
NOTE Public Health

Identification of the first case of atypical scrapie in Japan
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ABSTRACT.	 A	Corriedale	ewe	was	confirmed	as	the	first	atypical	scrapie	case	during	an	active	surveillance	program	for	transmissible	spongi-
form encephalopathies in small ruminants in Japan. The animal was homozygous for the AF141RQ haplotype of PRNP. The animal showed 
clinical neurological signs possibly due to listeriosis before culling. Western blot analysis showed an unusual multiple banded pattern with 
a low-molecular fragment at ~7 kDa. Histopathology revealed suppurative meningoencephalitis caused by listeriosis in the brainstem. 
Fine granular to globular immunostaining of disease-associated prion proteins was mainly detected in the neuropil of the spinal tract of the 
trigeminal nerve and in the white matter of the spinocerebellar tract. Based on these results, this case was conclusively diagnosed as atypical 
scrapie with encephalitic listeriosis.
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Scrapie is a neurodegenerative and fatal disorder that 
causes abnormal behavior in small ruminants. Scrapie be-
longs to a group of transmissible spongiform encephalopa-
thies (TSEs), otherwise known as prion diseases. More than 
20	strains	of	scrapie	have	been	classified	in	inbred	mice	on	
the	basis	of	incubation	period,	lesion	profile	and	distribution	
patterns of disease-associated prion proteins (PrPSc), which 
are misfolded cellular prion proteins [5].

A distinct phenotype of scrapie called atypical or Nor98 
scrapie was initially recorded in sheep from Norway in 1998 
[4]. Atypical scrapie has been sporadically reported in most 
European countries [2, 3] as well as in the United States [18] 
and Canada [19]. The origin of atypical scrapie remains hith-
erto unclear. Interestingly, atypical scrapie has been reported 
to occur both in the Falkland Islands [9] and in New Zealand 
[14], although no case of the classical form of scrapie has 
been reported in either of these countries. Atypical scrapie 
generally occurs in older sheep that are more than six years 
of age, suggestive of a spontaneous/sporadic form of the 
disease. Additionally, homo- or heterozygous genotypes of 
AHQ, AHR, ARR and ARQ at codons 136, 154 and 171 in 
the ovine prion protein gene (PRNP) are commonly associ-
ated with the resistance to classical scrapie [3, 4, 12, 13, 16]. 
Scrapie in sheep has occurred sporadically in Japan since 
1981 [28], with 64 cases of classical scrapie in sheep con-
firmed	to	date.	Six	cases	of	classical	scrapie	in	sheep	have	
been	identified	since	June	2003,	the	beginning	of	the	active	
TSE surveillance program on fallen sheep, goats and deer 
older than 12 months, conducted by the Japanese Ministry 

of Agriculture, Forestry and Fisheries. However, prior to the 
present case, no case of atypical scrapie had been reported in 
Japan (Table 1). This short report describes the pathological 
and	biochemical	features	of	the	first	case	of	atypical	scrapie	
in Japan.

The ewe investigated was a 133-month-old Corriedale 
who had been reared for the entirety of its life at the Fu-
kuoka Agriculture and Forestry Research Center in Fukuoka 
prefecture. The animal displayed gait abnormality and cir-
cling 4 months prior to culling, and it appeared anorexic 
and weak for 3 months prior to culling. The animal was 
euthanized on March 15, 2016 under anesthesia due to asta-
sia and neurological signs of disease. The brainstem region 
around the level of the obex, consisting of pons, medulla 
oblongata and C1 of the spinal cord, was sampled and sent 
to the National Institute of Animal Health (NIAH) for the 
detection of PrPSc by western blotting (WB) and immuno-
histochemistry (IHC). The WB procedure for detection of 
proteinase K-resistant PrPSc was performed by pretreating 
the sample with 40 μg/ml proteinase K for 30 min at 37°C. 
Sodium sulfate–polyacrylamide gel electrophoresis was then 
performed using NuPage pre-cast 12% Bis-Tris gels in MES 
running buffer (Invitrogen, Carlsbad, CA, U.S.A.). The blot-
ted membranes were probed with the monoclonal antibody 
(mAb) P4 (R-Biopharm, Darmstadt, Germany) according 
to a previously described method [23]. IHC for PrPSc was 
performed using the mAb T1 [27] or F99/97.6.1 (VMRD, 
Pullman, WA, U.S.A.) as previously described [22–24]. 
Additionally,	 formalin-fixed	 and	 paraffin-embedded	 tissue	
sections were stained with an anti-Listeria monocytogenes 
(Lm) polyclonal antibody [1] and a secondary Alexa Fluor 
546-conjugated	antibody	for	dual	immunofluorescence.	We	
used brains of sheep affected with atypical scrapie obtained 
from the Veterinary Laboratories Agency (currently the Ani-
mal and Plant Health Agency, Addlestone, Surrey, U.K.) and 
sheep with classical scrapie from the NIAH archive as posi-
tive controls for the WB and IHC tests. A scrapie-negative 
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brainstem sample was used as a negative control.
WB analysis of the present case (Fig. 1; lane 7) with mAb 

