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WHAT WILL CAUSE THE NEXT PANDEMIC?



THE INFECTIOUS DISEASE PROBLEM

• A quarter of all deaths; a quarter of all illness

– “Big Three” = malaria, TB, AIDS

– HIV/AIDS (since 1980s): 35M deaths, 37M currently infected

• ~1500 different kinds of pathogen

+ Several new ones discovered per year

• Epidemic shocks (mortality, cost)

– SARS (2003): >900 deaths, more than US$50 billion

– Ebola (2014-15): >11,000 deaths, several billion US$

Mark Woolhouse, University of Edinburgh, January 2018
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AFTER EBOLA, WHAT NEXT?
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WHAT WILL CAUSE THE NEXT PANDEMIC?

• Discovery

• Human virus – Mammal virus

• Prioritisation

• Response



EMERGING INFECTIOUS DISEASES

• Mostly viruses

– more than 70% of recently discovered pathogens

• Mostly zoonotic, i.e. shared with other animals

– more than 70% of recently discovered pathogens

Mark Woolhouse, University of Edinburgh, January 2018



HUMAN RNA VIRUS SURVEY

• Systematic review of primary literature

• Formal methodology

→ Taylor et al. (2001) Phil. Trans. B

• ICTV (2016) classification of  “species”

• Catalogue of RNA virus species reported 
to infect humans

 214 recognised species (to 2015)

 55 genera

 21 families (+1 unassigned genus)

Mark Woolhouse, University of Edinburgh, January 2018



RNA VIRUS DISCOVERY

Mark Woolhouse, University of Edinburgh, January 2018 Thanks to Liam Brierley, Feifei Zhang



RNA VIRUS DISCOVERY

Thanks to Liam Brierley, Feifei ZhangMark Woolhouse, University of Edinburgh, January 2018



WT-VIZIONS

Mark Woolhouse, University of Edinburgh, January 2018

Wellcome Trust-Viet Nam Initiative on Zoonotic Infections



Dak Lak

DISEASES OF UNKNOWN ORIGIN

Mark Woolhouse, University of Edinburgh, January 2018 Thanks to Gail Robertson, Margo Chase-Topping



METAGENOMICS + PHYLOGENETICS

Mark Woolhouse, University of Edinburgh, January 2018

Metagenomics detection

• 2102 faecal samples 

- 1260 human, 842 animal

• >7 billion short reads in total

• Signal detection threshold criteria

• Viruses from 61 genera across 22 families

Thanks to Carlijn Bogaardt, Al Ivens, Jordan Ashworth, Lu Lu



• Novel cyclovirus (CyCV-VN) in CSF from hospital patients

• 2 novel enteric CRESS-DNA viruses in hospital patients

• Novel porcine-like rotavirus (G26P[19]) in paediatric diarrhoea cases

• First human husavirus infections outside Europe

• First human cases of Trypanosoma evansi infection in SE Asia

• Novel kobuviruses in bats

• Novel hunniviruses in rodents

• Novel Bartonella spp in bats

• Novel bunyavirus in bats

• Novel cardiovirus in rats

• Novel bat and rat stool-associated viruses

• Proposed new hepacivirus in bamboo rats

UNUSUAL PATHOGENS

Mark Woolhouse, University of Edinburgh, January 2018



WHAT WILL CAUSE THE NEXT PANDEMIC?
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• Human virus – Mammal virus
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• 188/214 (88%) known human RNA viruses naturally infect other mammals

• Most of the 26 human-specific RNA viruses have close relatives that infect other mammals 

[except: rubella, hepatitis delta]

• Only 38/214 (18%) infect non-mammals [= birds (37) ± reptiles (7) ± fish (1?)] 

• 55/74 (74%) mammal RNA virus genera include human viruses

• 21/23 mammal RNA virus families include human viruses [except: Arteriviridae, Nodaviridae]

• “Majority of human viruses… are the product of host jumping” Kitchen et al. (2011) PNAS

• Easier to switch host species than alter tissue tropism or transmission route

 Human infectivity evolves very easily within the mammal RNA viruses, 

less easily from birds and never(?) from anything else

HUMAN VIRUS, MAMMAL VIRUS

Mark Woolhouse, University of Edinburgh, January 2018



• Apparent loss of  human RNA virus diversity:

• 73 species (>⅓ total) not seen (in humans) since 2005

DYNAMICS OF DIVERSITY

updated from Woolhouse et al. (2013) Future Virol.

