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WHO R&D Blueprint for Epidemics 

The WHO R&D Blueprint for Epidemics aims to speed up the creation of 
medical countermeasures (MCMs).

Since its inception in 2015, the initiative has focused on making these 
countermeasures accessible for diseases with the potential to cause 
epidemics or pandemics, thereby aiding in the prevention of Public Health 
Emergencies of International Concern (PHEICs) and protecting lives during 
outbreaks.

This document presents the results of a global process for prioritizing 
pathogens, which involved over 200 scientists from more than 50 countries. 

These experts assessed evidence related to 28 Viral Families and one 
primary group of Bacteria, totaling 1,652 pathogens.
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Scientists and public health officials searching for "lost keys," (next pathogen).



WHO R&D Blueprint for Epidemics 

Distributed through a Creative Commons Attribution (BY) license granting the licensee the right to copy, distribute, display and make derivative works based on this document, including commercial use, as 
long as they credit the author as “Laboratorio de Genomica Viral y Humana, Facultad de Medicina UASLP”.

This study of priority pathogens and their risk of causing a pandemic 
(streetlight). 
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Research of Prototype Pathogens can expand additional areas of risk of 
future outbreaks.
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"Dark Areas" represent under-monitored and under-studied geographical 
areas:

• Resource-limited settings 
• High biodiversity. 
• Novel pathogens 
• Insufficient research infrastructure.
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Focusing on known pathogens leads to overlooking emerging or re-emerging 
pathogens that have potential to cause significant outbreaks in the future.

Pandemic nearsightedness



Broadening pathogen surveillance

By prioritizing research on entire pathogen families as opposed to a handful of 
individual pathogens.

This strategy bolsters the capability to respond efficiently to unforeseen variants,
emerging pathogens, zoonotic transmissions, and unknown threats such as 
'Pathogen X.’

The Prioritization meeting was held on 9-10 May 2024.

Important: The results of the 2024 meeting emphasize the need to broaden 
pathogen surveillance to not focus on a single species or causative agent.
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Public Health Emergency of International Concern 

In late 2022, over 200 scientists from 54 countries conducted a thorough assessment 
of 1,652 pathogens, including 28 viral families and a core group of bacteria.

Many viruses and bacteria can infect humans, but only a small number have 
historically led to pandemics or large-scale epidemics.

The assessment evaluated evidence to determine each pathogen's potential to 
cause a Public Health Emergency of International Concern (PHEIC) or pandemic.
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Families considered and overview of the outcomes of the risk of the Public Health 
Emergency of International Concern assessment.
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Outcomes of the PAC considerations on the risks of various Families
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- The risk of Priority Pathogens causing a PHEIC was assessed by examining 
transmission patterns, virulence, and available countermeasures.

- No priority pathogens were identified for four DNA viral families: Anelloviridae, 
Herpesviridae, Polyomaviridae, and Papillomaviridae.

- Priority Pathogens with high PHEIC potential require immediate research and 
development efforts.

- Most newly identified Priority Pathogens are consistent with previous WHO R&D 
Blueprint reports.

- A summary of PHEIC risks and concerns raised by PAC members is provided in 
Table 4, while Annexes 2 and 3 detail the epidemiological features and ongoing 
vaccine and therapy developments for the selected pathogens.

- Some Priority Pathogens have a global distribution across all six WHO Regions, 
while others are region-specific, often linked to animal reservoirs, vectors, or poor 
living conditions.
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A global and a regional perspective

Distributed through a Creative Commons Attribution (BY) license granting the licensee the right to copy, distribute, display and make derivative works based on this document, including commercial use, as 
long as they credit the author as “Laboratorio de Genomica Viral y Humana, Facultad de Medicina UASLP”.

Priorities may differ if a regional perspective is adopted, as many pathogens are 
limited to, or more of a problem in, particular geographic regions.

1. African Region (AR)

2. Region of Americas (AMR)

3. Eastern Mediterranean Region (EMR)

4. European Region (ER)

5. South-East Asia Region (SEAR)

6. Western Pacific Region (WPR)

Yes, prevention and knowledge are important.

More important to know what pathogens put each region at risk.



Selected priority pathogens by family and distribution
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Deliberation notes on selected priority pathogens
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Selected prototype pathogens by family and region



Distributed through a Creative Commons Attribution (BY) license granting the licensee the right to copy, distribute, display and make derivative works based on this document, including commercial use, as 
long as they credit the author as “Laboratorio de Genomica Viral y Humana, Facultad de Medicina UASLP”.

Selected prototype pathogens by family and region



A global and a regional perspective
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The priority pathogens specific to the Region of the Americas are 
Orthohantavirus sinnombrense, and Alphavirus venezuelan.

