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Media inquiries:

ggﬂ? MEDIATE RELEASE Karen Riley, 301-827-6242
January 11, 2007 g:;?;%a_%gl_unes:

FDA Proposes Barring Certain Cattle Material From Medical Products As BSE
Safeguard

The U.S. Food and Drug Administration is proposing to limit the materials used in some medical products
in order to keep them fres of the agent thought fo cause mad cow disease, alsa known as bovine
spongiform ericephalopathy or BSE. '

This is the latest in a series of BSE séfeguards that would bar material that has been found to harbor the
highest concentrations of this fatal agent in infected cattle. These materials would be prohibited from use
as ingredients in medical products or elements of product manufacturing.

The proposed rule would caver drugs (prescription, over-the-counter, and homeopathic), biclogics (such
as vaccines) and medical devices infended for use in humans as well as drugs intended for use in
ruminant animals like catile and sheep. Cattle can gt mad cow disease, while sheep can get a simifar
disease known as scrapie.

"These measures build on a series.of barriers FDA and the U.S. Depariment of Agriculture have erected
to further protect humans from exposure to the fatal agent linked to BSE," said Andrew von Eschenbach,
M.D., Commissioner Food and Drugs. "This proposed rule adds one more safeguard that will reduce the
risk of transmission even further.”

The catfle materials prohibited in the proposed rule are those that pose the highest risk of containing
infectious material and include:

the brain, skull, eyes and spinal cords from cattie 30 months and older;

the tonsils and a portion of the small intestines from all cattle regardless of their age or health;

any material from "downer” cattie—those that cannot walk;

any material from cattle not inspected and passed for human consumption;

fetal calf serum if appropriate procedures have not been followed to prevent its contamination with

materials prohibited by this proposed rule;

» tailow that contains more than 0.15 percent inscluble impurities if the taflow is derived from materials
prohibited by this proposed rule and,;

« mechanically separated beef.

* & & & @

To ensure that companies camply with these prohibitions, FDA proposes to require that records be kept to
demonstrate that any cattle material used as an ingredient in these medical products or as part of their
manufacturing process meet the rule's requirements.

Since 1986, strong evidence has accumulated for a causal relationship between ongoing outbreaks of
mad cow disease in Europe and a disease in humans called variant Creutzfeldt-Jakab (vC.JD) disease.
Both disorders, which are thought to be caused by an unconventional transmissible agent, are invariably
fatal brain diseases with incubation periods typically measured in years. Transmission of the BSE agent to
humans, leading to vCJD, is believed to occur via ingestion of catile products contaminated with the BSE
agent; however the specific products assoctated with this fransmission are unknown.

About 200 cases of vCJD have been identified worldwide, including three cases in the U.S. However,
there is no evidence that those three patients contracted the BSE agent in the U.S.

- FDA and USDA's efforts to help protect the public from vCJD have included several other significant steps
such as the FDA's 1897 ruminant feed regulation, which forbids the use of certain mammalian-origin
proteins in ruminant feed. Also, a 2005 interim final rule bans the use of ceriain high-risk cattle material in

food, dietary supplements and cosmetics.
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Isolation from Cattle of a Prion Strain
Distinct from That Causmg Bovine Spongiform
Encephalopathy |

V’ncent Beringue Anna Bencsikw, Annick Le Durw Fab:erme Reine’, Thanh Lan Lai’ , Nathalie Chenais®, Gaélle T‘IIy’

Anne-Gaélle Biacabé®, Thierry Baron®, Jean-Luc Vilotte®, Hubert Laude”

1 Instingt National de 1a Recherche Agronomique, Vircogie Immunologie Moléculaires, Jouy-en-losas, France, 2 Agence Francaise de Sécurité Sanitaire des Aliments, Unité
Agents Transmissibles Non Conventionnels, Lyon, France, 3 Institut National de la Recherche Agronomigue, Génétique Blochirmigue, et Cytagénétique, Jouy-en-fosas, France

