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Figure 4. Lesion Profiles in tgBov Mice Infected with H-Type or BSE
Agents

Mean scores {= SEM) reflecting the intensity of vacuolation are shown
for H-type (no. 1 and no. 3, triangles) and BSE (no, 1 and no. 3, squares).
The nine grey-matter areas used to construct the profile are as follows:
dorsal meduita (1) cerebellar cortex (2); superior colliculus (3)%;
hypothalamus (4); medial thalamus (5); hippocampus (6); septum (7);
medial cerebral cortex at the levél of the thalamus (8); and medlai
cerebral cortex at the level of the septum {5).

DOI: 10.1371/joumal.ppat.0020112.g004

{more than four brains analysed per isolate) was characterised
by a significantly higher apparent molecular mass {difference
of 0.7 * 0.2 kDa) and a slightly higher proportion of
diglycosylated PrP™® as compared with H-type-derived PrP™
{Figure 5A-5C). These features were conserved on secondary
transmission (Figure 5A-5C). Another difference was again
the pronounced accumulation of 58it-associated PrP™ in the
spleen, while this was still impaired in H-type-infected mice,
even after two passages (three 1o five spleens tested per
combination; Figures 2B and 5A).

We then compared by histoblot distribution and nature of
PrP™ deposits within the brains of tgOv mice infected with a
second passage of H-type (no. 2} and §Sit (no. B} cases. Both
markedly differed between the two agents as fllustrated in
Figure 5. Indeed, large plaques of SSit-associated PrP™ were
present in the pretectal nuclei and in related structures of the
limbic system such the fornix, the alveus, fimbria, and
subiculum of the hippocampus. H-type-associated PrP™
was detected instead in the corpus caliosum, cortex, and
ventromedial thalamic nuclei (Figure 5D and unpublished
data). The deposits seem rather thin or granular. $Sit case no.
8, which gave the shortest incubation period in tgOv mice,
was also inoculated by intracerebral route to tgBov mice. Of
note, no disease has been observed yet in mice monitored up
to 600 d after infection. In conclusion, these data suggest that
the H-type agent is unrelated 10 the ovine TSE isolates
transmitted so far to our transgenic lines.
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Discussion

In this study we show that cattle brain samples positive for’
abnormal PrP with a distinct molecular pattern, called H-
type, consistently. produces a fatal, TSE-like disease- upon

" inoculation to both bovine and ovine PrP transgenic mice.

These resuits, corroborating the recent transmission to wild-
type mice [18], formally establish that such cases invoive an
authentic TSE infectious agent. Importantly, we.provide
detailed evidence that this newly recognised agent differs
from epizootic BSE agent derived from catt!c or other
species. .

Both molecular and biolegical criteria support the con-
clusion that H-type and BSE agenis are distinct prion strains.
First, the incubation periods upon transmission to mice
expressing either bovine or ovine PrP produced different
patterns. Thus, while primary transmission to tgOv mice led
to longer survival times for both agents, the increase refative
to tgBov mice was significantly less for H-type than for BSE-
type agents (Figure I). Second, the molecular profiles of the
PrP™ fragments detected in the brain of diseased mice were
clearly distinguishable in either line. Stiikingly, differences
observed in terms of fragment size and glycoform ratioc were
essentially the same as in cattle brain. Third, unlike that for
BSE agents, no PrP™ signal could be seen in the spleen of H-
type-infected tgOv mice, indicative of a stronger neuro-
wropism at least in this host. Fourth, histopathological
examination of tgBov mice revealed a coatrasting picture.
Typically, severe spongiosis and diffuse PrP deposition were
present in several areas of H-type-infected brains, while the
same arcas of BSE-infected brains showed limited spongiosis
together with marked PrP deposition. Such discrepancies are
unlikely to result from unequal survival times since they were
also observed on secondary passage, where the two agents had
comparable incubation duration (unpublished data).

