consideration to provide a more 
complete assessment of their epidemic potential. Lastly, the online data 
collection method may have introduced bias by excluding infectious 
disease experts with limited internet access. 

In conclusion, infectious disease experts consulted from the VAC-
CELERATE Site Network have identi昀椀ed in昀氀uenza, SARS-CoV, SARS- 
CoV-2 and Ebola virus as the pathogens with the most worrisome and 
greatest potential to give rise to new pandemics. These pathogens 
possess easy transmissibility, primarily through respiratory droplets in 
the air, and have already demonstrated epidemic or pandemic 
capabilities. 

J. Salmanton-García et al.                                                                                                                                                                                                                    



Travel Medicine and Infectious Disease 57 (2024) 102676

5

Funding statement 

The VACCELERATE Site Network has received funding from the 
European Union’s Horizon 2020 research and innovation programme 
(grant agreement No 101037867) and the German Federal Ministry of 
Education and Research (Bundesministerium für Bildung und Forschung 
[BMBF]) (grant agreement No BMBF01KX2040). 

Data availability 

Data can be made available upon request following the paths 
described in the manuscript. 

Ethics approval 

Not applicable. 

CRediT authorship contribution statement 

Jon Salmanton-García: Conceptualization, Data curation, Formal 
analysis, Investigation, Methodology, Project administration, Software, 
Supervision, Validation, Visualization, Writing – original draft, Writing 
– review & editing. Pauline Wip昀氀er: Conceptualization, Data curation, 
Formal analysis, Investigation, Methodology, Project administration, 
Supervision, Validation, Writing – review & editing. Janina Leckler: 
Methodology, Writing – review & editing. Pontus Nauclér: Methodol-
ogy, Writing – review & editing. Patrick W. Mallon: Methodology, 
Writing – review & editing. Patricia C.J.L. Bruijning-Verhagen: 
Methodology, Writing – review & editing. Heinz-Joseph Schmitt: 
Methodology, Writing – review & editing. Ullrich Bethe: Methodology, 
Writing – review & editing. Ole F. Olesen: Methodology, Writing – re-
view & editing. Fiona A. Stewart: Methodology, Writing – review & 
editing. Kerstin Albus: Methodology, Writing – review & editing. 
Oliver A. Cornely: Conceptualization, Funding acquisition, Investiga-
tion, Project administration, Resources, Software, Supervision, Writing – 

review & editing. 

Declaration of competing interest 

Authors reports no con昀氀icts of interest regarding the current 
manuscript. 

Acknowledgements 

We express our gratitude to all the infectious disease experts who are 
members of the VACCELERATE Site Network, as well as those outside 
the network, for their valuable participation in the online survey. 

Collaborators (to be mentioned in PubMed): Martin Busch, Ulrike 
Seifert, Andreas Widmer, Miki Nagao, Jordi Rello, Tatina Todorova, 
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