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1. INTRODUCTION

The appearance of avariant form of human Creutzfel dt- Jakob Disease (CID) in the mid-
1990s, as areault of the bovine spongiform encephaopathy (BSE) epidemic in the United Kingdom
(UK), hasincreased the profile of transmissible spongiform encepha opathies (TSES) asarisk to
human hedlth and has dready affected public hedth policy worldwide. 1t is assumed that variant
CJD (vCID) results from the consumption of meet products from cattle infected with the BSE
agent.

Policies developed to reduce the risks resulting from the hazard of vCJID and its potential for
human-to-human transmisson are based on three main factors: @) an unknown number of
individuas might be infected with the BSE agent; b) the pathologica misfolded prion protein (and
infectivity detected by bioassay) is present in some periphera tissues of patients who died of vCID;
c) blood of rodents, monkeys and sheep infected with TSE agents has transmitted disease
experimentally. Thereisincreasing concern about the possibility that vaccines, blood products and
other pharmaceutical products—products that contain or were manufactured using bovine-derived
or human-derived materias—might spread the agent of vCJID worldwide, even in countries where
BSE has not yet been reported. Thereis, therefore, a need to ensure that regulatory authorities
worldwide have reliable information to assess risk and eval uate product safety, so that steps can be
taken to prevent the transmisson of TSE to humans via biologica and other pharmaceutica
products.

In order to update the preventive measures proposed by the World Health Organization
(WHO) in 1997 to minimize the risks associated with the use of vaccines, blood products and other
pharmaceutica products containing bovine-derived and human-derived materids, a meeting of
internationa experts was convened at WHO in Geneva on 3-5 February 2003. The purpose was to
review the latest available data on the epidemiology, antemortemn and postmortem diagnosis,
detection of the infectious agents, and digtribution of infectivity in tissues or body fluids of relevant
gpecieswith TSEs.

Dr A. Asamoa Baah, Executive Director Health Technology and Pharmaceuticals of WHO
opened the Consultation. Dr Asamoa:Baah indicated that the objectives of the Consultation were to
provide evidence-based information to regulatory authorities of Member States, especidly to those
where BSE has not yet been reported, with regard to risk assessment and precautionary and control
measures for biological and pharmaceutical products. An additional goal was to promote
harmonization of internationa regulations worldwide related to TSE.

This Consultation complements other important efforts of WHO in the follow-up of the
scientific and epidemiologica developmentsin TSEs such as the Joint WHO/FAO/OIE Technica
Conaultation on BSE hdld in 2001 (http://www.who.int/csr/resources/publications/bse) and the activities
of the “Working Group on Internationd Reference Materias for Diagnoss and Study of TSES’,
established in 1999 (hitp:/AMww.who.int/biologicas), as a scientific forum to advance development
of diagnostic tests based on available research methods.

Professor W. van Aken was nominated chairperson of the consultation and Dr D. Asher and
Professor M. Pocchiari were nominated rapporteurs. A list of participants is annexed.
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2. REVIEW OF SCIENTIFIC DEVELOPMENTS

Magor scientific developments have occurred in the field of TSEs during thelast 5 years.
These include a better knowledge of the epidemiology of sporadic CID (SCJD) and vCJID and an
improved diagnogtic criteriafor SCID and vCID. Changesin the digtribution and size of the BSE
epidemic in Europe and e sawhere have been observed. The digtribution of infectivity in tissues and
body fluids in SCID, vCJID, BSE and scrapie has been better established and the detection of the
pathological misfolded prion protein (PrP"~)! in different tissues has improved.

2.1  Epidemiology, clinical featuresand diagnostic criteria of CID

CID isarare and fatal human neurodegenerative condition. Like other TSES, CID is
experimentaly transmissible to animals, and a characteristic pongiform changeis seen on
microscopic examination of the brain. Epidemiologica studies indicate a worldwide occurrence of
sporadic disease of gpproximately 1-2 cases per million people per year. Globally, over 80% of
cases of CJD occur as a sporadic disease (SCJID). Familid, iatrogenic, and variant forms of CID
show much lower and variable incidence in different countries. Most cases of vCID have been
found in the UK.

The cause of SCID remains unknown despite extensive study and, in particular, thereisno
evidence of a causd link with scrapie, anaturdly occurring TSE of sheep and goats, or with BSE.
Most sSCJID cases occur in persons between the age of 60 and 80 years with an average age at degth
of about 67 years. Characteristically the patient with SCID develops arapidly progressve dementia
associated with multifoca neurologica Signs, ataxia, and myoclonus. Although, in the correct
clinical context, a characteristic EEG recording and/or the detection of 14-3-3 protein in the
cerebrospind fluid are considered diagnostic, confirmation of the diagnosis of CID dill relieson
neuropathologica examination. The clinical and pathologica features of SCID are variable, and are
influenced by a naturdly occurring polymorphism at codon 129 of the gene encoding the prion
protein (PRNP gene). A novel test based upon the detection of PrP™E in the nasal olfactory mucosa
may improve the diagnosis of SCJID, but this test has not yet been evaluated in living patients.

Familid CID, dso experimentdly tranamissble, is expressed as an autosomal dominant trait
associated with an abnormality of the PRNP gene. Gersmann- Strausd er- Scheinker syndrome
(GSS) and fatd familid insomnia (FH) are smilarly inherited transmissible neurodegenerative
disorders.

