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Identifying predictable patterns in disease emergence



Economic Impact of Emerging Diseases



Fauci (2001) Clin. Infect. Dis.



Jones et al. 2008 Nature



Spatial reporting bias by country

Each author’s country from every JID paper 1973-2004



Temporal patterns in EID events

Jones et al. 2008

• EID events have increased over 
time, correcting for reporter bias 
(GLMP,JID F = 86.4, p <0.001, 
d.f.=57)

• ~5 new EIDs each year

• ~3 new Zoonoses each year

• Zoonotic EIDs from wildlife 
reach highest proportion in 
recent decade 



relative 
influence (%) std. dev.

population 27.99 2.99

mammal diversity 19.84 3.30

change: pop 13.54 1.54

change: pasture 11.71 1.30

urban extent 9.77 1.62

… … …



Global Vulnerability: Zoonotic EIDs

Hotspot risk + travel and trade out of a region



EID risk per airport

Hosseini et al. (in prep)



y-axis: relative probability of an EID event in a grid cell with this characteristic
x-axis: min. to max. values of each driver (except ‘Pasture Change’)
Plots show effect relative to human pop. Distribution, factoring out reporting bias.
Model: 2 levels of interaction between drivers, 



Brazil, Amazon basin Uganda, Bwindi Impenetrable Forest

Borneo, Kinabatangan R.
Ground-truthing hypotheses:
“DEEP FOREST” project



 Q1. Have you eaten any wildlife during the past year? 

Take homes:
• Eating wildlife is more common in more 

pristine areas. 

• Overall difference in the proportion of 
people reporting eating wildlife between 
countries

• Significant interaction effect which 
suggests that this trend was not 
consistent across the gradient levels.



Q2. During the past year, have you seen rodents inside 
your home?  

Take homes:
• Rodents entering into the home is 

more common in more disturbed 
areas 

• People in the disturbed and 
intermediate areas are more likely to 
report rodents coming into their 
homes than people in the pristine 
areas



DEEP FOREST: Mapping human-animal contact risk

A) Land use change (raw LDI)

B) Reclassified LDI to match 
disturbance gradient levels

C) Wildlife consumption map from our 
DF surveys per gradient.

D) Map of relative human-animal 
contact risk (derived from 
proportion of people consuming 
wildlife x pop density)

Brazil Malaysia Uganda





Which species will the next pandemic emerge from?





Bats: missing zoonoses



• Modeled distribution of 
MERS-CoV bats

• Camel production (FAO)

• Modeled risk of MERS 
spillover (horn of Africa)

Where to look for specific pathogen groups



The Great Donald Rumsfeld

“There are known knowns; there are things we know that we know.

There are known unknowns; that is to say, there are things that we now know we don't know.

But there are also unknown unknowns – there are things we do not know we don't know.”

US Secretary of Defense Donald Rumsfeld, 
Press briefing on links between Iraq and 
WMD, February 12, 2002

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&docid=WPp_J3xGAdVbTM&tbnid=fk1nX4OQp0E8wM:&ved=0CAUQjRw&url=http://www.catholiclifeministries.org/2013/01/01/donald-rumsfeld-the-magi-and-the-unknown-unknown/&ei=9-ZCUrrPHaHi4AOZwoCICg&bvm=bv.53077864,d.dmg&psig=AFQjCNFUg4UdxM12p6KRC3PhC7GnU1mZog&ust=1380202610631086


Anthony et al. mBio 2013

• ~58 unknown viruses in Pteropus giganteus
• ~320,000 unknown viruses in all mammals; ~72,152 in the 1,244 known bat species 
• One-off cost to identify 100% = $6.8 Billion
• One-off cost to identify 85% = $1.4 Billion
• Cost of SARS = $10-50 Billion
• ~250 bat viruses in last 5 years, 530 total = 7% of  the estimated #





STAGE 1 (Pre-Emergence) STAGE 2 (Spillover)

STAGE 3 (Pandemic)

STAGE 2b 
(Amplification Zone)



Follow up Genetic and Experimental studies 
(post-PREDICT) to Further Assess Spillover Potential

• Virus isolation
• Sequence whole genome
• With temporally sampled viruses, measure mutation 

rates and phylodynamics
• Sequence receptor binding domain, if known
• Structural comparison with human receptors (e.g. 3D 

models, In silica)
• Cell line infection experiments (in vitro)
• Humanized mice and other animal experiments
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VIRUS-INDEPENDENT 
TRAITS

RISK OF SPILLOVERVIRUS-SPECIFIC TRAITS
+ =

Geographic 
hotspots for 
emergence

Host species traits, 
geographic range, 
relatedness

Epidemiological/
contact interface

Viral prevalence in 
host

Host abundance

% pos

Host breadth/plasticity

Ranking risk for zoonotic potential of novel viruses

Proportion known 
zoonoses in virus 
family  

Phylogenetic 
relatedness to 
known zoonoses

Other virus-specific 
traits 



Where would a new virus travel to?

(A) Influenza A/H7N9, China; (B) MERS, S. Arabia; (C) Ebola virus, S. Leone; (D) Ebola, Liberia



Li et al. (2005) Science



Human and Civet SARS-CoV nestle phylogenetically within Bat SL-CoV cluster

P1b

S

Li et al. Science 2005



Ge et al. (2013) Nature

 Human SARS CoV Tor2
 Human SARS CoV BJ01
 Human SARS CoV GZ02
 Civet SARS CoV SZ3
 Bat SL-CoV Rs_4087-1
 Bat SL-CoV Rs_4110
 Bat SL-CoV Rs_4090
 Bat SL-CoV Rs_4079
 Bat SL-CoV Rs_3367
 Bat SL-CoV Rs_4105

 Bat SL-CoV Rs_SHC014
 Bat SL-CoV Rs_4084
 Bat SL-CoV Rs_3267-1
 Bat SL-CoV Rs_3262-1
 Bat SL-CoV Rs_3369

 Bat SL-CoV Rf1
 Bat SL-CoV Rs_4075
 Bat SL-CoV Rs_4092

 Bat SL-CoV Rs_4085
  Bat SL-CoV Rs_3262-2
 Bat SL-CoV Rs_3267-2
 Bat SL-CoV HKU3-1

 Bat SL-CoV Rm1
 Bat SL-CoV Rp3
 Bat SL-CoV Rs_4108
 Bat SL-CoV Rs672
 Bat SL-CoV Rs_4081
 Bat SL-CoV Rs_4096
 Bat SL-CoV Rs_4087-2
 Bat Sl-CoV Rs_4097
 Bat SL-CoV Rs_4080

 Bat SARS-related CoV BM48
 Bat CoV HKU9-1
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Web platform built for the One Health 
community to collect, share, and visualize 
information from human, animal, and 
environmental health. 

Centralized web-application 
dedicated to the improvement, 
storage, display, dissemination, and 
discussion of current knowledge on 
historical disease emergence. 

Emerging Infectious Disease 
Repository (EIDR)

Global Rapid Identification Tool (GRITS)
• Automated diagnosis from online feeds
• Validated via Amazon Mechanical Turk



           Collaborators
•  UC Davis, Metabiota, WCS, Smithsonian

•  Univ. Wyoming (David Finnoff)

•  Columbia Univ. (Ian Lipkin, Simon Anthony)

•  100+ partners in 24 countries

•  Wuhan Institute of Virology, Yunnan CDC

•  Universiti Malaysia Sabah, Sabah Wildlife Dept.

Funders


