Health {(IAH) Neuropathogenesis Unit (Edinburgh, United Kingdom),
respectively. The vCJD isolate was a World Health Ovganization
{(WHOQ) reference sample from the National Institute for Biological
Standards and Control (NIBSG; Potters Bar, United Kingdom). 5Sit
isolates were provided by the Instituto Superiore i Saniw (ISS:
Rome, Laly).

Transgenic mice and (ransmission assays. The tg5340 line expresses
the bovine PrP allele with 6 octarepeats under the control of the
eytomegalovirus (CMV) promoter on a FVB mouse line with Prp™
background (Protocol ST} The 15338 line expresses the ViuaR)5,Qi5
allele of ovine PrP ata homozygous state, on 2 mouse PrP®" background
[29]. The tansgene construct (tg8) consists in a bacterial artificial
chromosome {(BAC}inseri of 125kb of sheep DNA [13). All experiments
were performed according to national guidelines. Each inoculum was
prepared extemporaneousty in a class Il microbiological cabinet using
disposable equipment. Individually identified 6- to J0-wk-old mice
were inoculated. intracerebrally with 20 pl of a 10% {wtivol) brain
homogenate in 5% glucose. Mice were monitored daily once ill and
killed in extremis,

Analysis of PrP™ molecular pattern. All precedures regarding
purification and detection of PrP™ from brains and spleens of
infected mice were as described [14]. ICSM18 [30] or Sha31 [31] anti-
PrFP antibodies were used. Enzymatic deglycosylation was performed
on denatured PrP™ with 1,000 U of Tecombinant PNGase (MNew
England Biolabs, Beverly, Massachusetts, United States) for:2 h at 37
°C in 1% Nonidet P40 and the proprietary buffer as described [30].
Determination of glycoform ratio and 2ppavent molecular mass was
performed with the GeneTools software afier acquisition of
chemihuninescent signals with a GeneGnome digital imager (Syn-
gene, Frederick, Maryland, United States).

Histopathelogy. For histoblot analysis [§2], brains were rapidly

- removed from killed mice and frozen on dry ice. Thick 10-pm

cryostat sections were cut, transferred onto Superfrost slides, and
kept at =20 °C until use, The procedure was performed as described
f14) using the 12F10 anti-PrP antibody [33). All immunohistochem-
isuy procedures regarding rissue processing have been described
previously [34]). Samples were fixed In-neutral-buffered 10% formalin
(4% formaldehyde) before paraffin embedding. After deparaffinisa-
tion, B-pm-thick tissue sections were stained with haematoxylinfeosin.
Vacuolation profiles were established, following the standard methed

References

1. Collinge J {2001) Prion diseases of humans and animals: Their causes and
molecular basis, Annu Rev Neurosci 24; 519-550.

2. Bruce ME (2003) TSE strain variation. Br Med Bull 66: 99-108.

3. Lasmezas Ci, Deslys JP, Demaimay R, Adjou KT, Lamoury F, et al. (1986)
BSE trunsmission to macaques. Nature 381: 743-744.

4. Bruce ME, Will RG, ironside JW, McConnell T, Drummend D, et al. (1997)
Transmissions to mice indicate that “new variant™ CJD is caused by the BSE
agent. Nawure 389: 498-501.

5. Hill AF, Desbruslais M, Joiner 5, Sidle KC, Gowland §, ¢ al. ($997) The same
prion strain causes vCID and BSE. Nature 339: 448-450, 526,

6, Scott MR, Will R, Ironside J, Nguyen HO, Tremblay P, et al, (1999}

Compelling transgenctic evidence for transmission of bhovine spongiform

encephalopathy prions to humans, Proc Nau Acad Sci U § A 96: 15137-

15142,

Prusiner SB (1997) Prion diseases and the BSE crisis. Science 278: 245-25).

Collinge ], Sidle KG, Meads J, Ironside ], Hill AF {1996) Molecular analysis

of prion strain vuriation and the aetiology of “new variant™ CjD. Nature

$83: 685-690,

9. Biacabe AG, Laplanche JL, Ryder 5, Baron T {2004) Distinct mwolecular
phenotypes in baovine prion diseases. EMBO Rep 6: 110-115,

10. Casalone C, Zanusso G, Acutis P, Fermri §, Capucci L, e1 al, (2004)
dentification of a second bovine amyloidotic spongiform encepliatopaihy:

o

BENE2006-024

Novel Prion Strain lsolated from Cattle

described by Fraser and Dickinson [13), by using twa to three brains
per isolate.