There are now 313 cases? of iarogenic CJD following the use of contaminated human
pituitary-derived growth hormone (163 cases) or gonadotropin (4 cases), dura mater grafts (136
cases), corneal transplants (at least 3 possible cases), neurosurgica instruments (5 cases) and a
stereotactic cortical-probe EEG dectrode (2 cases). No new class of products causing iatrogenic
CJID has been identified during the last 5 years, dthough the number of cases from past exposure to
known products continues to increase.

! Because of increas ng complexity in terminology for various forms of the prion protein (PrP), the consultation used
the term PrP™E for all abnormal misfolded PrP associated with TSEs.
% The numbers of all iatrogenic cases were kindly provided by Dr Paul Brown (March 2003)
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Asof January 2003, 130 cases of vCJID were reported in the UK, 6 in France, and one each
in the Republic of Ireland, Italy, USA and Canada. The Irish, US and Canadian patients had spent
several yearsin the UK between 1980 and 1996, and were probably exposed to the BSE agent there,
while the Itdian and French cases had no history of travel outside their home countries. The
median age at onset of VCID is 26 years (range 12-74 years) with amedian duration of illness of 14
months (range 6-39 months). Although a definite diagnosis of vCID requires neuropathological
examination, clinical and laboratory criteria have been established for the diagnosis of probable
vCID inliving patients. All tested vCID cases (121 worldwide) were homozygous for methionine
at codon 129 of the PRNP gene. A digtinctive feature of vCID—in contrast to SCID—isthe
frequent occurrence of PrP" == in lymphoid tissues (tonsil, spleen, lymph node, appendix). In 3
patients who had undergone appendectomy before onset of vCJD, two had immunoreective PrP™E
in lymphoid follicles of the appendix at 8 months and 2 years prior to desth. One gppendix was
negative for PrP">F 9 years prior to desth.

The causd link between vCID and BSE is based on epidemiological, biochemicad and
transmisson udies. The Joint WHO/FAO/OIE Technical Consultation on BSE (2001) reached a
scientific consensus that BSE-contaminated food is the main avenue of exposure. Bovines, bovine
products and by-products potentialy carrying the BSE agent have been traded worldwide, gving
thisrisk agloba dimenson. Epidemiologica andyss does not indicate that medicina products,
blood and blood-derived products, or occupationa exposure have been sources of infection in vCID
cases identified to date.

2.2 Bovine spongiform encephalopathy (BSE) and scrapie

BSE wasfirg identified in British cattle in November 1986. Current evidence suggests that
the disease originated from the use of feed supplements containing meet-and-bone med (MBM)
contaminated with a TSE agent (probably from scrapie-infected carcasses). By the end of 2002,
over 182,000 confirmed cases of BSE had been reported in the UK. Smaller outbreaks have been
reported in native-born cattle in most other Western and Centra European countriesand in |sradl
and Japan (totalling 3822 cases reported to the OIE as of April 2003). Most recent caseswerein
clinicaly unremarkable animas recognized at the abattoir following the introduction of a statutory
test for PrP"F gpplied after 1999 by member States of the European Union (EU) and by
Switzerland to the brainstems of hedlthy cattle older than 30 months and suspect cattle at increased
risk of BSE (fdlen stock and other anima's older than 24 months sent for casudty daughter). The
increase in recogni zed cases presumably resulted from better detection of infected animals during
the pre-clinica and early dinicd stages of illnessrather than atrue “second wave’ of BSE. Inthe
UK the incidence of BSE has continued to decline rapidly since 1992, amost certainly in response
to a statutory ruminant feed ban introduced in 1988. Thisis consstent with the hypothess that
cases aroe by infection from contaminated feed. Although epidemics of BSE in other European
countries have been recognized more recently than that of the UK, most are dso in decline, and, so
far, no single country except the UK has recognized more than 1500 cases.

BSE infectivity has been demondrated in the brain, soind cord and retina of naturaly
affected cattle and also in the dorsal root ganglia, trigemind ganglia, disd ileum (during
incubation) and bone marrow (during dinicd illness only) of those infected experimentaly by the
ord route. A wide range of other tissues (including most lymphoreticular tissues) from cattle sick
with BSE—both naturaly and experimentally acquired—showed no detectable infectivity usng the
mouse bioassay; pardle bioassaysin cattle (now nearly complete) so far support the conclusion
thet thereis alimited distribution of BSE infectivity in bovine tissues. BSE has been
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experimentaly transmitted viathe ord route to sheep and goats, but there is fill no evidence that
these small ruminants have been naturaly infected. However, concern over this possibility hasled
to increased efforts at active and passive survelllance of scrapie in the EU, based on the observation
that experimenta BSE in smdl ruminants resembles scrapie. Recently, infectivity was found in
blood of sheep with natural scrapie and in blood of sheep with experimental BSE during both
clinicd illness and pre-symptomeatic periods.