The isolation from cattle of a prion strain distinct from the
one implicated in the BSE epidemics raises several concerns.
One is whether H-type isolates might result from an exposure
to pricns of small ruminants via alimentary or environmental
sources, since cattle have been shown to be susceptible to
experimental infection by sheep scrapie agent [19] In this
regards, the better compatibility between ovine PrP sequence
and H-type as compared to BSE was intriguing (Figure 1).
However, our investigations do not support this. Among the
five groups of natural isolates we have identified so far in
tgOv mice ([13,14] and our unpublished data), only one
group, made up mostly of SSit isolates, proposed to be of
iatrogenic origin [20],  showed an incubation time as
prolonged as for H-type cases. However, the PrP™ molecular
profile, nature of deposits, and distribution within the brain
as well as the differential accumulation in the spleen strongly
distinguish H-type and S$S8it isolates. In addition, the latter
failed so far to transmit to tgBov mice,

H-type and BSE agents might be related despite their
distinguishable phenotypes. The isolation of ap additional
strain upon exposure of transgenic or wild-type mice to the
epizootic BSE agent has been reported [21], thus questioning
its strain homogeneity. Also, molecular typing studies have
revealed the presence of a minor, non-BSE-type PrP™
component in BSE- and vC]D-infected brains {22]. Hence,
H-type isolates could arise from the preferentla‘x amplifica-
tion in certain individuals of a subcomponent present in BSE
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Figure 5, Comparison of H-Type and S5it isolate Features upon Transmission to tgOv Mice )
(A and BY Western blot analysis of PrP™ in the brains and spleens of tgOv mice infected with H-type or SSit isolates at first {lanes 2-4) and second
passage (fanes 5-11). H-type PrP™ shows a distinct pattern in the brain (Br) compared to 55it. The apparent molecular mass of 55it PrP™ is higher than
that of H-type or sheep BSE (shBSE), as shown after PNGase treatment {B). Hote also that PP is detected in'the spleen {Sp) of 55i- but not of H-type-
infected mice. Tissue equivalent loaded: 1.5 mg in lanes 2—4; 0.04 myg in fane 5; 0.5 mg in lanes 6-7; 2 mg in lane 8; 0.01 mg in lane 9; 0.1 mg in lanes 10~

11. MM, mofecular markers,
{G} Ratio of high- and low-molecular-mass PrP™ glycoforms in the brain of tgOv mice infected with H-type or 55it isofates {data plotted as mean *+

SEM). One H-type isolate (no. 2) is represented as orange triangle. S5it isolates are represented as circles (55it no. 5, red; no. 7, brown: no. 8, yellow).
Secondary transmissions are represented by unfilled symbols of the same colour. Note the stably distinct glycoform ratios between H-type and 5Sit

agents upon serial passage,
(D} Regional distribution of PrP™ in the brain of tgOv mice infected with H-type or 55it isolates. Histoblots of representative coronal sections of tg0v

mouse brains at the levels of the hippocampus are shown. The distribution of H-type-assaciated PrP™ deposits was different from that of 55it in
regions such 2s the alveus of the hippocampus, the corpus callosum, the pratectal nudlei, the cortex, and the ventromedial thalamus. Note that the size

of PrP™ deposits markedly differed between the two types of isolates.
DO 10.1371/journal.ppat.0020112.g00S

such as that applied to carcass-derived products, has been
invoked as one possible origin for the emergence of BSE
epidemics {7]. With the isolation of such agents, we can now
address this issue experimentally. .

In conclusion, our findings support the view that at least
two and potentially three [10] distinct prion strains may be
present in cattle. The current uncertainties regarding the
origin, prevalence, and potential risk for humans of a strain
of TSE agent unreccognised until recently should support
continued efforts to characterise it in vivo and uphold the
surveillance exerted on cattle.

infectious sources, Comparing H-type and BSE-derived
variant prions identified in mice might be informative in
that respect.

