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Newly naon%am and reemerging diseases have _XSEn 2 :éon
facus of ifectious diseast research in the 21* century. Rs

K —: the genomic QP it'is now passible to 1 1

,n.van_ﬂ_&on.au_ uvvnomhram .59 :ni? %en_avnm *miolecular -
aﬁSN 82.55:& to -gain insight into the ~emergence and.

: Jarmial

been occurring at higher than average rates in the United States

_.due 1o several factors such as-wildlife diversity; environméncal-

change, intetnational wavel, :and .increases ini. host u:wnnvn_vEQ

[2,3]. An-additional factor gontfibuting to-increases in:morbidity .

and morality for. many infectious diseases involves Nnuncn
recombination events or gene/pathogenicity ‘iland acquisitions.

- These events can_occur via either horizontal gene transfer or
canjugation/intragression, leading 16 riovel pathogenic genotypes. *-
This form. of virulence evolution has been well ‘characterized in -
“bacterial, viral, fungal, and parasitic human diseases [4,5,6,7,8,9):

The ability to cause damage to ‘hosts 1s a ¢

theine amang all microbial vv&oﬁur .:&E..m it 2 r@ ﬂn_unnn of

ros.vuﬁonn: ﬁc&& ES

| www.ph org

P gens.org

:,?w

&Y

diseases are dawified as ‘those that have' been previously
documented, .but .are. now rapidly increasing in _ incidence, ..
-geographic range,” or- Lot [1]. Emerging disease events have '

u:a EvQQv_& dimates,” causing %auun in 5.3:38:.%«53

- epic

gy. of pathojens.” These -approaches can
improve . ::mnaan:mzﬁ of populadon dynamics during "an.’

" qutbréak, and may me 0 :c<n_ \nethods. _.9. the " rapid
“identification,’ v is af-

g infections
{11}: In addidon, ia_nn:_e. typing serves as an, initial wvvawnr to

n_»mz@ isolates into’ distinct genatypes _for. analysis, ‘Further’
. investgations may include the exdmination " of - virilence ‘and-
_pheriotypic  traits * that may be :

or distngr 1
genotypes [6,12,13]. Gaining- E.awrn into the molecular n?&n::. .

. ology and virulenice of =9<:. emerging diseases. has considerable:

On newly

potential for the rapid | nent’ and

" emerging infecdons,

_ Over_the, past decade, @%eaa&_. gathi has aaﬁ.x& as a

- ?.::5 pathogen in northwestern North America; including bath

Canadaand the United States-{6,13,14,15,16,17, 18], In the past,’.
C: gattii has often héen Pﬂoﬁhﬁm with hﬁ@sg trees in wopical -

" Bt 2010 <o_=a.n .n :m..; 4] 2.88%. )
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Animals that displayéd severe morbidity, hased on twice-daily
exaninatons, were euthanized, Time to mortality was evaluated
for statistcal. significance using Kaplan-Meier survival curves
within the Prism sofiware package (GraphPad Software), and P
values were obtained from a log-rank test, Survival dara was
plotted for graphical analysis using the Prism software package.
At the Wadsworth, center. animal. facility, all -assays were
conducted using male BALB/c mice (approximately 6 weeks old,
' 15-20 g, Charles River Laboratories, Inc.). Swains were grown
overnight in YPD broth at 30°C with shaking. The cells were
harvested, washed in PBS, and counted using a hemocytometer.
Five mice per strain were anesLheuzed with a mixture of xylazine—
keramine, and allowed o inhale 10° (30 ) crypmcoccal cells per
mouse, via intranasal insdllaton. Mice were given food and water
 od libitum and monitored twice daily. At the first sign of poor health
or discomfort, infected animals were euthanized. Brain and lung
“dssues fromi the dead animals were cultured on Niger seed agar for
C. gattii recovery 10 confirm infections were. due to this pathogen.
Time to moytality was evaluated for swatistical significance as
described above, .
Two animals from each strain assayed in the study conducted at
Duke University were selected for histopathology analysis either at

the time of sacrifice or at the conclusion of the experiment for the |

more anenuated isolates. For each animal, lung samples were
" collected and swored in 10% neutral buffered formalin, Samples
were paraffin embedded and hematoxylin and eosin (H&E) stained
at the Duke University Research ‘Histology Laboratory, After
staining and slide preparaton, each sample was examined
mik:roscopically for analysis of ‘cryptococeal cell burden and

immune responses. Images were' captured using an. Olympus |

Vinox microscope (Duke PhotoPath, Duke University Medical
Center).

Ethics Statement

The animal studies conducted at the Wadsworth Center were in

full compliance with all of the: gu:dclmcs set forth- by the
‘Wadsworth Center Insttutional Animal Care and Use Comimirtee
(IACUC) and in full compliance with the United States Animal

“Welfare " Act | (Pulilic Law 98-198), The Wadsworth Center .

IACUC approvcd all of the vertebrate studies. The studies were
conducted in facilities acredited by the Association for Assessment
and Accreditation of Laboratory Animal Care (AAALAC). -

The animal studies at Duke University Medicdl Center were in

full compliance with all of the guidelines of the Duke University
Medical Center Institutional Aniinal Care and Use Committee
(IACUC) and in full compliance with the United States Animal
Welfare Act (Public Law 98-198), The Duke University’ Medlical
Center JACUC approved all of the vertebrate studies. The studies
were conducted in Division of Laboratory Animal Resources
(DLAR) facilides that .‘are accredited by the Associadon for
‘Assessment  and Accreditaton “of Laboratory Amma.l Care
(AAALAC).

Results

Molecular Analysis .of C.-gattii VGII Outbreak vs. Global
Isolates

" To examine the C. gatti outbrca.k isolates coUccted from 2005 1o
2009, (Figure 1), ‘an’ indepth stepwise molecular analysis vias
applied to each isolate, and the genotypes were compared with

other global genorypes. In towl, 20 markers were selecred for:

analyvs These markers include both coding and noncoding
_genamic regions and range in siz¢ and allelic- diversity (Table 1).
Addigonatly, all of the markers are randomly dxstributcd among

ored

path .o}g .
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the chromosomes in the 1nipst recent assembly of the reference C.
gattii VGI genome, WM276 (Figure 2), Initally, all isolates were
seqquenced at 2 total of eight MLST markers, and four variable
number of tandem repeaws (VINTR) markers (Figure 3; Table 2).
Next, glohal isolares were selected for diversity, and several isolates
from each of the primary genotypes in the expansion region were
chosen for. sequence. analysis at. eight .addidonal MIST lodi
bringing the total number ¢f genetic markers analyzed for these
isolates to 20 (Figure 4A). As expected, the MLST markers were
less variable and more copserved, while the VINTR markers

-allowed for hxzher-rcsoludun differentiation between isolates that -

appeared idéntical by MEST analysis, The generated datasets
were then concatenated “hoth without and 'with- VNTR data
(Figure 4B, Figure 4C).

- The combined analysis pf the results presented here, and a 30

" marker MLST analysis coiducted previously [6,18], reveal several

findings of interest'in relagon to. VGIT genotypes“in the region.
From the analysis of 34 markers (30 MLST/4 VNTR), we show
that the Vancouver Island VC Tla/major isolates are fully identical
at all loci 10 several recent isplates from Washingion and Oregon, as

well as-a historical clinical folate (1970°s), NTH444, from Searde.