P4 revealed the same multiple banding pattern as the atypical 
scrapie positive control (Fig. 1; lanes 1 and 2), exhibiting a 
characteristic low-molecular fragment at ~7 kDa [6, 14, 26] 
which is clearly not present in the classical scrapie positive 
control (Fig. 1; lane 10).

Histopathological examination of the obex region re-
vealed several foci of microabscess, mainly composed of 
neutrophils with some macrophages, located in the reticular 
formation and the nucleus of the spinal tract of the trigeminal 
nerve (Fig. 2A).	Mild	lymphocytic	perivascular	cuffing	with	
hemorrhage was present adjacent to these micro-abscesses. 
A single intraneuronal vacuole, which seemed to be associ-
ated with scrapie, was detected in the dorsal motor nucleus 
of the vagus nerve (DMNV; Fig. 2B). A small number of 
fine	 granular	 to	 globular	 PrPSc	 deposits	were	 identified	 in	
the DMNV using IHC staining (Fig. 2C). These deposits 
were mainly located in the neuropil of the spinal tract of the 
trigeminal nerve (Fig. 2D), in the white matter of the spino-
cerebellar tract and of the olivocerebellar tract, and in the 
neuropil throughout the brainstem and C1 of the spinal cord. 
Intraneuronal and other extracellular PrPSc staining was 
not detected in any of the examined sections. In addition, 
granular PrPSc	 was	 observed	 by	 dual	 immunofluorescence	
and found to be located at the periphery of axons, suggestive 
of an ad-axonal location in the white matter of the spino-
cerebellar tract and the olivocerebellar tract (Fig. 2E) [22]. 
Association of PrPSc with either astrocytes or microglia [23] 
was not detected in the brainstem (data not shown), agree-
ing with other reports of atypical scrapie cases [3, 25]. Short 
rod-shaped positive staining against Lm was located in the 
necrotic lesions (Fig. 2F). Immunohistochemical features, 
such as PrPSc staining types, neuroanatomical distribution 
patterns of PrPSc and magnitude of PrPSc deposition in the 
brainstem, were similar to those features of atypical scrapie 

in sheep that have been reviewed in the literature [3, 20, 29].
The present case was thus conclusively diagnosed as atyp-

ical scrapie co-infected with Lm based on both pathological 
and biochemical features [8]. To the best of our knowledge, 
this	is	the	first	report	of	atypical	scrapie	in	sheep	in	Japan.	
There is no doubt that the ewe had histopathological and 
immunohistochemical features in the obex region that were 
characteristic of encephalitic listeriosis. A sheep affected 
with atypical scrapie may display circling and additional 
symptoms, but other neurological diseases that cause similar 
clinical signs, particularly listeriosis, should be considered 
along with atypical scrapie [15, 17]. In the present case, ab-
normal behavior observed prior to culling might have been 
a result of the meningoencephalitis that was caused by Lm. 
This study indicates the detection of PrPSc in the brains of 
aged sheep is necessary to discriminate atypical scrapie from 
other infectious diseases that may also cause circling.

