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This is a combined issue of Weekly Report, due to the Annual Meeting. The next issue will be posted

oniine Nov. 5.

TSEAC Leaves vCJD/CJD Screening Unchanged

Following careful deliberation of current scientific data, the FDA’s Transmissible Spongiform
Encephalopathies Advisory Committee (TSEAC) determined that measures currently in place in the
United States to reduce the risk of transmitting CJD and vCJD by blood and blood products are

adequate and, at least for the foreseeable future, justified. Variant Creutzfeldt-Jakob (vCJD) is the

human form of bovine spongiform encephalitis (BSE),
known as “Mad Cow Disease”; CJD, or sporadic CdD is a
transfusion<ransmitted disease that was identified in the
1920s.

To prevent transmitting vCJD through blood transfusions,
current U.S. restrictions include deferring potential blood
donors who lived more than three months in Great Britain or
who received transfusions there after 1979.

The decision to leave the restrictions unchanged came after
the TSEAC, the advisory committee to the Food and Drug
Administration’s Center for Biologics Evaluation and
Research (CBERY), considered evidence at its October 14
meeting in Silver Spring, Md., that two British residents had
likely acquired vCJD from transfusions from blood donors
who later died from the disease.

The TSEAC weighed the British evidence, but also
considered evidence that the U.S. cattle population has not
been infected with BSE, nor have there been any cases of
transfusion-transmitted vCJD reported in the United States.
This information came from updates provided at the meeting
by the U.S. Department of Agriculture on the worldwide
status of and the result of testing U.S. cattle under the BSE
National Surveillance Plan, which showed no evidence of
BSE in the U.S. There have been more than 188,900 cases
of BSE reported around the world, 96 percent of which
occurred in the United Kingdom. The overall prevalence of
the disease decreased by approximately 35 percent in 2003,
compared to 2002 data. Testing of U.S. cattie since June 1,
2004, has shown negative results on all 81,349 samples
obtained.
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At the TSEAC meeting Robert G. Will, MD, from the United Kingdom CJD Surveillance Unit, provided a
comprehensive review of the two presumptive transfusion-ransmitted vCJD cases that were reported in
2003 and early 2004 in Great Britain (The 2003 case had previously been reported to TSEAC.) Both
patients received blood from donors subsequently diagnosed with vCJD. The 2004 case continues to
be of interest since the patient died of other causes and did not exhibit any symptoms of neurological
disease. Because the patient had been identified via lookback policies when the donor became ill, a
post-mortem examination was performed and malformed infective prion proteins—believed to be the
causative agent of vCJD and CJD—were found in the spleen and cervical lymph nodes. The one
confirmed case of vCJD in the United States was a British citizen who health authorities suspect
contracted the disease while living in Europe.

Canada Folliows U.S. Restrictions

Changes in Canadian CJD/vCJD blood safety policies were explained by Peter Ganz, MD, of Health
Canada. Beginning in June 1999, ali red blood cells transfused in Canada have been leukoreduced
(iittered). Donor deferral criteria for the most part have adhered to FDA recommendations; however,
deferrals related to residence or travel in France are activated by a period of six months residence/
travel, rather than five years. When queried, Ganz stated that the decision was not based on scientific
data, but on a previous decision to implement such a deferral if and when a country reported vCJD
deaths. The more restrictive criteria are still in place because successful blood donor recruitment
activities in Canada have made it unnecessary to relax the policy.

Leukoreduction and BSE Infectivity

Leukoreduction data from a study on how well leukoreduction removes BSE infectivity from blood were
presented by Luisa Gregori and Robert G. Rohwer, PhD, of the V.A. Medical Center and University of
Maryland-Baltimore. They discovered that a significant proportion of infectivity is found in plasma and
remains in blood products after the leukoreduction process. Their conclusion was that leukoreduction
alone is not an effective way to reduce the risk of transfusion transmission of vCJD.

CBER Donor Survey Reinforce Decision

Alan Williams, PhD, and Dorothy Scott, MD, from CBER's Office of Blood Research and Review,
reviewed the deliberative process used by FDA to develop recommendations for donor deferral based
on BSE exposure and to determine the current safeguards. In the winter of 1999, surveys on blood
donor travel were mailed to approximately 19,000 eligible blood donors, with slightly more than 50
percent of the donors responding. The survey included questions on trave! dates and residence in BSE-
endemic countries, and FDA used these data as a surrogate to determine the donor’s dietary exposure
to BSE and the potential to transmit vCJD via blood. FDA developed the deferral criteria to effectively
respond to the spread of vCJD in Europe and still maintain an optimal balance between vCJD risk
reduction and the preservation of the blood supply in the U.S.