,Add.iliénally. the VGIh/minor isolates from Auspalia and

Vancouver Island are idcxﬁ;lcal at 34 total lod, and also identical
to VGIb/minor isolates fram Oregon at 20 loci (16 MLST/4
VNTRY, Furthermore, all V(GIIc isolates to date are identical across

all 20 loci examined (Figupe 4A). However, we also are -able.to. '

d:scrumnate the outhreak VGTla genotype from an environmental
VGla_isolate from Califgrnia, CBS7750, and clinical . VGIla
isolates ' CA1014. and IGB107 from California and Brazil,
rcspccuvdy, at'one or mdare MLST/VNTR lodi. It is:dear from
prior studies that the V(‘Ila/major and V(‘IIh/xmnor isolates are
clonal lineages [6,12,15,46}, and here we confirined that this is the

case. for- the nine VGllc/pavel isolates, based on 7-loci MLST -~
analysis of the global VGIJ populadon (Figure $1) (p<0.0001).

The largest and- most ggmprehensive dacaset arose from. the
coinbined analysis of seven MLST and four VNTR lodi, resuldng

“in a total of 41 sequence typcs (STs). This dataser was generated
* from clinical, veterinary, and- envirorunental C. galln isolates

(Figure 3, Figure S1, Tablg §3). From the analysis, iris clear that

the. VGHa/b/c: clusters aye all related to each other, hur also
distingt. In addition, the daga show that the VGIIa/major clade is
closely clustered 10 VGIIE, further validating prior reports that
examined a more. limited’ number of loci [13,47}. In addidon,
VGIic (ST2!) shares. high sequence identity to ST34, represenrcd

by a mating type a chmca.l ‘isolate from Colombia, suggesting that
the VGlIc genotype may have resulted from a-a mating, even

though all isolates related To- the Pacific :NW outhreak are
exclusively o mating type; Additionally, Vancouver Tsland isolates
from our collection that had not been fully typed by MLST were

sequenced at two loci ta'determine if any were unrecognized:

VGlIc isolates {n=56) (Figurc 52). OfF these, 51 were found 1o be
VGlla, five were VGID, and none were VGlle, consistent with
previous daw from the region. Thus, VGllc appears to remain

-exclusive to the Um(cd Stases, specifically Oregon, and has never

been reported from V Island, the mainland of Canada;
Washingion State, or elsewhere glo]uﬂy

Within- the VGIIa/inajor -cluster, hased on"the inidal MLST

analysis of 30 loci; “only a- single isolate (ICB107) could be

- distinguished from _the ‘other VGIIa isolates, arid this was at only
one. locus [18]. To Furd\cr mvungate this homogeneous ..
* populaton’ causing the ‘vast majority of . the outbréak-related

morbidity and mortality, we ‘expanded the molecular analysis to

" include-highly variable rcgums of the genome. The application of
" these VNTR inarkers; in'gonibination with the MLST warkers, .
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Figure 1. Geographic dispersal of path genic C gattil g

YP!

in the United States. Circles iepresemv humavn cases anid, squares -

represent.znimal (non-human- mammahan) cases, All cases shown have been reported from 2005 to 2009, Isolates are-colof coded by genotype, in

which yellow and blue ¢ pond to VGlla/major g

cases (yellow ST1, blue ST30), red curresponds to-VGlib/minor, green corresponds to.the

navel VGlic genotype, and orange corresponds to.two cases detemined to. be molecular type VGHI. In total, there were 39 cases {18 human, 27

. snimal) that have been confirmed. by phenotypic and genotypk profiling.
- dei10. 137lfoumal ppat. 1000850 900t

allowed us -to generace fve independent | STs from within the
VGlla/i major genotype and related isolates (Figure 3). -

These ‘five’ sequence types (ST1, ST2, §T3,°ST13, >ST30) .
containied 3 total of 44 isolates (Fijure 3, Table $3). The canonical .-

VGlla/inajor * outbreak’ genatype, ‘ST, contained the vast

. majority of the 44 ‘isojates (n = 38). As expected hased-on previous

‘miodels of the €. gattii outhreak expansion {13], ST1 .consisted. of
isolates exclusively from the initial outhreak and expansion zones;
including British Columbia, Washington, and Orégon (Table $3),
These results further validate the hypothesis that the epicenter of
the outbreak was on Vancouver lsland, bﬁginning in the late
1990°s, with a direct expansion ihto neighhsring mainland Brirish
Columbia and subsequenty into the United States {13]. The anly
exception in this dataser is isolate NTH444, an older isolate from

the region that was isolated from a patent sputuin sample in. .

Seatrde in the early 1970’ (18], which is also identical at all 3¢
markers. examined. This suggests that the VGIla/major genotype

. responsible for most of the- outhreak cases may have been -
circulating in the region. prior to the outbreak, The passible travel

history of this patient ‘is unknown, and .could therefore have
involved expasure on Vancouver Jsland. Owverall, this analysis

; provides increased evidence that the autbreak genotype is unique

10 the region thus far, and malecularly distinct from closely related
isolates from both California and South America.

. @ PL0S Pathogens, | www.plospathogens.arg
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Whilethe ‘homogeneous nature o the' VGIia/major isolates
based -on robust molecular typing validited previous models, an: °
underlying diversity within this group was also discovered. First, we -
further validated thar the isolate ICB107 (ST13), froin- Brazil, was, . :
indeed disdnct from the ST1 VGIla/major clade, This isolate :
differs at one MLST iarker (144('1), and three VNI'R markcrs
(VNTRS VNTR15, VNTR34). Addid ) the. high ludion
sequence analysis was able to discriminare othe? VGl xsolares that

© were collected. from California. These include isolate’ CBS7750

(8T3), collected from_the_environment in San Francisco in 1990
[48), and isolate CA1014 (ST2), which was isolated from'a f)ahcnt
with HIV infecton in southern California. Each of these two isolates
differs from ST1 due to unigue mutations within-the VNTR7. and
VNTR34 loci, respectively. This shows that similar VGITa genotype:
isolates have heen found elsewhere, but that rione.are ideritical to
thase circuladng as part of the angoing Vancouver Island outbreak. ..
Whether these isolates are a result of drift from ST, or if 8T arose
from ane of these related genotypes is not known.
In addidon to dlscrumnaung VGHa isolates that were not froim

the outbreak region, we alsg found’a novcl ST, ST30, which is . ©
- highly” similar to ST1, but divergent at'a unique “region of.

VNTR34. Interestingly, all three of -the ST30 isolates are

‘exdusively, from : Orégon, induding nwo_human- glinical” cases = .* |
“and one manne mammal cage : (Figure l ﬁgure 3 Tahlc 83).-:

April 20)0 1 Volum'e ‘6 | lssue 4 ,|.ewopésof :




Table 1. Markers used in this study.