Madrid orthobunyavirus 1961 Orungo virus 1982 Bagaza virus 1996

Ndumu virus 1961 Tacaiuma orthobunyavirus 1983 Equine rhinitis A virus 1996

Rio Bravo virus 1962 New Jersey vesiculovirus 1983 Erbovirus A 1996

Whataroa virus 1964 Maraba vesiculovirus 1984 Alphacoronavirus 1 1997

Wyeomyia orthobunyavirus 1965 Mobala mammarenavirus 1985 Dugbe nairovirus 1998

Banzi virus 1965 Louping ill virus 1985 Vesicular exanthema of swine virus 1998

Patois orthobunyavirus 1967 Changuinola virus 1985 Aroa virus 1998

Guama orthobunyavirus 1967 European bat 1 lyssavirus 1986 Kokobera virus 1998

Foot-and mouth-disease virus 1967 Dhori virus 1987 Omsk hemorrhagic fever virus 1998

Cocal vesiculovirus 1967 Alagoas vesiculovirus 1987 Uganda S virus 1999

Thogoto virus 1969 Semliki Forest virus 1987 Tonate virus 1999

Getah virus 1969 Indiana vesiculovirus 1988 Whitewater Arroyo mammarenavirus 2000

Mokola lyssavirus 1972 Shuni orthobunyavirus 1990 Thiafora nairovirus 2000

Pichindé mammarenavirus 1973 Edge Hill virus 1990 Highlands J virus 2000

Nyando orthobunyavirus 1973 Simian virus 41 1990 Langat virus 2001

Catu orthobunyavirus 1974 Corriparta virus 1990 Una virus 2001

Punta Toro phlebovirus 1974 Gadgets Gully virus 1991 Rotavirus H 2002

Lebombo virus 1975 Mucambo virus 1991 Parainfluenza virus 5 2003

Oriboca orthobunyavirus 1976 Piry vesiculovirus 1993 Chapare mammarenavirus 2004

Uukuniemi phlebovirus 1977 Sabiá mammarenavirus 1994 Candiru phlebovirus 2004

Ntaya virus 1977 Bwamba orthobunyavirus 1994 SARS coronavirus 2004

Everglades virus 1977 Black creek canal hantavirus 1995 Thottapalayam hantavirus 2005

Great Island virus 1978 New York hantavirus  1995 Ilheus virus 2005

Isfahan vesiculovirus 1978 Tai forest ebolavirus 1995 Mammalian orthoreovirus 2005

Eyach virus 1980

Mark Woolhouse, University of Edinburgh, January 2018



HUMAN VIRUS, MAMMAL VIRUS

Mammal Human

Mark Woolhouse, University of Edinburgh, January 2018 Woolhouse et al. (2014) in One Health



Mammal Human
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Mammal Human
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Mammal Human

HUMAN VIRUS, MAMMAL VIRUS

Mark Woolhouse, University of Edinburgh, January 2018 Woolhouse et al. (2014) in One Health



• 87M eukaryote virus species Geoghegan & Holmes (2017) R. Soc. Open Biol.

• >5000 species of mammal, 10 each Morse (1993) Emerging Viruses → 50,000 

• Estimated 23 RNA viruses in one population of Pteropus giganteus

Anthony et al. (2013) mBio → 100,000 

? Do most mammals have any unique viruses at all? Critical community size

• Humans = 30% global land zoomass

• Livestock = 67%

• Wildlife =   3%

• Smil (2012) Harvesting the Biosphere

DIVERSITY OF MAMMAL VIRUSES

Mark Woolhouse, University of Edinburgh, January 2018



GLOBAL VIROME

Mark Woolhouse, University of Edinburgh, January 2018 www.globalviromeproject.org



(PREDICTIVE) GENOMIC SURVEILLANCE

Mark Woolhouse, University of Edinburgh, January 2018 Woolhouse & Ashworth (2017) Biochemist