Lookback Study Finds No Infected Recipients

The American Red Cross presented results of a joint study with the Centers for Disease Control and
Prevention (CDC) begun in 1995 to assess the risk of blood-borne transmission of CJD. Presented by
ARC Biomedical Services’ Peter Page, MD, the CJD Lookback Study identifies blood donors diagnosed
with CJD and uses lookbacks to identify recipients of these donors’ blood components. Each year since
1995, the names of these recipients are checked against the NDIPlus (the National Donor Index-Plus
from the National Center for Health Statistics) for cause of death. As of June 2004, 28 donors and 368
recipients have been identified. No cases of CJD have occurred in 342 recipients of whole blood and
blood components from donors who subsequently developed CJD. The remaining cases are under
investigation. Long-term follow-up of the survivors will provide a more accurate estimate of the risk, if
any, of transmission of CJD by blood components.
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There was some question raised during public comment of relaxing current U.S. restrictions on
donations, since they seem to be working. America’s Blood Centers (ABC) and the American Red
Cross estimate that current restrictions have deferred approximately 400,000 previous donors. During
the open public hearing, G. Michael Fitzpatrick, PhD, ABC’s Chief Policy Officer, suggested an “exit
strategy” for the geographical residenceftravel deferral that would set thresholds for ending the
restrictions, which have significantly reduced the donor base. Other committee members disagreed with
that strategy, caliing it “premature” in light of recently discovered cases of BSE in Canada, israel and

Japan. g8

AABB Receives $2.4 Million CDC Grant to Reduce
TT-HIV in Africa and South America

AABB has begun work on a CDC cooperative agreement to help reform national blood transfusion
services (NBTS) programs in three African countries and one in South America with the objective of
reducing transfusion-transmitted HIV. AABB personnel traveled to the smail South American country of

Guyana to study plans for expanding and improving that nation’s National Blood Transfusion Services
facilities and donor recruitment efforts.

AABB's $2.4 million is part of a $12 million grant, renewable for five years, from the President’s
Emergency Plan for AIDS Relief (PEPFAR). With the assistance of Emory University, Atlanta; Blood
Source, Sacramento, Calif.; and the American Red Cross, the AABB will provide technical assistance to
national biood transfusion services (NTBS) in three African countries—Kenya, South Africa, and
Mozambique—as well as Guyana, just off the Caribbean on South America’s northeast coast. The
program is part of a PEPFAR effort to reduce transfusion-transmitted HIV (TT-HIV [human
immunodeficiency virus]) and AIDS in 14 countries. Technical assistance agreements for Nigeria,
Ethiopia, Tanzania, Uganda, Cote d'lvoire, Zambia, Rwanda, Nambia, Botswana, and Haiti were
awarded to other organizations. AABB will work cooperatively with CDC/HHS personnel and key
leadership in the individual countries, whose governments each received separate PEPFAR grants as
mirror funding for their part of the effort.

The PEPFAR grants are intended to effect significant change in the incidence of transfusion-transmitted
HIV (TT-HIV [human immunodeficiency virus]) and AIDS, and reduce the massive personal, social,
economic, and political toll that HIV has in these nations. The practical purpose, according to Jim Reilly,
Chief Operating Officer on the project, is to help countries improve their ability to recruit blood donors
and collect, test, and distribute blood, as well as improve transfusion practices. Some countries have
well-organized, centralized systems and some very localized, hospital blood programs. All have high
rates of transfusion+transmitted HiV, as well as HIV/AIDS.

UNAIDS (the Joint United Nations Programme on HIV/AIDS) estimates 40 million individuals in sub-
Saharan Africa are infected with HIV (about 75 percent of the world’s total), and that 2.5 million of those
are children. There were 5 miliion new HIV infections in that region in 2003. Although most cases of
HIV/AIDS are transmitted through exchange of bodily fluids, between 5 and 10 percent of global HIV
infections are caused by transfusion of unsafe blood and biood products, according to World Health
Organization estimates. In fact, WHO estimates that TT-HIV incidence in Africa is much greater,
considering that HIV-positive rates exceed 20 percent in some regions, few hospitals regularly test
blood for HiV, and less than one-third of the countries have policies, procedures, or transfusion
guidelines to limit TT-HIV.