Supporting Information

Protocol 81. Description of the Bovine PrP Transgenic Mice (1g540
Line} :
Found at DOT: 10.1571fjournal.ppat.0020112.5d001 (92 KB DOC).

Accession Numbers

The GenBank (hurp:fiwww.nebi.nlm.nih.goviGenbank) accession num-
bers for the genes and gene products discussed in this paper are
bovine PrP (NM181013) and sheep FrP (M31313).

Acknowledgments

We thank O. Andreoletti (INRA-ENV, Toulouse, France} for cattle
BSE samples and help for mouse histopathological analysis, N.
Hunter {IAH, Edinburgh, United Kingdom) for ARR sheep BSE
samples, U. Agrimi (I5S, Rome, Italy), for ftalian sheep scrapie cases, |.
Grassi (Commissariat 4 'Energie Atomique, Saclay, France) for Sha3l
and J2F10 antibodies, 8. Hawke (Imperial College School of
Medicine, London, United Kingdom) for ICSM18 antibody, S.
Prusiner (Instituie for Neurodegenerative Diseases, San Francisco,
CA) for the ¥VB"™ mice, B. Schaeffer (INRA-Jouy) for help in
statistical analysis, M, Pillot from Animalerie Rongenrs (INRA-Jouy}
and G. Maillucci (Medical Research Council Prion Unit, London,
United Kingdom) for careful reading of the manuseript. :

Author contributions. JLV and HL conceived and designed the
experiments. VB, AB, ALD, FR, TLL, NC, GT, and JLV performed the
experiments. VB, AB, and HL analyzed the data. AGB and TB
contributed reagentsimaterialsfanalysis tools. VB and HL wrote the
paper. .

Funding. This work was suppored by a gramt from the French
Minisury of Agricuiture (DGAL) and a joint grant from INRA-AFSSA.

Competing interests. The authors have declared that no competing
interests exist.

characteristics of different strains of scrapie in Sine congemic mouse lines:
Implications for the nature of the agent and host contrel of pathogenesis.
Gen Virol 72 (P1 3): 595-603,

17. Goldmann W, Hunter N, Martin T, Dawson M, Hope J {1991} Different
forms of the bovine Prl gene have five or six copies of a short, G-C-
rich element within the protein-coding exon. | Gen Viral 72 (Pt 1): 2~
204, :

18. Baron TG, Biacabe AG, Bencsik A, Langeveld JP (2006) Transmission of
new bovine prion to mice. Emerg Infect Dis 12: 1125-1128.

19. Cudip RC, Miller JM, Race RE, Jenny AL, Katz JB, ev al. (1994) lntracerehral
wransmission of scrapie to eattle, J Infect Dis 169: 814-820.

20. Zanusse G, Casalone C, Acutis P, Bozzetta L, Farinamo A, ct al. (2003)
Molecular analysis of tatrogenic serapie in haly. I Gen Virol 84: 1047-1052.

21. Asante FA, Linchan JM, Desbruslais M, Joiner 8, Gowland 1, et al. (2002} BSE
priens propagate as either variant GJD-like or sporadic CJD-like prion
sirains in trapsgenic mice expressing human prien protein. EMBO | 21:
6358-6366,

22. Yull HM, Ritchie DL, Langeveld JP, van Zijderveld FG, Bruce ME, o al
(2006) Detection of type I prion protein in variant Creutzfeldi-Jakols
discase. Am ] Pathol 168: 151-157,

23. Ladogana A, Puopslo ‘M, Croes EA, Budka B, Jarius C, e al. (2DG5}
Mortality from Creutefeldi-Jakoly disease and related disorders in Europe,
Australia, and Canada. Neurology 64: 1586-158].

Molecular similarities_with_sporadic_Creutzfeldt:]akob_discuse. Prac_Natl

Acacl Sei U S A 101: 3065~3070,

11, Watts JC, Balachandran A, Westaway D (2006) The expanding universe of
prion diseases. PLoS Pathog 2: ¢25. DO 10,137 1fjournal.ppat 0620026

12, Buschmann A, Groschup MH {2008) Highly bovine spongiform encephal.
opathy-sensitive  transgenic mice confirm the cssential resiviction of
infectivity to the nervous systen in clinically diseased cattle. J Infect Dis
192: 934.942, L

13, Yilote JL. Soulier S, Essalmani R, Stinnakre MG, Vaiman 1), et al, (200])
Markedly incrensed susceptibility to natural sheep scripic of wtransgenic
mice expressing ovine prp. J Virol 75: 5977-5984.