The presence of a dimorphism at codon 141 (leucine [L] 
or phenylalanine [F]) has been found only in sheep with the 
ARQ genotype [21]. The PRNP genotype of the present 
case was AF141RQ/AF141RQ, which is known to be highly 
susceptible to atypical scrapie compared to the wild-type 
AL141RQ [6, 10, 12, 21]. The PRNP genotype rate from 975 
sheep sampled between April 2003 and May 2016 was as 
follows: ARQ/ARQ, 46.5%; ARQ/ARR, 30.9%; and ARR/
ARR, 10.1% (Table 2). The L141F substitution (AF141RQ) 
was detected in 76 (7.8%) out of the 975 sheep, including 
both homozygous and heterozygous genotypes (Table 2). 
The amino acid sequences of sheep and goat prion proteins 
are similar to each other, but PRNP genotypes of goats are 
more variable and do not show polymorphisms at codon 136 

Table 1. Number of samples tested as a result of active TSE sur-
veillance between April 2003 and May 2016 in Japan

Sheep Goat Deer Total 
number

Classical 
scrapie

Atypical 
scrapie

2003 195 111 3 309 3a)

2004 91 151 6 248
2005 103 134 9 246 1a)

2006 102 166 7 275
2007 98 183 5 286
2008 114 240 16 370
2009 105 160 6 271
2010 132 175 12 319
2011 253 217 15 485 2a)

2012 150 216 12 378
2013 153 261 19 433
2014 153 260 18 431
2015 181 207 7 395
2016 43 28 2 73 1b)

Total 1,873 2,509 137 4,519 6a) 1b)

a)	All	cases	were	confirmed	as	sheep	scrapie,b)	Present	case.

Fig. 1. Western blotting detection with mAb P4 of proteinase K-
resistant PrPSc from the brain of sheep. Lane 1, atypical scrapie 
positive control (AHQ/AHQ sheep); lane 2, atypical scrapie 
positive control (AHQ/ARQ sheep); lane 3, offspring #1 with 
meningoencephalitis; lane 4, offspring #2 with meningoen-
cephalitis;	lane	5,	flock	mate	goat	#1	with	meningoencephalitis;	
lane	6,	flock	mate	goat	#2	without	meningoencephalitis;	lane	7,	
present Japanese atypical case (obex); lane 8, negative control 
(sheep obex); lane 9, empty lane; lane 10, classical scrapie 
positive control (obex). Lanes 1-8 and lane 10 were loaded with 
2 mg and 0.01 mg tissue equivalent, respectively. Molecular 
markers are shown on the left side (kDa).



ATYPICAL SCRAPIE IN JAPAN 1917

Fig. 2. Histopathological and immunohistochemical features in the medulla oblongata at the obex of the Japanese atypical scrapie sheep. A, 
Focal	microabscesses	composed	of	neutrophils	with	some	macrophages	(large	arrows)	and	perivascular	mononuclear	cell	cuffing	(small	arrow)	
at the nucleus of the spinal tract of the trigeminal nerve. B, A single intraneuronal vacuole (arrow) in the dorsal motor nucleus of the vagus 
nerve (DMNV). C, Fine granular PrPSc immunolabeling with mAb T1 (arrows) in the neuropil of the DMNV. D, Fine granular to globular 
PrPSc immunolabeling with mAb T1 in the spinal tract of the trigeminal nerve. E, Granular PrPSc at the ad-axonal location (yellow) in the white 
matter of the olivocerebellar tract. PrPSc (green; Alexa Fluor 488) and myelin sheath (red; Alexa Fluor 546) were labeled with mAb F99/97.6.1 
and myelin basic protein (clone 12; Millipore, Billerica, MA, U.S.A.) and imaged by confocal microscopy (LSM 510; Carl Zeiss, Oberkochen, 
Germany). F, Colocalization of PrPSc (green; Alexa Fluor 488) and Listeria monocytogenes (red; Alexa Fluor 546) in the necrotic lesion of the 
spinocerebellar	tract	by	dual	immunofluorescence	with	mAb	F99/97.6.1	and	an	antibody	to	Listeria followed with TO-PRO-3 counterstaining 
(blue). Asterisk (*) indicates axonal swelling.
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or 171 [11]. It has been reported that histidine (H) at codon 
154 in goats is associated with atypical scrapie [7]. Interest-
ingly, the L141F substitution, which is usually found in sheep, 
has also been found in a goat (Table 3) [7]. Eight animals, 
two goats and six Corriedale sheep, including three offspring, 
were	reared	in	the	same	flock	and	culled	due	to	an	investiga-
tion of TSE. Two offspring sheep (AF141RQ/AF141RQ and 
AL141RQ/AF141RQ) and one goat showed similar clinical 
signs and were diagnosed with listeriosis. The one remaining 
offspring (AF141RQ/AF141RQ),	 the	 two	 sheep	 flock	mates	
(AF141RQ/AF141RQ and AL141HQ/AL141RQ) and the other 
goat	 were	 all	 healthy.	All	 offspring	 and	 flock	mates	 were	
negative for atypical and classical scrapie (Fig. 1; lanes 3–6).