Alternatively, such unusual cases could reflect the existence
of a natural, sporadic disease in cattle, Although it is unclear
yet if such infections may lead to a clinical disease in the
natural host, they seem to occur at a low frequency, which is
reminiscent of the situation known for sporadic CfD in
humans [23,24). Of note, the disparities between intensity of
_PrP deposition and severity of vacuolation in the brains of H-
type-inoculated igBov mice have also been observed with
sporadic CJD both in human or mouse infected brains [21,25].
These data, hawever, need to be consolidated through further  Materials and Methods
investigations, including epidemiological analysis. Indeed, an Isolates. The H-typc [9), goat BSE (CH636 case [26]), and

implication of this latter scepario is that such bovine  experimental sheep BSE samples [27] were provided by the French

“atypical” cases could occur in couniries free of BSE ISE Reference Laboratory {Agence Frangaise de Sécurité Sanitaire
. The acquisition of no o : doe- des Aliments [AFSS5A], Lyon, France). The samples from French BSE
exposare q " vel properties by an endog cases and from experimental sheep BSE (ARR {Ala!¥arg!Arg!TY

enous, sporadic cattle TSE agent, as occasioned on passage genotype |28]) were provided by the Institut National de Iz Recherche
through an intermediary host or 2 physicochemical treatment Agronomique (INRA; Toulouse, France) and the Institute for Animal
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Health {(IAH) Neuropathogenesis Unit (Edinburgh, United Kingdom),
respectively, The vGJD isolate was a World Health Organization
{WHO) reference sample from the National Institute for Biological
Standards 2nd Control (NIBSC; Potters Bar, United Kingdom). SSit
isolates were provided by the Instituto Superiore di Sanita (ISS;
Rome, Laly). .

Transgenic mice and transmission assays. The tg540 line expresses
the bovine PrP allele with § octarepeats under the control of the
cytomegalovirus (CMV) promoter on a FVB mouse line with PrP?
background (Protocol 81). The tg338 line expresses the VissRissQin
allele of ovine PrP at a homozygous state, on 2 mouse Pre® background
{29]. The transgens construct (tg3) consists in 2 bacterial artificial
chromosome (BAC) insert of 125 kb of sheep DNA [13]. All experiments
were performed according to national guidelines. Each inoculum was
prepared extempotaneoutly in a class Il microbiological cabinet using
disposable equipment. Individually identified 6- to 10-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 PtP™ molecular pattern. All procedures regarding
purification and detection of PrP™ from brains and spleens of
infected mice were as described [14), ICSM18 [30] or Sha31 [31] anti-
PrP antibodies were used. Enzymatic deglycosylation was performed
on denatured PrP™ with 1,000 U of recombinant PNGase (New
England Biolabs, Beverly; Massachusetts, United States) for 2 h ac 37
°C in 1% Nonidet P40 and the proprietary buffer as described [30].
Determination of glycoform ratio and apparent molecular mass was
performed with the GeneTools software after acquisition of
chemiluminescent signals with a GeneGnome digital imager (Syn-
gene, Frederick, Maryland, United States).

Histopathology, For histoblot analysis [32}, 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
[14} using the 12F10 anti-PiP antibody [38]. All immunohistochem-
istry procedures regarding tissue processing have been described
previously (34]. Samples were fixed in neutral-buffered 10% formalin
@ % formaldehyde) before paraffin embedding. After deparaffinisa-
tion, 6-um-thick tissue sections were stained with haematoxylinfeosin.
Vacuolation profiles were established, following the standard method
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NZFSA updates BSE importing requirements

New Zealand Food Safety Authority (NZFSA) has moved to modernise the food
safety importing requirements for beef and beef products in light of the
new science and practical knowledge that now surrounds bovine spongiform
encephalopathy (ESE}.

The changes reflect recent findings from the growing body of science that
more accurately identifies the risks and measures required to protect
consumers from variant Creutzfeldt-Jakob disease (vCJID), the human disease
that has been linked to eating beef offal containing the BSE agent.

"The old measures, in place since 1996 and adopted internationally as well
as by New Zealand, reflected a precautionary appreoach which was taken
during a time of uncertainty,” explains Tim Knox, NZFSA's New Zealand
standards director. "However, in the intervening years much has been
learned about BSE and the risks to human health which has increased our _

on

understanding and virtually eliminated the risk of consumers contacting v( -

The new measures have undergone a comprehensive process of review and
expert consideration to ensure they are consistent with scientific evidence
and the emerging international standards. As a result New Zealand will move
to an internationally agreed 3-category system for categorising the BSE
risk status of those countries exporting beef and or beef-related products
to New fealand.