• Sequence data easy to obtain

• Inferring phenotype from genotype not at all 

easy to do

• Key trait is cell receptor usage

• Know 78 different receptors from 94 human-

infective viruses (across 19 families)

• Receptor →

- Infectivity

- Tissue tropism →

- Pathogenicity

- Transmissibility
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THE VIRUS PYRAMID

LEVEL 4

EPIDEMIC SPREAD

LEVEL 1

EXPOSURE

LEVEL 2

INFECTION

LEVEL 3

TRANSMISSION

updated from Woolhouse et al. (2014) in One Health

N = 123

N = 31

N = 60

N = ???

R0 > 1

Mark Woolhouse, University of Edinburgh, January 2018



CHANGING LEVELS

Mark Woolhouse, University of Edinburgh, January 2018

LEVEL 1 → LEVEL 2/3/4 

• SARS

• Lujo

• MERS

• … many others

LEVEL 3 → LEVEL 4

• Zaire ebolavirus

• Chikungunya

• Zika

LEVEL 2 → LEVEL 3/4  

• None?

Woolhouse et al. (2016) Emerg. Infect. Dis.
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CHANGING LEVELS

Mark Woolhouse, University of Edinburgh, January 2018 Thanks to Lu Lu, Alex Bhattacharya 

LEVEL 4

EPIDEMIC SPREAD

LEVEL 1

EXPOSURE

LEVEL 2

INFECTION

LEVEL 3

TRANSMISSION



AN EXAMPLE: ARBOVIRUSES

• 91 human RNA virus species from 8 families are transmitted by vectors

• All 19 level 3/4 RNA arboviruses are carried by anthropophilic vectors

• Main anthropophilic vector species are from 5 dipteran genera:

− Aedes spp.

− Anopheles spp.

− Culex spp.

− Culicoides spp.

− Phlebotomus spp.

• All four Level 4 arboviruses [YFV, DENV, CHIK + ZIKA] are carried by Aedes spp.

• There are no anthropophilic ticks: so no Level 4 tick-borne viruses

Woolhouse et al. (2016) Emerg. Infect. Dis.Mark Woolhouse, University of Edinburgh, January 2018



‘LEVEL 3’ RNA VIRUS SPECIES

Mark Woolhouse, University of Edinburgh, January 2018

Arenaviruses

(Dandenong*)

Guanarito

Junin

Lassa

Lujo

(Lymphocytic choriomeningitis)

Machupo

Sabia

Bunyaviruses

Andes

Bwamba

Crimean-Congo haemorrhagic fever

Oropouche

Rift Valley

Severe fever with thrombocytopenia 

syndrome

adapted from Woolhouse et al. (2016) Emerg. Infect. Dis.

Coronaviruses

Middle East respiratory syndrome

Filoviruses

Bundibugyo ebola

Lake Victoria marburg

Sudan ebola

Zaire ebola

Flaviviruses

(Japanese encephalitis)

(Usutu)

(West Nile)

Zika

Paramyxoviruses

Nipah

Reoviruses

(Colorado tick fever)

Nelson Bay

Rotavirus H

Rhabdoviruses

Bas-congo*

(Rabies)

Togaviruses

Barmah forest

Chikungunya

O’nyong-nyong

Ross river

Semliki forest

Venezuelan equine encephalitis

*not ICTV recognised

N = 35

- includes 7 viruses known only through iatrogenic and/or vertical routes (parentheses)

N = 28

- includes 7 viruses known only through iatrogenic and/or vertical routes (parentheses)

8 with outbreaks >100 cases (bold)
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Arenaviruses

Guanarito

Junin

Lassa

Lujo

Machupo

Sabia

Bunyaviruses

Andes

Bwamba

Crimean-Congo haemorrhagic fever

Oropouche

Rift Valley

Severe fever with thrombocytopenia 

syndrome

adapted from Woolhouse et al. (2016) Emerg. Infect. Dis.

