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Prioritizing diseases for
research and development in
emergency contexts

Worldwide, the number of potential pathogens is very large, while the resources for disease research and development (R&D)
is limited. To ensure efforts under WHO’s R&D Blueprint are focused and productive, a list of diseases and pathogens are
prioritized for R&D in public health emergency contexts.

A WHO tool distinguishes which diseases pose the greatest public health risk due to their epidemic potential and/or whether
there is no or insufficient countermeasures.

At present, the priority diseases are:

« COVID-19

» Crimean-Congo haemorrhagic fever

« Ebola virus disease and Marburg virus disease

» Lassa fever

» Middle East respiratory syndrome coronavirus (MERS-CoV) and Severe Acute Respiratory Syndrome (SARS)
« Nipah and henipaviral diseases

« Rift Valley fever

o Zika

» “Disease X"*

This is not an exhaustive list, nor does it indicate the most likely causes of the next epidemic. WHO reviews and updates this
list as needs arise, and methodologies change. Based on the priority diseases, WHO then works to develop R&D roadmaps for
each one.

* Disease X represents the knowledge that a serious international epidemic could be caused by a pathogen currently unknown
to cause human disease. The R&D Blueprint explicitly seeks to enable early cross-cutting R&D preparedness that is also
relevant for an unknown “Disease X".
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Covid cases in
Dec. 2019
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Animals for sale in the Huanan market in 2019 and
2014, including raccoon dogs, Malayan porcupines
and a red fOX Source: Michael W rooey et al., preprint via Zenodo

Photos taken by a citizen and posted to Weibo in 2018 (first three), and by

dward C. Holmes in 2014
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SPILLOVERS: A GROWING THREAT

Deforestation and other changes have increased the likelihood of animal viruses
jumping into people, with globalization and a higher density of human populations
having increased the chance that such spillover events will be catastrophic. The
annual economic loss from viral zoonoses since 1918 is US$212 billion.
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VIRUS — CONTRIBUTIONS TO RISK SCORE
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MAJOR EPIDEMIC THREATS SINCE 2000
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Gavi, the Vaccine Alliance, is an

international organisation that was
created in 2000 to improve access 1o new
and underused vaccines for children living

in the world'’s poorest countries.

GOARN]) The Global Outhreak Alert and
Response Netwok (GOARN) is &
technical collaboration of existing
institutions and networks who pool
human and technical resources for
the rapid identification, confirmation
and response to outbreaks of
international importance.

FIGHT EPIDEMIC THREATS

INTERNATIONAL COLLABORATION EFFORTS TO

The International Health Regulations

(2005} or IHR [2005) are an international
lawe which helps countries work together
ta save lives and livelihoods caused by the
international spread of diseases and ather
health risks. The IHR {2005} aim to
prevent, protect against, control and
respond to the international spread of
disease while avoiding unnecessary
interference with international traffic and
trade.

Timeline

PIP . : i
Framework of influenza viruses with human

@ covip-19
L EbolaNtlTe

{Central Africa, Brazil)

(Plague (Madagascar)

2012 2013 2014 2015 2016 2017 2018 2019 2020

The Pandemic Influenza Preparedness
(P1P) Framework brings together Member
States, industry, other stakeholders and WHO PIP
to implement a global approach to pandemic Review
influenza preparedness and response Its
key goals include;
- to improve and strengthen the sharing

Access to COVID-19
Tools (ACT) Accelerator ACT
is a global collaboration | Accelerator
to accelerate the
IHR development, praduction
Review) and equitable access 1o new
COVID-19 diagnostics, therapeutics

R&D. and vaccines.
Blueprint

pandemic potential; and

- to increase the access of developing
countries to vaccines and other
pandemic related supplies.

R&D Blueprint is a global strateqy
and preparedness plan that allows

the rapid activation of research and
development activities during epidemics.
Its aim is to fast-track the availability of
effective tests, vaccines and medicines
that can be used to save lives and avert
large scale crises.