* adopt international risk assessments rather than conducting its own
* exclude offal that has been identified as BSE risk material from any
country with a residual risk of BSE

* gxempt processed foods that contain minimal bovine ingredients from those
commodities that are covered by the measure

* adopt a consistent framework for determining the acceptability of
imported products and the need for any certification

* remove age restrictioms on the source of commodities and not specify
measures to provide for traceability

* allow all gelatine to be traded freely, regardless of the source raw
material and exporting country's BSE risk status.

Gelatine derived from bones was originally considered a risk bhecause of
fears that it could contain the BSE prion. However, recent studies have
confirmed that chemical processes used in its manufacture are suffjicient to
inactivate any BSE infectivity that may have been present in the raw
material, even under worst-case conditions. "Gelatine produced by modern

62

tp:/ /www.promedmail.org/pls/promed/f?p=2400:1001:13118188367355991829::NO:F2400_P1001... 2007/04/11



2/3 ~R—

industrial processes does not pose a BSE risk to consumers, regardless of
the raw material from which it is produced and the source country from
which it is derived," explains Mr Knox.

The new requirements will come into effect on 28 Jun 2007 although gelatine
will be freely traded before then.

Strict controls have been in place for beef products around the world since
1996 when vCJD was linked to eating beef products contaminated with offal

- that had come from cattle with BSE in the 1980s. Since that time, however,
changes to production rules {(such as not feeding ruminant material to
ruminants and removing the parts of the animal from the food chain that
could contain the BSE agent) have dramatically reduced the incidence of BSE.

The new requirements are not related to New Zealand's domestic animal
health measures regarding BSE and will not override current animal health
requirements, such as the ruminant-to-ruminant feed ban.

New Zealand has been classified as BSE-free by the World Organisation for
Animal Health (CIE) and is regarded by the European Food Safety Authority
as a country in which BSE is "highly uniikely” to be present.

For further information contact:
Diane Robinson, Senior Communications Advisor: 029 894 2528.
Tim Knox, Director, NEZFSA Food Standards Group: 029 894 2651,
New Eealand Food Safety Authority
68--86 Jervois Quay
(jﬁ PO Box 2835
Wellington
NEW ZEATLAND
211 information on the NZFSA website is subject te a disclaimer:

<hutp://www.nzfsa.govt.nz/site/disclaimer/standard. htm>.

Stuart MacDiarmid
<3tuart.MachDiarmid@maf.govt.nz>

[The new rules reflect much of the same rules as other countries. - Mod.TG]

[see also;
BSE & Scrapie - New Zealand: Free 19560725.1327]

.......... +as.tg/mi/sh

*FFREEFHHEH RS R R R R R S R S B R R R R R

dhkkhkhkkhkhdkhhkhhkthhkhdhkhthhdhhkdbkththbthhhhhrRrddhhh bkttt dbdhdi

ProMED-nail makes every effort to wverify the reports that
are posted, but the accuracy and completeness of the

(i information, and of any statements or opinions based
B thereon, are not guaranteed. The reader assumes all risks in
using information posted or archived by ProMED-mail. ISID

and its associated service providers shall not be held
responsible for errors or omissions or held liable for any
damages incurred as a result of use or reliance upon posted
or archived material.

(322SR S E R E X ISR TE YRS ELLTERE NN TEE R R LSS S LR RS EE R RS L R R Xk AR )]
Become a ProMED-mail Premium Subscriber at

<http://www.isid.org/ProMEDMail Premium.shtml>

dhkkbkkkkhkdkdhhththhrdhbbdrdhhkddhdbhdrbhthbhbThdbbhkdht kbbb dhid

Visit ProMED-mzil's web site at <http://www.promedmail.org>.
Send all items for posting to: promed@promedmail, oxg
(NOT to an individual moderator}. If you do not give your
full name and affiliation, it may not be posted. Send
commands to subscribe/unsubscribe, get archives, help,
etc. to: majordomofpromedmail.org. For assistance from a
human being send mail to: owner-promedEpromedmail.org.
FRRFEETRES RS FEESHR SR RL S HE H ER R A E RS S H S FEF SRR SR SR ERH S L RHHER
FEAEEEEHEH S HERRAH A LR SR EEHREF FH LSS R SRS R HHBA HE SR FS LS EEEE

apout 1SID | membership | programs | publications | resourges
12th ICID | site map | ISID home
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