To date, bovine spongiform encephalopathy (BSE) and its human counterpart, variant Creutzfeldt-Jakob disease, have
been associated with a single prion strain, This strain is characterised by a unique and remarkably stable biochemicai
profile of abnormal protease-resistant prion protein (PrP™). isolated from brains of affected animals or humans.
However, alternate PrP™ signatures i cattle have recently been discovered through large-scale screening. To test
whether these also represent separate prion strains, we inocufated French cattle isolates characterised by a PrP™* of
higher apparent molecular mass—calied H-type—into transgenic mice expressing bovine or ovine PrP, All mice
developed neurological symptoms and succumbed to these isolates, showing that these represent a nove!l strain of
infectious prions. Importantly, this agent exhibited strain-specific features clearly distinct from that of BSE agent
inoculated to the same mice, which were retained on further passage, Moreovaer, it alse differed from all sheep scrapie
isolates passaged so far in ovine PrP-expressing mice. Cur findings therefore raise the possibility that either various
prion strains may exist in cattle, or that the BSE agent has undergone divergent evolution in some animals.

Citatlon: Béringue V, Bencsik A, Le Dur A, Reine F, Laf TL, et al, (2606} isolation from cattle of 2 prion strain distinct from that causing bovine spongiform e'n:epha!Opathy.

PLOS Pathog 2{10k e112. DO} 18.1371/joumnal ppat.0020112

introduction

While transmissible spongiform encephalopathies (TSEs) in
small ruminants and humans are believed to involve distinet
prion strains [1,2], a single prion strain has been associated so
far with bovine spongiform encephalopathy (BSE) and its
human counterpart, variant Creutzfeldt-Jakob discase (vCJD)
[3-6). In particular, the abnormal, protease-resistant form of
prion protein (PrP™) that accumulates in the brains of
infected individuals [7] shows a consistently unique electro-
phoretic profile in immunoblots [8]. However, the biochem-
ical testing of the byains of slaughtered and fallen cattle,
which was intensified since 2000 in European countries as a
means to protect the consumers, has led to the discovery of
positive samples that showed distinct PrP™ profiles. These
atypical profiles have been sorted inta two groups so far,
provisionally termed H-type when the size of the protease
resistant fragments is higher than for BSE, and bovine
amyloidotic spongiform encephalopathy, or L-type, when it
is lower [9,10). These observations raise the possibility that as
yet unrecognised prion strains may exist in cattle as in other
species [11}, and have potential implications in terms of

-public health. Unlike bovine amyloidotic spongiform ence-

phalopathy isolates, which derive from animals with defined
histopathological abnormalities {10], precise information
corroborating a prion disease is lacking for H-type cases. It
was therefore crucial to determine through experimental
transmission whether such cases reflect some alteration in
PrP metabolism, possibly in aging animals, or involve a truly
infectious agent.

In this study, we repori the transmission of a TSE-like
disease by inoculation of French cattle isolates identified as

@ PLoS Pathogens | www.plospathogens.org 0956
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H-type variants to two lines of PrP transgenic imice.
Furthermore, we pravide compelling evidence that this agent
has unique features compared to epizootic BSE and other
related agents, We also establish that there is no link with
ovine TSE isolates transmitted so far to these models.

Results

H-Type Isolates Are Transmissible to Mice

Two transgenic mouse lines were used as recipient for
transmission experiments. The tg540 line is a newly estab-
lished line that expresses bovine PrP (Protocol §1), resulting
in an enhanced susceptibility to BSE agent compared to
conventional mice [6,12], The 1g338 line, expressing the VRQ