And finally, Orthomyxoviridae.
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The priority pathogens specific to the Region of the Americas are 
Orthohantavirus sinnombrense, and Alphavirus venezuelan.

And finally, Orthomyxoviridae.
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Arenaviridae, Mammarenavirus lassaense
DNA, live-attenuated, VSV-vector, and reassortant vaccines are in preclinical, Phase 1, and Phase 2 stages.

Klebsiella pneumoniae
Ribosomal, bioconjugate, capsular polysaccharide, OMP-based, fimbriae subunits, toxin, lipopolysaccharide, 
outer membrane vesicle, inactivated K. pneumoniae, mixed bacterial, and Respivax vaccines are in preclinical, 
Phase 1/2, and clinical stages.

Salmonella Enterica (invasive nontyphoidal)
Conjugate, GMMA-based bivalent, trivalent, and O:4 and O:9 conjugate vaccines are in preclinical, Phase 1, and 
Phase 2 stages.

Yersinia pestis
Vector-based vaccines, including those expressing plague antigens from S. Typhimurium, S. Typhi, 
Lactiplantibacillus plantarum, Y. pseudotuberculosis, and F. tularensis, as well as F1 mRNA-LNP and self-
amplifying RNA (F1+LcrV) vaccines, are all in the preclinical stage.

Nairoviridae Orthonairovirus haemorrhagiae
Inactivated, MVA-based, DNA, mRNA-LNP, replicon particle, GEM-PA subunit, ChAdOx2 CCHF, MVA CCHF, and 
rVSV viral vector vaccines are in preclinical, Phase 1, and clinical stages.

Phenuiviridae Bandavirus dabieense
DNA, live attenuated, rVSV-SFTSV recombinant viral vector, and LC16m8-MVA recombinant viral vector vaccines 
are in the preclinical stage.
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Coronaviridae Merbecoviruses MERS
DNA, DNA-protein, nanoparticle, protein, recombinant protein, viral or bacterial vector, and viral vector vaccines 
are in the preclinical stage. Coronaviridae Sarbecoviruses VBI-2901 eVLP (enveloped virus-like particle) is also in 
the preclinical stage.

Orthoebolavirus sudanense
Vesicular Stomatitis Virus (VSV) vector, preclinical stage.

Flaviviridae Orthoflavivirus dengue
Dengvaxia (chimeric virus, licensed), TV003/TV005 (live attenuated and chimeric virus, Phase 3), TAK-003 
(chimeric viruses, Phase 2), TDEN (live attenuated, Phase 1/2), DPIV (inactivated virus, Phase 1), TVDV (DNA 
vaccine, Preclinical/Phase 1), V180 (recombinant protein, Phase 1), DSV4 (virus-like particles, Preclinical), and 
E80-mRNA (mRNA, Preclinical) vaccines are at various stages of development.

Flaviviridae Orthoflavivirus zikaense
ZPIV, PIZV/TAK-426, VLA1601, BBV121 (inactivated, Phase 1), VRC5288, GLS-5700 (DNA vaccine, Phase 1), 
VRC5283 (DNA vaccine, Phase 2), rZIKV/D430–713 (live attenuated, Phase 1), mRNA 1325, mRNA 1893 
(mRNA, Phase 2), MV-ZIKA-RSP, MV-ZIKA (viral vector, Phase 1), ChAdOx1 ZIKA (viral vector, Phase 1), and 
Ad26.ZIKV.001 (viral vector, Phase 1) vaccines are at various stages of development.

Orthomyxoviridae Alphainfluenzavirus influenzae
H5,H6,H7,H10, H7N9 LAIV mRNA Preclinical
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Paramyxoviridae Henipavirus nipahense
mRNA-1215 (subunit, Phase 1), HeV-sG-V (viral vector, Phase 1), rVSV Nipah Virus Vaccine (subunit, Phase 1), 
Nipah vaccine (subunit and viral vector, Preclinical), and VSV-NiVG (live attenuated virus, Preclinical) vaccines 
are at various stages of development.

Picornaviridae Enterovirus coxsackiepol
Novel Oral Polio Vaccine type 2 (inactivated virus, EUL), Inactivated Poliovirus Vaccine (IPV) (live attenuated 
virus, licensed), Oral Polio Vaccine (OPV) (inactivated Sabin strains, licensed), Sabin-IPV (inactivated virus, 
microneedle patch, Phase 3), Microneedle Array Patch IPV (virus-like particles, Preclinical), and VLP Polio 
Vaccine (protein subunit, Preclinical) are at various stages of development.