ACKNOWLEDGMENTS. We thank Masaru Kobayashi for 
providing the anti-Listeria antibody. Expert technical assis-
tance was provided by Naoko Tabeta, Naomi Furuya, Ritsuko 
Miwa and Junko Yamada. This work was partly supported by 
grants-in-aid from the Improving Food Safety and Animal 
Health Project of the Ministry of Agriculture, Forestry and 
Fisheries, Japan and by a subsidy of National Agriculture and 
Food Research Organization (NARO).

REFERENCES

 1. Aoyagi, T., Sato, Y., Matsuura, S. and Wada, H. 2000. Liste-
riosis in a raccoon dog (Nyctereutes procyonoides) associated 
with canine distemper. J. Vet. Med. Sci. 62: 639–641. [Medline]  
[CrossRef]

 2. Baron, T., Biacabe, A. G., Arsac, J. N., Benestad, S. and 
Groschup, M. H. 2007. Atypical transmissible spongiform en-
cephalopathies (TSEs) in ruminants. Vaccine 25: 5625–5630. 
[Medline]  [CrossRef]

 3. Benestad, S. L., Arsac, J. N., Goldmann, W. and Nöremark, M. 
2008. Atypical/Nor98 scrapie: properties of the agent, genetics, 
and epidemiology. Vet. Res. 39: 19. [Medline]  [CrossRef]

 4. Benestad, S. L., Sarradin, P., Thu, B., Schönheit, J., Tranulis, M. 
A. and Bratberg, B. 2003. Cases of scrapie with unusual features 
in Norway and designation of a new type, Nor98. Vet. Rec. 153: 
202–208. [Medline]  [CrossRef]

 5. Bruce, M. E. 2003. TSE strain variation. Br. Med. Bull. 66: 
99–108. [Medline]  [CrossRef]

 6. Chong, A., Kennedy, I., Goldmann, W., Green, A., González, L., 
Jeffrey, M. and Hunter, N. 2015. Archival search for historical 
atypical scrapie in sheep reveals evidence for mixed infections. 
J. Gen. Virol. 96: 3165–3178. [Medline]  [CrossRef]

 7. Colussi, S., Vaccari, G., Maurella, C., Bona, C., Lorenzetti, R., 
Troiano, P., Casalinuovo, F., Di Sarno, A., Maniaci, M. G., Zuc-
con, F., Nonno, R., Casalone, C., Mazza, M., Ru, G., Caramelli, 
M., Agrimi, U. and Acutis, P. L. 2008. Histidine at codon 154 of 
the prion protein gene is a risk factor for Nor98 scrapie in goats. 
J. Gen. Virol. 89: 3173–3176. [Medline]  [CrossRef]

	 8.	 EFSA	2005.	Opinion	on	classification	of	atypical	transmissible	
spongiform encephalopathy (TSE) cases in small ruminants. 
EFSA J. 276: 1–30.