2.3 Diagnosis

The formation of PrP"™E occurs only in TSEs and therefore its detection serves asa
surrogete for detection of infectivity in biologica samples. After experimenta inoculation of
rodentswith TSE agents, PrP™E is, like infectivity, usualy detectable in the central nervous system
(CNS) many weeks before the appearance of overt disease, and itslevel increases during clinica
illness. While theincressein PrP™E generdlly pardlds that of infectivity, the precise rlationship
between PrP™E and infectivity isunclear. However, there are exceptions; under specific
experimenta conditions, the brain of TSE-affected rodents may be infectious (by bioassay) while
PrP"™F remains undetected. From the perspective of pre-clinica diagnosis, both the sensitivity of
diagnostic methods and procedures to concentrate PrP™F are crucia, because the amount of PrP™F
outsde the CNSislikely to be extremely small, particularly in circulaing blood. Concertration of
PrP"™E can be redlized by chemicophysical precipitation, affinity chromatography or affinity
precipitation techniques. Moreover, it has been reported that the amount of PrP™E in dilute
solutions can be increased at least 10 to 20-fold by the “protein misfolding cydlic amplification”
(PMCA) technique, potentidly alowing improved detection of extremely smal amounts of infected
material. A recent report described the presence of an abnormal species of PrP in urine of CID
patients and animals with natural or experimental TSEs. Another study demonstrated PrP™F and
infectivity in the skdetd muscle of mice experimentaly infected with laboratory strains of TSE
(something not found in naturd TSES). These potentidly important studies have yet to be
confirmed by other laboratories.

Among immunological methods for PrP™F detection, western blotting is the most
thoroughly characterized and widdly used method. It offers the advantage of recognizing different
forms of PrP™E through the anaysis of the molecular mass and the relative abundance of di-, mono-
and non-glycosylated bands. These parameters characterize the so-cdled PrP glycotype, akind of
“PrP signature” that varies among different forms of TSE. PrP™E glycotyping has been proposed
for distinguishing various forms of TSE (e.g., scrapie from BSE and SCID from vCJID) and for
improving the dassfication of human TSEs.

The latest generation of immunoassays are claimed to detect PrP™F in ssmples containing
lessthan 1 LDsp of BSE infectivity as measured by bioassay in tranggenic mice expressng bovine
PrP. Severd ELISA and western blot methods are commercidly available as ready-to-use kits, and
have been vaidated in a study by the European Commission as screening tests for BSE in
daughtered cattle (so-called “rapid tests”). EC-approved immunoassays have also detected PrP™=
in the brains of BSE-infected cattle at least 3 months before onset of clinicd illness. However, no
immunological method has yet proven sufficiently sensitive to detect PrP™E in the blood of infected
humans.
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3. RECOMMENDATIONSOF THE CONSULTATION

3.1  Tissueinfectivity

The foundation of any attempt to congtruct arationa andyss of TSE risk from biologica
and pharmaceutical products must begin with an evauation of infectivity in the human or anima
tissues from which these products are derived. Although straightforward in principle, thetask is
complicated by differencesin the timing of first gpopearance and find tissue digtribution of
infectivity in different species and diseases, by differences in the sengtivity of bioassay methods,
and by incomplete data about infectivity levelsin various tissues of interest. TableslA, IB and IC
in the Annex summarize current data about the distribution of infectivity and PrP™F in humanswith
vCJID and other human forms of TSE, in cattle with BSE, and in shegp and goats with scrapie. In
generd, it can be said that, paradoxically, wheress infectivity (PrP™F) in cattle with BSE hasa
more limited tissue didtribution than in any other animd or human form of TSE, infectivity
(PrP™E) in vCJID has awider distribution than in other forms of human CJD.

3.2 Measuresto minimizerisksto humansfrom biological and pharmaceutical productsin
which bovine, ovine or caprine materials are used during manufacture

On the bags of current scientific knowledge about the agents causing BSE and other animal
TSES, the group stressed that the ided Situation would be to avoid the use of bovine materiasin the
manufacture of any biologica or pharmaceutica product, aswell asthe use of materias from other
anima speciesin which TSEs naturaly occur. In practice, thisis not aways feasble, in which case
arisk assessment should be performed. The risk assessment should take into account: @) the source
of sarting materials used as active substances, excipients or reagents and their potentia infectivity;
b) the possibility of cross contamination where starting materid's are collected and processed; and
C) the production processes for seed and other materids. The TSE risk assessment contributes to
the overal risk-benefit andyss of biologica and other pharmaceutica products.

3.2.1 Sourceof gtarting materials

Careful sdlection of the source of ruminant starting materias to be used to manufacture
active substances, excipients and reagentsis an important criterion in the TSE risk assessment. It
was agreed that the mogt satisfactory source of materias is from countries where the risk of BSE in
cattleis absent or low. Countries are encouraged to assess geographic BSE risk, and the Office
Internationa des Epizooties (Ol E)—the world organization for anima hedlth (cle@oieint)—offers
guidance in that process. The Geographicad BSE Risk (GBR) categorization (risk of BSE for cattle
in countries submitting requests) has been expanded and updated continuoudy by the Scientific
Steering Committee (European Commission, Health and Consumer Protection Directorate Generd):
http: //eur opa.eu.int/comnvfood/fs/sc/ssc/outcome_en.html; that important activity will be continued
by its successor, the European Food Safety Authority (EFSA).

The use of garting materias from countrieswith a high risk of BSE is usudly not
acceptable. However, even in those countries, the collection of starting materias for the
manufacture of pecific products from well-monitored herds may sometimes be dlowed. Thismay
be done after evidence is provided that the herds have had no cases of BSE, have an active
survelllance programme, have never been fed mammalian-derived protein (other than milk), have a
fully documented breeding hitory, and have introduced new genetic materid only from herdswith
the same BSE-free Satus.
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The age of ananima from which tissues or fluids are collected as Sarting materials may
aso be taken into account, Snce data are now available on the infectivity of tissues collected during
the incubation period of experimentd BSE. In generd, tissues of younger animas contain less
infectivity than those of older animds.