Marker ' Length (bp) Chromosome (WMZ?G) Alleles

.VNTRIS : 364 & 19

'{* 5Xi2a is an idiomarphic allete, nnd (hevelore nat pvesent vthe o mating type
isolate WM276, .
doi:10. 137lfoumaf,ppat 10008501001

" These results are consisterit wnh ari cxpansmn followed by genetic -

drift in the l'ughly vanal:le VNTR loci, lsolates of §T30 have hot
been d don V: Idand, dicz g that this divery
is recent; and likely occurfed afier the expansxon of ST into the

United- States. Alternauvcly, both ST1 (VGIla/major) and ST30-
" may have been present for ‘a Jong pcnod wuh only ST1 havmg |

been u'amfcrred to Vancouver Island,
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Figure 2. Markers used ln the study are. d-spersed in. the
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To gain insights intg the potential origins of the VGII¢
genorype, and 1o assess ity position within the overall VGII dade,
clustering analysis was applied. Analysis of the combined dataset
including 41 sequence types gencratcd from 115 C. gattii isolates
shows that the VGllc genotype is.independent, but similar to
VGlla (Figure 3). The casest relationship determined from the

*dnalysis was to $T34, an isolate from Colotbia, which is also of

the opposite a mading type. Moving beyond the direct branch, it
appears that the VGIlc genotype shares sequence similarides to

.global isolates from South America, Africa, and also European

isolates' with likely African origins based on collécted dinical case
histories. Additionally, the VGlIc group also shares the JGS/ alfele
with isolates from Australia, further abscuring the possiblc origins.
and necessitating a inore thorough analysis (Figure 4AJ,

When the clustering .analysis was expanded to include
additonal MLST -loci (Figure 4A), both with and without the

~VNTR markers, the refationships of VGIIc to’ ather global

genotypes was further elucidated, with close reladonships observed
with global xsola(es from South America, Africa, Europe (Greece),
and Auswalia (Figure 4B Fxg-urc 4C, Table S4). These results
incréase the of ‘the lysis, and allow
predictions of the rehnomhxp of this genotype to global isolates.
Examination of alleles illustrates that, when. the analysis is
expanded, the VGllc group appears to be more diverse from
VGlla and VGIIb, Each allele represented in grreen was initially

" denoted as an allele that was unique to the VGIIc genotype, with a .

total of seven such alleles (Figure 4A). To farther clucidate the
possxblc origins of these alleles, isolates selécted based on their

global diversity were sequenced at these loci (Figure 4A), 1dentical
ma(cha‘ for four of the seven VGllc-unique alleles were identified

in isolates from Brazil, Ausivalia, Europe, and European isolates
. with likely'/\frimn origi.ns, while three alleles (SX/7a, HOGI, and

[CRGIY reimain unique to ;}us ngvel genotype 'and only seen in
Oregon thus far (Figure 4A). .~ -
To further characterize the genedc rclauomhlps a.mong the

. global isolates in rclaqqn 10 the outbreak isolates, maximum
. - likelihood (ML} analysis was applied. Inidally, the isolates were
. charac(cnzed at 15 MLST Joci, excluding the MAT locus so that
. “hoth & and a isolates coyld be included. This analysis indicates
“that VGlic may bie mare-disandy related 1o the VGlla/major,

genotype than initially ohserved. In'addidon, analysis of the 15
MLST loci shows a possxl)le relation of VGllc with xsnlatcs from

. South America, Africa, Europe, and Australia (Figure 4B). thn

this analysis was éxpanded to-also includé the four VNTR loci,
similar results for the global comparisons of all genotypes and the

relation of VGlIe to global uolatc.s were, ol)served (Figure 4G}, For -,

thcsc reasons, additonal g and is will be’ ry to
more precisely elucidate if, this novcl vu'ulent genotype ongmated

- Jocally, or. ong\ns(cd in afi under-sampled region.

In addition to clustering- analyses, TCS haplorwc-mappmz
software was applied to €ssablish the ‘evoludonary histories of the

. MLST alleles ‘examnined during the analysis (Figure 5, Figure 6,
- Figure $3). From. the sequence results, all of the VG Tic isolates
* . were detenmined to be 100% identcal, indicating that there was

likely a recent-emergence in ‘which all of.the isolates. are clonally
derived. Tq test this hypothesx.s, the TCS analysis allowed for the
examination of individual logito detennine which alleles are likely
ancestral; intenmediate, ‘or recently derived. Of the sixteen loci

genome. A map of each ch ing the
tocations of each marker based on the genomlc sequence of the C,

: gaml Isolate WM276, MLST miarkers (n= 16) are indicated an'the map by
with pirk d g the dard set used, biue the expanded

set of-lod, and fed- the MAT tinked tocus that-i§ spedific to o isofates, . -

" Green thangles represent the four VNTR lodi that were exzmmed
dof:1Q. 1371/;oumal ppat.1000850.9002 * .

L S .
" @D’ plos Pathagens | www.plospathogens.org

ned, cight -were - consi cwith VGlle possessing’ the
ancestral allele, six of the alleles were dista] nodes at the tenninal

.end’of the respective haplotypc networks, and two loci were of

intermediate allele posicions,
Alleles with ancestral genatypes are less informative because
these alleles may not have diversified over ‘dme in the VGllc

Aptil 2010 | Volume 6. Issue 4 | 1000850

. UGl super cluster

VGH¢ super cluster

Colombia =

Bragjl e s

Flgurc 3. Clustering arlalysls of g!obal VGl isolates shows high global daverslty This dendrograrm based on seven MLST Iod and:four
Major clusters are highlighted accordingly to Tllustrate the placements of the g
und only in Australia thus far, Sequerice types 1, 30,19, and 20 are enfarged -

VNTR loci, iftustrates the global divergence seen in this malecular type,

VGlasb/c super clusters as well as a mlque NT cluster that has been for
h ible.for the Pacific NW outbreak, Boxed isolates represent thosa of the a mating type and al’ -other

and p the primary
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typés the oty pes obiserved for tnating type x isolates. Several /pes-are alsg.combi to'
lustrate the diversity surrounding several sequence types, lsolates from 'he VGl VGIII and VGV molecular types serve as out-gmup sequence types..
g3 | .

dol: 10 137lf fjounal ppat.1000850.g0!

hneagc for “various reasons; indiding selection pressures and
~overall Jack of diversity-at the allele, When only: non-ancestral

+ alleles were examined, 75% lay at the distal ends of their haplotype .

maps. Intriguingly, the three VGIIc alleles unique to the genorype

(SX{lat, HOGI, and CRGI) all have distal placements (Figure 5A--

"C) Additionally, the most recent ancestor to VGlIc in all thee
cases can be-shown to derive from isolates that are from South
America and Australia, mdlcaung that VGIIc may have cmerged

"o out of one of these. regions (Figure 5). While -other regionis

mdudmg Europe and North America can be seen, na odher
regions are obsérved for all three of ‘these alleles. These distal

placements are: consistent with a recent awcrgtncc of the unique’

VGlic lineage. The haplotype anllysxs in cambination with. the

lack of any underlying diversity. within the nine VGlic isolates °

analyzed, ‘indicates, 2 recent cmcrgencc of th:s novel 'virdlent
genotype in Oregon,

“To exarmine the role that recomhmauon may havc played in the
population swuctiite of the VGII molecular type, we. conducted
paired allcle ana]ysu for 25 representative global isolates {Figure 6,

B PLos Pathogens | www.plospathogens.org

- Figure $4). The dmovery of all four posmble allele combmanons '
.+ between two unlinked loci (AB, ab, Ab, aB) serves as evidence for
- likely recombination [49]. From this analysis, we show thas isolates

collected from South Aunerica, Africa, and Australia-appear to be

-involved-in ination events. Repr ive VGIla/major,
VGIb/minor, and . VGlle/navel isalates were: found’ among

groups of recombinant isolates, A group of ten isolates, all &, fram

. South America  and-Africa (Figure $4) appeared most commonly
*- as rec

hi parmers, although several a mating rype isolates
were alo less frequentdy ‘involved. In further support, when ive
examined -the numbeér - of genotypes™ present. by region and

comparcd this data-to the towl humber of genotypes represented

(Figurc S1), it is clear that South Amancz and Africa papulations
are ‘more diverse “when conpared with “isolates from North

" Arerica, which. dre moré clohal, Additonally, while the olxerved

diversity in Auscralia was lower thap South America and Adrica,
this may be atribistable ta xamphng bias of clonal regions as prior

' studlies“have shown that this-continent is a region with high levels

of" rccambmauon due to both saime-sex and oppomc-wcx mating

- April 2010 |vVquyne 6 “ssue'# |"e1000850"
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Table 2. Isolates collected from cases within the tnited
States, 2005-2009 (n=40).