Major infectious threats in the 21st Century & collaboration mechanisms to fight against them

351 update: (4 May 2020
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https://www.forbes.com/sites/brianbushard/2022/10/19/record-flooding-40-billion-of-damage-in-pakistan-as-monsoons-devastate-south-asia/?sh=76c6997d5481
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Figure 4: Change in climate suitability for infectious diseases
Thin lines show the annual change. Thick lines show the trend since 1951 (for malaria), 1951 (for dengue), Year
1982 (for Vibrio bacteria), and 2003 (for Vibrio cholerae). HDI=human development index. Lancet. 2022 Oct 25;50140-6736(22)01540-9.
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Clinical Infectious Diseases

MAJOR ARTICLE

Novel Canine Coronavirus Isolated from a Hospitalized
Patient With Pneumonia in East Malaysia

Anastasia N. Vlasova,'® Annika Diaz," Debasu Damtie,* Leshan Xiu,*>5" Teck-Hock Toh,* Jeffrey Soon-Yit Lee,"® Linda J. Saif ' and
Gregory C. Gray*5%1°

"Food Animal Health Research Program, Ohio Agricultural Research and Development Center, College of Food, Agricultural and Environmental Sciences, Department of Veterinary Praventive
Medicine, The Ohio State University, Wooster, Ohio, USA; “Department of Immunology and Malecular Biology, School of Biomedical and Laboratary Sciences, College of Medicine and Health
Sciences, University of Gondar, Gondar, Ethiopia; “The Ohio State University Global One Health LLC, Eastern Africa Regional Office, Addis Ababa, Ethiopia: “Division of Infectious Diseases, Duke
University School of Medicine, Durham, North Carolina, USA; Duke Global Health Institute, Duke University, Durham, North Carolina, USA; *NHC Key Laboratory of Systems Biology of Pathogens,
Institute of Pathogen Biology, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing, China; “Clinical Research Center, Sibu Haspital, Ministry of Health Malaysia, Sibu,
Sarawak, Malaysia; "Faculty of Medicine, SEGi University, Kota Damansara, Selangor, Malaysia; *Global Health Research Center, Duke Kunshan University, Kunshan, China; and "Program in
Emerging Infectious Diseases, Duke-NUS Medical School, Singapore

E1DSA

Infectious Diseases Society of America hiv medicine ossociotion OXFORD

e YL—L 7 TEMDH

c NAFTIL—LUT7HhoDE

=
BESNT-FRHRDAX- *:l%ﬂ?ﬁ'&
ZIL27AAF A4 ILADY]

NI
]]|+HE“EI>

S
e

A
<
N

b%ﬁ% 03?%?5&&45(: O+

Aék \LILA jLJ-._
{LZ@EF/\OD,&\

1R D30
ZDIHT

e)'w
N
g—\

Clinical Infectious Diseases

Background. During the validation of a highly sensitive panspecies coronavirus (CoV) seminested reverse-transcription poly- BRIEF REPORT

merase chain reaction (RT-PCR) assay, we found canine CoV (CCoV) RNA in nasopharyngeal swab samples from 8 of 301 patients
(2.5%) hospitalized with pneumonia during 2017-2018 in Sarawak, Malaysia. Most patients were children living in rural areas with
frequent exposure to domesticated animals and wildlife.

Methods. Specimens were further studied with universal and species-specific CoV and CCoV 1-step RT-PCR assays, and viral
isolation was performed in A72 canine cells. Complete genome sequencing was conducted using the Sanger method.

Results. Two of 8 specimens contained sufficient amounts of CCoV's as confirmed by less-sensitive single-step RT-PCR assays, and 1
specimen demonstrated cytopathic effects in A72 cells. Complete genome sequencing of the virus causing cytopathic effects identified it as
a novel canine-feline recombinant alphacoronavirus (genotype II) that we named CCoV-human pneumonia (HuPn)-2018. Most of the
CCoV-HuPn-2018 genome is more closely related to a CCoV TN-449, while its S gene shared significantly higher sequence identity with
CCoV-UCD-1 (S1 domain) and a feline CoV WSU 79-1683 (S2 domain). CCoV-HuPn-2018 is unique for a 36-nucleotide (12-amino
acid) deletion in the N protein and the presence of full-length and truncated 7b nonstructural protein, which may have clinical relevance.