14. Le Dur A, Beringue ¥, Andreoletti O, Reine F, Lai TL, ctal. (2603) A newly
identificd type of sexapie agent can nawurally infect sheep with resistant
Pr¥ genotypes. Proc Natl Acad Sci U S A 102: 18031-16036.

15. ¥raser H, Dickinson AG (1968) The sequential development of the brain
lesion of scrapie in three strains of mice. ] Comp Pathol 78: 301-311,

16. Bruce MF, McConacell 1, Fraser H, Dickinson AG (18841) The disease

) @) PLoS Pathogens | www.plospathogens.org

24. Bavon T, Biacube AG (2006) Origin of bovine spongiform encephalopadhy.
Lancet 367: 207-208 uauthor reply 206-200.

25, Schoch G, Seeger H, Bogousslavsky J, Tolnay M, Janzer RC, et al. (2006)

© Analysis of prian steaing by PYPSe profiling in sporadic Creutzleldt-Jakol
discase. PLoS Med 3 ¢14. DOL 10.1371fournal pmed. 0030019~

26, Eloit M, Adjou K, Coulpier M, Fontaine ]|, Hamel R, et al. (2003) BSE agem
signatures in 2 goat. Veu Rec 156: 523-524.

27. Lezmi §, Martin S, Siman S, Comoy E, Benesik A, et al. (2004) Comparntive
melecular analysis of e abnormal prien protein in field serapic cases and
experimental bovine spengiform encephalopathy in sheep by use of
Western blotting and immunchistochemical methods, | Virol 78 3634
3662

28. Houston F, Goldmann W, Chong A, Jeffrey M, Gonzalez L, et al. (2003)
Prion diseascs: BSE in sheep bred for rosistance 1o infection. Naare «123;
498,

28, Bucler H, Fischer M, Lang ¥, Bluethmann H, Lipp HP, e al. (1892) Norual

0962 October 2006 | Volume 2 | Issue 10 [ e112

289



30.

31.

developrient and behaviour of mice lacking the neuronal cell-surface PrP
protein. Nature 356: 577-582.

Beringue V, Mallinsan G, Kaisar M, Tayebi M, Satwar Z, et al. (2003)
Regional heterogencity of cellular- prien. protcin isofurms din the mousc
brain. Brain 126; 2065-2073.

Feraudet C, Morel N, Simon §, Volland H, Frebert ¥, et al. (2005) Screening
of 145 unti-PrP monoclonal antibodies for their capacity to inhibit l’rPSc
replication in infected cells. ] Biol Chem 280: 11247-11258.

32, Taraboulos A, ]cndrus!\a K, Serban 1. Yang SL, DeArmand §J, et al. (]Elq?)

33.

4.

Novel Prion Strain Isoldted from Cattle

Regional mapping of prien proteins in brain. Proc Natl Acad Sci U S A 8%
7620-7624.

Krascmann §, Groschup MH, Harmeyer 5, Hunsmann .G, Bodemer W
(1996} Generation of monoclonal antibedics agxinst human prion proteins
in PrPOih mice. Mol Med 2: 725-734.

Bencsik AA, Debeer 80, Baron TG (2005} An altevnative prewrcatment
procedure in animal transmissible spongiform encephalopathies diagnosis
using PrPsc immunohistocliemistry. J Histochem Cytechem 53: 1198-1202,

f

@ PLoS Pathogens | www.plospathogens.org

290

0963

October 2006 | Volume 2 | Issue 10 | e112



162

R = 2 e o ) No. 23
- EES BIRHE ATHEE
" ' BEH F-BATH | FERREOR, |[BHLER
i 1 - '
HANES - BEEK . 2006, 10. 23 BA=1s3P
— & AR IR S, Gborn DA, il &V, e | A0
R], Mason GL, Hays SA, Hayes—Klug
e M A NP _ raker TR, Mi , i \
BRFER (EFB) %mﬁﬁﬁﬁi{iﬁﬁi H ‘j’ﬁ_iJ (3 Zﬁi’ﬁ"{"—?—?ﬂ:} Cl}, T‘:‘lling GC, lia-llﬂo‘:n«'titr Eiﬁg\?rScfioeﬁce. RE
R P i BRI ETE-LRT B 9 ) (B AAR-F4E) 2006 Oct 6;314(5796):133-6.
ORMEHFER [T Lo D DR B LUK DREGE ) A FRAEOTERHRER-
AR IT BIRIEFERS (CWD) 2 DD 7 VAV RBOEFICT, FRPOTIVAVBESERLBSFEHTH FOMLSEERE