According to Reilly, many of these countries do not have successful, sustained donor programs based
on voluntary, nonremunerated donors, due to a variety of cultural, religious, and economic barriers.
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unian Prion Protein V129 Prevents Epresswn of Variant CD,‘Phnotype
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Variant CJD (vCJID) is a unique and highly dlstmctwe '
clinicopathological and molecular phenotype of hurnan
prion disease associated with infection with BSE—hke
prions. Here we found that generatlon of th' phenotype
in transgenic mice required expr essron of h rnan PrP 129
methionine. Expression of human Prp 129 ‘valine resulted
in a distinct phenotype and, remarkably, persistence of a
barrier to transmission of BSE- denved prions on sub-
passage Polymorphrc residiié’ 129 of human prion protein
dictated propagation of distinct- pnon strains following
BSE prion infection. Thus primary and secondary human
infection with BSE-derived prions may result in sporadic
CJID-like or novel phenotypes in addition to vCJD,
dependmg on the genotype of the prion source and the
recrplent

Distinct prion strains are associated with biochemically
distinct forms of disease-related pﬁon protein (PrP>). Four
PrP** types have been observed in brain tissue from patients
with distinct Creutzfeldt-Jakob disease (CJD) phenotypes:

types 1-3 in classical (sporadic or iatrogenic) CJD, and type 4

in vCID (J-3). Polymorphism at residue 129 of human PrP
(where either methionine (M) or valine (V) can be encoded)
powerfully affects genetic susceptibility to human prion
diseases (4~7) and appears to critically influence the
propagation of these human PrPS types. So far, types 1 and 4
PrP have been found only in humans homozygous for 129
methionine, type 3 PrP¥ is seen almost exclusively in -
individuals with at least one valine allele, while type 2 PrP
has been commonfy observed in all codon 129 genotypes (/-
3). Bovine spongiform encephalopathy (BSE) and vCID
prion infection in transgenic mice expressing human PrP, but
not mouse PiP (1, 8~10), indicates that codon 129 .
polymorphism determines the ability of human PrP to form
type 4 PrP* and generate the neuropathologlcal phenotype of
vCJID.

Challenge of transgemc mice expressing human PrP 129
methionine (129MM Tg35 and 129MM Tg45 mice) with
BSE and.vCID prions (17) resulted in faithful propagation of
type 4 PrP* (J0) (Figs.1 and 2) accompanied by the key
neuropathological hallmark of vCID the presence of abundant
florid PrP plaques (70). However, transgenic mice expressing
human PrP 129 valine (1 20VV Tgl52 mice) responded quite
differently. Although these 129VV Tg152 mice lack a
transmission barrier to classical forms of CID, regardless.of
the codon 129 genotype of the inoculum (7, 8, 9), primary
challenge with vCID prions was characterised by a
substantial transmission barrier to infection (only ~50% of
inoculated mice were infected; compared to 100% of 120MM
Tg35 and 129MM Tg45 mice) (Fig. 1, table $1). In addition,
rather than type 4 PrP*, vCID-inoculated 129VV Tgl52 mice
propagated type 5 PrP® (9), which shares the same
predominance of the diglycosylated glycoform seen in type 4
PrP* but is distinguished by proteinase K digestion products
of greater molecular mass (Fig. 2A), which c]osely resemble
those seen in human type 2 PrP (9). Type 5 PrP*®
associated with very weak diffuse PrP deposition in the brain
(9) which contrasts markedly with the florid PrP plaques
associated with the propagation of type 4 PrP* in humans-
{J2) or transgenic mice (/0). Similar. diffuse deposition of PrP-
is also observed in clinicaIly affected BSE-inoculated 129VV
Tgl52 mice, however type 5 PrP*is undetectable in brain
homogenate (9). : :

To further evaluate the molecular and neuropathologrca]
phenotype of vCID-or BSE-inoculated 129VV Tg152 mice,
we performed a second passage in the same breed of mice.
Primary transmission of prions from one species to anothi:r is
associated with a species or transmission barrier that is
largely or completely abrogated on second and subsequent
passage in the second species as the'prions adapt to the new
host. Second passage then resembles within-species
transmission with a high (typically 100%) attack rate and
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much shortencd and more: consttent mcubanon period.
Remarkably, however such adaptanon dld not occur on
second’ passage of BSB or vCJD prions in 129Vy Tgls52 -
mice. Brain inocula derived from four clinicaily-affected
BSE-inoculated 129VV Tg152 mice failed to transmit clinical
disease or asymptomatic prion infection to further 129VV
Tg152 mice (Figs. 1 and 3, table S2). However, two of these
inocula produced clinical prion disease (Fig. 3, table $2) with
abundant PrP>* accumulation (fig. S1) on inoculation of wild
type FVB mice with incubation periods that are not -
compatible with persistence of the original BSE inoculum
(supporting online text). The prion strain generated in BSE-
inoculated 129VV Tg152 mice was thus infectious in wild
type FVB mice, but not in further 129VV Tg152 mice.