Conclusions. This is the first report of a novel canine-feline recombinant alphacoronavirus isolated from a human patient with
pneumonia. If confirmed as a pathogen, it may represent the eighth unique coronavirus known to cause disease in humans. Our
findings underscore the public health threat of animal CoV's and a need to conduct better surveillance for them.
canine coronavirus; novel alphacorona\'irus; pneumonia: Zzoonotic disease; East Malaysia.

Keywords.

Isolation of a Novel Recombinant
Canine Coronavirus From a Visitor
to Haiti: Further Evidence of
Transmission of Coronaviruses of
Zoonotic Origin to Humans

Clin Infect Dis. 2022 Feb 11;74(3):446-454.
Clin Infect Dis. 2022 Aug 24;75(1):e1184-e1187.
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SARBECOVIRUSES CLOSELY RELATED TO SARS-COV-2

Coronaviruses that are evolutionarily closest to severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) have been sampled in China, Cambodia, Japan, and Thailand (5). The phylogenetic tree, inferred
from a genomic region minimized for recombination (5), shows sarbecoviruses closely related to SARS-
CoV-2. Host species for each virus, horseshoe bat (Rhinolophus), human (Homo sapiens), and pangolin
(Manis javanica) and the year of sample collection are shown in the key. Longquan140 is inferred from an-

other genomic region (5) (dashed line). See supplementary table S1 for more details.
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*When the date of suspicion is not available then the date of confirmation is used to assign the week of suspicion.

United Kingdom data are from ADNS up to 31 December 2020. From 1 January 2021 onwards, the data source was the World
Animal Health Information System (WOAH-WAHIS) for United Kingdom (excluding Northern Ireland), and ADNS/ADIS for the
United Kingdom (Northern Ireland)®.

Source: ADIS and WOAH (data extraction carried out on 9 September 2022).

Figure 1: Distribution of the number of HPAI virus detections reported in Europe in the seasons
20162017, 2017-2018, 2018-2019, 2019-2020 and 2020-2021 by month of suspicion, from
1 October 2016 to 9 September 2022 (13,319)
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https://www.ecdc.europa.eu/en/publications-data/avian-influenza-overview-september-2022

https://lordslibrary.parfiament.uk/bird-flu-2022-dealing-with-the-uks-largest-ever-outbreak/#heading-2, https://www.nature.com/articles/d41586-022-03322-2
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The critical importance of a One Health approach

Bovine spongiform l West Nile virus
encephalopathy Rift Valley Fever
Hantavirus pulmanary -—e
Human T- syndrome H7NS avian influenza
lymphotropic virus Hepatitis E virus SARS coronavirus ZIKA  SARS-CoV-2
— L Ll L L 1)
u 1980 1985 1990 1995 2000 2005 2010 2015 2018 2020 ®
Monkeypox virus Hepatitis C virus Avian influenza A Pandemic HIN1  MERS coronavirus H’ Ebola 'U"rri_ls
g_' e e influenza A virus el Marburg Virus
i Human immuno- - a Virus
deficiency virus Kaposi Sarcoma Yellow Fever
Q Mowvel Avian Influenza

Swine coronaviruses

e

Source: adapted from multiple sources
Human health, animal health and the state of ecosystems are inextricably linked with
70-80% of emerging and re-emerging infectious diseases known to be of zoonotic origin
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https://www.reuters.com/article/us-health-coronavirus-netherlands/netherlands-to-close-mink-farms-after-coronavirus-outbreaks-idUSKBN25N2W?2

https://www.theguardian.com/world/2020/oct/11/utah-10000-minks-dead-from-coronavirus
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SARS-ANI VIS

SARS-ANI VIS
A Global Open Access Dataset of Reported SARS-CoV-2 Events in Animals

We consider as an event when one single case or several epidemiologically related cases
were identified by the presence of viral RNA (proof of infection) and/or antibodies (proof of
exposure) in an animal. Epidemiologically related cases include e.g. animals belonging to the
same farm, captive animals housed together, pets belonging to the same household, or
T —— animals sampled within the same (generally transversal) study, featuring similar event and

@ infection/Exposure definitions

patient attributes, i.e. they underwent the same laboratory test(s) and showed the same
results (including variant), exhibited the same symptoms and disease outcome, and were
confirmed, reported (when applicable), and published on the same date (e.g. when pets of
the same species sharing the same household showed different symptoms, they are
reported as two distinct events). Events include follow-up history reports of outbreaks (e.g.
follow-up on the clinical status of the animal, variant identification after case confirmation).