C. gattii US Emevgeﬁce

populadon (Table 3, Figure 55). Phenotypic mating results were
coriducted and llustrate that the VGlIa/major (&), VGIIc/novel
(@), VGII mating type & genotypes, as well as several of ‘the
proposed parental conwfhutors from: the allelic and genotypic

bination analysis shew ferdlity with the producton of spores

Isalate Host Type*

W15209 Human Washington - VGlla/major

[4]:3] Human . Washington VGila/major

€489 Human Washington VGlla/major

e5B19 . : Human Oregon VGlla/major .

3706 (1} Porpaise Washington VGha/major

3635 - Potpolse Washington " VGha/major

€851 Alpads Oregon VGlla/malor

¥

when mated with fertile VGIII isolates (Table S5). Taken together,
this suggests that both @-¢ and a-a madng events may be
contributing to the fonnation of recombinant genotypes as well as
the producdon of infectiows spores. There werc no examples of

*alleles introgressed into \,’f;ll from VGI, VGIII, or VGIV, in

accord with findings that the four VG molecular types likely
represent cryptic species 6,29). In surnrhary, these results suggest
that recombination evenfs way be cridcal driving forces in ‘the
evolution of C. gatti VG diversity, which may in part contribute
ta the gencration of genatypes displaying increased virulence.

‘VGHe/novel and VGla/pajor Outbreak isolates Are

Hypervirulent - ;

1t has recently been shqwn that intracellular proliferation rate
(IPR) values for cryptaepccal cells within' macrophages are
posidvely correlated. with :virulence in the murine  model for

‘cryptocaccosis [31]. To further elucidate the potendal virulence of

outbreak isolates collécted from the United States, proliferaton
rates of selected isolates were tested and compared to other isolates
for which proliferation data had been previoudy ohrained. In total,
‘IPR- values. for-eight of the nine VGlic isolates were measured
{Figure 7A). In addition, the type strains for VGIla/major (R265)
and VGITb/minor (R279) were included at controls, and
previously  published data for other VGIIa and VGIIDb isolates
were included -for comparjsons- [31], On the basis of individual

strains, seven of the eight VGTIc/novel isolates showed high IPR -

levels, with orly a single outer (EJB52) that had 3 low IPR value
{0.97). Taken together; the median IPR value for' VGIlc is

EJ818 . Huran - Oregon VGile/novel

Eiets Alpaca ! " vGlie/ovel
2%

Orégon VGiie/novet

Es76 . Cat . Oregon . VGIYb/minos *

‘| Mmcos-897 («18 Oregon . VGl

¥ The Moleculer type designation is based art 8-oci MLST anal))six,
doit10.137 1/journal ppat, 10008501002 - .

evens {50]. ‘In addition to ‘the paired allele analysis, allele

diagrams’ wete constructed to -observe possible: recombination .

within individual MLST loci (Figure $5): The most parsimonious

planation for“allelic d
as a result of consécutive and/or independent marations within the
population. Within the four rémaining loci, there exists at least one
hybrid -allele that may be dhe result of a recombination . event

berween two hypothesized parental alleles in the ‘global VGl

’@ PLoS Pathogens | www.plospath org

ity in 11 of the MLST loci analyzed is -

S 109

gnificanty closer 6. that gf VGIIa/major than to- VGIIb/minor
(Figure 7A). These results ipdicate that the VGlIc genotype has a
simifar intracelular phcngzype,-,and thus viruence profile to the
VGla/inajor genotype: This is” noteworthy because previous

" analysis showed that the Vila/major genotype: isolates from the

outbreak had unusually High IPR values, and the VGIIc isolates
from the saine outbreak arg here shown to have similarly high TPR
values, : s

Another unique feature pf the outbreak VGIla/major isolates is

the ability to forin highly. fybular mitochondria afier intracellular

parasitism, a’characteristlg. that ‘correlates with both IPR and -
murine virulence {31}, Tp explore the morphology of VGHc:
- isolates, we examined selegged isolates in DMEM media and afier

Juded two VGII

exposyre 10 macroph

£ This . ‘/
. environmental isolates (CPS8684, CBS57750) and -four of the
_VGlIc/novel” Bsolates. . As "expected, the vast. majority of the
imitechondria for all six isnjgies were non-rubular after expasure to .

DMEM riedia alone (Figure 7B). However, after. exposure to.
imacrophages, three of the: four VGlc isolates tested shawed
significandy higher percentages of whular morphalogy (Figure 7C).
The lorie VGII¢ isolate that did not exhibit’ this morphology
(EJBS2) was the same isolage that also-had a low [FR value, and is
thus an overall outlier for:the VGlIc genotype. o
When' the results of IR versus percentage of cells exhibidng
whbular morphology were plotted, the graph showed a statisdcally
significant correlation of the: two measures with an R? ‘value of
085, (Figure 7D). These results further indicate” that .the VGHe
genotype is phenotypically - similar “to the Vancouver Island

" VGlla/major outbreak strains. Qur results also suppart evidence

for similar mechariisms regilating thie increased virulence seen i
the novel VGllc gerotype, The exact roles that the mitochondrial

. .-Aprl 2010 | Volurne 6 |1ssue’4 | €1000850

Figur‘ed ded lecular a

ysis reveals increased divergence in VGlic, A) Multilocus _sei;uence&ping analysis of )5 lod, Selecled'.

Isolates from.the outbreak.in addition to global genotypes were selected for the expanded MLST analysis, including all nine of the VGlic isolates

available. Each unique allele is colored for each marker for visual discrimination,

- B) A representation (ML) of the sequence data from panel A, with the exdusion. of MAT focus linked markers (SX/13/SX17a); €} A combination of the

sequence data from panel 8, with the additiorr of the four highly variable VNTR markers.

dok10.1371/joumal.ppat 10008509004

rubular lndrpholégy might play in viralence are not yet knawn.