(Val'"*®Arg’*GIn’™") allele of ovine PrP, has allowed an

efficient transmission of natural scrapie isolates from sheep
and goat {13,14]. The rationale for including tg338 mice in
this study was the possibility that characterisation of a prion
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accidentally passed from small ruminants to cattle might be
facilitated on such mice, by comparison with the ovine
isolates transmiited so far. Tg540 (tgBov) and tg338 (tgOv)
mice overexpress PrP in the brain at similar levels (~8- to 10-
fold). Both lines have a normal lifespan, the same as Prp™
mice on which the transgenes were introduced. H-type
isolates representative of a series of seven samples identified
in France were inoculated intracerebrally to tgBov and tgOv
mice (Table 1). Typical BSE agents from cattle and from other
species was inoculated to the same mice for the sake of
comparison. Remarkably, all H-type isolates induced a
neurological disease on primary transmission, with a 100%

Novel Prion Strain isolated from Cattle

attack rate in both mouse lines. The mean survival times
observed with cases no. 1 and no. 2 in tgBov mjce, ~400 d,
appeared to be prolonged compared to those for cattle,
sheep, goat BSE, and human vCJD inocula, which ranged
from ~250 to 380 d. Such a diserepancy could reflect a lesser
infectivity of H-type samples, consistent with their compara-
tively lower PrP™ content {9]. Moreover, the survival time
was reduced by ~10¢ d on subpassage, approaching that for
BSE from cattle or other sources on secondary passage, or on
primary passage for inocula of presumably higher titre (i.e.,
producing no substantial-reduction of survival time on
subpassage: BSE no. 3 and ARQ jala"™*Arg’™cIn!™ no. 1).
Upon transntission to tgOv mice, the mean incubation period
produced by the four H-type cases was strikingly homoge-
neous (586-612 d}, consistent with a2 potentially unique agent
(Table 1). This was comparable to or even shorter than the
incubation periods of epizootic BSE or related inocula on the
same mice (560-792 d). As illustrated in Figure 1, the relative
incubation periods observed on tgOv and tgBov mice
appeared to differ significantly among the H-type and BSE-
type agents. In addition, the reduction in incubation period
observed upon secondary transmission of H-type (case no. 2}
on tgOv mice was significantly less dramatic than that
observed for vGJD and sheep BSE inocula (Table 1). Overall,
these suggested that H-type and BSE might be different TSE
agents. .

H-Type PrP™* Profile Is Preserved in Transgenic Mice

The brains of diseased mice were analysed by immunoblot-
ting for the accumulation of abnormal- PrP. PrP™ was readily
detected in all mice tested since the first passage. consistent
with the efficient transmission observed in both lines (1G/10
and 33/33 positive brains for tgBov and tgOv mice,
respectively). The PrP™ molecular profile was fairly uniform

Table 1. Transmission of Bovine Molecular Variant Cases (H-Type} to Transgenic Mice Expressing Bovine or Ovine PrP

Isolate Case Number Passage Mean survival time, d = SEM [n/ny)”
tgBov Mice tgOv Mice
H-type 1 First 414 * 10 (5/5) 612 * 26 {10/10)
. Second 317 = 6 (8/8) ND
2 First 401 9 (5/5) 595 + 18 (8/8)
Second 296 % 3 (9/9) 319 * 10 {6/6)
3 First ND 607 = 12 (6/6)
5 First ND 586 + 15 {9/9)
BSE 1 First 377 % 22 (6/6) ND
3 First 298 * 7 {9/9) 704 £ 36 (7/7)
Second 283 * 10 (5/5) NA
Sheep BSE® ARQ T First 278 % 2 {6/5) 560 * 60 (5/5)
Setond 263 = 6 (6/6) 178 * 2 {4/4)
ARG 3 “First 339 * 25 {5/5) ND
ARR 1 First 340800 ND
Goat BSE® CH&36 First 253 % 9 (6/6) 560 * 43 (4/4)
Second 291 * 27 (5/5) NA
Vardant CID NHBY0/0003 First 343 + B (5/5) 792 + 22 (5/6)
. Second 203 * 11 (6/6) 195 % 9 (6/6)
Contraf Sheep brain First 793 + 25 (0/9) 835 % 15 (6l

NA, not avaifzble; ND, not done,

“intracerebral inoculation with 2 mg brain tissue equivalent; n/ny: diseased/inoculated,
Bexperimental cases.