 9. Epstein, V., Pointing, S. and Halfacre, S. 2005. Atypical scra-
pie in the Falkland Islands. Vet. Rec. 157: 667–668. [Medline]  
[CrossRef]

 10. Everest, S. J., Thorne, L., Barnicle, D. A., Edwards, J. C., El-
liott, H., Jackman, R. and Hope, J. 2006. Atypical prion protein 
in sheep brain collected during the British scrapie-surveillance 
programme. J. Gen. Virol. 87: 471–477. [Medline]  [CrossRef]

 11. Fast, C. and Groschup, M. H. 2013. Classical and atypical scra-
pie in sheep and goats. pp. 15-44. In: Prions and Diseases (Zou, 
W.-Q. and Gambetti, P. eds.), Springer, New York.

 12. Fediaevsky, A., Morignat, E., Ducrot, C. and Calavas, D. 2009. 
A case-control study on the origin of atypical scrapie in sheep, 
France. Emerg. Infect. Dis. 15: 710–718. [Medline]  [CrossRef]

 13. Fediaevsky, A., Tongue, S. C., Nöremark, M., Calavas, D., Ru, 
G. and Hopp, P. 2008. A descriptive study of the prevalence of 
atypical and classical scrapie in sheep in 20 European countries. 
BMC Vet. Res. 4: 19. [Medline]  [CrossRef]

 14. Kittelberger, R., Chaplin, M. J., Simmons, M. M., Ramirez-
Villaescusa, A., McIntyre, L., MacDiarmid, S. C., Hannah, M. 
J., Jenner, J., Bueno, R., Bayliss, D., Black, H., Pigott, C. J. and 
O’Keefe, J. S. 2010. Atypical scrapie/Nor98 in a sheep from 
New Zealand. J. Vet. Diagn. Invest. 22: 863–875. [Medline]  
[CrossRef]

 15. Konold, T. and Phelan, L. 2014. Clinical examination protocol 
to detect atypical and classical scrapie in sheep. J. Vis. Exp. 83: 
e51101. [Medline]

 16. Le Dur, A., Béringue, V., Andréoletti, O., Reine, F., Laï, T. L., 
Baron, T., Bratberg, B., Vilotte, J. L., Sarradin, P., Benestad, S. L. 
and	Laude,	H.	2005.	A	newly	identified	type	of	scrapie	agent	can	
naturally infect sheep with resistant PrP genotypes. Proc. Natl. 
Acad. Sci. U.S.A. 102: 16031–16036. [Medline]  [CrossRef]

Table 2. PRNP genotypes of sheep in Japan

Polymorphism at codons 136, 141, 154 and 171 Total %
ALRQ/ALRQ 390 40
ALRQ/ALRR 301 30.9
ALRR/ALRR 98 10.1
ALRH/ALRQ 9 0.9
ALRH/ALRR 4 0.4
ALHQ/ALRQ 16 1.6
ALHQ/ALRR 14 1.4
ALHQ/ALRH 1 0.1
ALHQ/ALHQ 6 0.6
AFRQ/ALRQ 32 3.3
AFRQ/ALRR 21 2.2
AFRQ/ALHQ 9 0.9
AFRQ/AFRQ 8 0.8
AFRQ/VLRQ 4 0.4
AFRQ/ALRH 2 0.2
VLRQ/ALRQ 29 3
VLRQ/ALRR 20 2.1
VLRQ/ALRH 1 0.1
VLRQ/ALHQ 1 0.1
VLRQ/VLRQ 9 0.9

975 100

Table 3. PRNP genotypes of goats in Japan

Polymorphisms at codons 136, 141, 154 and 171 Total %
ALRQ/ALRQ 292 97.7
ALRQ/ALRR 4 1.3
ALRR/ALRR 1 0.3
AFRR/ALRR 1 0.3
ALHQ/ALHQ 1 0.3