Coronaviruses

Middle East respiratory syndrome

Filoviruses

Bundibugyo ebola

Lake Victoria marburg

Sudan ebola

Zaire ebola

Flaviviruses

Zika

Paramyxoviruses

Nipah

Reoviruses

Nelson Bay

Rotavirus H

Rhabdoviruses

Bas-congo*

Togaviruses

Barmah forest

Chikungunya

O’nyong-nyong

Ross river

Semliki forest

Venezuelan equine encephalitis

*not ICTV recognised

N = 35

- includes 7 viruses known only through iatrogenic and/or vertical routes (parentheses)

- 5 with outbreaks >100 cases (bold)

N = 28

- includes 7 viruses known only through iatrogenic and/or vertical routes (parentheses)

8 with outbreaks >100 cases (bold)

3 already transitioned to Level 4

N = 25

- includes 7 viruses known only through iatrogenic and/or vertical routes (parentheses)

5 with outbreaks >100 cases (bold)



OUTBREAK DYNAMICS

Woolhouse et al. (2016) Emerg. Inf. Dis.

P(x)=Γ(x-½)/√πΓ(x)
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A
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Y

Mark Woolhouse, University of Edinburgh, January 2018
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RESPONSE PRIORITIES

Coalition for Epidemic Preparedness Innovations 



RESPONSE PRIORITIES

LIST OF TOP EMERGING DISEASES 

LIKELY TO CAUSE MAJOR 

EPIDEMICS

The 2017 list of disease priorities needing urgent R&D attention comprises: 

Arenaviral hemorrhagic fevers (including Lassa Fever)

Crimean Congo Haemorrhagic Fever (CCHF)

Filoviral diseases (including Ebola and Marburg)

Middle East Respiratory Syndrome Coronavirus (MERS-CoV)

Other coronaviral diseases (such as Severe Acute Respiratory Syndrome, (SARS))

Nipah and related henipaviral diseases

Rift Valley Fever (RVF)

Severe Fever with Thrombocytopenia Syndrome (SFTS)

Zika

Disease X

The list will be updated annually or when new diseases emerge

Mark Woolhouse, University of Edinburgh, January 2018



DIAGNOSTICS AND SURVEILLANCE

Mark Woolhouse, University of Edinburgh, January 2018



ADDING VALUE TO DATA

Mark Woolhouse, University of Edinburgh, January 2018 Woolhouse et al. (2015) Sci. Trans. Med.



OPENNESS AND DATA SHARING

CalfID VisitID calfID_visitID VisitDate CADOB CADOD Age at VOIAge class RT LN ECF Status RLB.T.parvaRLB.T.taurotragiRLB.T.mutansRLB.T.veliferaRLB.T.sp.sable