.qucy;er, the distinct phenotype is clearly unique to the outbreak
isolates” and is- correlated  with_an“increased ability .10 grow. and
* divide within hast innate immune cells. i

The VGIic isolates were found to be highly virulent in the
wurine inhaladon model of infection, Two studies were conducted
to examine virulence. In the first murine experiment a total of six
isolates (n=.5 animals/isolate), ‘were ‘examined" including - two
VGHC_ isolates (Figure 84). The VGHa/major isalate R265 sérved
as a positive control for high virulence, based on prior studies [63,
and-the VGIic isolates EJB1S and EJB18 showed similar virulence.

with " this“well characterized virulent isolate. Additionally, - two -

. VGlIa-isolates that are nothypothesized w be from the cuirrent
Vancouyer Isdand outbreak, Adncluding NiH444, which is’ fully
identcal across 34 markers, and isolate CA1014, which differs-

< from R265'at- VNTR34, show a significant reduction in virulence ,

"compared. 1o ‘the high virulence isolates (P<0.05). Finally, . in

+ R272 from Vancouver Island was avirulent'in this inodel,
The analysis of virulence wichin the ‘VGII' genotype wwas
- cxu:ndcd in a Yecond experimén, in which'12 isolates (n=9-10

@ Plos path e [\mmu pathogens.org

- negformans var. gribii type swrain, H99. The H9 isolate vsed (H99S) -
has been shown to. be highly virulent in the murine model of

110

* animals/isolate) were examined. This stady.included two VGTIa/

_major isclates from the outbreak zone, two VGlIb/minor isolates
from the outhreak zone, five ‘of the novel VGIIc isalates, rwo
VGliz-related isclates that are not part of the outbreak, and the C. :

infection-[44,5 1.

As expected,all five of the VGIlc ieaEgm from Oregon.as vl o

as the VGUa/major isolates from Vancouver Istand and Orégon,

- and the highly. virulent H99 “isolate -exhilited a high lovel of -

C. gattii US Emergence

and each number represents a GenBank accession number (Table $2). 5~

- virulence (inedian survival = 20,6 days). The VG b/ minor isolates

tested' were significantly decreased in virulence. compareéd to the
midre virulent VG1la and VGllc gerjotypes (P<0.005), The VGID .
isolate R272 was avirulent whereas the VG isolate EJBSS from
Oregon - exhibited significandy less virulence confpared to the’
VGIla/major and VGIlc isolates (P<0.005, median survival =46

. . " days). Similar to ‘the first ‘anim 3 .t
accordance with previous studies, the VGIlb/minior type strain * o to the firt animal study, two VGIa'isalates that

differ at one or mgre molecular markers. from the major VGIla’
outhreak ‘genotypes were ‘also testéd, The environmental isolate

. CBS7750-and a clinical isolate from South. America ICB107 wére .
 significaridy "dnenuated ‘(P<0.005) (Figure .81, These resuls
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Table 3. Proposed tecombinant alleles and hypothesized parental contributors.

Hypothesized Hypothesized

afleles Y Parental alleles P

CRG1-6 93/980

CAPS9-7

* Bold indicates MATa, Htalics indicates fertile representative.
. doi:lo.|37|4wvnal.p'i§at.|000850.(003_

health officials is critical. Finally, the ‘widespread spectrum of.
disease lustrates that the organism is likely 10 be pervasive in.the
environment, and that physicians-and veterinarians should be well
inforined of symp to facilitate early diag and successful
isolate collection and tracking. - .
" Amajor queston in the study of this outbreak is whether sexual
recombination, either within or between imating types, is occurring
Jor has -occurred, in the region. The possibility of meiosis is
impartant for two reasons. The first is that sexual recombination is
postulated to be a driving force for tie increased virulence of the
‘VGHa/major genotype, supported by the discovery of -a diploid.

parental P

“both. €. neofurmans and 6 gattsi [57,5é]f Swudies by Lin " and

colleagues showed that sexual spores can be produced as'the result

-'of a melotic process occurring between cells of the same 1nating

type, a'process referred ta‘as unisexual or samessex mating [59):

Several srudies have shown spores 1o be pathogenic in ‘animal

VGlla/major isolate, an intermediate in unisexual mating (all nine -

VGlIc/novel isolates-are haploid) [6,36). C. gatti has also been

shown to undergo opposite sex mating in the laboratory, although . .

this has not yet been abserved to occur between twa isolates of the

VGII molecular type [36,54.55). Studies in €. regformans have

shawn that this related pathogen completes a full a-e sexual cyde

in association with plants {56). Addidonally, a recent study: of-
1)

envir
evidence for ;ccbln]aix\adon via both opposite and - same-sex
mating [50]. Taken together, available evidence indicates that
bath appasite and same-sex mating are naturally occurring in
populadons, This évidence lends support'to the hypothesis that
meiosis might e a factor in the forces: that are driving'high
virulence in the outbreak region. IR T
: The second major event that results from sexval processes in the
pathagenic Ciyplacoceus species is the fonnaton of spores. Small
" spores ranging from 1-2 pm in diamerer have been observed tohe
produced in large numbers as the result of opposite sex mating in

. pLos Path | www.plospathogens.org

a3

pled. A lian VG1 isolates demonstrared -

models of infection. Two. p!cviqus srudies both showed evidence

for virulence: of ‘Coyptacaces ‘spores, and in’ one case provided *

evidénce for enhanced virplence compared to yeast cells {60,61].
More recenty, studies have shown . that Cgr/;txgcchu rg:yﬁ:mam*
spores are indeed- virulent in-the murine intranasal instillation
madel of infecdon [44,62], providing evidence that spares'should
be considered as infectios propagules in models exainining

.infections, expansion, and gmergence of both C. aefomnans and >
gatti. Given that all of thig Pacific NW isolates are a mating type,

and parddes small enough 10 be spores are present in the air
[26,63], the tmost parsiinénious model is that if these are spores,
they are produced via &-# yinisexual reproduction.

- Qur’ findings further .ingicate that’ mitochondria’ may play a
significant réle in the ingieased virulence 'seen in the gutbreak
isolates [31]; Tubular xrxé;phdlogy and -the increased -ability. o
proliferate within " immiong  cells indicate, that the ability

“proliferate “and survive within host’ cells is- fundamental ‘to

12

viralence. The possible ‘pale of mitochondrial invelvement is
i.ncriguin;; and also incrcasli;gly ;cl::\{ant hased on studies that have
chown mitochondrial inher and re ination may impact
C. gatii evolution,’ with  the -inheritance of (}l_c mitochondrial
genoine from the a iatg type pafent in opposite-vex mating
[64,65]. . Future studies in this area should address the roles that
mitochondrial genes, or nuglear genes that regulate micachondria

"Apill 2010 |-Volume 6 | Issue 4 | €1000850
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rpro
hypervirulent. A) IPR rates of VGlic isolates are similar to those from

. VGltb/minér genotype. Eight VGlic Isolates were tested individually, with
Percentage-of cells with tubular mitochondrial morphology Iri DMEM, C) Percentage of cells with tubular it
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may play in the hypervirulence observed in the outbreak isolaes,
Furthérmore, it may be that cell-cell fusion events via mating and
mitochondrial exchiange without meiosis o nuclear "gerietic
exchange. have 'played voles in recambindton -and’ viFulence
acquisition in natrally dccurring € gatti populations [64,65]. .

A central question in. the field lies in the-possible origins of the
_ virulent genatypes. For the VGlla and VGile lineages, it is-clear -

that these are -tnique to. the Pacific NW, and, either arose. there
locally, or' were gansferred from an under-sampled region
(Australia, South America, Africs). Tsolates' that. are related’ ta,
but distinct at one or more molecular marker from VGIla have
been identified-in. San - Francisco (CBS7750), southern California
(CA1014), and South America (ICB107). However, in edch of .
these cases, thé isolates  are not, identical with the VGIla/major*
isolates froin thie Pacific NW, Whether the outhreak. isolates are
derived from.these isolates, or alternatively. that these isalates are
derived from the outbreak lineage is“at present uniclear, In‘ the
VGIM/minor outhreak - lineage, isolates - from Australia *are

identical st all 30 MLST loci and four, VNTRs. drialyzed, and -

the most parsimonious imodel is that the'two dre directly related.