3.2.2 Tissueremoval and processing

It isrecognized that potentid TSE risks might be influenced by circumstances under which
tissues are removed. For example, daughter of infected animas by penetrative brain sunning or
sawing the skull or spinal column increase the risk thet tissues containing little or no infectivity will
be contaminated with higher-risk tissues. Body fluids should be collected with minima damage to
tissue, and cdllular components should be removed. Feta blood should be collected without
contamination from other maternd or feta tissues including placenta, amniatic fluid and dlantoic
fluid. Whenever possble, angle-use instruments should be used for collection of tissues and fluids.
When potentia crass contamination of a source tissue with atissue of higher-risk cannot be
reasonably excluded, ahigher risk of infection must be assumed for purposes of risk evauation.

Facilities that provide starting materias for medicina products should have an appropriate
quality system to document the process used and provide arecord for each batch of starting materia
collected. They should either have, or work towards, officid accreditation of the quaity system.
Procedures should aso bein place to reduce the risks of adulteration of batches.

The sources and types of starting materias, while important, are not necessarily the only
determinant of risk of potertia TSE transmisson. Some manufacturing processes—for example
those used to produce serum abumin and tallow derivatives—have subgtantid ability to diminate
infectivity that might be present in the starting material. Processes thet inactivate infectivity or
remove infectivity from starting materids augment the safety provided by sourcing. Manufacturers
should congider including such procedures in their manufacturing processes for starting materials.
Clamsthat a production process contributes significantly to the safety of a product should be
validated.

3.2.3 Production systems

Vaccines

The consstent production of safe and effective vaccines poses specid problems, because
many of them are prepared from organisms that cannot be treated with harsh methods of extraction
or purification without reducing or destroying their antigenicity. Additiond difficulties are inherent
in the cdll bank and seed ot systems employed to produce many vaccines.

Production systems impact the TSE risk assessment. Concerns with respect to TSE may
arise from an animal used for in vivo production or as a source of cellsfor production in vitro, from
components of any medium used in production, or from the cell banks or seeds used to initiate
production. Where vaccines are grown in animas, careful sdection of source materids and, in
some cases, postmortem testing of each production anima can greatly reduce the TSE risk. Some
vaccines are produced in primary cell cultures, usudly derived from animas not known to have
TSEs, such cultures are very unlikely to be infected or contaminated with TSE agents. However,
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any culture medium used in the growth of bacterid, yeast, mammadian or other cdlsin vitro may
contain components of animd origin. Such media shoud be evaluated for TSE risk.

The most complex TSE issues are raised by banked eukaryotic or bacterid cdlsand vird
vaccine seeds. The group strongly emphasized that, by virtue of the level of characterization
possible, the overal risk-benefit assessment overwhelmingly favors the use of banked cdlls and the
seed lot system for vira vaccine production. However the TSE risk assessments of banked cells
and viral vaccine seed stocks should take into account the possible carryover of any potentialy
infectious materia from the seed into the final product as a contaminant. Thereisaso atheoretica
possihility that production cells might be infected with a TSE agent, dthough none of the very few
cdl lines that are known to support replication of a TSE agent has been used to produce any
vaccine.

When evduating the possihility of potentidly infectious materid in aseed, not dl rdevant
information may be available; snce seeds often have alifetime of decades, tracing their origin and
full production history may be impossible. Where information isincomplete, it is recommended
that working seeds be replaced as a precautionary measure, taking into account the need to maintain
adequate supplies of vaccines with public hedth benefits during the replacement. For existing
products, master seed materias and origina experimenta preparations from which master seeds are
derived (“ pre-master” seeds) may not need replacement, since the biologica phenotype of the
vaccine depends on these materids, and they may be difficult or impossible to recreste. However,
the god of eventudly replacing al seeds with those of impeccable provenance for al reagents
should not be abandoned. The origin of newly developed products should be documented as
completely as possible, recognizing that this may aso be difficult. For new products made using
old seed lots, any existing risk assessment for the seed and history of prior use of the seed should be
taken into account.

Initiation of production of seed materids for new vaccines (either new cdl banks or vird or
bacterial seeds) should a so take into account al guidance on TSE risk in force at the time that
laboratory work begins. However, it is recognized that research and devel opment for new vaccines
often takes years, complete information on TSE risk for older seed materias may not meet
requirements in force later, when a candidate new product must be assessed for find licensure. The
principles outlined above, in the paragraph on seed materids, should be applied in such cases.

Recombinant DNA products

Medicines produced by recombinant DNA technology use a cdl banking syslem similar to
that used for many vaccines. Similar considerations with respect to production media, carryover of
contaminants and the theoretica possbility of infection of the cells therefore apply. Risk
assessments should be based on the same approaches used for vaccines.

Other medicinal products

A number of bovine derived materids are commonly used to manufacture both biologica
and pharmaceutica products. These include milk and milk derivatives, meat extracts, bovine serum
indluding feta bovine serum, bovine bone gdatin and beef tdlow derivatives. Materids originating
from other ruminant species are less commonly used.
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Milk and certain milk derivatives, such aslactose, are generdly consdered non-infectious,
regardless of geographic origin, provided that the milk isfrom healthy cowsfit for human
consumption and no other potentialy infectious ruminant- derived materias were used in the
manufacturing process.

