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Potentlal RlSk of Varlant Creutzfeldt—J akob Dlsease
(VCJD)

K fom Plasma-Derived Products

In recent years, questions have been raised concerning the potential tisk of vatiant Crentzfeldt-Jakob disease (vCID -2
rare but fatal brain infection) for recipients of plasma- derived clotting factors, in¢luding United States (US) licensed
Factor Eight (pdFVIIT), Factor Nine (pdFIX), and other plasma-derived products such as immune globulins and aloumin,
In response to these questions, FDA conducted a risk agsessment. Based on the risk assessment, the US Public Healih
Service believes that the risk of vCJID to pafients who receive US licensed pdFVIH products is most likely to be
exfremely small, although we do not know the risk with certainty. vCID risk from other plasma derived products,
including Factor IX, is likely to be as small or smaller.

This web page provides FDA’s risk assessment for US licensed pdFVIII and risk communication materials for this
product and other plasma derivatives. Included are Key Points, and Questions and Answers. Additional links are
- provided to FDA’s current guidance documents on deferral of blood and plasma donors who may be at increased risk of C

vCID, and to other sources of information regarding vCJD.
Documents Regarding US Licensed pdFVIIL, and Other US Licensed Plasma Derivatives Including pdFIX

Potential vCID Rigk From US Licensed Plasma-Derived Factor VIl (pdFVIiL, Antlhemonhﬂlc Factor) Producis:

Surmmary Information, Kevy Points
Risk essment (PDF, 582 KB

Risk Assessment Appendix (PDF, 623 KB)

Questions and Answers on vCID and pdEVII

Questions and Answers on vCJD and Plasma Derivatives Qther than pdFVIIT

Guidance on Donor Deferral Related to CJD and vCJD

« Draft Guidance for Industry: Amendment (Donor Deferral for Transfusion in France Since 1880} to "Guidance
for Indusiry: Revised Preventive Measures to Reduce the Pessible Risk of Transmission of Creutzfeldt-Jakob
Disecase (CID) and Variant Creutzfeldt-Jakab Disease (vCID) by Blood and Blood Products” - 8/2006

« Questions and Answers on FDA Guidance: Revised Preventive Measures to Reduce the Possible Risk of

Transmission of Creutzfelde-Jakaob (CID) Disease and Variant Creutzfeldt Jakob Disease (vCID) by Blood and
Blood Products - 1/22/2004

« Guidance for Industry: Revised Preventive Measures to Reduce the Posmble Risk of Trapsinission of Creutzfeldt-

Jakob Disease (CID) and Variant Crentzfeldi-Jakob Disease (vCID) by Blood and Blood Products - 1/2002

Other Sources of Information

» Transmissible Spongiform Encephalopathies Advisory Commitiee

+ Blood Products Advisery Commiitee Meeting — Summary of Recent TSEAC Meeting and Siatement about FXI
from the UK, on Gctober 21, 2004

« Information on vCID: Centers for Disease Control and Prevention
Information on Bovine Spongiform Encephalopathy (“Mad Cow Disease™): US Department of Agriculture

Patient Qrganizations:

» Committee of Ten Thousand

¢ Hemophilia Federation of America

« National Hemophilta Foundation and/or HANDI
« World Federation of Hemophilia

Updated: March [5, 2007

http:// www.Fda.gov/ cher/blood/vagjdrisk.htm 273 2007/03/16
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Identification and characterization of two bovine spongiform
encephalopathy cases diagnosed in the United States '

Jirgen A, Richt,' Robert A, Kunkle, David Alt, Eric M. Nicholson, Amir N. Hamir, Stefanie Czub,
John Kluge, Arthur J. Davis, S, Mark Hall ~

Abstract. Bovine spongiform encephalopathy (BSE) is a transmissible spongiform encephalopathy of
cattle, first detected in 1986 in the United Kingdom and subsequently in other-countiies. It is the most likely
cause of variant Creutzfeldi-Jakob disease (vCID) in humans, but the origin of BSE has not been elucidated so
far. This report describes the identification and-characterization of two cases of BSE diagnosed in the United
States. Case 1 {December 2003) exhibited spongiform changes in the obex area of the brainstem and (he
presence of the abnormal form of the prion protein, PrP™, in the same brain area, by immunohistochemistry
(IHC) and Western blot analysis. Initial suspect diagnosis of BSE for case 2 (November 2004) was made by -
a rapid ELISA-based BSE test. Cass 2 did not exhibil unambiguous spongiform changes in the obex area, but