Poxviridae Orthopoxvirus Monkeypox
Ectodomains (protein subunit, Preclinical), 10 epitopes with 147 amino acid residues (protein subunit, 
Preclinical), multi-epitope vaccine with GPGPG linkers (protein subunit, Preclinical), MHC-I, MHC-II, and B-cell 
epitopes (virus-like particles, Preclinical), Novovirus shell and VLP platform (DNA vaccine, Preclinical), plasmid 
DNA encoding MPOX orthologs (DNA vaccine, Preclinical), plasmid cocktail mRNA vaccine (Preclinical), mRNA 
encoding three mABs (live attenuated, Preclinical), IMVAMUNE (live attenuated, Phase 3), MVA-BN (live 
attenuated, Phase 2), and Imvanex (adenovirus vector, Licensed) are at various stages of development.

Retroviridae Lentivirus humimdef1
Ad4-Env150KN/Ad4-Env145NFL + VRCHIVRGP096-00-VP (adenovirus vector, Phase 1), AdC6-HIVgp140 and 
AdC7-HIVgp140 (adenovirus vector, Phase 1), ChAdOx1.tHIVconsv1 prime followed by MVA.tHIVconsv3 and 
MVA.tHIVconsv4 boost (bivalent subunit vaccine, Phase 1), and AIDSVAX B/E+ IHV01 and A244/AHFG (CMV 
vector, Phase 1) vaccines are at various stages of development.
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Mammarenavirus lassaense
Ribavirin (Off-Label Use/Phase 2/3), LHF-535 (Phase 1), Dexamethasone (Phase 2), Favipiravir (Phase 2/3), and 
ARN-75309 (Phase 1) are candidate therapeutics at various stages of development.

Orthonairovirus haemorrhagiae
Ribavirin (Off-Label Use/Phase 1), Favipiravir (Phase 1), antibody-based therapies (Preclinical), 2-Deoxy-2-
fluorocytidine (Preclinical), Molnupiravir (Preclinical), and corticosteroids (Preclinical) are candidate therapeutics 
at various stages of development.

Bandavirus dabieense
Plasma Exchange (Ad Hoc use), Favipiravir (Clinical Use), and Ribavirin (Clinical Use) are candidate 
therapeutics at various stages of development. Methylprednisolone/IVI G/tocilizumab/heparin is in Phase 4; 
Fludarabine, nifedipine, and quinoline analogues are in preclinical stages.

Orthoflavivirus dengue
EYU688 (Phase 2), Montelukast (Phase 2/3), AV-1 (monoclonal antibody, Phase 1), Carica Papaya (Phase 3), 
JNJ-64281802 (Phase 2), Ivermectin (Phase 2/3), AT-752 (Phase 2), Doxycycline (Phase 2), Eltrombopag (Phase 
2), UV-4B (Phase 1), Zanamivir (Phase 1), VIS513 (Phase 1), Ketotifen (Phase 4), Rupatadine (Preclinical), 
Metformin (Phase 1/2), Vitamin E (Preclinical), and Vitamin D (Preclinical) are candidate therapeutics at various 
stages of development.
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Filoviridae Orthoebolavirus sudanense
Adaptor-associated kinase 1 (AAK1) inhibitors (Preclinical). Inmazeb (Atoltivimab, Maftivimab, and Odesivimab-
ebgn) and mAb114 (ansuvimab/Ebanga), which are licensed for Zaire, while MBP134 is in Phase 1/2, and 
Galidesivir, GP inhibitors, bispecific antibodies targeting GP and NPV-1, and AAK1 inhibitors are in preclinical 
stages.

Filoviridae Orthoebolavirus zairense
Inmazeb (Atoltivimab, Maftivimab, and Odesivimab-ebgn) and mAb114 (ansuvimab/Ebanga) are licensed; 
MBP134 is in Phase 1/2; Galidesivir, GP inhibitors, bispecific antibody targeting GP and NPV-1, and AAK1 
inhibitors are in preclinical stages.

Filoviridae Orthomarburgvirus marburgense
Galidesivir, Favipiravir, mAbs, siRNA, and antisense PMOs are in preclinical stages.