While it is conceivable that both the Australian and the Vancouver '

Island VGIM/minor genotype isolates. were dispersed: indepen- .,
denty from ahothér geagraphic locale, until isolates are. identified :
‘conclusively from anather. locale the most parsimonious inodel is
transfer from- Auvstralia o the Pacific NW. We note that a single

@ PLoS P LF;_ | www.plospatt ,
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isolate with a rdafcd.bu;ldﬁdnc’t genory);')c '(isolafe 997 473) from
the Caribhean has: been identified; .and ather isolates have been.”

“.-Yeported t¢ share the VGITh genotype bus have been analyzed dt g .~

Limited number of MLST inarkers (n= 7) which is insufficient to

VGIIb/minor genotype strains [29): The origins of 'VGIlc are
unclear, with-the- genotype possibly. arriving in the Pacific NW
frons-South America, Africa, Europe, or Australia, Alternatively, *
this novel uniqie genotype may have arisen locally, L
. 4As for the geagraphic origins of VGII diversity, thisalsa remains
% be established and may involve populations in Ausralia, South

Ainerica, and Africa, Tt is clear that thiere is considerable diversity . :

.among isolates' fram South America. As we' originally propased as’

an aliernative mode [6], and has been independenty presented by - -

 other invéstigators (W. Meyer, T. Boekhout, JP Xu, pers. comin.),
- South America may represent a source. of diversity and ongoing
generation of navel isolates. Analysis.of 8 MLST loci in this study
indicates that i South Armerica’ and the Caribbéan there are 14
. genotypes seen in 21 isolates, while in North America only 3
"genotypes have been’ observed through the analysis of 64 isolates
(Figore SI). ‘Addidanally, there .is accumulad g evidence that
" fetdle isolates of both a and & mating'type ‘are present in.South
“America [29); and thus ongoing a-& opposite sex mating ‘may be.
. “occurring there. Tt is also clear that 8 unique set of VGII isclates
are. circulating - in. Ausralis; .and’ there is evidence for ongoing .

17 establish. How. closely related these- isolates are to the outbreak . . .
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.F?gun a. Isolates from the United Sutes outbreak are hypervirulent. A) Gmups of.five anvmals were each Infected wllh an 1nfe<hous
inoculum.of 1:.0x10% cells of VGlla Tsolates. R265, CA1014, of NiH444, VGlib. isolate R272, or VGllc isolates EJB15 or EIB18. B Groups. of nine of ten
animals. were each Infectéd with'an infectious lno:ulum of 5.0x10* cells of VGlla isolates R265, £1851; CBS7750, or 1CB107, VGIIb isolates R272 or.

E£/853; VGlic Isolates A6MR38, £1812, €814, EB15, or EJB18, or C. rieoformans var, grubii isclate H99.C~D) R ive H&E stained hi:

H&E hok

slides from lung sections of severely. mmbld sacrﬁced animals from the VGlIa/major {R265) (C) and Vle (EJBIB) (D) genorypes (secﬂons from anirmals

“in'panel.B of this Figure). -
‘dol.'lo 1371f)cumal ppat 1000850 9008

'rccombmuon in ‘e-only and a-a pepdauons‘ suggesung that' -
mating conrrilmres to _the. generation of diversity in: Australia

¢ {36,49,54,55, 6567] F'mally, the analysis of global VGII isclates

" reveals genetic. diversity in. M'nca, and given the recent findings

that -C.  rieufo Likely originated. in' sub-Saharan Africa (A,

. Litvintseva’ and T, Mitchell pers. Comm.), further analysis 6[

* Afrcan € gam isolates s clearly warranted.

It remains possible that South America, Afnca, ar lJorh'
represent the ancestral populations of C, gatdii, and_that .more

recent “dispersal events from “other established pnpulauom (for

examiple, from Australia to the Pacific Northwest) have occuirred to .

" conibite to the outhreak. As yet, all of the isolates found in the
Pacific Northwest are @ mating type. Thus, if sexval reproducdon

is occurring in the Pacific Northwest, it would appear tw involve .-
" same-sex mating aocumng under environimental conditions.

" Recent $rudies have do d-that C: neofy and C. gatni
‘are- simulated- ta_ undergo” opposite-sex mating -in. laboratory
condjtions - that simulate ~ environmental niches . (pigeon. ‘guano
~mcd1um, o-cultiire. with plams) and thus similat conditions may

- be necessary ‘in" nature [56,68]." Overall, bath the VGIla/major

© - and the VGlIe/niovél genotypes contain a number of MLST loci
- that are: thus far restricted. 10 these. lineages, and their origins
. rermain to be idendified.

: @, PLOS ‘Pathoggns’ | www.plospathiogens.org
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ouzbrea.k the maJor ‘concern is-and continues ta be the inexorahle
expansion throughout the: region. From 1999 through 2003, the
cases were-largely restricted t6 Vancouver Island. Berween 2003
“and 2006, the outhreak a(panded into " neighboring mainland

- 2005 -t0 2009. Based on this historical wajecrory of r.xpan_amn, the
outbreak may continue t6 expand into the neighboring regmn of
Northern California, and passibly further.

The rising incidence of _cryptococcosis’ cases .in- humans and

. animals l-ughhgh:s the need for enhanced awareness in the region,
and those reg10ns that may potentially become involved, While
rare, lirde is currenty known about how or why ipecific humans
and ‘animals become infected. Increased vigilancé may decrease
the" diie from infecdon 'to diagnosis, and thus lead to more
effective treatment. and &’ reduction in mortality rates. The
'pm'tntial dangers of travel-associated risks should be noted, as a
growing number of cases anributable o wavel within the Pécific
NW region have been documemcd [69,70}. Narthern California
has similar P 1w enderic regions wuhm Oregon,
leading to"the hypothiesis that the emeigence may expand there,

. while:expansion eastward may e limited by winters wnh average '

témperatures o&en Delow freezing. {7

Cvs T April 2010 | Volume 6| Issue 4| €1000850

Independently'of the vasiabl lcéqu p (0 and influencing this ’

British Columbia and then into Washmgmn and Orcgon from .

The expansion of the outbreak into Ca.lifomia is plausxbfc based

" on several studies documenting the presence of C. gattii throughout
_the state and in Mexico. C. gath molecular type VGII was

envirorumentally isolated in the San Francisco area in 1990 (isolate .

CBS7750) [48), and there have also been two confirmed and one
travel-associated case of C. gattis molecular type VGLin California:

Of the VGI cases, one occurred. in- a fale Adantc botdenose

C~gah‘ii us: Emergence

were included, ln' additon, a group of ten isclates, all &, from
South America- and Africa- appeared nost commonly as
recombinant parters and are illustrated,

 Found at: doirL0.1371 /journal ppat. 1000850 5004 (6,12 MB PDF)

Figure S5 Allelic recombination analysis for 15 lodi indicates
that 11 are likely derived from consecutive and/or independent

dolphm in San Diego, one was isolated from a liver tr
recipient in San Francisco, and the other from an' otherwise
heajthy patient in North Carolina with travel history to the San
Francisco region {71,72,73]. In addition C. gatti has been reported
in southern California. among:a cohart of HIV/AIDS patients
[74). Recently, studies of clinical isalates from Mexico revealed all
four malecular types of C. gatth 1o b present {75). Taken together,

within the population, The four other loci show at least

P

one hybrid allele that may be the result of a recombination event

_betwéen two propased parental alleles in the  global VGII

population: Squared alleles represent likely recombinants, while
circled alleles indicate propased parental contributors, Each of the

. possible contributors is-indicated by a respective color.

the hyporhms that the virulent isolates from the Pacific NW will .

expand into California wiust be considered by both physicians and

- public health officials.