EEOmSH

%y TS fRHT 570, CWD#@ifévw@:d—— NECWDRBB DL H OMERR, I EITR - EEICRES Y, T OR
2. CWD%{K%L%@%’.&@W?}/W@& (B D20 BI UMK (M RE) PR bhi, »_G)F%i»fg CWDIZ %8
DENB BB BT HEE XD, TJT/GMF%%LTJME.E@éﬁﬁﬂmw}cﬁﬁ% BThd,

FRIMERM-A-PI H 7R

RS AR M ERM A+ PT B 3R]
FRMEREEERE-LRI B 3R
BRSSP i BRI L -LR [ B 3R

BRI T DTA A
FIES, SRR 5 DRk

_ [VCIDZEDRREDY RS

BEEXDER

SEROMG

CWDRRHe S DWERL F L O A6 CWD R L (Bt
FVF B EELIEOBE THD,

SELB &L, VA RICETAHC M R R UHEROIE TS

0B

S

RALIMEBA S INMIL BN




292



abnormal hyperphosphorylation of TDP-43
might play a role in FTLD-U pathogenesis.
Because UBIs are defined by ubiquitin immu-
nohistochemistry, we asked whether TDP-43 re-
covered from urea fractions of FTLD-U brains is
ubiquitinated, and this was shown to be the case
by immunoprecipitation studies using the rabbit
polyclonal anti-TDP-43 fallowed by irmumoblot
analyses with both anti-TDP-43 and ubiguitin
antibodies (Fig. 3D).

FTLD-U and ALS have been suggested to
be part of a clinicopathological spectrum (23),
sharing similar pathogenic mechanisms that af-
fect different populations of ONS newrons. We
examined classic ALS cases for the presence of
TDP-43-positive UBIs (table S1, nos. 54 to
72). Although none of the inclusions typical of
ALS were detected by mAbs 182 and 406, all
UBIs {including skeinlike, round, and Lewy
body-like inclusions) in motor neurons of ALS
were robustly double-labeled by TDP-43 and

})iquir.in antibodies (Fig. 4, A to F) and by
(" ‘nglerlabel TDP-43 immanohistochemistry (Fig.
4, G to [} A significant number of ALS patients
demonstrate UBIs in hippocampus and frontal
and temporal cortex (23), which were also ini-
munolabeled by TDP-43 (Fig. 4, J and K).

Immunoblots of urea fractions of spinal cord
as well as frontal and temporal cortices of ALS
cases demonstrated a disease-specific signature
for TDP-43 similar to that described above for
FTLD-U (Fig. 4L). Dephosphoryation of the
urea fractions showed that the 45-kD band in
ALS corregponds to pathologically hyperphos-
phorylated TDP-43 as in FTLD-U (Fig. 4M).
However, because the presence of UBIs in ALS
cases is more variable than their presence in
FTLD-U, not all brain regions examined in all
cases exhibited pathological TDP-43,

These studies identify TDP-43 as the major
disease protein in the signature UBIs of FTLD-
U and ALS. Although pathologically altered
TDP43 proteins were present in all sporadic

- ad familial FTLD-U as well as ALS cases,

k_,iere were subtle differences in these abnormal
TDP-43 variants among the three FTLD-U sub-
types, which may be the result of similar but
not identical pathogenic mechanisms. The dif-
ferential distribution of UBIs detected by
ubiquitin antibodies in FTLD-U subtypes (18)
supports this view.

processes, and it is unclear whether physiolog-
ical TDP-43 is present at significant quantities
in the cytoplasm, axons, and dendrites of nor-
mal nearons. Lastly, both FTDP-17U pedigrees
examined here contain PGRN gene mutations
({1, but the relation between TDP-43 and
PGRN, which encodes a secreted growth factor
involved in the regulation of multiple processes
in development, wound repair, and inflammma-
tion (28), remains unclear.