- PrP® was detected by IHC and entichment Western blot analysis in the obex. Using Western blot analysis,
PrP% from case | showed molecular features similar to typical BSE isolates, whereas FrP* from case 2
revealed an unusual molecular PrP™ pattern: molecular mass of the unglycosylated and monoglycosylaled
isoform was higher than that of typical BSE isolates and case 2 was strongly labeled with antibody P4, which is
consistent with a higher molecular mass. Sequencing of the prion protein gene of both BSE-positive animals
revealed that the sequences of both animals were?within the range of the prion protein gene sequence diversity

previously reported for cattle.

Key words: Bovine spongiform encephalopathy; cattle; immunohistochemistry; Prap gene; Western blot,

Introduction

Transmissible spongiform encephalopathy (TSE)
agents or prions induce fatal neurodegenerative
diseases in humans and in other mammals. They are
transmissible among their species of origin, but they
can also cross some species barriers and induce
infection: with or without disease in other species.
Human TSEs include Creutzfeldt-Jakob disease
{CID), Gerstmann—Striussler—Scheinker syndrome,
Kury, and fatal familial insomnia.?® In animals, 4
distinct TSE diseases are recognized: scrapie in sheep
and goats, transmissible mink encephalopathy {TME)
in mink, chronic wasting disease (CWD) in cervids,
and .bovine spongiform encephalopathy (BSE) in
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Idational Animal Disease Center, USDA, Agricultural Research
Service, Ames, Jowa, 30010 (Richt, Kunkle, Nicholson, Hamir),
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Inspection Agency, Ames, Iowa, 50010 (Kluge, Davis, Hall), and
the National BSE Referenice Laboratory, Canadian Food In-
spection Agency, Winnipeg, Maniloba R3M 3M4, Canada
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cattle. BSE is transmissible via BSE-contaminated
feed to cats (feline spongiform encephalopathy, FSE}
and exotic ungulates (exotic ungulate encephalopa-
thy, EUE).55t

Prions are proteinaceous infectious particles and
are the causative agents of TSEs. They are host-coded
proteins that have undergone conformational changes
and have biological and physicochemical character-
istics that differ significantly from those of other

- infectious agents. For example, they are resistant to

inactivation. processes that are effective against
conventional viruses including those that alter nucleic
acid structure or function. These include ionizing and
UV radiation,! and inactivation by formalin2! In
contrast, infectivity is highly susceptible to procedures
that modify protein conformation.*! In TSE disease,
the normal cellular protein, PrP®, is converied to
abnormal prion protein, . PrP%, PrP* exhibits in-
creased beta sheet content, a change that may drive
the additional changes in solubility and protease
resistance#® Unlike normal cellufar protein, PrP* is
relatively insoluble in detergents, is relatively resistant
to proteases,® and is capable of causing 2 conforma-
tional change in additional molecules of PrP". The
precise function of the normal PrP* in heaithy ammals_
remajns unknown. There is some evidence to show
that PrP° might play a role in sleep physiology, in
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resistance to oxidative stress, in signal transduction,’

and in self-renewal of hematopoletic stem

cells 17.30.33,55

TSE disease involves the accumulation of PrP* in
the central nervous system (CNS) of the host,
eventually leading to ncurodegeneration and disease.
In TSE-affected anirtals, PrP® has a determinant role
in the incubation time and species barrier® Mice
lacking prion protein gene (Prnp) expression are not
susceptible to TSE agents or prion infection, demon-
strating the key role of PrP® in TSEs.? Susceptibility
to prions thus depends upon the presence of PrP* on
the cell membrane of the host; prions do not
propagate in brains thag lack PePe.$ ~