299 100

http://www.ncbi.nlm.nih.gov/pubmed/10907692?dopt=Abstract
http://dx.doi.org/10.1292/jvms.62.639
http://www.ncbi.nlm.nih.gov/pubmed/17126958?dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2006.10.058
http://www.ncbi.nlm.nih.gov/pubmed/18187032?dopt=Abstract
http://dx.doi.org/10.1051/vetres:2007056
http://www.ncbi.nlm.nih.gov/pubmed/12956297?dopt=Abstract
http://dx.doi.org/10.1136/vr.153.7.202
http://www.ncbi.nlm.nih.gov/pubmed/14522852?dopt=Abstract
http://dx.doi.org/10.1093/bmb/66.1.99
http://www.ncbi.nlm.nih.gov/pubmed/26281831?dopt=Abstract
http://dx.doi.org/10.1099/jgv.0.000234
http://www.ncbi.nlm.nih.gov/pubmed/19008408?dopt=Abstract
http://dx.doi.org/10.1099/vir.0.2008/004150-0
http://www.ncbi.nlm.nih.gov/pubmed/16299372?dopt=Abstract
http://dx.doi.org/10.1136/vr.157.21.667-c
http://www.ncbi.nlm.nih.gov/pubmed/16432036?dopt=Abstract
http://dx.doi.org/10.1099/vir.0.81539-0
http://www.ncbi.nlm.nih.gov/pubmed/19402956?dopt=Abstract
http://dx.doi.org/10.3201/eid1505.081119
http://www.ncbi.nlm.nih.gov/pubmed/18544152?dopt=Abstract
http://dx.doi.org/10.1186/1746-6148-4-19
http://www.ncbi.nlm.nih.gov/pubmed/21088169?dopt=Abstract
http://dx.doi.org/10.1177/104063871002200604
http://www.ncbi.nlm.nih.gov/pubmed/24473217?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16239348?dopt=Abstract
http://dx.doi.org/10.1073/pnas.0502296102


ATYPICAL SCRAPIE IN JAPAN 1919

 17. Ligios, C., Viglietti, A., Carta, P., Dexter, G., Agrimi, U. and 
Simmons,	M.	M.	 2004.	 Clinicopathological	 findings	 in	 sheep	
from Sardinia showing neurological signs of disease. Vet. Rec. 
154: 365–370. [Medline]  [CrossRef]

 18. Loiacono, C. M., Thomsen, B. V., Hall, S. M., Kiupel, M., 
Sutton, D., O’Rourke, K., Barr, B., Anthenill, L. and Keane, 
D.	2009.	Nor98	 scrapie	 identified	 in	 the	United	States.	J. Vet. 
Diagn. Invest. 21: 454–463. [Medline]  [CrossRef]

 19. Mitchell, G. B., O’Rourke, K. I., Harrington, N. P., Soutyrine, 
A., Simmons, M. M., Dudas, S., Zhuang, D., Laude, H. and 
Balachandran,	 A.	 2010.	 Identification	 of	 atypical	 scrapie	 in	
Canadian sheep. J. Vet. Diagn. Invest. 22: 408–411. [Medline]  
[CrossRef]

 20. Moore, S. J., Simmons, M., Chaplin, M. and Spiropoulos, J. 
2008. Neuroanatomical distribution of abnormal prion protein in 
naturally occurring atypical scrapie cases in Great Britain. Acta 
Neuropathol. 116: 547–559. [Medline]  [CrossRef]

 21. Moum, T., Olsaker, I., Hopp, P., Moldal, T., Valheim, M., Moum, 
T. and Benestad, S. L. 2005. Polymorphisms at codons 141 and 
154 in the ovine prion protein gene are associated with scrapie 
Nor98 cases. J. Gen. Virol. 86: 231–235. [Medline]  [CrossRef]

 22. Okada, H., Iwamaru, Y., Fukuda, S., Yokoyama, T. and Mohri, S. 
2012. Detection of disease-associated prion protein in the optic 
nerve and the adrenal gland of cattle with bovine spongiform 
encephalopathy by using highly sensitive immunolabeling pro-
cedures. J. Histochem. Cytochem. 60: 290–300. [Medline]

