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>60% are zoonotic, 12% considered emergent
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L conversion

pitable land converted to farming.
120 million ha converted by 2050.
ith high biodiversity value.



Conversion Effects

natural areas

rsity, unbalances species

and / monocultures facilitate
ion explosions in certain species



utbreak scenarios

ived fruit bats

ogen encountere
an to human contact

irus example
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= Pathogen encountered in converted area.
= Rodent to human contact causes outbreak.







l 1993 Outbreak

e emerged in the Southwest, killing 10
-week period.

itia

eral days, but condition suddenly
ungs filled with fluids.

usually occurred within hours of the onset of this
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reatment, unknown disease agent, 70% mortality, many
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June 1
Clinic on Navajo Reservati



at Was the dlsease agent?

@\ THE UNIVERSITY of NEW MEXICO

nspiracy theories
» Massive collaboration and a bit of luck
 Virus isolation in human case

e Reservoir ID



* Terry Yates
* Basic Mammal Field Work
» Tissue collection since 1978
* Unintended Consequences




Why did this occur at this time
and place?

Reservoir Ecology
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OCCASIONAL PAPERS

“*Data through two El Nifios in the SW US
*Precipitation catalyst of a trophic cascade
*Delayed density-dependent rodent response

*Allows prediction of risk for HPS
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nderstand reservoir ecology
edical community recognition, treatment

Hantavirus Pulmonary Syndrome (HPS) Cases, by State of Exposure
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rated Archives

d, Site Intensive

> Datasets tied to central voucher specimen
Materials for Molecular Biology
es tied to Hosts



# SPECIMENS
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- 50
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m Mongolia 1999, 2009-2013 - Hantavirus 5000
= China 1999, 2006 - Emerging diseases 500

= 22,000 specimens; 300 species



Hantavirus Discovery----multiple mammalian hosts
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| Log In |or| Create Account

« Participation Arctos is an ongoing effort to integrate access to specimen data, collection- Arctos...

+ Components management tools, and external resources on the internet. Nearly all that is Specimen Catalog

+ System Requirements known about a specimen can be included in Arctos, and, except for some data (label-type data and more)
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Hantavirus Milestones

Murinae and Arvicolinae rodent borne-hantaviruses 2007 2011-2012

1976 Hantaan virus (HTNV) Tanganya virus ([TGNV) Xinyi virus (XYIV)
1980 Puumala virus (PUUV) Camp Ripley virus (RPLV) Jeju virus (JUV)

Seoul virus (SEOV) Seewis virus (SWSV) Boweé virus (BOWV)

1982 Prospect Hill virus (PHV) Cao Bang virus (CBNV) Boginia virus (BOGV)
1992 Dobrava/Belgrade virus (DOBV/BGDV) Mouyassué virus (MOYV)
1994 Tula virus (TULV)
2008

1051.1954 2006 Jemez Springs virus (JMSV)

: Imjin virus (MINV) Ash River virus (ARRV)
HFRS in thEllmrean war | Asama virus (ASAV)

|
1950 1960 1970 1980 1990 1997 2006 2007 2008 2009 2010 2011 2012

1964

Thottapalayam virus (TPMV) 2009 2010
Oxbow virus (OXBV)  Kenkeme virus (KKMV)

Nova virus (NVAV) Amga virus (MGAV)
Kilimanjaro virus (KMIV)
Uluguru virus (ULUWV)

Azagny virus (AZGV)

Sarufutsu virus (SRFV)
Rockport virus (RKPV)
Dahonggou Creek virus (DHCV)

19493
HCPS in the southwestern United States

Sigmodontinae and Neotominae rodent-borne hantaviruses
1993 Sin Nombre virus (SNV)

1994 New York virus (NYV)

1997 Andes virus (ANDV)

Pacific Center for Emerging Infectious Diseases Research




Infection, Genetics

and Evolution ang, Y-Z., Holmes, E.C., 2014.

is the Time-Scale of Hantavirus
n?

Infection, Genetics and Evolution

Journal of Molecular Epidemiology and
Evolutionary Genetics in Infectious Diseases

2000 years to 50 million years?