BSE first emerged in 1986 in the United Kingdom,
where more than 180,000 cases have been diagnosed

to date (August 2006}, Widely referred to as “mad:

cow disease”, BSE subsequently spread to many
countries, predominantly in Western Europe. These
outbreaks, caused by the consumption of infected
meat and bone meal containing the malformed prion
protein, have resulted in the destruction of thousands
of cattle and have cansed significant economic losses.
BSE is a chronic degenerative discase affecting the
central nervous system of cattle. Affected animals
display changes in temperament, abnormal posture,
incoordination and difficulty in rising, decreased milk
production, andfor loss of body weight despite
continued appetite.*® The averape incubation period
is about 4-6 years and all affected animals succumb
to the disease.?® Following the onset of clinical signs,
the animal’s condition deteriogates until it either dies
or is destroyed. This process usually takes from 2
weeks to 6 momnths. Most cases in the United
Kingdom occurred in dairy cows between 3 and 6
years of age, with the highest susceptibility to
infection being in the f{irst 6 months of life; adult
cattle appear to be at relatively low risk of infection.’

Epidemiological surveiliance programs cartied out
in many European and pon-European countries have
discovered BSE-positive animals within the last
decade.'83¢ In May 2003, Canada reported its first
indigenous case of BSE, detected as part of the
Canadian BSE surveillance program on & commercial
cow-calf operation in Alberta, Canada '3 Since
then, Canada has reported 7 additional cases of BSE
(two in 2005, five in 2006 — as of August 2006), all of
them detected as part of the ongoing Canadian BSE
surveillance and the majority of cases stemming from
a distinct area in Alberta.

All currently validated diagnostic tesis for BSE
require brain tissue.?%*° There is currently no
validated ante mortem test for BSE. The original
diagnostic test method was histopathology in which
brain sections exhibiting the classical vacuoles and

-143 .

spongiformn changes in specific areas are used for
diagnosis.*® In the mid-1990s, immunohistochermistry
(IHC) and Western blotting were developed for the
detection of PrP¥ in tissues 3 Both IHC and Western
blot are considered confirmatory tests for BSE by the
World Organization for Animal Health (OIE).* In
the past decade, “rapid tests’” have been mtroduced
commercially for BSE surveillance.?*

This report describes the identification and char-
acterization of 2 BSE cases diagnosed in the United
States. The first US BSE case (December 2003) was
identified by vsing the BSE surveillance system that
was in place in the United States from May 1990 until
May 2004. Using this system, brainstem saraples from
field cases of cattie exhibiting signs of neurologic
disease, cattle condemned at slaughter for neurclogic
reasons, rabies-negative cattle submitted to public
health laboratories, neurologic cases submitted to
veterinary diagnostic laboratories and veterinary
teaching hospitals, and sampling of cattle that were
nonambulatory (downer catile/fallen stock) were sent
to the National Veterinary Service Laboratory
(NVSL) for confirmatory THC testing. Befors 1995,
BSE testing at the NVSL was done by histological
analysis of brain sections for the presence of BSE-
typical spongiform lesions. After 1993, testing in-
cluded the use of the newly established IHC
procedures for the detection of PrP% in brain sections
of TSE-infected animals,3 After the first case of BSE
in the United States was diagnosed, an enhanced BSE
surveillance program was established on June 1, 2004,
based on the use of a rapid screening test®, followed
by confirmatory testing (THC andfor Western blot,
since Tune 2005 both methods are used in parallel) for
any reactive sample, designated “inconclusive.” As of
August 6, 2006, more than 775,000 samples have been
tested and 2 samples were found to be BSE positive.
Currently, an “inconclusive” sample is defined as.
being positive by the initial one-well ELISA and again
positive in at least [ out of 2 wells in a repeat test of
the original homogenate. USDA has designed its
enhanced testing program to collect the majority of
samples from high-risk animals in the foHowing
categories: nonambulatory cattle, cattle exhibiting
signs of a central nervous system disorder, catile
exhibiting other signs that may be associated with
BSE, such as emaciation or injury, and dead cattle. In
addition, all cattle condemned on ante #iortem
inspection are sampled. In this report, detection of
PrP* by immunohistochemistry and Western blot
analyses are presented. Brain maierial from both
cases is compared with each other and with well-
defined BSE isolates from other counfries. In
addition, sequences of the prion protein gene of both
BSE-positive animals are discussed.
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Material and methods
Avimals and tissues