During the. coming years, momtonng and rcscarchmg the
outbreak expansion as a multdisciplinary effort will be. cridcal,
The ability to bring diverse groups of professionals. interested in €
gattii expansion has been gready facilitated through the formadon

of the Coyplocwcens gattii working, .group of the Pacific. Northwest -

(17}. From a rescarch dpaint, - further inadon of the
molecular mechanisims underlying the increased virulence in both
V(‘Ha/major and VGlic/novel wﬂl be useful for the development
of aggressive treagnents that may:be needed. Furthermore,
increased efforis to determine the ecology and population

dynanics of . gatht in the region, and elucidadng the cvoluuonary

history of the VGl genotype-will be critical to gain further’

insights into the urigins of this \mpreccdcmcd and frequcndy faral

fungal ourl)rcak

Supporting lnformalion

Figure S1 ‘MLST of all VGIl.isolates used in the arudy and thc
four outgroup -isolates used in the phylogenetic analysis. *

Found- at: doi:10.1371/journal, ppat.lﬁi)()ﬂ&()s()m {0.07 MB PDF):

Figure S2° MLST analysis of Vanqouvcr Island isolates ac 2 loci.

These were chosen'to dctermme if tny of the mlam might havc '

belonged ‘to the VGIIc group.
Found at- doi10. 1371/Journal ppat.]OOOSiO.sOU? (0 02 M3

- YDF)
. Figure §3 TCS haplorype ncrworkx for the thmcen alJeJcs not:

represented in Figure S of thie main text.

Found at: doii10.1371/journal, ppat.lOOOR'rO 5003/(0.15 MB PDF)
“Figure $4 Al paired aliele graphs.from VGH global isolatés

generated during the analysis. Isolates of both maung rypc aando
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ORIGINAL ARTICLE

‘ Vari‘ablyK-Protease-Ser’isitive Prionopathy: A
New Sporadic Disease of the Prion Protein

Wen-Quan Zou, MD, PhD;1 Gianfranco Puoti; MO, PhD,T‘Xiangzhu Xiao, PhD,
Jue Yuan, BA," Liuting Qing, PhD,” Ignazio Cali, MSc,' Miyuki Shimoji, PRD,’

_ Jan P. M. Langeveld, PhD? Rudy Castellani, MD,? Silvio Notari, PKD,' Barbara Cr.ain, MDA

Robert E. Schmidt, MD,* M.i'chae’l Geschwind, MD,® Stephen:J. DeArmond, MD, PhD,®
: Ni’gel J._Cai'rns,_'MD,7 Dennis Dickson, MD.® Lawrence Honig, MD,’
..;Juan Maria Torres, PhD," James Mastrianni, MD, PhD,"*Sabina Capell‘afi: MD, ™
(li,io‘rgiio‘Giaccone, MD,"3 Errhias D. Belay, MD,"* Lawrehce‘l B. Schonberger, MD, MPH,"*
* Mark Cohen, MD,’ George Perry, PhD,™ Qingzhong Kong, PhD, Piero Parchi, MD, PhD,!
Fabrizio Tagliavini, MD,"? and Pierjuigi ‘Gambeij;ti;MD1 )

" Objective: The objective of the ‘study is to 'repof; 2 new genotypic forms of ‘protease:sensitive prionapathy (PSPr), a.

7" "novel prion disease described in 2008, in. 11" subjeéts all homozygous for valing: aticodon’ 129 of the prion protein
. (PrP)y'gene (129WV), The 2 new PSPr fortng affect individuals.who are either homozygous for methionine (129MM) or
heterozygous for methionine/valine (129Mv). - Lt ’ b : .

. . 'Methods:” Fifteen ‘affected ‘subjects ‘with - 129MM; 129MV, ar\v‘:i_129W‘i1r,\de’:rwven\‘ ‘comparative evaluation at the.’

"National Prion Disease Pathology Surveillance Centef for clinical, histopathologic, immunohistochemical, genotypical,
and-PiP characteristics, o o : Lo :
-~ Results: Diséasg duration’(between 22 and 45 months) was significantly. different in the 129V and 729MV subjects.

Most other p’hen?typi.'c featyres. along with the PrP electrophoretic profile were similar but distinguishable in the-3 129
- - genotypes. Amajor difference laid.in the sensitivity to protease digestion‘of the disease-associated PrP, which wes high
+in 129W but much lower, or altogether lacking, in 129MV and 129MM. This differenca prompted the substitution”of the "

’ . original désignation with “variably protease-sensitive prionopathy” (VPSPY). None of the ‘subjects Bad rmutations in the
PtP gene coding region. : : S : - R ' s

Anterprétation: Because all 3 129 geriotypes are involved, and are éssociéted with distiﬁguiéhable phenotypes, VPSPr .

- becomes ' the. second sporadic prion protein disease. with this. feature. after Creutzfeldt-Jakob disease, originally

. rep“or‘ted.in 1920. However, the”characteristics of the abnormal. prion protein suggest that VPSPr is different from
typical prion diseases,'and perhaps more akin to subtypes of Gerstmann-Striussler-Scheirker disease. .
e S N i . ANNNEUROL 2010;68:162-172

H uman’ prion diseases are. pr‘ominenﬂj heterogeneous. dicated on rhc_‘con-iﬁxon ;ﬁcthioninc (M)/vali;le (V) poly-
- tTn sgorgdic Creurzfeldt-Jakob disease (sCJD), the - morphism at ¢odon 129 of the prion protein (PrP)
most’ ptevalent prion disease, heterogeneity is fargely pre- gene dnd the, diseasesassociated PrP (PrPP¥) chat: are
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distipguished in types 1 and 2 based on the electropho- .

. " . . )
retic mobility of their protease-tesistant regions.

However, despite this. remarkable heterogeneiry, alf .

well-esiablished sporadic prion diseases (here operation-
ally. defined as nonacquired ption diseases free of mura-

-tions in the PrP gene coding region) have been shown fo

. : o ) %
share the. same basic ‘pathogenetic mechanism; PrP[ *

interacts with the normal or cellulac PrP.and coaverts it

into PePY®, iriggering an autocanlytic process thar

leads to the accumulation of PePP* and ultimately to the
clinical disease. ) :

[n 2008, we described 11 tases affected by a new
disease involving PrP; we named this disease procease-

sensitive. priongpathy (PSPc).? Subsequently, 2 additional -

cases of PSPr have been independendy reported,“® PSPr
differed from known sporadic i;rion diseases in_the clini-
cal presentation, in the histopathologic ind’ immunohis-
tochemical fcatures;‘and in the:basic characteristics of the

- PrPP® Fucthermore, all 11 cases had the 129VV geno-

:type’and no ‘mutation in_the PrP gene open reading
frame (ORF). ) S . _

~ We now réport 15 ddditional cases, all of which
bear. features of the' PSPr as otiginally reported. However,