V129 is unique to human PrP and the failure of BSE .
prions to adapt in 129VV Tg152 mice on second passage .
contrasts sharply with the marked adaptation of BSE pnons in
FVB mice (Fig. 3, table S2) or in other murine (]3) or - ‘
primate (J 4) hosts that éncode methionine at the '
corresponding position of PrP. BSE prions- also efﬁcxently
adapt on second passage in 129MM Tg3: ; _nsgemc mijce.
Primary transmission of BSE prions in‘'129MM Tg35 mice
resulted in bifurcation of propagated stram type, producmg
either type 2 or 4 Prp%° (Figs: 1 and 2y 3nd neuropathology
consistent with human sporadic CJD or vCID, respectively
(70). These distinct molecu]ar.and neuropathological
phenotypes consistently ‘breed true’ with very high efficiency
on second passage in further-129MM Tg35 transgenic mice
(15). These findings contrast sharply with the complete lack
of prion transmission on second passage of the same BSE
inocula in 129VV Tgl152 mice, supporting the interpretation
that human PrP V129 severe]y Testricts propagation of the
BSE prion strain.

This conclusion was further remforced by study of the
parameters of second passage of vCID prions. As seen with
second passage of BSE prions, clinical disease was observed
only in FVB and not in 129VV Tgl52 recipients. Brain
inocula from clinically affected, type 5 PrP* positive,
primary vCJD-inoculated 129VV Tg152 mice produced
clinical prion disease (Fig. 3, table $2) and PrP*
accumulation (fig: S1)-on sub-pthage in FVB mice, but
produced only sub-clinical infection (with PrP%
accumulation) in 7/11 inoculated 129VV Tg152 mice (Figs. 1
and 3). Notably, in four of these, high sensitivity methods
(16) were required to detect PrP> in brain homogenate (table
S2). Type 5 PrPS was faithfully propagated on second
passage in 129VV.Tg152 mice (Fig. 2A). In the three mice
containing the highest levels of type 5 PrP™, extensive
spongiosis was also observed (Fig. 4) and in one of these, in
contrast to the pathology seen on first passage, numerous PrP
plaques were seen (Fig. 4). Type 4 PrP%* is invariably
associated u{ith prominent florid plaques in the cortex of

human vCID brain (12) and in vCID- or BSE-pricn
inoculated 129MM Tg35 and Tg45 transgemc mice (J0),
whereas plaques associated w;th t;zpe 5 PrP** were restricted ‘
to the corpus callosum and had 3 hon-ﬂond morphology (Fig.
4). The lack of adaptation of vCID prions on second passage
in 129VV Tg152 mice contrasted sharply with the behaviour
of vCID prions in-wild type FVB mice, where typical
adaptation was observed on second passage with 100%
clinical prion disease with abundant PP accumulation Fig.
j edly’ yeduced incubation periods (Fig. 3, table §2),
Both BSE:#hd vCID prions failed to propagate efficiently
on exﬂlerrpnmaxy or, remarkably, on second passage, in

129VV 'I‘g]52 mice in sharp contrast to 129MM Tg mice or

w1‘1d type animals, and where detectable, infection was

- associated with a distinct PrP* type and pathological

phenotype. Thus human PrP V129 appearsnotto be a v
compatible substrate for propagation of the prion strain seen

-in vCJD. This interpretation was supported by the;,

transmission properties of 129VV Tng2—passaged vCID
prions in 129MM Tg35 mice. Here l4l15 129MM Tg35 mice
inoculated with isolates containing type 5 PrPs° showed PrpSe
accumulat:on{(Fxg 1, Table 83), typically to much hxgher
levels than seen in-129VV Tgl152 mice reéeivihg the same
inocula. However, the PrP> seen was not of the type 5 pattern
but instead these trarismissions mxrrored the behav:our of
BSE prions in 129MM Tg35 mice (J0), where, mstead either
type 4 or type 2 PrP>° were seen (Figs. 1 and 2, B-D). Thus
human PrP* types 4 and 5 are, restricted to propaganng in
mice expressing human PrP M129 or V129, ‘Tespectively.