Orthoflavivirus zikaense
Polyanion suramin (Approved antiparasitic drug), Bromocriptine (Preclinical), Novobiocin (Clinically used 
antibiotic), Compounds 1 and 2 (Preclinical), Asunaprevir and Simeprevir (FDA-approved), Sofosbuvir (FDA-
approved for HCV infection), and 4-HPR (Preclinical) are candidate therapeutics at various stages of 
development. 3-110-22, ZINC40621658, Phloretin, JG40, JG132, JG345, QC, MQ, and GSK369796 are in 
preclinical stages; Atovaquone and MMPD are FDA-approved for malaria and HCV infection, respectively; MTX 
and Memantine are clinically used for other treatments; A-12 is in Phase 1 for cancer.
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Alphainfluenzavirus influenzae
Rimantadine, Zanamivir, Enisamium (VR17-04), Triazavirin, and Umifenovir are all licensed or licensed by other 
international authorities. GP681 and ZX-7101A are in Phase 3; HCN042 is in Phase 2; CC-42344 is in Phase 1. 
Amantadine, Baloxavir Marboxil, Favipiravir, Laninamivir, Oseltamivir, and Peramivir are licensed. GP681 and 
ZX-7101A in Phase 3, CC-42344 in Phase 1, and HCN042 in Phase 2, while Amantadine, Baloxavir Marboxil, 
Favipiravir, Laninamivir, Oseltamivir, and Peramivir are licensed.

Henipavirus nipahense
Ribavirin (Clinical trials), Remdesivir (Preclinical), Favipiravir (Preclinical), Chloroquine (Preclinical), Heparin 
(Preclinical), Rintatolimid (Preclinical), Griffithsin (Preclinical), VIKI-dPEG4-Toco and VIKI-PEG4-chol 
(Preclinical), Gliotoxin (Preclinical), Bortezomib (Preclinical), Balapiravir (Preclinical), Lumicitabine (Preclinical), 
CH25H (Preclinical), and KIN1408 (Preclinical) are candidate therapeutics at various stages of development.

Picornaviridae Enterovirus Coxsackiepol
V-7404 in Phase 1 and Pocapavir in development.

Poxviridae Orthopoxvirus Monkeypox 
Cidofovir and Brincidofovir for off-label use and Phase 1, Tecovirimat for off-label use and Phase 3, and VIGIV for 
off-label use.

Retroviridae Lentivirus humimdef1 
Nucleoside Reverse Transcriptase Inhibitors, Non-Nucleoside Reverse Transcriptase Inhibitors, Protease 
Inhibitors, Fusion Inhibitors, CCR5 Antagonists, Integrase Strand Transfer Inhibitors, Attachment Inhibitors, Post-
Attachment Inhibitors, Capsid Inhibitors, and Pharmacokinetic Enhancers. Gene Therapy and Immunotherapy are 
in preclinical stages.
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High-priority agents 
Mammarenavirus juninense, Klebsiella pneumoniae, Salmonella enterica (non-typhoidal 
serovars), Yersinia Pestis, Sarbecovirus, Orthoflavivirus denguei, flavi, zikaense, 
encephalitidis and nilense, Orthohantavirus sinnombreense, Alphainfluenzavirus 
influenzae (H1, H2, H3, H5, H6, H7, H10), Orthopoxvirus monkeypox, Orthopoxvirus 
vaccinia, Alphavirus chikungunya, and Alphavirus venezuelan. 

Medium-priority agents 
Enterovirus alphacoxsackie 71, deconjucti 68, and Lentivirus humimdef1. 

Low-medium priority agents 
Mastadenovirus blackbeardi serotype 14, Recombinant mastadenovirus, and 
Metapneumovirus hominis

Low-priority agents 
Mamastrovirus virginiaense, Paslahepevirus balayani genotype 3, Protoparvovirus 
carnivoran, Orthobunyavirus oropoucheense, Orthopicobirnavirus hominis, Vesiculovirus, 
Rotavirus, and Orthoreovirus mammalis.
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High-priority agents
Mammarenavirus lassaense and lujoense, Klebsiella pneumoniae, Salmonella enterica 
(non-typhoidal serovars), Shigella dysenteriae serotype 1, Vibrio cholerae serogroup 0139, 
Yersinia Pestis, Sarbecovirus, Orthoebolavirus sudanense, zairense, and marburgense, 
Orthoflavivirus denguei, flavi, zikaense, and nilense, Orthonairovirus haemorrhagiae, 
Alphainfluenzavirus influenzae (H1, H2, H3, H5, H6, H7, H10), Phlebovirus riftense, 
Orthopoxvirus monkeypox, and Alphavirus chikungunya. 

Medium-priority agents 
Enterovirus coxsackiepol, alphacoxsackie 71, deconjucti 68, and Lentivirus humimdef1. 