Field case.

DO 10137 1joumal. ppat 002071121001

:@5 PLoS Pathogens [ www.plospathogens.org

0957

54

October 2006 | Volume 2 | issue 10| e112



)

BSE o ¢

hess o .
BSE{ 2] ¢

vCJD o : 2
HE2 @ e
H# : & 4

100 200 300 400 50 606 700 800 900
Mean survival time {days * SEM).

Figure 1. Survival Time in Transgenic Mice Infacted with H-Type and

BSE-Type Agents

Mean survival times {days = SEM} upon primary transmlssinn dre shown
for tgBov (grey circles) and tgOv (black diamonds) mice inocuiated with

H-type cases, BSE, and related isolates (see Table i). The intervals

between the incubation times on each line are skgnificantly different for
H-type and BSE agents {p < 0.0002, Fisher test).
DOL 10.1371ournal ppat.0020112.9001

Novel Prion Strain Isolated from Cattle

among the isolates. Remarkably, like the BSE agent for which
the typical signature was conserved whatever the donor
species (> 3 brains analysed per combination), the H-type
agent essentially retained its biochemical phenotype upon
serial transmission to tgBov as well as to tgOv mice expressing
a heterologous PrPC (Figure 2 and below), Compared to BSE
P1P™, it was cheracterised by a significantly higher apparent -
molecular mass (difference measured for unglycosylated
species: 0.9 = 0.05 kDa and 0.7 % 0.06 kD2 in tgBov and
tgOv mice, respectively) and the relative proportions of
glycoforms were essentially similar. A further difference was
the lack of detectable PrP™ in the spleen of H-type diseased
tgOv mice (three io five spleens tested per isolate), while this
accumulated at substantial levels after BSE or-vGJD infection

-(Figure 2B). ) -

H-Type and Epizootic BSE Agents Exhibit Distinct
Neuropathological Features

We next examined the PrP™ targeting and the vacuola-
tion in the brain, which are known to exhibit a strain-
dependent variation [6,15,16). This was performed on tgBov’
mice since they express a PrP© homologous to that of the
donors, including the number of octarepeats [17), thus

providing 2 relevant context for comparing H-type and
epizootic BSE isolates. H-type isolates showed z similar
distribution of PrP™ deposits on both primary and

A Cattle tgBov mice c
MM H#i BSE H#1 H#2 H# BSE __ BSEwefated Ml ©
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Figure 2. Western Blot Analysis of PrP™ in the Brains of Transgenic Mice infected with H-Type or BSE-Type Agents

{A} Primary or secondary {lane 6) transmission to tgBov mice. BSE-type inocula include cattle BSE no. 3 {fanes 3 and 7), sheep BSE ARQ no. 1 and ARR na.
1 {lanes 8 and 9), goat BSE {fane 10), and v(ID fane 11). The PrP™ profiles of both H-type and 85E agents in cattle (lanes 2 and 3} are assentially similas
to those in tgBov mice (lanes 4-11). Brain tissue equivalent loaded: 2.5 mg in lane 2; 0.15 mg in lane 3; 0.5 mg in lzanes 4-12. Ml, mock-infectad brain;
MM, molecular markers.

{B} Primary transmission to tgOv mice. H-type agent shows a distinct PrP™ pattem in the brain (8r) compared to BSE agents {ane 9, B5€ na. 3; lane 10,
goat BSE; lane 11, vCJD). Note the lack of PrP™ signal in the spleen (Sp} of H- type—mfected mice {lane 7), uniike that in BSE-infected mice {Iane 8). Brain
or spleen tissue equivalent loaded: 3 mg in lane 2; 0.15 mg in iane 3; 0.5 mg in lanes 4-6; 2 mg in lanes 7-12.