The identification of TDP-43 as the major
component of UBIs specific to sporadic and fa-
milial FTLD-U as well as sporadic ALS resolves
a long-standing enigma concerning the nature of
the ubiquitinated disease protein in these dis-
orders. Thus, these diseases may represent a
spectrum of disorders that share similar path-
ological mechanisms, culminating in the pro-
gressive depeneration of different selectively
vulnerable newrons. These insights into the mo-
lecular pathology of FTLID-U and ALS can ac-
celerate cfforts to develop better therapies for
these disorders.

References and Notes

1. M. 5 Forman, ). Q. Trofanowski, V. M.-Y. Lee, Nat. Med.
10, 1055 (2004).

2. 1. R. Hodges et al,, Ann. Newrol, 56, 399 (2004},

3. A M. Lipton, C. L White I, E. H. Bigio, Ada Neurapatfol.
(Berlin) 108, 379 (2004).

4. 1. K. Johnson et al, Arch, Neurol, 62, 925 (2005},

5. 1. shi ef al,, Acla Neuropathol, (Berlin} 110, 501
(2005},

&. M. 5. Forman et al., Ann. Neurol. 59, 952 (2006).

7. G. M, McKhann et al,, Arch. Neurel 58, 1803 {2001},

8. M. Grossman, . Int. Neuropsychol. Soc, 8, 566
{2002).

JRC2006T-051

REPORTS

9. D. Neary et al., Newrology 51, 1546 (1998).

10. €. Lomen-Hoerth, T. Anderson, B. Miller, Neurofogy 59,
1077 (2002).

11. M. Baker ef al., Nature 442, 914 (2008). .

12. M. Cruts et ol., Nature 342, 920 (2006).

13. P. Poorkaj ¢f al., Ann. Neurol. 43, 815 (1998).

14. M. Hutton ef of., Nature 393, 702 (1998),

15. R. Rademakers ef al., Mol Fsychiatry 7, 1064 (2002),

16. L. R. Mackenzie ef @l, Brain 129, B53 (2006).

17. C L lendon et el, Neurology 58, 1546 (1998),

38. D. M. Sampathu ef of., Am. }. Pathol,, in press.

19, Materials and methods are available as supporting
material on Science Onling,

20. 5. H. Qu, F. Wy, D. Harrich, L. F. Garcia-Martinez,

R. B. Gaynor, }, Viral. 69, 3584 (1995)

21. £ Buratti et al., EMBO I 20, 1774 (2001).

22. H.Y,Wang, |. F. Wang, }. Base, C. ¥. Shen, Genomics 83,
130 {2004).

23, 1. R. Mackenzie, H. H. Feldman, }. Meuropathol Exp.
Neurol. 64, 730 {2005),

24. Y. M. Ay2la et al, J. Mol Biol 348, 575 (2005).

25. P. A, Mercado, Y. M. Ayala, M. Romano, E. Buratt,

F. E. Baralle, Nucleic Acids Res. 33, 6600 {2005),

26. E. Buralti, A. 8rindisi, F. Pagani, F. E. Baralle, Am, J. Huim.
Genet. 74, 1322 (2004).

27. I F. Wang, N. M. Reddy, €. X, Shen, Proc. Notl Acad, Sd.
U.S.A 99, 13583 (2002).

28. 2. He, A. Bateman, ). Mol Med. 1, 600 {2003).

29. We thank the Penn Proteomics Core Facility for the
LC-MS/MS and M. Forman for ¢ritical comments on the
manuscript. This work was funded by NIH (grapts
AG10124, AG17586, and T32 AGOO255) and German
Brain Bank “Brain-Net” (grant 01G10299).

Supporting Online Material
www.sciencemag.orgfegifcontent/Aulli314/5796/130/DC1
ttaterial and Methods

Figs. 51 to 53

Table 51

References

21 August 2006; accepied 8 September 2006
10,1126/s¢ience. 1134108

Infectious Prions in the Saliva
and Blood of Deer with Chronic

Wasting Disease
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TDP-43 {s a ubiquitously expressed, highly
conserved muclear protein (24) that may be a
transeription repressor and an activator of exon
skipping (21, 25, 26) as well as a scaffold for
nuclear bodies through interactions with sur-
vival motor neuron protein (27). TDP-43 is
nommally localized primarily to the nucleus, but
our data indicate that, vnder pathological con-

ditions'in FILD-U, TDP-43 is eliminated from

nuclei of UBI-bearing newrons, a conseguence
of which may be a loss of TDP-43 muclear fimc-
tions. Moreover, nuclear UBIs are rare in spo-
radic FTLD-UJ becanise most pathological TDP-43
accumulates in neuronal cell bodies or their