Case [ was an approxitnately 6.5-year-old, nonambula-
tory cow, slaughtered in December 2003 in Moses Lake,
Washington State. The animal was imported from Canada
in 2001, Case 2 was a downer cow, approximately 12 years
old, and sent to a pet food plant in November 2004. The
animal was born and raised in Texas. Brain samples were
taken from both animals according to the USDA BSE
surveiliance plan and shipped to the Mational Veterinary
Service Laboratories (NVSL) in Ames, Tows. The abex
sample from Case 2 was found to be reactive twice in
a rapid BSE test performed by the Texas Veterinary
Medical Diagnostic Laboratory at Texas A&M University,
College Station, TX, before being shipped to NVSL. The
rapid BSE test® used in the United States has been validated
by the European Union, Canada, and the United States
and has demonstrated both high sensitivity and specificity
for detecting BSE prion protein in catfle. Frozen and
formalin fixed samples from the medulia oblongata and the
cerebellum were available for analysis. No portion of either
cow’s carcass entered the arimal or human foed chain.

Histopathology

Brain tissue was fixed in 10% buffered formalin,
embedded in paraffin wax, sectioned at 5 micron thickness,
and stained with hematoxylin and sosin {HE) for light
microscopic examination.

Immunohistechemistry (THC)

Brain tissue was placed in 0% buffered formalin and
after a2 minimum of 4 days of fixation appropriate sections
of obex were put in cassettes and kept in fresh formalin
ontil they were processed for routine pamaffin embedding,
Using automated tissue processing, tissues were cut -at
3 micron thickness and mounted onto charged glass slides®,
Slides were set upright, drained and air-dried for a mini-
mum of 3 hr, followed by 15 min at 80°C. The slides were
then deparaffinized (xylene, ethyl alcohol gradient, distilled
H,0). Additionally, 5-micron sections of US BSE case 2
were treated with 95% formic acid for 5, 15, and 30 min at
room temperature. Siides were incubated with a target
retrieval solution®, placed in a medical decloaking cham-
verd, antoctaved for 30 {case 1) or 30 and 45 {case 2) min at
121°C, and then cooled for 25 min. Slides were soaked for
a minimum of 5 min in Ventana APK Wash Solution®. The
Ventana NexES carousel®, filled with APK Wash Solution®
and Liquid Coverslip bottlest, was used with the PrP-
specific antibody F99/97.6.1" at a concentration of 10 ug/
ml. Slides were processed to compietion using alkaline
phosphatase red paraffin protocols as suggested by the
manufacturer®. Then, slides were removed, placed in a rack
and dipped thirty times in 250 ml of warm soapy tap water
containing 2-3 drops liquid dishwashing detergents. After-
wards, slides were rinsed int running tap water for 2 min
and dehydrated in ethyl aleohol and xylene. Coverslips
were added to slides and THC results were interpreted as
follows: 1) positive for PrP5%: pink to red and
2) background and negative for PrP*: only blue back-

, - ground. Tt should be noted that the THC procedure did Aot
" incorporate a proteinase K digestion step. For the purpose

of simplicity of nomenclature, the term “PrP>" is used to
describe the abnormal prion protein, As positive controls,
sfides {rom the brainstem of a BSE-positive cow, obtained
from the United Kingdom, and from the brainstemn of
2 scrapie-positive sheep were used for Case 1; slides from
brainstem of a BSE-positive cow obtained from the United
Kingdom and from the US BSE Case | were used for Case
2. As negative controls, slides from brainstem material of
BSE-negative cattle and scrapie-negative sheep were used.