Extracts prepared from tissues like bovine muscle, in which TSE infectivity has not been
detected, are unlikdly to present any risk of TSE contamination, provided that the manufacturer has
scrupuloudy complied with procedures designed to avoid cross contamination during preparation of
the source materid; if assurances of compliance are not available, then it is recommended to collect
mest extracts from animasin countries where risk of BSE isremote,

TSE infectivity has been detected in transfused blood of sheep with natural scrapie and with
experimental BSE infections. Similar experiments have not been conducted in bovines nor hasthe
effect of blood clot formation on TSE infectivity in serum been established. Studies usng smaller
amounts of blood components and spleen of cattle with BSE assayed in mice and caitle have faled
to detect infectivity. A conservative regulatory gpproach would assume that bovine serum might
potentidly contain TSE infectivity—presumably in smal amounts. Blood for the preparation of
donor caf serum is mogt often collected from well controlled living animads, reducing the risk of
cross contamination of blood with higher risk materids attendant to the stunning and daughtering
process. Thus the sourcing of bovine serum (country/herd/animal) combined with agppropriate
precautions to avoid cross contamination during collection isimportant in the risk andysis.

Geatin may be extracted from the skin and/or bones of cattle. Gelatin extracted from skins
has alower risk than does gelatin extracted from bones—especialy bones from which skulls and
vertebral columns have not been carefully excluded—because hide gelatin offers little opportunity
for cross contamination with potentidly infective tissue (for example brain, spind cord and
ganglia). Thus, it isrecommended to collect bovine bones for processing into gelatin only from
BSE-free countries or from countries with alow prevaence of BSE; it is preferable to exclude skull
and vertebra columns from bones used for gelatin. The use of bone gdlatin produced by akaine
hydrolysis (augmented, whenever possible, by additiona approved processes) rather than by acid
treatment aone further reducesthe risk of contamination with TSE agents. Compliance with these
precautions provides assurance that gelatin used in the manufacture of medicina productsis
unlikely to be contaminated. Amino acids derived from gelatin are further highly processed, so
their risk may be even lower.

Materids derived from ruminant tallow (for example, triglycerides, glycerol, sorbitan esters,
polysorbate etc.) or amino acids of ruminant origin (even if higher-risk tissues were not completely
eliminated) are consdered highly unlikely to remain contaminated by the time the find reagent has
been produced, so long as they were prepared by processes of extraction and purification at high
temperatures and if good manufacturing practices (GMP) were rigoroudy controlled.

33 M easur esto minimizerisks to humans from human-derived materials

3.3.1 Therisk of transmission of CID and vCJD by blood and
blood products

For many years it has been known that infectivity can be detected in the blood of rodents
experimentaly infected with certain TSE agents, including BSE agent. In the rodent modes,
infectivity is detected in both plasma and cdlular components. Infectivity has dso been detected in
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buffy coat of primates experimentdly infected with BSE and in whole blood and buffy coat of
sheep with experimental BSE. Most recently, infectivity has been detected in blood of sheep with
scrapie—the firg evidence of infectivity in blood in anaturaly occurring TSE.

No credible instance of transmission of CID by human blood, blood components or plasma
derivatives has been reported, and an increasing number of epidemiologica investigations over
many years have falled to find any evidence that a history of treatment with blood components or
plasma products is associated with increased risk of CID. Among hemophiliacs treated with
clotting factor concentrates derived from plasma there have been no reports of CJD to date, and
postmortem examination of brain tissue from patients with hemophilia have not detected evidence
of CID. No transmission of vCID by blood, blood components or plasma derivatives has been
observed, despite the fact that, in the UK, severa patients received blood from donors who later
developed vCID. Experience with vCID—firgt recognized less than ten years ago—is limited, and
epidemiologica survelllance of surviving recipients of those blood products is underway. Attempts
to trafgnit disease to monkeys and mice from blood of patients with vCID have aso been negetive
to date.

In spite of these reassuring results, the documented occurrence of infectivity in one naturd
and severd experimental TSES of animals continues to generate concern about risk from the blood
of humanswith TSE. Unfortunatdly, there is dtill no diagnogtic tet available that can be used to
screen donors at risk of transmitting CJD or vCID. In the absence of such tests, precautionary
exclusion of donors at increased risk of CJID remains the only available messure to reduce the
theoretical risk of transmitting CJD by blood products, and a number of countries have ingtituted
such ameasure.

Experimenta studies from severd research groups has congstently shown substantial
reduction of spiked TSE infectivity during plasma fractionation steps, and there is growing evidence
that the risk from plasma derivativesis negligible. It has dso been shown that nanofiltration can
reduce or diminate TSE infectivity spiked into blood, but the method has so far been applied only
to alimited number of plasma products. Precautionary leucodepletion of blood components has
been introduced in a number of countries to reduce non-haemoalytic febrile reactions and infections
with some cdll-associated viruses, but it has not been shown to reduce TSE infectivity.

Human dbumin is used as a growth medium or stabilizer in a number of biologicd products,
including vaccines. Some countries have implemented a policy to withdraw products containing
plasma- derived medicina products, including products containing abumin as an excipient, when
post- donation information reved's that a donor who contributed to the plasma pool has devel oped
vCID. Withdrawa of batches of medicind products containing abumin as an excipient might
cause shortages of needed products, such as vaccines. To avoid such a Stuation, the group
encouraged developing aternatives to plasma- derived abumin for excipient use.