A dritical concern in the transmission of prion diseases, including chronic wasting disease (CWD)
of cervids, is the potentiat presence of prions in body fluids. To-address this issue directly, we
exposed cohorts of CWD-naive deer to saliva, blood, or urine and feces from CWD-positive deer.
We found infectious prions capable of transmitting CWD in saliva {by the oral route} and in blaod
(by transtusion). The results help to explain the facile transmission of CWD among cervids and
prompt caution concerning contact with body fluids in prien infections,

he prion diseases, or Ilransmissible

I spongiforn encephalopathies (TSEs), are
chronic, degenerative, neurclogical dis-

eases with uniformly fatal outcomes. TSEs are

characterized by the conversion of the normal
cellwlar prion protein (PrP<) to an abemant

insoluble partially protease-resistant isoform
(PrP=s). CWD, a transmissible spongiform
encephalopathy of cervids (deer, elk, and
moose), was {irst observed in the 1960s in
captive deer and free-ranging deer and eIk
in northeastern Colorado and southeastern
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Wyoming (/). CWD has now been identi-
fled in 14 states in the United States and two
Canadian provinces. Despite its facile transinis-
sion, the exact mode of CWD infection has not
been determined. Indeed, surprisingly litide is
known about the transmission of naturally oc-
curring TSEs. For example, scrapie in sheep
has been recognized for centuries, yet the pre-
cise mode of natural transtnission remains un-
clear (3, 6).

To determine whether infectious prions ca-
pable of transmitting CWD are present in
body fluids and excreta of CWD-infecied deer
(CWD+), we exposed four coborts (numbered
1 to 4, n =3 to 4 per cohort) of 6-month-old
CWD-naive hand-raised white-tailed deer
(Odocotleus virginianus) fawns from Georgia,
United States (Table 1) to blood, saliva, a com-
bination of urine and feces, or brain from free-
ranging or captive CWD+- mule deer (Odocoilens
hemionus) from Colorado, Unifted States (tables
St and §2). A control cohort (cohort 5, 1 = 2)
received matching inocula collected from con-
firmed CWD-negative white-tailed deer (0.
virginianus) from Georgia, United States. Be-
cause polymorphism in the normal prion
protein gene (PRNP) may influence CWD
susceptibility or incubation time in white-
tailed deer, PRNP codon 96 genotype for
each deer was determined (table S2) (7).

The deer fawns were housed in separate
isolation suites under sfrict isolation condi-
tions to exclude adventitious sources of prion
exposure [supporting online material (SOM)
text], thus permitting conclusions based on
only the point-source exposure. After inocu-
lation, the deer were monitored for CWD in-
fection by serial tonsil biopsy perfoumed at 0,
3, 6, and 12 months postinoculation (pi), and
at termination (18 to 22 months pi). Equal
portions of tissue were collected and stored
(=70°C or fixed in 10% formalin) at each serial
collection time point (tonsil) and at study ter-
mination (palantine tonsil, brain, and retro-
pharyngeal lymph nodes) for the detection of
the protease-resistant abnormal prion protein
assaciated with CWD (PrPCWD) (8),

Serial tonsil biopsy of each recipient deer
revealed that infectious CWD prions were present
in saliva and blood from CWD+ donor deer

strated between 3 and 12 months pi in tonsil

Department of Micrabiology, Immuncdlogy, and Pathology,
aterinary Diagnostic Laboratory, College of Veterinary
Medicine and Biological Sciences (CVMBS), Colorado State

biopsies of all four animals inoculated either
orally or intercranially with CWD+ brain (cohort
4). More notably, PrP“%D was detected in tonsil
biopsies of two of three deer each in bath the
saliva and blood cohorts (numbers 1 and 2) at 12
months pi. By contrast, deer in the urine and
feces inoculation cohort 3 remained tonsil biopsy
negative for PrP™P thronghout the 15-month
study. Animals in the negative confrel inocula-
tion cohort 5 also remained tonsil biopsy neg-
ative throughout the study.