Nihdatiwent wrong?

ing---deep (temporal) & wide (spatial)

 hypothesis driv

1ding availability _

ower scope of new collections

urces shifted to public programs

of museums to engage other communities

nse of museums to build integrated resources

tion —on line open, resources (internet)

are weak for many institutions

e Tracking data & data availability

» Tie big data together, place specimens as central
 e.g.,, GenBank to GoogleEarth through specimens




SPECIMEN DATABASES (www)

TEACHING & RESEARCH
Spatial and Temporal Perspectives
*Environmental Change
*Systematics
*Evolutionary Genomics
*Human Dimensions

FROZEN SAMPLES OF
FAUNA & FLORA

A Museum Approach to
Pathogen Observatories



Other WebTools & UNIVERSITIES

puBLIC = Databases (e.g. BOLD,
GenBank, GoogleEarth, & ARCHIVES

GBIF, Encyglopedia of
i Life) 1

SPECIMEN DATABASES (www)

TEACHING & RESEARCH
Spatial and Temporal Perspectives
*Environmental Change
*Systematics
*Evolutionary Genomics
*Health and Economic
Dimensions

FROZEN SAMPLES OF
FAUNA & FLORA

—

specimens & samples

A Museum Approach to
specimen dataand - Pathogen Observatories

project metadata



Policy Initiatives

SNAP
Fauna & Flora

Providers

Long-Term
Environmental
Research Stations

Pathogen
Identification &
Monitoring
e.g., Hantavirus,
Dengue
Agricultray
Ganaderia

Other WebTools & UNIVERSITIES
Databases (e.g. BOLD,

GenBank, GoogleEarth, & ARCHIVES
GBIF, Encyglopedia of
Life) 1

SPECIMEN DATABASES (www)

FROZEN SAMPLES OF
FAUNA & FLORA

—

specimens & samples

_ A Museum Approach to
specimen data and :
projectmetadata Pathogen Observatories



Other WebTools & UNIVERSITIES

Policy Initiatives — pypLic | Databases (e.g. BOLD,
GenBank, GoogleEarth, & ARCHIVES

SNAP i GBIF, Encyilopedia of

Fauna & Flora Life)

Sample

; SPECIMEN DATABASES (Www)
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Long-Term
Environmental
Research Stations

Pathogen
Identification &
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e.g., Hantavirus,
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Agricultray FROZEN SAMPLES OF

Ganaderia ' FAUNA & FLORA

Resource Managers and Local

Management & Research

Areas Protegidas
Pesca q

Fish & Wildlife Protection specimens & samples

Regional & Local Commissions
Fish and Game Managers A Museum ApproaCh tO

: specimen data and .
Communidades Locales et Pathogen Observatories




; AT Other WebTools &
Policy Initiatives — pypLic | Databases (e.g. BOLD,
GenBank, GoogleEarth,
SNAP i GBIF, Encyilopedia of

UNIVERSITIES
Dther MUSEUM
& ARCHIVES

Critical Science Is Based

On Rigorous Sampling
Fauna & Flora Life)

Conservation Biology
Sample

; SPECIMEN DATABASES (Www)
Providers

Long-Term
Environmental
Research Stations

Pathogen
Identification &
Monitoring
e.g., Hantavirus,
Dengue
Agricultray
Ganaderia

Emerging Pathogen Detection
Identification, Monitoring
Host Switching, Range Expansion

FROZEN SAMPLES OF
FAUNA & FLORA

Resource Managers and Local :
Evolution

Management & Research
Areas Protegidas

Pesca q

Fish & Wildlife Protection specimens & samples

Metagenomics

Regional & Local Commissions

Fish and Game Managers A Museum ApproaCh to
specimen data and

Communidades Locales projectmetadata ~ ’athogen Observatories



) emphasize what I believe will

e the greatest value of our museum. This
ever, be realized until the lapse of man
iy, assuming that our material is safely
that the student of the future will liave
al record of faunal conditions.”
Joseph Grinnell, 1910

d Methods of a Research Museum"
Popular Science Monthly



Next Steps for Pathogen
Jiscovery and Mitigation?

gy Needs
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digitization efforts

apacity
g Participation
g & Integrating Medical & Biology Education
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http://www.travelchannel.com/shows/mysteries-at-the-museum/video/four-corners-outbreak