3.3.2 Donor deferral policies
Classica CJD and other human TSESs except vCID

The current internationaly recognized donor selection criteriashould be maintained. This
implies that the following donors should be excluded because of increased CID risk:

! Unpublished information provided by Dr P. Brown
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Donors who have been treated with extracts derived from human pituitary glands (growth
hormone, gonadotropin)

Donors who have afamily higtory of CID or asmilar TSE

Donors who have recelved a human dura mater graft

Nationd regulatory authorities generdly recommend discarding blood components (red cell
concentrates, platelets and plasma) Htill in inventory when post-donation informeation reveasthat a
donor has CJD or arisk factor for CID.

Although thereis a sgnificant probability that any large plasmapool contains a donation
from a person who will eventualy develop CID (the estimated lifetime risk of CJD in the generd
population being gpproximately one per ten thousand), epidemiologica studies have consgtently
falled to find any evidence tha plasma derivatives have transmitted CID. As noted, some plasma
fractionation steps were effective in clearing substantid amounts of spiked infectivity, reducing the
risk of transmisson. Furthermore, when precautionary withdrawals of plasma derivatives were
attempted after post-donation reports of CID or CJD risk factorsin a donor, those withdrawals
contributed to severe shortages of certain derivatives. Congdering the reassuring epidemiologica
data and the overdl adverse effect that shortages would cause, there has been genera agreement
that products prepared from large pools of plasma need not be withdrawn from the market when
post-donation information reveds that a donor has CID or arisk factor for CID.

vClD

The primary risk for acquiring vCJID appears to be the presence of BSE agent in beef
products entering the human food chain. Potentia human exposure depends on both “internd” and
“externd” factors. Internd factors are the geographica risk—the probability that BSE infectivity
occurs in cattle of aregion and domestic human consumption patterns of bovine-derived productsin
that region. Externd factors relate to human exposure to the BSE agent through importation of
infected animas or anima products or through exposure while travelling in areas where cattle have
BSE or where the agent enters the food supply through imports. The introduction of precautionary
measures should take these factors into account.

Because experience with vCID is comparatively recent, conclusions about the abbsence of
vCJID infectivity in the blood are less secure than for sporadic disease. The possibility that blood of
aperson incubating vCID might transmit the infection has led to policies amed to minimize the
risk, and many countries have indtituted precautionary deferrd of donors who travelled or lived in
countries with a potentid risk for BSE and vCID. The periods of time that a suitable donor may
have spent in various BSE countries were adjusted for the probable intensity of exposure to the BSE
agent in comparison with the UK. After acountry has implemented effective food chain controls
and other protective measures, the risk of human exposure should be markedly reduced, and time
spent there by donors after that is of little concern. Policies on donor suitability should aso teke
into account the estimated effect that various deferrd criteriamight have on the blood supply. It
may be reassuring to note that for those countries unlikely to have BSE in cattle or the BSE agent in
food and from which few citizens have travelled to countries with BSE thereis anegligible risk of
blood- borne vCJID.

Despite reassuring evidence that plasma fractionation reduces the risk of transmission by
plasma derivatives, as a prudent measure until more experience is gained with this new disease,
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it is advocated to recall batches of plasma-derived products if a donor with vCID is recognized after
donation. Withdrawa of plasma derivatives is not recommended when a donor is recognized post-
donation to have any form of CJD other than vCJID or to have had arisk factor for any form of CID,
or when post-donation information reved s that a donor was unsuitable due to travel or resdencein
BSE countries.

3.3.3 Human céls, tissuesand tissue derived products

In addition to theoretical transmission of TSE through blood products, transmission by
human tissues is possible, either because of inherent cdlular infectivity or contamination by
resdud blood or plasma. In principle, athough the same precautions should be applied to the
transfer of cdls and tissues as to blood, the risk-benefit assessment of TSE transmisson versus
therapeutic need should determine the use of such products. For example, the need for arare type
of bone marrow matched only from a UK resident would outweigh the remote possibility of TSE
transmisson. That policy might not be gppropriate for another human tissue, like cornea, thet is
more readily available and that need not be carefully matched. Thus, the risk-benefit estimate for
therapeutic adminigtration of cells and tissuesiis probably best decided on a case-by-case basis.

4. CONCLUSIONS

The potentia risks associated with a given medicind product administered to humans
should be considered on a case-by- case basis, taking into account al the foregoing factors and the
potentia benefits to patients. Recommendations are intended to gpply to al medicina products for
which active substances, excipients or reagents derived from bovine tissues are used during their
production processes. The recommendations relate particularly to materids of bovine origin, but
the same principles should aso be applied to materids used in the manufacture of medicind
products when these are obtained from sheep, goats and other species naturally affected with TSES.
The development of subgtitutes for bovine, ovine or cagprine materials used to manufacture
medicind products is encouraged. However it is recognized that this may not aways be feasible,
given the current leve of scientific development for some products. Thisgod is sufficiently
important to justify taking along-term approach to reach it.

It is emphasized that, when conddering precautionary measures to maintain the safety of
blood products, authorities should take into account their possible effect on the supply of blood. In
that regard, it seems premature to recommend a globa uniform policy, and every country should
decideif precautionary measures are indicated to reduce the theoretica risk of transmitting CID and
vCJID by blood products.