Western blot analyses

Brain homogenates [rom UUS BSE case | were prepared
from approximately 0.5 gram brainstem material and
analyzed using the Prionics®-Check Western Kit" as
suggested by the manufacturer with minor modifications
regarding the detection system. It should be noted that the
Prionics®-Check Western Kit" method is not a confirmatory
assay for BSE. Samples were homogenized at room
temperature with homogenization buffer® (10% w/v) using
a PowerGeni25 homogenizer' with a disposable probe’ (5
times, 30 sec), and digested with proteinase K (PK)? for
40 min at 43°C. PK-digestion was stopped according to the
manufacturer’s protocol and 10-15 ! volume of sample
was loaded onte pre-cast sodium dodecyl sulfate (SDS)-
12% polyacrylamide gel electrophoresis (PAGE) gels’. SDS-
PAGE was performed as described by the manufacturer
and the proteins transferred from the gel to a polyvinylidene
diflueride (PVDF}* membrane with transfer buffer’, The
membranes were blocked with PVDF blocking buifer and
either incubated with antibody 684" (1: 10,000 dilution or
0.1 ugfml of 2 mouse IgG1 manoctonal antibody antiserum
raised against human residues 144-152 [DYEDRY YRE] of
the PrP peptide) or antibody P4' (1:10,000 dilution or
0.1 pg/m! of a mouse monoclonal antibody raised against
synthetic ovine PrP residues 89-104 [GGGGWGQGG-
SHSQWNK] of the PrP peptide) for 1 hr at 37°C or
overnight at 4°C. After three washes in Tris-Buffered Saline
Tween®-20 (TBST), the membranes were incebated for
30 min at reom temperature with a biotinylated sheep anti-
mouse antibody™ (1:10,000 dilution or 0.05 pg/ml in
TBST). After 3 washes in TBST, a streptavidin-horseradish
peroxidase conjugate™ was added for 30 min. After another
round of washes with TBST, bound antibodies were
detected by using the ECL Plus™ chemiluminescent sub-
strate,

For US BSE case 2, the Prionics®-Check Western Kit®
and the OIE-recommended Scrapie Associated Fibril
(SAF)-Immuncblot method (http:/fwww.ole.int/eng/
normes/mmanual/ A_suntmry.htm) were used® with minor
modifications. In contrast to the Prionics®-Check Western®
method, the SAF Immunoblot method enriches brain
samples for PrP> by ultracentrifugation prior to loading
them onto a SDS-PAGE gel. The SDS-PAGE electropho-
resis conditions, subsequent (ransfer and immunodetection
of PrP were carried out as described above. Therefore,
only the enrichment method will be described in more
detail. Material for analysis of case 2 was taken from the
brainstem (2 g} and cerebeilum (2 g) area and minced with
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a new blade after removal of dura mater. A 10% (wfv) -
tissue homogenate in 10 mM Tris, pH 7.5, containing

5mM MgCl, was prepared using a homogenizer® with
a disposable probes (5 times, 30 sec). The homogenate was
mixed well and then again sonicated for 30 sec on ice bath
{5-10 times). Benzonase® was added to the mixture for
a fina] concentration of 100 U/ml and incubated for I hr at
37°C while shaking. An equal volume of 20% (w/v) N-
lauroylsarcosine” in 10 mM Tris, pH 7.5 and 1 mM DTT®
was added to each homogenate, vortexed for 1 min every
10 min for a total of 30 min at room temperature,
Homogenates were transferred to polyallomer tubes? and
centrifuged at 20,000 X g for 25 min at 10°C. Supernatant
was cenirifuged again using polyailomer tubes? at 200,000
% g for 55 min at 10°C. The resultant supernatant was

discarded, the peliet was resuspended in sterile, distilled

HyO (1 pl/mg tissue equivalent) and sonicated until
suspended. Sample was split into 2 eliquots into micro-
centrifuge tubes and one sample was treated with PKs
(concentration 0.4 U/mf) by incubation at 37°C for 60 min
with agitation while the control sample was not treated
with PK. Phenylmethylsulphonyl fluoride’ (PMSF) was
added to a final copcentration of 5 mM, incubated on ice
for 15 min and transferred to a new 1.5-ml ultracentrifuge
tube. Volume was brought up to 500 pl with HyO and
centrifuged at 200,000 X g for 1 hr at 10°C. Pellet was
resuspended in SDS-PAGE sample buffer to at least 10 mg
tissue equivalent per Ml Samples were sonicated on wet ice
before loading on SDS-PAGE gel. For both Western blot
techniques, detection was performed either on Biomax
films* or scanned images were obtained with a Typhoon™
imaging system. As positive control samples, BSE-positive
brain material from Canadian and Swiss cattle, cattle-and
sheep-passaged scrapic and CWD-positive elk and mule
deer matérial were used for Case 1, brain material from
Case 1 and sheep scrapie were used for Case 2. As negative
controls, brain material from a BSE-negative cow was used.

