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Mule Deer Survival and Populations Mule Deer Survival and Populations 
Trends at Table Mesa, COTrends at Table Mesa, CO

Miller et al. PLoS ONE 2008, 3, e4019

Estimated average life expectancy
Uninfected deer: additional 5.2 y
Infected deer: additional 1.6 y

Black diamonds = estimated population size
Gray diamonds = mean daily counts

Survival rates consistent with 45% 
decline in mule deer population since 
occurrence of CWD.



Common FeaturesCommon Features



 

TransmissibleTransmissible


 

Accumulation of diseaseAccumulation of disease--
 associated associated prionprion

 
proteinprotein



 

Long incubation period/ Long incubation period/ 
extended preclinical stageextended preclinical stage



 

No host immune responseNo host immune response


 

No cureNo cure


 

Inevitably fatalInevitably fatal


 

Extreme resistance to Extreme resistance to 
inactivationinactivation100 nm

Prusiner, 1998



 

Spongiform degenerationSpongiform degeneration



TSE Agent TSE Agent ––
 

Pathogenic Pathogenic PrionPrion
 

Protein Protein 



 

PrPPrPCC

 
––

 
normal, benign, normal, benign, 

cellcell--surface proteinsurface protein


 

3030--33 33 kDakDa
 sialoglycoproteinsialoglycoprotein



 

Function unclearFunction unclear

Watts et al. (2006) PLoS Pathogens



 

PrPPrPTSETSE

 
((PrPPrPScSc) ) ––

 
misfoldedmisfolded

 isoformisoform
 

of of prionprion
 

proteinprotein


 

CoCo--purifies with infectivitypurifies with infectivity


 

Major, if not sole, Major, if not sole, 
component of TSE agentscomponent of TSE agents



Persistence of Persistence of PrPPrPTSETSE



 

Resistant to UV, ionizing and microwave Resistant to UV, ionizing and microwave 
radiation radiation 



 

Resistant to most chemicals that inactivate Resistant to most chemicals that inactivate 
other pathogensother pathogens


 

Alcohol, ammonia, benzene, Alcohol, ammonia, benzene, --propiolactonepropiolactone, , 
ethylene oxide, formaldehyde, formalin, ethylene oxide, formaldehyde, formalin, 
gluteradehydegluteradehyde, , HClHCl, H, H

 
22

 

OO
 

22

 

, , peroxyaceticperoxyacetic
 

acidacid


 

Resistant to limited protease digestionResistant to limited protease digestion


 

Heat treatment Heat treatment 


 

Boiling has little effectBoiling has little effect


 

Autoclaving at 121Autoclaving at 121--138138°°C not always sterilizing C not always sterilizing 


 

11--h exposure at 360h exposure at 360°°C or 15C or 15--min exposure at 600min exposure at 600°°C C 
may leave residual infectivitymay leave residual infectivity

Taylor. Vet. J. 2000, 159, 10-17



Horizontal and Environmental Horizontal and Environmental 
TransmissionTransmission



 

Unlike most Unlike most prionprion
 

diseases, diseases, scrapiescrapie
 and CWD are communicable within and CWD are communicable within 

a populationa population


 

Animals can contract Animals can contract scrapiescrapie
 

or or 
CWD following habitation in areas CWD following habitation in areas 
once holding infected animalsonce holding infected animals



 

An environmental reservoir of infectivity An environmental reservoir of infectivity 
affects contact rate, duration of affects contact rate, duration of 
infectivity and efficiency of transmissioninfectivity and efficiency of transmission



 

Arthropod vectors (flesh flies, hay Arthropod vectors (flesh flies, hay 
mites) have been postulated, but mites) have been postulated, but 
appear unlikelyappear unlikely



Environmental Transmission ExperimentsEnvironmental Transmission Experiments
exposure

infected deer

infected carcass
decomposed in situ

1.8 y prior

residual excreta
infected deer 
2.2 y earlier

mule deer

Unexposed controls: 0/4
Miller et al. Emerg. Infect. Dis. 2004, 10, 1003-1006

2/10

3/12

1/9

CWD cases



Soil as an Environmental Reservoir of Soil as an Environmental Reservoir of 
PrionPrion InfectivityInfectivity



 

PrionsPrions
 

introduced into soils via introduced into soils via 
decomposition of carcasses, decomposition of carcasses, 
alimentary shedding and urinary alimentary shedding and urinary 
excretion excretion [[MathiasonMathiason

 

etaletal. (2006) . (2006) 
ScienceScience; ; GregoriGregori

 

et al. (2008) et al. (2008) EIDEID]]. . 