 23. Okada, H., Miyazawa, K., Imamura, M., Iwamaru, Y., Masu-
jin, K., Matsuura, Y. and Yokoyama, T. 2016. Transmission of 

atypical scrapie to homozygous ARQ sheep. J. Vet. Med. Sci. 78: 
1619–1624. [CrossRef]. [Medline]

 24. Okada, H., Sato, Y., Sata, T., Sakurai, M., Endo, J., Yokoyama, 
T. and Mohri, S. 2011. Antigen retrieval using sodium hydroxide 
for prion immunohistochemistry in bovine spongiform encepha-
lopathy and scrapie. J. Comp. Pathol. 144: 251–256. [Medline]  
[CrossRef]

25. Onnasch, H., Gunn, H. M., Bradshaw, B. J., Benestad, S. L. 
and Bassett, H. F. 2004. Two Irish cases of scrapie resembling 
Nor98. Vet. Rec. 155: 636–637. [Medline]  [CrossRef]

 26. Polak, M. P., Larska, M., Langeveld, J. P., Buschmann, A., 
Groschup, M. H. and Zmudzinski, J. F. 2010. Diagnosis of the 
first	 cases	 of	 scrapie	 in	 Poland.	Vet. J. 186: 47–52. [Medline]  
[CrossRef]

 27. Shimizu, Y., Kaku-Ushiki, Y., Iwamaru, Y., Muramoto, T., Kita-
moto, T., Yokoyama, T., Mohri, S. and Tagawa, Y. 2010. A novel 
anti-prion protein monoclonal antibody and its single-chain frag-
ment variable derivative with ability to inhibit abnormal prion 
protein accumulation in cultured cells. Microbiol. Immunol. 54: 
112–121. [Medline]  [CrossRef]

 28. Shinagawa, M., Matsuda, A., Sato, G., Takeuchi, M., Ichijo, 
S. and Ono, T. 1984. Occurrence of ovine scrapie in Japan: 
clinical	and	histological	findings	in	mice	inoculated	with	brain	
homogenates of an affected sheep. Jpn. J. Vet. Sci. 46: 913–916. 
[Medline]  [CrossRef]

 29. Tranulis, M. A., Benestad, S. L., Baron, T. and Kretzschmar, H. 
2011. Atypical prion diseases in humans and animals. Top. Curr. 
Chem. 305: 23–50. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/15074327?dopt=Abstract
http://dx.doi.org/10.1136/vr.154.12.365
http://www.ncbi.nlm.nih.gov/pubmed/19564493?dopt=Abstract
http://dx.doi.org/10.1177/104063870902100406
http://www.ncbi.nlm.nih.gov/pubmed/20453215?dopt=Abstract
http://dx.doi.org/10.1177/104063871002200310
http://www.ncbi.nlm.nih.gov/pubmed/18797889?dopt=Abstract
http://dx.doi.org/10.1007/s00401-008-0433-8
http://www.ncbi.nlm.nih.gov/pubmed/15604451?dopt=Abstract
http://dx.doi.org/10.1099/vir.0.80437-0
http://www.ncbi.nlm.nih.gov/pubmed/22260993?dopt=Abstract
http://dx.doi.org/10.1292/jvms.16-0259
http://www.ncbi.nlm.nih.gov/pubmed/27320968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21112058?dopt=Abstract
http://dx.doi.org/10.1016/j.jcpa.2010.10.001
http://www.ncbi.nlm.nih.gov/pubmed/15573787?dopt=Abstract
http://dx.doi.org/10.1136/vr.155.20.636
http://www.ncbi.nlm.nih.gov/pubmed/19716323?dopt=Abstract
http://dx.doi.org/10.1016/j.tvjl.2009.07.032
http://www.ncbi.nlm.nih.gov/pubmed/20377745?dopt=Abstract
http://dx.doi.org/10.1111/j.1348-0421.2009.00190.x
http://www.ncbi.nlm.nih.gov/pubmed/6441054?dopt=Abstract
http://dx.doi.org/10.1292/jvms1939.46.913
http://www.ncbi.nlm.nih.gov/pubmed/21598097?dopt=Abstract
http://dx.doi.org/10.1007/128_2011_161