{C and D) Ratio of high- and low-molecular-mass PrP™ glycoforms in the brains of tgBov [() and tgOv (D) mice following challenge with H-type or BSE
agents {data plotted as means & SEM}. H-type isolates are represented as triangles {no. 1, blue; no. 2, orange; no, 3, pink; and no. 5, black) and BSE
agents as squares (BSE no. 3, red; sheep BSE ARQ no. 1, grey; sheep BSE ARR no. 1, vellow; goat BSE, brawn; and vCID, light blus). Secondary
transmissions are represented by unfilled symbols of the same colour. Note the strikingly distinct glycoform ratio between H-type and BSE groups in
both mouse lines, as reported in cattle [9].

DO 10.1371/oumal. ppat.0020112.g002
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Novel Prion Strain [solated from Cattle

Figure 3. Regional Distribution of PrP™ and Vacuclar Changes in the Brains of Bovine Transgenic Mice infected with H-Type or BSE Agents

Histoblots of representative coronal secticns of tgBov mouse brains at the levels of the hippocampus are shown, The distribution of PrP™ deposits was
similar among H-type isolates (A) {B), and different from that of cattle BSE (C) in several areas Indicated by arrowheads, such as the cortex, the corpus
callosum and dorsal commissure, alveus, fimbria, and stratum orfens of the hippocampus. Note that intensity of PP deposition markedly differed
between H-type and BSE agents. lllustration of how this appears by immunchistochemistry in the striatum {0} (B} and substantia nigra (F) (G), H-type—
infected mice being less intensively fabelied than those infected with BSE agent. By contrast, spongiosis was much more severe in H-type-infected

brains, Bars; 30 umy; insert: 7 pm.
DOt 10.1371/jounal ppat.0020112.g003

secondary transmission, as assessed by histoblotting on brain in the case of H-type variant (Figures 3 and 4): areas such as
coronal sections (Figure 3A-3B). The staining did not differ the septurn, hypothalamus, hippocampus, and cortex showed
from that seen with cattle BSE in several regions, such as the severe spongiosis, accompanied by a pronounced reactive
striatum and several nuclei of the thalamus, including the glial astracytosis based on GFAP staining {not showmn), while
geniculate, ventral postero-lateral and -medial as well as the BSE-induced vacuolation was moderate in the same areas.
brain stem (Figure 3A-3C and data not shown). However,
other areas such as the cerebral cortex, the corpus callosum
including the cingulum, the dorsal commissure, the alveus, Transmitted so Far to tgOv Mice

and fimbria of the hippocampus were predominantly We finally examined whether H-type isolates may have an
stained with H-type, whereas BSE PrP™ was rather confined ~ ovine TSE origin. The majority of typical and atypical sheep
in the stratum oriens of the hippocampus (Figure 3A-3C}. scrapie isolates we have studied so far transmits before a year
Moreover, the overall intensity and aspect of PrP deposition 10 tgOv mice ({13,14} and our unpublished data). Only a
markedly differed between the two types of agents. While  group of sheep scrapie isolates from Jtaly (SSit) was found to
immunochemistry revealed various types of PrP deposits in infect tgOv mice after a prolonged survival time within the
both cases, thin diffuse PrP deposits were predominant in range of H-type cases, Indeed three of them, SSit cases no. 5,
H-type-infected brains, whereas the most frequent type was no. 7, and no. 8§, induced a typical neurodegenerative disease
granular in BSE-infected mouse brains. In several areas, with a mean survival time of 698 & 20 d (5/5 animals affected),
including the striatum and the substantia nigra (Figure 3D- 659 =+ 31 d {7/7), and 569 = 37 d (414), respectively. Case no, 5
3G), there was a striking lack of correlation between the incubation time was still longer than H-type case no. 2 on
intensity of PrP ‘deposition and the severity of the  subpassage (417 * 20 4, 6/6 animals affected). The PrP™
vacuolation. Qverall, the vacuolation was much more intense molecular profile abserved in the brain of §Sit-diseased mice

H-Type Agent Is Distinct from the Ovine TSE Isolates
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