Participants felt it important to stress that eiminating ingppropriate use of blood and blood
products would substantialy reduce the risk of transfuson-related adverse events including the
theoretica risk of blood-borne transmisson of TSEs. Development of reliable methods to remove
or inactivate the agents of TSE agents during the processing of blood and plasma remain of
paramount importance and are to be encouraged, as are efforts to develop and validate sensitive and
Specific antemortem TSE diagnodtic tests suitable for donor screening and tests for quaifying donor
units as free of TSE agents.
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MAJOR CATEGORIES OF INFECTIVITY : TABLEIA,IB, IC

Theinformation in the Tablesis based exclusvely upon observations of naturaly occurring
disease, or primary experimenta infection by the ora route (in cattle), and does not include data on
modds usng strains of TSE that have been adapted to experimental animals, becauise passaged
drain phenotypes can differ Sgnificantly and unpredictably from those of naturdly occurring
disease. Because immunohistochemical and/or western blot detection of misfolded host protein
(PrP™E) have proven to be ardiable indicator of infectivity, PrP"F testing results have been
presented in pardld with bioassay data. Tissues are grouped into three major infectivity categories,
irrespective of the stage of disease:

IA: Hightinfectivity tissues CNS tissues that atain a high titre of infectivity in the later
stages of dl TSEs, and certain tissues that are anatomically associated with the CNS.

IB: Lower-infectivity tissues: peripherd tissues that have tested pogtive for infectivity
and/or PrP™E in at least one form of TSE.

IC: Tissues with no detectable infectivity: tissues that have been examined for infectivity

and/or PrP"F with negative results

Although the category of lower risk tissues dmost certainly includes some (e.g., blood) with
alower risk than others (e.g., lymphoreticular tissues), there are so few data about infectivity levels
in these tissues that no attempt was made to subdivide the category into different levels of risk. Itis
aso evident that the placement of a given tissue in one or another category can be disease specific,
and subject to revison as new data accumul ate.

Data entries are shown as follows:

+ Presence of infectivity or PrP™F

- Absence of detectable infectivity or PrP™F

NT Not tested

NA  Not gpplicable

? Controversd or uncertain results

() Datalimited to one or two tested specimens (human tissues)

Annex
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TablelA: High-infectivity tissues

Annex

CNStissuesthat attain a high titre of infectivity in the later stagesof all TSEs
and certain tissues anatomically associated with the CNS

Tissues Human TSEs Cattle Sheep & goats
vCJD Other TSEs BSE Scrapie
Infectivity PrP™ Infectivity Prp™ Infectivity PrP™ Infectivity Prp™

Brain + + + + + + + +

Spina cord + + + + + + + +

Retina, + + + + + NT NT +
Optic nerve

Soind ganglia NT + NT + + NT NT +

Trigemind ganglia NT + NT + + NT NT +

Pituitary gland” NT + NT + - NT + NT

Dura mater” NT - NT - NT NT NT NT
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TablelB: Lower-infectivity tissues

Annex

Peripheral tissuesthat havetested positive for infectivity and/or Pr
in at least oneform of TSE

PT SE

Tissues Human TSEs Cattle Sheep & goats
vCJD Other TSEs BSE Scrapie
Infectivity | PrP™ | Infectivity | PrP™ | Infectivity | PrP™" | Infectivity | PrP™
Peripheral Nervous
system
Peripheral nerves NT + (-) + - NT + NT
Enteric plexuses’ NT ? NT ) NT + NT +
Lymphoreticular
tissues
Spleen + + + - - - + +
Lymph nodes + + + - - _ ¥ T
Tonsl + + NT - + NT + +
Nictitating NA NA NA NA NT - NT +
membrane
Thymus NT + NT - - NT + NT
Alimentary tract
Esophagus NT - NT - - NT NT +
Fore-stomach’ NA NA NA NA - NT NT +
(ruminants only)
Stomach/ NT - NT NT - NT NT +
abomasum’
Duodenum NT - NT NT - NT NT +
Jgjununm’ NT + NT - - NT NT +
lleum>” NT + NT - + + + +
Large intestine® NT + NT - - NT + +
Reproductive
tissues
Placenta’ NT - (+)? - - NT + +
Other tissues
Lung NT - + - - NT - NT
Liver NT - + - - NT + NT
Kidney NT - + - - - - -
Adrenal NT + - - NT NT + NT
Pancreas NT - NT - - NT + NT
Bone marrow NT NT ) - + NT + NT
Blood vessdls NT + NT + - NT NT +
Olfactory mucosa NT NT NT + - NT + NT
Gingiva tissue NT NT - - NT NT NT NT
Sdivary gland NT NT NT NT - NT + NT
Cornea’ - - + - NT NT NT NT
Body fluids
CSF NT - + - - NT + NT
Blood’ - - - - - NT + -
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Table | C: Tissues with no detected infectivity

Annex

Tissues with no detected infectivity

Tissues Human TSEs Cattle Sheep & goats
vCJD Other TSEs BSE Scrapie
Infectivity | PrP™> | Infectivity| PrP"™> | Infectivity | PrP"™> | Infectivity | PrP">
Reproductive
tissues
Tedtis NT - ) - - NT - NT
Prostate/ NT - ) - - NT - NT
Epididymis/
Semind vescle
Semen NT - ) - - NT NT NT
Ovary NT - NT - - NT - NT
Uterus (Non-gravid) NT - NT - - NT - NT
Placenta fluids NT NT ) NT - NT NT NT
Fetus™ NT NT NT NT - NT - NT
Embryos™ NT NT NT NT - NT ? NT
Musculo-skeletal
tissues
Bone NT NT NT NT - NT NT NT
Skeletd muscle™ NT - - - - NT - NT
Tongue NT - NT - - NT NT NT
Heart/pericardium NT - - - - NT - NT
Tendon NT NT NT NT - NT NT NT
Other tissues
Trachea NT - NT - - NT NT NT
kin NT - NT - - NT - NT
Adipose tissue NT - ) - - NT NT NT
Thyroid gland NT - ) - NT NT - NT
Mammary NT NT NT NT - NT - NT
gland/udder
Body fluids,
secretions and
excretions
Milk™ NT NT ) NT - NT - NT
Colostrum™ NT NT (-)? NT NT NT - NT
Cord blood™ NT NT (-)? NT - NT NT NT
Siva NT - - NT NT NT - NT
Sweat NT NT - NT NT NT NT NT
Tears NT NT - NT NT NT NT NT
Nasa mucus NT - - NT NT NT NT NT
Uring™** NT NT - - - NT NT NT
Feces NT NT - NT - NT - NT
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Annex