o
SWE
DNK. ..
@s @® w
L] =9
GBR NLD wa  EST
-
Re Re o:
® BEL CHE N - RUS
L]

o=
FRa
@ . Y
@ @ A .
o

CHN

SVN L KR
- ‘@R g B
e @ e
ohe IND

& MMR
@ O™
L
sop
a o
L]

ZHF

&e

73 6 SARS-CoV-2 animal events 3 9 countries 31 animal species

800

- 600
~400
-200

‘ -0
Feb 29, 2020 Publication date of the event Nov 3, 2022

https://vis.csh.ac.at/sars-ani/ Last update: Nov 3, 2022



https://vis.csh.ac.at/sars-ani/

Disease XIZX 9 Al A D WLEE

INOTEVIDREEEN TS E->TLNSHHE
c EMEIZKYHEA R EICEE

« HIENEA NOZENSES

s A HEANBD ANERAFZBEILTLVS

c RIARZIESERFOAEBRRXRBOSIEZEEFZLSILK
« NOEMICKY NEEN D It = D IE

= YR, IRIEF T E R EEENENT HENTRIEINS
INOTEVIDBRZEZH-LTERELTIRABASPDLENHS



EEHEICLST7IAO—F



(i ’I XY, World Health
‘{3 VOrgamzatlon

| | | e WHOEERE19F(ZE O\ EH
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World Health Assembly agrees to OIZ. INOTEVIDFRE. %,

launch process to develop historic ~ X{IsD5EIEZE HBIEL LV =/
global accord on pandemic TIVIOEHIFRIREIN S A&

prevention, preparedness and e EHEDWHODEH (L. (=l
response li“:iﬁ%ﬂ REENIDOH

1 December 2021 | News release | Geneva | Reading time: 2 min (455 words) .- r—=—
S C2024FIZHF
X Xva — | — X M

In a consensus decision aimed at protecting the world from future infectious diseases crises, the World Health
Assembly today agreed to kickstart a global process to draft and negotiate a convention, agreement or other

>
international instrument under the Constitution of the World Health Organization to strengthen pandemic prevention, A ’ E/] j'l,, H -t' 0) : b‘
preparedness and response. 7 1 /1-\ é j x /Q
FYUE *Eéiné% 1A 7

https://www.who.int/news/item/31-05-2021-the-seventy-fourth-world-health-assembly-closes
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e | ACCINE TRACKER

We are tracking the progress of COVID-19 vaccine
candidates to monitor the latest developments.

Find out which COVID-19 vaccines have been approved and where
COVID-19 vaccine clinical trials are taking place to stay up to date.

By the Numbers
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R&D pipeline empty for most emerging infectious diseases
This figure shows the number of R&D projects* and companies targeting emerging infectious
diseases identified by WHCOC and Policy Cures Research as posing pandemic or serious epidemic risk.

Disease flagged as an epidemic/pandemic risk

: . ; : Arenal haemorrhagic fevers (incl. Lassa fever)
Takeda's enterovirus 71 vaccine project

has been discontinued. No projects in Chikungunya

the companies' pipelines now target Crimean-Congo haemorrhagic fever (CCHF)
these enteroviruses. Ebola virus disease (EVD)
Emergent non-polio enteroviruses (incl. EV71, D68)
A project that was previously being « Marburg viral disease (MVD)
tested _agams_t multiple diseases in Middle East respiratory syndrome coronavirus (MERS-CoV)
scope, including Marburg, has moved o
further down the pipeline and now Nipa
specifically targets Ebola. No projects in Bunyaviral diseases (other than CCHF, RVF and SFTS)
the companies' pipelines now target Filoviral diseases (other than EVD and MVD)

Marburg. Henipaviral diseases (other than Nipah)

COVID-19 and other coronaviral diseases (other than SARS and MERS-CoV)
Rift Valley fever (RVF)

Severe acute respiratory syndrome (SARS)

Severe fever with thrombocytopenia syndrome (SFTS)

Zika virus disease

Disease X**
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projects | companies
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Take home message
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E-mail address: mgujiie@hosp.ncgm.go.ip
Twitter: @carpe_diem0820
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