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Economic Impact of Selected Infectious Disease Outbreaks

Economic Impact of Emerging Diseases

H1N1

SARS Worldwide
China, Hong Kong, $45-55bn

Singapore, Canada
$30-50bn

H5N1 Avian Flu
Worldwide, $30bn

" Foot & Mouth
Foot & Mout UK, $10-15bn

Taiwan, $5-8bn

MRSA

E.Coli0157:H7 WVAREEE T
US, $1.8bn

Nipah BSE BSE
SE Asia Lyme Disease Us, $3.5bn Canada
$550-650m US, $200m $3bn
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Africa $31-33bn
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Figures are estimates and are presented as relative size. Based upon bio-era and other data.

I
2013

I
2014

]
2015



Multidrug-resistant tuberculosis
Cryptosporidiosis

Vancomycin-resistant / | \ \ Drug-resistant malaria
S. aureus / \\ , : “ ./ FARN

Cyclosporiasis . -

E. coli Q157:H7 £/~ R RPN E. coli
A Hepatitis C O157:H7
) <S4
' - , vCJD . ( H5N1
Human / Ol Y= L nfluenza
monkeypox 7- 1 .’:sl " Lyme drsea_s?e ” influ
oy Vancomycin-
Anthrax resistant
bioterrorism S. aureus
Nipah virus
Whitewater
e b Hendra virus

Hantavirus
pulmonary

syndrome Enterovirus 71

Human monkeypox

Dengue \ /
YoHow swier Choler/a/ Marburg Ebola Plague
haemorrhagic fever haemorrhagic fever

Fauci (2001) Clin. Infect. Dis.



Total EID events

Jones et al. 2008 Nature




Spatial reporting bias by country

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



Number of EID events

Temporal patterns in EID events
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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

Jones et al. 2008
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Global Vulnerability: Zoonotic EIDs

i

Hotspot risk + travel and trade out of a region



EID risk per airport

Hosseini ef al. (in prep)



Relative risk of EID event occurrence
(and 95% CI)

Partial dependence plot for zoonotic EID event occurrence

Mammal Biodiversity
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Plots show effect relative to human pop. Distribution, factoring out reporting bias.
Model: 2 levels of interaction between drivers,
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Q1. Have you eaten any wildlife during the past year?

Wildlife consumption
Disturbed Intermediate Pristine
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Table 1, Table of Deviance

Take homes:

Country

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.

Term Df Dev Resid Df
NULL 840
Gradient 2 115.232 838
Country 1 24.633 837
Country*Gradient 2 12.896 835

Resid Dev

1162.0
1046.8
1022.1
1009.2

L L]
W ok
ok

Note: The dependent variable is wildlife consumption coded so that 0 = Not in the last year and 1 = Sometime in the

last year. Significance codes: 0 “**** 0.001 “*** 0.01 “**0.05°.70.1 " 1



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

Rodents in home

— Disturbed Intermediate Pristine

Take homes:
* Rodents entering into the home is
more common in more disturbed

0.75-
areas

0.50 - - * Peoplein the disturbed and
intermediate areas are more likely to
report rodents coming into their

0.25- homes than people in the pristine
areas

Disturbance level

Proportlon

Table 3, Table of Deviance

Term Df Dev Resid Df Resid Dev p
NULL 874 933.35

Gradient 2 38.155 872 895.19 e
Country 1 43.348 871 851.84 ]
Country*Gradient 2 14.952 869 836.89 e

Note: The dependent variable is whether a respondent reports wildlife coming into their home coded so that 0 =
Never and 1 = Sometimes



DEEP FOREST: Mapping human-animal contact risk

A)

Brazil

Malaysia Uganda

>

A)

B)

C)

D)

Land use change (raw LDI)

Reclassified LDI to match
disturbance gradient levels

Wildlife consumption map from our
DF surveys per gradient.

Map of relative human-animal
contact risk (derived from
proportion of people consuming
wildlife x pop density)
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Which species will the next pandemic emerge from?