Photo courtesy of Carleen Pedersen © 2006



 

Animals ingest soilAnimals ingest soil


 

Incidental Incidental ––

 

feeding, groomingfeeding, grooming


 

Deliberate Deliberate ––

 

mineral licks, scrapes mineral licks, scrapes 
[Weeks and Kirkpatrick (1976) [Weeks and Kirkpatrick (1976) J. J. WildlWildl. . 
Manage.Manage.] ] 



 

PrionPrion
 

infectivity persists for years in infectivity persists for years in 
soil when buried soil when buried 

 
impactsimpacts

 duration of infectivity duration of infectivity [[Brown and Brown and 
GajdusekGajdusek

 

(1991) (1991) Lancet Lancet ; Seidel et al. ; Seidel et al. 
(2007) (2007) PLoSPLoS ONEONE]]



Montmorillonite (Mte)

(Na,Ca)0,3 (Al,Mg)2 Si4 O10 (OH)2 ·n(H2 O) 

Kaolinite (Kte)

Al2 Si2 O5 (OH)4

Quartz Sand

Kaolinite

Images courtesy of Mineralogical Society Johnson et al. PLoS Pathogens 2006, 2(4), 296-302.



PrPPrPTSETSE
 

Attachment to Mineral ParticlesAttachment to Mineral Particles

Johnson et al. PLoS Pathogens 2006, 2(4), 296-302.

Sup = supernatant (free PrPTSE)
Pel

 

= pellet (mineral particle-bound PrPTSE)



Strength of Strength of PrPPrPTSETSE
 

Attachment to Attachment to MteMte

Johnson et al. PLoS Pathogens 2006, 2(4), 296-302.

1°

 

= primary extractant
2°

 

= secondary extractant

 

(SDS)



Johnson et al. PLoS Pathogens 2006, 2(4), 296-302.



Equivalence factor:Equivalence factor:
MteMte increases transmission by a factor of 680 increases transmission by a factor of 680 

(95% CI: 16, (95% CI: 16, ∞∞))
Johnson et al. PLoS Pathogens 2007, 3(7), 874-881.



PrPPrPTSETSE
 

Transport through SoilsTransport through Soils

Jacobson et al. Environ. Sci. Technol. 2009, 43, (accepted)Each section ~ 3 mm

Boardman silt loam

Bluestem sandy clay loam



PrPPrPTSETSE
 

Transport through Municipal Transport through Municipal 
Solid WasteSolid Waste

Jacobson et al. Environ. Sci. Technol. 2009, 43, (accepted)

Fresh MSW Aged MSW



ConclusionsConclusions



 

PrPPrPTSETSE

 
interaction with interaction with montmorillonitemontmorillonite

 
is is 

remarkably avidremarkably avid


 

PrPPrPTSETSE--MteMte
 

complexes remain infectious and complexes remain infectious and 
enhance disease transmissionenhance disease transmission



 

PrionPrion
 

transport appears limited in fine grained transport appears limited in fine grained 
mineral soils, but mobility in MSW highermineral soils, but mobility in MSW higher



 

While recovery of While recovery of PrPPrPTSETSE

 
declines with time in declines with time in 

aerobic soils, infectivity remainsaerobic soils, infectivity remains
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Spongiform DegenerationSpongiform Degeneration
 ((obexobex

 
region of brainstem)region of brainstem)

PrPTSE

 

immunostained

 

red, counterstained blue 
Image courtesy of Chad Johnson

20 m

healthy tissue CWD-infected tissue



Reported Cases of BSEReported Cases of BSE

Aguzzi

 

et al. (2008) Annu. Rev. Neurosci.



Reported Cases of Reported Cases of vCJDvCJD

Aguzzi

 

et al. (2008) Annu. Rev. Neurosci.



Potential Routes of Potential Routes of PrionPrion
 

Introduction Introduction 
into WW Treatment Systemsinto WW Treatment Systems



 

LeachateLeachate
 

from landfills accepting from landfills accepting prionprion--infected infected 
materialsmaterials


 

Unlikely if encased in fineUnlikely if encased in fine--textured soiltextured soil


 

Improper discharge into WW collection systemsImproper discharge into WW collection systems


 

Necropsy labs, game processors, game dressingNecropsy labs, game processors, game dressing


 

Shedding by CJD patientsShedding by CJD patients


 

Unlikely to be significantUnlikely to be significant


 

Disposal of downer animals in agricultural Disposal of downer animals in agricultural 
digestersdigesters



 

PrionsPrions
 

have not been detected in WWTP have not been detected in WWTP 
influent, effluent or influent, effluent or biosolidsbiosolids



PrPPrPTSETSE
 

Partitions to Activated Partitions to Activated 
Sludge SolidsSludge Solids

Hinckley et al. Environ. Sci. Technol. 2008, 42, 5254-5259



MesophilicMesophilic
 

(37(37°°C) Anaerobic C) Anaerobic 
Digestion of Digestion of PrPPrPTSETSE

Hinckley et al. Environ. Sci. Technol. 2008, 42, 5254-5259



PrPPrPTSETSE
 

Survives Simulated Survives Simulated MesophilicMesophilic
 (37(37°°C) Anaerobic Sludge DigestionC) Anaerobic Sludge Digestion