DNA isolation and PCR amplification

Genomic DNA was extracted from 200 i of a 10% brain
hoinogenate (cerebellum) using the DNeasy™ tissue kit'
according to the manufacturer’s instructions. PCR was
performed in a 100 ul final reaction volume containing
0.2 pmole of forward primer (5'-CAT ATG ATG CTG
ACA CCC TC -3"), 0.2 pmol of reverse primer (5'-AGA
AGA TAA TGA AAA CAG GAA G -37) 1X Easy-A PCR
buffer, 2.5 m MgCh, 0.8 mM ecach deoxyribonucleotide
triphosphate (ANTP Master Mix)%, 2.5 U of Easy-A™

high-fidelity cloning Taq DNA polymerase®, and 0.4 ug of

{otal DNA, Amplification was performed with the follow-
ing conditions: 94°C for 5 min, followed by 30 cycles of
94°C for 30 sec (denaturation), 59°C for 30 sec (annealing),
and 72°C for | min. A final extension step at 72°C was
performed for 10 min. Amplified DNA preoduct was
purified using 2 GENECLEAN® spin kit and sequencing
was performed using the ABI 3700 DNA sequencer with
the cycle sequencing kit*. The fragment was sequenced in
duplicate using the orginal 2 prmers and 2 internal
primers 4142 and 9612 4 for a total of 8 reactions.
Databases were searched using standard nucleotide-nucle-

-otide BLAST at the Nationa! Center for Biotéchnoio’gy

Information Web Site (bitp://www.ncbinininih.gov). The
database is a collection of sequences from several sources,
including GenBank and Reference Sequence. The nucleo-
tide sequences of cases 1 and 2 were aligned -using both
CLUSTAL V%27 and CLUSTAL W* with the following
GENBANK accession numbers: AY335912 (bovine),
AY367641 (bovine), AF016228 {elk), AY275712 (white-
tailed deer), AF166334 (sheep), AJ567986 (sheep), and the
Canadian BSE case using Lasergene version 5.07 software
{DNASTAR-Madison WI).

Resulis
ELISA results

When brainstem samples from case 1 and case 2
were repeatedly tested for the presence of PrP% using
a validated BLISA test system, the mean optical
density {OD) values were 1.86 for case ! {n = 2j and
249 for case 2 (n = 6).

Histological dnd immunchistochemical examination

Brainstem samples at the level of obex were
available from both cases and analyzed for the
presence of spongiform changes and deposition of
PrP%. Lesions of spongiform encephalopathy di-
agnostic for BSE were detected in the obex region
of case 1 (Fig. 1A, and were not present in the obex of
case 2 (Fig. 1C). The tissue of case 2 had been frozen
and therefore artifactual changes were present, but
definitive lesions of BSE were not observed (Fig. 1C).
In both cases the medulla at the level of the obex was
examined. In case 1 there was neuropil vacuolation
present in several areas and occasional scattered
neuronal vacuolation. The neuropil vacuolation was
most pronounced in the solitary nucleus and tract, the
spinal nucleus and tract of the trigeminal nerve, the
olivary nuclei, and less pronounced in the motor
nucleus of the vagus. In case 2 there was 2 freezing
artifact that precluded definitive histological inter-
pretation of vacuolar changes, however overt TSE
related vacuolar lesions were not observed. When
THC was performed, both cases were positive for the
presence of PrPse. Whereas significant amounts of
PrPS were detected in the obex area of case 1
(Fig. 1B), only weak staining for PrPS was observed
in the obex area of case 2 (Fig. 1D). Initiaily, the ITHC
of case 2 was negative, however, after formic acid
treatment and extended antigen retrieval the case was
positive by IHC (Fig. 1D). Extended antigen retrieval
(up to 45 minutes) and the treatment of the slides
with formic acid prior to immunostaining were
necessary to obtain unambiguous PrP¥ signals. The
distribution of PrP in brainstern of case 2 was not as
uniform nor as intense as seen with case 1 (Fig. 1B).
Case 1 had intense widespread immunostaining
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