Low-medium priority agents 
Recombinant mastadenovirus and Metapneumovirus hominis

Low-priority agents 
Mamastrovirus virginiaense, Paslahepevirus balayani genotype 3, Protoparvovirus 
carnivoran, Orthopicobirnavirus hominis, Vesiculovirus, Rotavirus, and Orthoreovirus 
mammalis.
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High Risk Pathogens
Klebsiella pneumoniae, Salmonella enterica (non-typhoidal serovars), Shigella 
dysenteriae serotype 1, Vibrio cholerae serogroup O139, Merbecovirus, Sarbecovirus, 
Orthohantavirus haemorrhagaie, and Orthopoxvirus monkeypox. Several strains of 
Alphainfluenzavirus influenzae (H1 to H10) also included.

Medium Risk Pathogens
Enterovirus coxsackiepol and Lentivirus humimed1, both associated with diseases in 
the Picornaviridae and Retroviridae families, respectively.

Low-Medium Risk Pathogens
Recombinant mastadenovirus and Metapneumovirus hominis, with moderate risk.

Low Risk Pathogens
Anelloviridae, Astroviridae, Hepeviridae, Herpesviridae, Picobirnaviridae, and 
Rhabdoviridae. Notable pathogens include Paslahepevirus balayani genotype 3, 
Protoparvovirus carnivoran, and Genus Vesiculovirus.
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High-priority agents 
Klebsiella pneumoniae, Salmonella enterica (non-typhoidal serovars), Sarbecovirus, 
Orthoflavivirus denguei, encephalitidis, and nilense, Orthohantavirus hantanense, 
Orthonairovirus haemorrhagiae, Alphainfluenzavirus influenzae (H1, H2, H3, H5, H6, 
H7, H10), Orthopoxvirus monkeypox, Paramyxoviridae and Phenuiviridae families. 

Medium-priority agents 
Enterovirus alphacoxsackie 71, deconjucti 68, and Lentivirus humimdef1. 

Low-medium priority agents 
Recombinant mastadenovirus and Metapneumovirus hominis.

Low-priority agents 
Mamastrovirus virginiaense, Orthobornavirus bornaense, Paslahepevirus balayani 
genotype 3, Protoparvovirus carnivoran, Orthopicobirnavirus hominis, Genus 
Vesiculovirus, Genus Rotavirus, and Orthoreovirus mammalis.
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High-priority agents 
Klebsiella pneumoniae, Salmonella enterica (non-typhoidal serovars), Shigella dysenteriae 
serotype 1, Vibrio cholerae serogroup 0139, Subgenus Sarbecovirus, Orthoflavivirus 
denguei, zikaense, and nilense, Alphainfluenzavirus influenzae (H1, H2, H3, H5, H6, H7, 
H10), Henipavirus nipahense, Bandavirus dabieense, Orthopoxvirus monkeypox, and 
vaccinia, and Alphavirus chikungunya. 

Medium-priority agents 
Enterovirus coxsackiepol, alphacoxsackie 71, deconjucti 68, and Lentivirus humimdef1. 

Low-medium priority agents 
Recombinant mastadenovirus and Metapneumovirus hominis.

Low-priority agents 
Mamastrovirus virginiaense, Orthohepadnavirus hominoidei genotype C, Paslahepevirus 
balayani genotype 3, Protoparvovirus carnivoran, Orthopicobirnavirus hominis, 
Vesiculovirus, Rotavirus, and Orthoreovirus mammalis.
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High-priority agents 
Vibrio cholera (O139), Salmonella enterica (non-typhoidal serovars), Klebsiella 
pneumoniae, Orthonairovirus haemorrhagiae, Orthohantavirus hantanense, Bandavirus 
dabieense, Sarbecoviruses, Orthoflavivirus denguei, zikaense, and nilense, 
Alphainfluenzavirus influenzae (H1N1, H2Nx, H3N2, H5Nx, H6Nx, H7Nx, H10Nx), 
Henipavirus nipahense, Orthopoxvirus monkeypox, and vaccinia, and Alphavirus 
chikungunya. 

Medium-priority agents 
Human polioviruses (Enterovirus D68, EV-D68; A71, EV-A71) and Human 
immunodeficiency virus 1 (HIV-1). 

Low-medium priority agents 
Human mastadenovirus B and Metapneumovirus hominis. 

Low-priority agents 
Mamastrovirus 9 (GII.B-human), Peribunyavirus, Paslahepevirus balayani (genotype 3), 
Carnivore protoparvoviruses (CPV), Human picobirnavirus, Orthoreovirus mammalis, 
Rotavirus, and Vesiculovirus.
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• WHO’s framework: holistic approach to research and development.

• Focus on entire pathogen families and key pathogens.

• Aims to create adaptable tools and knowledge.

• Stresses global collaboration and equitable access.

• Highlights speed, cost, quality, and trust in medical countermeasures.

• Encourages open exploration of scientific challenges.

• A key action for improving global research collaboration
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