Hinckley et al. Environ. Sci. Technol. 2008, 42, 5254-5259



Transformation of Transformation of PrPPrPTSETSE
 

in Soilin Soil


 

MicroorganismsMicroorganisms


 

Enzymes Enzymes ––
 

proteases, proteases, phenoloxidasesphenoloxidases


 

Biogenic oxidantsBiogenic oxidants



 

Soil Soil macrobiotamacrobiota


 

SolidSolid--phase oxidantsphase oxidants


 

Manganese oxide mineralsManganese oxide minerals



In vitro In vitro BiomimeticBiomimetic
 

··OH ProductionOH Production

Brown Rot Fungus Brown Rot Fungus GloeophyllumGloeophyllum 
trabeumtrabeum (courtesy of Ken (courtesy of Ken HammelHammel))

LignolyticLignolytic FungiFungi

pH 3pH 3--55

produce Hproduce H22 OO22 & & 
hydroxyquinoneshydroxyquinones

[H[H22 OO22 ] = 50] = 50--300  300  μμMM

FeFe22+ FeFe3+3+

HH22 OO22
··OHOH

HydoxyquinonesHydoxyquinones

Mimics Mimics extracellularextracellular
 

chemistry of chemistry of lignolyticlignolytic
 

fungi to produce fungi to produce 
environmentally relevant environmentally relevant ··OH concentrations OH concentrations (Metz et al., in (Metz et al., in 
review)review)

•• 200 200 μμM HM H
 

22

 

OO
 

22

 

, 20 , 20 μμM FeM Fe2+2+, 20 , 20 μμM M methoxyquinonemethoxyquinone, pH 4, pH 4
•• anoxic conditions, dark, 16anoxic conditions, dark, 16--18 h reaction time18 h reaction time

Environmentally relevant Environmentally relevant ··OH levels induced no change in OH levels induced no change in 
PrPPrPTSETSE

 

levels levels 
Metz et al. Environ. Sci. Technol. (in review)



Manganese OxidesManganese Oxides


 

Coatings and fineCoatings and fine--grained aggregates in soils and grained aggregates in soils and 
sedimentssediments



 

BirnessiteBirnessite
 

among most common among most common MnMn
 

oxides in soilsoxides in soils


 

Layer type Layer type MnMnIV,IIIIV,III

 

oxidesoxides


 

Formed from bacterial oxidation of Formed from bacterial oxidation of MnMnIIII



 

Important in soils with alternating reducing and oxidizing Important in soils with alternating reducing and oxidizing 
conditionsconditions


 

Seasonally waterlogged areas, Seasonally waterlogged areas, 
areas with reduced drainageareas with reduced drainage



 

However, many wellHowever, many well--drained soils drained soils 
contain MnOcontain MnO

 

22

 

due to previous due to previous 
wet conditions wet conditions 



 

Among strongest natural oxidants Among strongest natural oxidants 
in soils (in soils (EE

 
HH

 

00

 

= +1.29 V) = +1.29 V) 


 

Mediates transformation of a Mediates transformation of a 
variety of organic contaminantsvariety of organic contaminants



Transformation of Transformation of PrPPrPTSETSE
 

by Acid by Acid BirnessiteBirnessite



 

Acid Acid birnessitebirnessite


 

Prepared from reductive precipitation of KMnOPrepared from reductive precipitation of KMnO
 

44

 
(Murray, (Murray, JICS JICS 1974)1974)



 

Characteristics Characteristics ((GaoGao

 

and Pedersen, in prep.)and Pedersen, in prep.)


 

Average Average MnMn

 

oxidation state = +3.94 oxidation state = +3.94 


 

Specific surface area = 330 mSpecific surface area = 330 m22··gg--11



 

pHpH

 
zpczpc

 

< 2.4< 2.4


 

--potential = potential = −−34 34 ±±

 

5 mV (pH 5.0) 5 mV (pH 5.0) 


 

Primary particles, Primary particles, dd

 
pp

 

= 30= 30--70 nm 70 nm 


 

Aggregate hydrodynamic diameter = 391 Aggregate hydrodynamic diameter = 391 ±±

 

10 nm10 nm

Russo et al. (2008) J. Gen. Virol.



PMCA Quantification of PMCA Quantification of PrPPrPTSETSE
 

Degradation Degradation 

MnO2

 

reduced prion
 

converting levels by more than a factor of 104

120 PMCA cycles

Russo et al. (2008) J. Gen. Virol.
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