Deer cohorts 1 (blood), 2 (saliva), and 3
(ntine and feces) were electively euthanized at
18 months pi to permit whole-body examina-
tion for PrPEWP, The greatest scrutiny was di-
rected toward those tissues previously established
te have highest frequency of PrPEWD deposi-
tion in infected deer and generally regarded
as the maost sensitive indicators of infection—
medulla oblongata and other brainster regions,
tonsil, and retropharyngeal lymph node. We
found unequivacal evidence of PrPCWD in brain
and lymphoid tissue of all six tonsil biopsy—
positive deer in cohorts 1 (blood) and 2 (saliva),
whereas all deer in cohorts 3 and 5 were neg-

ative for PrPC¥P in all tssues (Table 2 and
Figs. | and 2).

The transmission of CWD by a single blood
transfusion from two symptomatic and oye
asymptomatic CWD+ donor is important in at
least three contexts: (i) It reinforces that no tis-
sue from CWD-infected cervids can be cou-
sidered free of prion infectivity; (i) it poses the
possibility of hematogenous spread of CWD,
such as ttwough insects; and (jii) it provides a
basis for secking in vitro assays sufficiently
sensitive to demonstrate PrPEYP or altemate
prion profein conformers in blood—one of the
grails of prion biology and epidemiology.

The identification of blood-borne prion
transmission has been sought before with mixed
results (9-11). Bovine spongiform encephalop-
athy and scrapie have been transmitted to naive
sheep through the iransfer of 500 ml of blood
or buffy coat white blood cells from infected
sheep (72, 13). In addition, limited but compelling

evidence argues for the transmission of variagt-

Creutzfeldt-Takob discase (vCID) through blok,
from asymplomatic donors (/4-16). Even in
sporadic CID, PrP™s has been found in periph-

Tahle 1. CWD prion bigassay inoculation cohiorts. Cohort 1 fawns received either a single
intraperitoneal (IP) inoculation of 250 ml of frozen citrated blood {7 = 2) or an intravenous {I\)
transfusion with 250 ml fresh citrated whole bloed {n = 1) each from a single CWD+ donor. Cohort
2 fawns received a total of 50 ml saliva, each from a different CWD-+ donor, orally (PQ) in three
dases over a 3-day period. Cohort 3 fawns received a total of 50 mi urine and 50 g of feces PQ, each
from a different CWD-- donor, in divided doses over a 3- to 14-day period, As positive controls,
cohort 4 fawns were inoculated with a 10% brain homogenate from a CWD+- donor deer through
either a single intracranial (1C) injection of 1 g equivalent of brain (1 = 2) or PO with a total of 10 g
equivalents of brain (0 = 2) divided over a 3-day period. Cohort 5 fawns {7 = 2) were inoculated with
equivalent amounts of each of the above materials from a single (WD-negative donor deer to serve
as negative controls for the study.

?:I::’:l Inoculum Route (n) Amount inor::l-a:i];ns

1 3 Blood IV (1), IP (2) 250 ml 1

2 3 Saliva PO (3) 50 mt 3

3 3 Urine and feces FO (3} 50ml + 50 g itol4

4 4 Brain 1), PO 1 g (IC), 10 g (PO) 14c), 3 (PLd

5 2 All of the above PO (2} All of the abave 1t014

Table 2. PrP™® detection by longitudinal tonsil biopsy and necropsy of deer exposed to body fluids or
excreta from CWD+ deer, PP assay results for tonsil {T), brain (B) {medulla oblongata at obex), and
retropharyngeal lymph node (RLN} are shown. The number of deer in_which PrP™?® was detected {(8) is

"~

shown over the total number of deer in the cohort. One of the three original animals inoculated with
urine and feces was euthanized prematurely 61 days pi due to a bacterial infection. The.deer in cohorts
1, 2, and 3 were terminated at 18 months (mo.} pi. Two of the four cohort 4 deer were terminaied at 20
and 21 onths pi. The two cohort 5 deer were terminated at 22 months pi.