Neuropathologically, type 4 PrP> was associated with
relatively little spongiosis and abundant florid plaques (Fig.
4) typical of vCID in humans (J2), whereas type 2 PrP5* was
associated with much higher levels of vacuolation in many
areas of the brain; accompanied by generally diffuse PrP
deposition and occasional small, non-florid plaques (Fig. 4)
that closely resembled human sporadic CJD with type 2 PrPS
PRNP.129'MM (3). Clinical prion disease was.observed inall”’
129MM Tg35 mice propagating type 2 PrP*, whereas mice
propagating type 4 Prp* were sub-chmcally mfected (tab]e
S3).

In conclusion, we have demonstrated that BSE and vCID

_prion infection in transgenic mice can result in the

propagation of distinct molecular and nevropathological
phenotypes dependent upon host PrP residue 129 and

possibly other, as yet unidentified, disease modifying loci
(10). These data predict a critical role for PRNP codon 129 in
governing the thermodynamic permissibility of human PrP
conformation that can be interpreted within 2 conformational -
selection model of prion transmission barriers (17-19)
(supporting online text) and suggest that there is no
overlapping preferred conformation for V129 and M129
human PrP that can be generated as a result of exposure to the
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vCJID/BSE prion strain. Biophysical measurements suggest
that this powerful effect of residue 129 on prion strain
selection is likely to be mediated via its effect on the
‘conformation of PrP* or its precursors or on the kinetics of
their formation, as it has no measurable effect on the folding,
dynamics or stability of PrP€ (20).

While caution must be exercised extrapolating from

* arimal models, even where, as here, faithful recapitulation of

molecular and pathological phenotypes is possible, our
findings argue that primary human BSE prion infection, and
secondary infection with vCID prions by iatrogenic routes,
may not be restricted to a single disease phenotype. These
data, together with the recent recognition of probable
iatrogenic transmission of vCJID prions to recipients of blood
(21, 22), including a PRNP codon 129 MV heterozygote
individual (22), reiterate the need to stratify all human prion
disease patients by PrP* type. This surveillance will facilitate
rapid recognition of novel PrP*° types and any change in
relative frequencies of particular PrP* sub-types in relation to
either BSE exposure patterns or jatrogenic sources of vCID
prions.
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Fig. 1. Summary of transmissions of vCID and BSE prions to
transgenic mice. The total number of prion-affected mice
(both clinical and sub-clinical) is reported for each inoculated
group; 129MM Tg45 mice (black), 129MM Tg35 mice
(grey), 129VV Tgl52 mice (white). Animals were scored by
clinical signs, immuno-blotting and/or
immunohistochemistry. Primary transmission data have been
published previously (9, 10). In transmissions that resultin
bifurcation of propagated PrP* type, the number of type 2 or
type 4 PrP positive samples is reported as a proportion of

. the total number of samples examined by immuno-blotting. *

denotes the occurrence of sub-clinical prion infection only.

Fig. 2. Molecular strain typing of vCID and BSE prion
transmissions in transgenic mice. (A-D) Immuno-blots of
proteinase-K treated brain homogenates from variant and
sporadic CID (PRNP 129 MM genotype) and transgenic mice
were analysed by enhanced chemiluminescence with either
anti-PrP monoclonal antibody 3F4 (A) or biotinylated anti-
PrP monoclonal antibody ICSM 35 (B-D). The identity of the
brain sample is designated above each lane with the type of
PrP* present in the sample designated below. § denotes
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transmissions that result in the propagation of either type 2 or
type 4 PrP*,

Fig. 3. Sumimary of transmissions of vCJD and BSE prions to
transgenic and wild type FVB mice. The total number of
prion-affected mice (both clinical and sub-clinical) is reported
for each inoculated group; 129VV Tg152 mice (white), wild
type FVB mice (grey). Animals were scored by clinical signs,
. immuno-blotting and/or immunohistochemistry. Data are
derived from tables S1 and S2. * denotes the occurrence of
sub-clinica] prion mfecnon only.

Fig. 4. Neuropathological analysis of transgenic mouse brain,
Primary transmission of vCID prions in 129VV Tg] 52 mice
producés type 5 PrP> that is maintained after secondary
passage in 129VV Tgl52 mice but induces propagation of
either type 2 or type 4 PrP* after passage in 129MM Tg35
mice. Immunohistochemistry (PrP) shows abnormal PrP
immunoreactivity, including PrP-posmve plaques stained’
with anti-PrP monoclonal antibody 3F4. Haematoxylm- and
eosin-stained sections (H&E) show sponglform
neurodegeneration (left, corpus callosum; middle and right,
parietal cortex). Scale bar: 100 pun. Lower panels show the
regional distribution of abnormal PrP deposition. Green boxes
in the sketches denote the area from which PrP stained
sections are derived..
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