Proportion of viruses shared with humans
|
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Bats: missing zoonoses
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Where to look for specific pathogen groups

e Modeled distribution of
MERS-CoV bats

Latitude
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Latitude
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* Modeled risk of MERS
spillover (horn of Africa)

Latitude

100°W 50°W



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
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A Strategy To Estimate Unknown Viral Diversity in Mammals nﬁlc

Simon J. Anthony,?® Jonathan H. Epstein,® Kris A. Murray,® Isamara Navarrete-Macias,® Carlos M. Zambrana-Torrelio,?

Alexander Solovyov,? Rafael Ojeda-Flores,© Nicole C. Arrigo,? Ariful Islam,? Shahneaz Ali Khan,? Parviez Hosseini,P Tiffany L. Bogich,®f
Kevin J. Olival,P Maria D. Sanchez-Leon,®P William B. Karesh,” Tracey Goldstein,@ Stephen P. Luby," Stephen S. Morse,9!

Jonna A. K. Mazet,9 Peter Daszak,* W. lan Lipkin2

Center for Infection and Immunity, Mailman School of Public Health, Columbia University, New York, New York, USA=: EcoHealth Alliance, New York, New York, USA®;
Facultad de Medicina Veterinaria and Zootecnia, Universidad Nacional Auténoma de México. Ciudad Universitaria, Mexico City. Distrito Federal, Mexico<; Chittagona
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* ~58 unknown viruses in Pteropus giganteus

e ~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

e ~250 bat viruses in last 5 years, 530 total = 7% of the estimated #

Anthony et al. mBio 2013






STAGE 2b
(Amplification Zone)

N\ -

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



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

* Sequence whole genome

 With temporally sampled viruses, measure mutation
rates and phylodynamics

e Sequence receptor binding domain, if known

e Structural comparison with human receptors (e.g. 3D
models, In silica)

* Cell line infection experiments (in vitro)

* Humanized mice and other animal experiments




Ranking risk for zoonotic potential of novel viruses

VIRUS-INDEPENDENT
TRAITS
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Where would a new virus travel to?

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



Bats Are Natural Reservoirs of
SARS-Like Coronaviruses

Wendong Li,"? Zhengli Shi,”* Meng Yu,® Wuze Ren,? Craig Smith,*
Jonathan H. Epstein,® Hanzhong Wang,® Gary Crameri,
Zhihong Hu,? Huajun Zhang,2 Jianhong Zhang,Z
Jennifer McEachern,® Hume Field,* Peter Daszak,®
Bryan T. Eaton,? Shuyi Zhang,"®* Lin-Fa Wang™*

Severe acute respiratory syndrome (SARS) emerged in 2002 to 2003 in southern
China. The origin of its etiological agent, the SARS coronavirus (SARS-CoV),
remains elusive. Here we report that species of bats are a natural host of
coronaviruses closely related to those responsible for the SARS outbreak. These
viruses, termed SARS-like coronaviruses (SL-CoV), display greater genetic
variation than SARS-CoV isolated from humans or from civets. The human and
civet isolates of SARS-CoV nestle phylogenetically within the spectrum of SL-
CoVs, indicating that the virus responsible for the SARS outbreak was a member
of this coronavirus group.
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Li et al. (2005) Science



Human and Civet SARS-CoV nestle phylogenetically within Bat SL-CoV cluster
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Infectious disease threats? Infectious disease threats? = =

Global Rapid Identification Tool (GRITS)
« Automated diagnosis from online feeds . . .
. Validated via Amazon Mechanical Turk Emerging Infectious Disease

Repository (EIDR)

° Centralized web-application

dedicated to the improvement,
storage, display, dissemination, and
discussion of current knowledge on

Emerging Infectious Disease Repository hi storica | d isease eme I’ge nce.
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Anajatuba virus
March 2000

In May 2000, a 19 year old female student was home. She was helping her parents with field work in a rural =i Tobago
village in Anajatuba, Brazil. On May 20, this young student became seriously i, presenting with a fever of U ;," Geargetown
39°C, shivering, intense generalized myaigia predominating in the lumbar region, persistent dry cough. & \ﬁw
She was treated gentamicin, but developed i cyanotic extremities,
diarh after being to.a hospitalin Sao Luis.
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