University (CSU, Fort Colling, CO 80523, USA. Biclogical  Animal ol Biopsy collection

Resource Managemert Division, National Park Service, Fort noculum P

Collins, CO 80525, USA. “Witdlife Artist Supply Company cohort 3 mo, 6 mo. 12 mo. Termination

{(WASCO) Inc., Monsoe, GA 30655, USA. *Wamell School of ® m ) T B RLN

Forestry and Natural Rescurces, University of Georgia, Athens,

GA 30609, USA, *WildlHe Research Center, Colorado Division 1 Blood 03 0/3 23 33 23 313

of Wildiite, Fort Collins, €O 80526, USA. "Departraent of 2 Saliva 0/3 0/3 213 3/3 23 313

Micrabiology, immunology and Molecular Genetics, University 3 Urine and feces o2 02 02 or 052 o2

°: Ke“;”‘k"' “"““9“’"& kY 401536'1;5:‘ st e Brain 114 214 44 22 212 212

"o whom correspondence shou e aadoaressed. E-mail? 1

edwasd.hoover@calostate.edu 5 Negative samples 0/2 072 0/2 0r2 02 0/2
' 6 OCTOBER 2006 VOL 314 SCIENCE  www.sciencemag.arg
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~ohort 1

(.

eral organs of some patients (/7). The present
wark helps establish that prion diseases can be
transmitted through blood.

The presence of infectious CWD prions in
saliva may explain the facile transmission of
CWD, Cervid-to-cervid interactions (SOM text),
especially in high density and captive sifuations,
would be expected to facilitate salivary cross-
contact (17, 18, 19). Salivary dissemination of
prions may not be limited to CWD. Protease-

Medulla at Obex
Cohoit 5

Negative
control

"Blood

Cohort 2
Saliva

Cohort 4
Positive
control

A

resistant prion protein has been demonstrated in
the oral mucosa, taste buds, lingual epithelium,
vomeronasal organ, and offactory mucosa of
hamsters infected with transmissible mink
encephalopathy (/9) and ferrets infected with
CWD (20} Although no imstance of CWD
transmission to humans has becn detected, the
present results emphasize the prudence of using
impervious gloves during contact with saliva or
blood of cervids that may be CWD-infected.

{ymphoid Tissue

AN A AA

Fig. 1. PrP™™2 demonstrated by immunchistochemistry in tonsil, brain (medulla oblongata at
obex), and retropharyngeal lymph node of deer receiving saliva ar blood from CWD-infected
donors. CWD immunchistachemistry is shown in the medullz at obex (A to H) and either tonsil or
retropharyngeal lymph node (I te P) (8). Arrows indicate PrPWP staining (red) within brain and

lymphoid follicles. Arrow with asterisk indicates lymphoid follicle negative for PrPWP_A, scale bar= -
© 50 pm; ~A, scale bar = 110 um.

REPORTS

Environmental contamination by excreta
from infecied cervids has traditionally seemed
the most plausible explanation for the dissem-
ination of CWD {27). However, we could not
detect PrPSWP in ccohort 3 deer moculated re-
peatcdly with urine and feces from CWD+
deer and examined up to 18 months pi (Table 2).
There are several reasons to view this negative
finding cautiously, including small samuple size,
elective preclinical termination, and potential
variation in individual susceptibility that may
be associated with the 96 G/S polymorphisin in
the PRNP gene (7, 22). Although no genotype
of white-tailed deer is resistant to CWD in-
fection, PRNP genotypes S/S or G/S at codon 96
appear to have reduced susceptibility manifest
by longer survival (7). Both deer in cohort 3
(urine and feces) were subsequently shown to
be of the PRNP 96 G/S genotype., Thus, it is
possible, although we think unlikely, that these
deer had a prolonged incubation peried (>18
months pi) before the amplification of PrPCWP
became detectable in tissues. Recent studies
have shown that PrP™s is poorly preserved
after incubation with intestinal or fecal content
(23, 24). Further rescarch using cervid and sur-
rogate cervid PrP transgenic mice (25) are in-
dicated to continue to address the presence of
infectious CWD prions in excreta of CWD+
deer and to provide a more substantial basis for
reconsideration of the assumption that excreta
are the chief vehicle for CWD dissemination and
transmissiort.

The results reported here provide a plausible
basis for the efficient. transmission of CWD in
nature. We demonstrate that blood and saliva in
particular are able fo transmit CWD to naive deer
and preduce incubation periods consistent with
those observed in naturally acquired infections
(3, 26). The time flom exposure to first detection
of PrPEVP by tonsil biopsy was variable—as
short as 3 months but as long as 18 months (like-
ly underestimates due to sampling frequency).
The results also reinforce a cautious view of the
exposurc risk presented by body fhaids, excreta,
and all tissues from CWD+ cervids,
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