CA010110012 VPC010012 CA010110012_VPC010012 31/08/2008 08/06/2008 31/08/2008 84 2 NA NA NA 1 NA NA NA NA NA

CA010110025 VRC160025 CA010110025_VRC160025 09/09/2009 05/06/2009 NA 96 2 39.7 0 0 0 1 0 0 0 0

CA010210035 VRC160035 CA010210035_VRC160035 02/07/2008 13/03/2008 NA 111 3 39.2 0 0 0 0 1 1 0 0

CA010210036 VRC160036 CA010210036_VRC160036 02/07/2008 12/03/2008 14/07/2008 112 3 40.4 0 1 1 1 1 0 0 0

CA010210038 VCC010038 CA010210038_VCC010038 18/06/2008 18/04/2008 NA 61 2 39.8 1 0 0 1 0 0 0 0

CA010210046 VCC010046 CA010210046_VCC010046 09/12/2008 12/11/2008 NA 27 1 40.8 1 1 0.5 1 0 0 0 0

CA010210058 VRC160058 CA010210058_VRC160058 13/01/2010 17/09/2009 NA 118 3 40.7 0 0 0 1 0 1 0 0

CA010310071 VRC060071 CA010310071_VRC060071 11/10/2008 27/08/2008 NA 45 1 40.8 1 1 0.5 1 0 0 0 0

CA010310074 VRC060074 CA010310074_VRC060074 17/12/2008 02/11/2008 NA 45 1 39.1 1 1 0.5 1 1 0 0 0

CA010310078 VRC060078 CA010310078_VRC060078 01/04/2009 02/02/2009 NA 58 1 38.8 0 0 0 1 1 0 0 0

CA010310080 VPC010080 CA010310080_VPC010080 28/04/2009 27/02/2009 28/04/2009 60 2 NA NA NA 1 NA NA NA NA NA

CA010310085 VRC510085 CA010310085_VRC510085 08/09/2010 08/09/2009 NA 365 4 39.2 0 0 0 1 0 1 1 1

CA020410093 VCC010093 CA020410093_VCC010093 02/04/2008 15/11/2007 13/04/2008 139 3 40.8 1 1 1 1 0 1 1 1

CA020410105 VRC160105 CA020410105_VRC160105 18/02/2009 06/11/2008 NA 104 2 40.5 1 1 0.5 1 1 1 0 0

CA020410106 VRC510106 CA020410106_VRC510106 21/10/2009 16/11/2008 NA 339 4 38.9 0 0 0 1 0 1 1 0

CA020410111 VRC160111 CA020410111_VRC160111 08/07/2009 26/03/2009 NA 104 2 38.9 0 0 0 0 0 1 0 0

CA020410112 VRC210112 CA020410112_VRC210112 16/09/2009 01/05/2009 NA 138 3 39.4 1 0 0 1 0 1 0 0

CA020510126 VRC510126 CA020510126_VRC510126 11/03/2009 23/03/2008 NA 353 4 38 0 0 0 1 0 1 0 0

CA020510129 VRC060129 CA020510129_VRC060129 09/07/2008 29/05/2008 NA 41 1 38.4 1 0 0 1 0 0 0 0

CA020510141 VRC110141 CA020510141_VRC110141 24/06/2009 12/04/2009 NA 73 2 39.7 0 0 0 1 1 0 0 0

CA020510142 VCC010142 CA020510142_VCC010142 11/06/2009 16/05/2009 14/06/2009 26 1 41.2 1 1 1 1 0 0 0 0

CA020510143 VRC160143 CA020510143_VRC160143 07/10/2009 26/06/2009 NA 103 2 40.2 0 0 0 1 0 0 1 0

CA020510144 VCC010144 CA020510144_VCC010144 27/08/2009 24/06/2009 NA 64 2 41 1 2 0.5 1 0 0 0 0

CA020510146 VRC160146 CA020510146_VRC160146 16/12/2009 29/08/2009 NA 109 3 39.9 1 0 0 1 0 0 0 0

CA020610151 VRC210151 CA020610151_VRC210151 03/04/2008 03/11/2007 NA 152 4 39.1 0 0 0 1 0 1 0 0

CA020610156 VRC160156 CA020610156_VRC160156 08/05/2008 18/01/2008 NA 111 3 38.6 0 0 0 0 1 1 0 0

CA020610172 VRC160172 CA020610172_VRC160172 02/07/2009 05/04/2009 02/07/2009 88 2 NA 0 0 1 1 0 0 0 0

CA020610176 VRC410176 CA020610176_VRC410176 08/04/2010 11/07/2009 NA 271 4 37.9 0 0 0 0 0 1 1 1

CA030710181 VRC060181 CA030710181_VRC060181 22/11/2007 21/10/2007 NA 32 1 39.6 1 0 0 1 0 0 0 0

CA030710189 VCC010189 CA030710189_VCC010189 02/07/2008 06/05/2008 NA 57 1 41.3 1 1 0.5 1 0.5 1 0 0

CA030710190 VCC010190 CA030710190_VCC010190 02/07/2008 10/05/2008 NA 53 1 41.2 1 1 0.5 1 0 0.5 0 0

CA030710201 VCC010201 CA030710201_VCC010201 02/04/2009 09/02/2009 08/04/2009 52 1 41.4 1 1 1 1 0 0 0 0

Mark Woolhouse, University of Edinburgh, January 2018
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TACKLING INFECTIONS TO BENEFIT AFRICA

A partnership between:

University of Edinburgh, UK

University of Botswana

University of Ghana

KEMRI-WT, Kenya

University of Rwanda

University of Kwazulu-Natal, South Africa

University of Khartoum, Sudan

NIMR, Tanzania

COCTU, Uganda

University of Zimbabwe

Mark Woolhouse, University of Edinburgh, January 2018 www.tiba-partnership.org