Table Footnotes

No o

10.

11.

12.

13.

14.

Infectivity bioassays of human tissues have been conducted in either primates or mice (or both); bioassays of
cattle tissues have been conducted in either cattle or mice (or both); and most bioassays of sheep and/or goat
tissues have been conducted only in mice. Inregard to sheep and goats not all results are consistent for both
species.

No experimental data about infectivity in human pituitary gland or dura mater have been reported, but
cadaveric duramater patches, and growth hormone derived from cadaveric pituitaries have transmitted disease
to scores of people and therefore must be included in the category of high-risk tissues.

In cattle, limited to the distal ileum.

Ruminant forestomachs (reticulum, rumen, and omasum) are widely consumed, asis the true stomach
(abomasum). The abomasum of cattle (and sometimes sheep) is also a source of rennet.

InvCJD, positivity is limited to gut-associated lymphoid tissue (mucosa, muscle, and serosa are negative).

In cattle and sheep, only the distal ileum has been bioassayed for infectivity.

A singlereport of transmission of CJID infectivity from human placenta has never been confirmed and is
considered improbable.

Because only one or two cases of CJD have been plausibly attributed to corneal transplants among hundreds of
thousands of recipients, corneais categorised as alower-risk tissue; other anterior chamber tissues (lens,
agueous humor, iris, conjunctiva) have been tested with a negative result both in vCJD and other human TSEs,
and there is no epidemiological evidence that they have been associated with iatrogenic disease transmission.
Early reportson the transmission of disease to rodents from the blood of patients with sCJD have not been
confirmed, and evaluation of the ensemble of experimental and epidemiological datarelevant to TSE
transmission through blood, blood components, and therapeutic plasma products fails to suggest transmission
from blood of patientswith any form of ‘classical’ TSE. Not enough data has accumulated to be able to make
the same statement about blood from patients with vCJID. Fetal calf blood contains no detectable infectivity,
but in genotypically susceptible sheep with natural scrapie or experimentally induced BSE, transfusion of large
blood volumes has transmitted disease to healthy sheep. Infectivity has also been demonstrated in studies of
rodent-adapted strains of TSE

Embryos from BSE-affected cattle have not transmitted disease to mice, but no infectivity measurements have
been made on fetal calf tissues other than blood (negative mouse bioassay). Calves born of dams that received
embryos from BSE-affected cattle have survived for observations periods of up to seven years, and

exami pSaEn on of the brains of both the unaffected dams and their calves revealed no spongiform encephal opathy
or PrP~-.

Intracerebral inoculation of muscle homogenates has not transmitted disease to 1) primates from humans with
sCJD; 2) mice or cattle from cattle with BSE; and 3) mice from sheep and goats with natural or
experimentally-induced scrapie. However, older reports described single instances of transmission from goat
and hamster musde, and amore recent report described transmission from the muscle of wild type and
transgenic mice, but as each of these studies were conducted with passaged strains of TSE, their relevance to
natural disease remains undetermined. A recent human case report described a patient with CID and inclusion
body myositis with abundant PrP™E in diseased muscle. After much deliberation, the committee nevertheless
elected to retain muscle in the  no detected infectivity’ tissue category until more information about
uncomplicated natural infections becomes available.

Evidence that infectivity is not present in milk includes temporo-spatial epidemiologic observations failing to
detect maternal transmission; clinical observations of over ahundred calves nursed by infected cowsthat have
not developed BSE; and experimental observations that milk from infected cows has not transmitted disease
when administered intracerebrally or orally to mice. Experiments arein progressin which Iar%a volumes of

milk from experimentally infected cows are concentrated and tested for the presence of PrP™".

Single reports of transmission of CJD infectivity from human cord blood, colostrum, and urine have never

been confirmed and are considered improbable.

A previously unreported PrP type, termed PrP, has been identified in the urine of sporadic and familial CJD
patients, but its significance for transmission risk remains to be determined.
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Annex
TABLE REFERENCES

The Tables|A, IB and IC were created by an ad hoc expert group formed during the
Consultation, the members of which were Mr R. Bradley; Dr P. Brown; Prof. Dr H. Budka; Prof. Dr
D. Dormont; Dr M. Groschup; Dr B.E.C. Schreuder; Mr G.A.H. Wells. Dr P. Brown coordinated
the ad hoc expert group and consolidated the data and information provided after the Consultation.

Mot of the observations that form the basis for the Table have been published in origind
reports (or cited in reviews) that follow. No attempt has been made to list the many reportsin
which only one or two tissues were examined, unless they concerned tissues of exceptiond current
interest. Also, anumber of observations made by, or known to, members of the expert
subcommittee that assembled the table, have not yet been published.
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