-the rew cases also include, in"addition to new 129VV
. subjects, individuals who are 129MV  heterozygous. and

129MM homazygous. Although  the” affected  subjects

" belonging to “the "3 genotypes shate several imporeant |

characteristics, they also display basic ~variations "that

“ allow “the. 3 "corresponding -phenotypes to be distini-
" guished. Thereforé, the new"cases show that the- disease

originally described as PSPr, like sCJD,. affects all 3 129
genotypes® and -to some extent mimics the 129-related

- phenotypic heterogenéity of CJD, although the PSPr

characteristics underline basic differénces from sCJD and

i similarides ‘with Gcistmann's;'i‘ﬁuss\:r-S_chcink;r disease
" {GSS);'a rare phenotype, which'to date has been reported

as “exclusively associated’ with PrP -gene mucations, In

* view of .the increased proteaseiresistance of the' PrPPH..
. associated with the new 129 génotypes compared to.that .

of the 129VV cases, we - propose to “tevise the original

" PSPr label 10 VPSPr or “variably protease-sensitive prion-
opathy”. Parts of. these findings have been presented .

prc\{iously.("‘)

-

Subjects and Methods - oL
Subjects T o

A totdl of 15 affected subjects, including 3 129MM, 6 129MYV,
‘and 6 previously unreporced 129V, were examined. Thireeen
affected subjects were: referred 10 the National Prion Disease
Pathology - Surveillance. Center.’ (NPDPSC)_ (Cleveland, ‘OH)

-berween 2002 and. 2010, All. casés were sympromatic ‘excepr 1

Au‘gust, 20107
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_ of the 129MM subjects, who died suddenly of heart problems
while participating in a demeqtia scudy s a negative cantrol,
‘underwent autopsy, and was teferred 1o the NPDPSC because

- it was noted o have spongiform degeneration (SD) on histalog-
ical examination. One 129MM subject was received by Dr Fab-
rizia_ Tagliavini'® (National - Neurological - Institute, Instituo
Nazionale Neurologico Carlo Besta, Milan, ltaly), and. 1
129MV subject was received by Dr Piero Parchi (Deparement

. of Neutologjcal Scierices, University of Bologna, Dipartimento
di Scienze Neurologiche, Universid di-Bologna, Bologna, lraly).
All the subjects. including thuse scrving as positive concrol as
indicated were examined ai autopsy following analyses of fiked
and frozen tissues. Consent was obrained for using cissues for

research, including genetic analyses.

e

Tissue Processing

Fixed and frozen brain. tissues were processed as. previously

described; 4" different . procedure was follawed " for “the case
received from Dr Tag_liavin_i.j"”"l

Histopathology and Immunohistochemistry

Samples. obtained frorn up o' 18 brain’ regions wére processed
according to’ previously described prqcec!urr.s."fz_lﬁiogproﬂlcs
weie constructed using semiquanditative -evaluadon of SD and
‘astrogliosis in 11 biain. regions -from 10 subjects, including the.
3 129 -genocypes. SD and” astrogliosis were-scored -(Fig 1), and
the scores ‘from ‘eachi of the brain’ regions were summed for
cach subject scpai‘ar:l}); values wete averaged, their sendard
deviations determined, and they were ‘plotted. according to the
brain rcgion,-"'l.z Vatuoles with ”>4ur@1 diameter were measufed
individually o’ vandom phot_gmicmg}aphs of frontal heocortex

(10/subject, % 180) using Spousofiware version 4.6 after alibra-;-

tion {Diagnostic Instzuments, Sterling Heights, MI).>

- Sections from the frontal and occipital neocortices, hip-
ol - Eellar hemisnh

pocimpus, basal ganglia, :
" midbrain were 'p sed- foc PrP. i histochemisuay with

P

i the manodonal andbody (mAb) 3F4 or 1E4 (Céll Sciences,

- Canron, MA)‘“‘" Selected. brain regions were also immuno-
stained with the mAbs 4G8 t6 amyloid f or PHF!1 to'the fau

3
procein.”

Molecular Genetics .

The entice PeP ORF was amplified by pélymcrasc chain redc-
tion using genormic DINA (extracted Front unfixed brain  dissue or .
blood) and the primers 42F (CATAACTTAGGGTCACATTT
GTCC) and - 45R° {CCAGATTAACCAATGGTTATITGC);
sequencing was done direcdy or - afier” cloning into . plasmid
pSTBlue 1" (Novagen, Madison; W) by, a d sequencing,”

- Prion Protein Chgracierizétion

‘REAGENTS. AND - ANTIBODIES. ' Pheriylmethylsulfony!
fluoride. was purchased’ from Sigma. Chemical Co. (St. Louis,
MO). Peptide N-glycosidase F (PNGase F) was purchased from
New Englind - Biolabs, (Beverly, MA) and /used following che

120
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Both &,Bv,ﬁ.o,_:man 129MM mcE.mnnw (1 died appa-

cucers protocol. Reagents for enhianced chemi umines- k] g Hm
‘cence (ECIL- Plus} were from Amersham Pharmacia Biotech tently before clinical onset of disease) presented with abeg N - R
(Piscacaway, NJ). Antibodics <o various sequences of human Parkinsonism and araxia followed by progressive diffuse ) ..mumnm £ g = g Fobol .w
Pl included andi-C, a rabbit anciserum ﬁNolww&.. w?r a cognitive impairment and myoclonus; aphasia~ was ) . g
mouse mAb (106-110), and 14, 4 mAb (97-108).>'4-" - reported - in 1 .gase, - but :n:rﬁ showed v&\nzm:.ww i wm m.
. . g . H N . .

BRAIN HOMOGENIZATION. The 10% (weightivolime) "7 Mmam e di N m .Mm de 5.8 FEE EEE X " o
brain” homogenates were prepared in 9 volumes of lysis buffer or.e1e _»«:om:n rests, just | cise showed sig- 8 e b - T = TTEAER g ’
(100mM Teis, 150 mM NaCl, 0.5% Nonidet D40, 0.5% de. nal changes' consistent with CJD on magpetic resonance & g e
oxycholate,” SmM echylenediamineterraaceric acid, pH 8.0) on imaging ‘and n_mh:oﬂ:novrw_omnmm_rv: all the other cases E Bl -,, B . L .W . c
ice using pestles with Eppendaef cubes driven by a cordless - revealed various degrees of brain.atrophy and diffuse slow- | m_rm.,.m oy W m m .wm g8 g% W s %_
moror as previously described.™ When tequired, brain homoge- ing of cerebral electrical activity. - | kA ) ) s
nates were centrifuged at 1,000 % g'for-10 ‘minutes a1 4°C o Famiilial occurrence of dementia was reported. in ; w.n, M - i
coflect supernatan. about  50% Q\I available “family histories) of the o, .m N - £ e e E

. 129VV cases (1 case in the present series); and in 1 mm,n R 2.8 8 8 g
IMMUNOBLOT ANALYSIS. Samples. were -resolved -on 129MM, burt not in, the 129MV genotype: : ’ Lm :
15% Tris:HCl Cricerion precast gels (Bio-Rad Laboratories, ’ e o : 5 I
Hercules, CA) for gel electrophoresis:and - Weseern blotting as Immnoﬁmgoaﬁw,\m o < o M 3 NA 5 s M : a,m. .
described previously."* The protcins on the gels were transferred The hallmark’ compion to all- 129 genotypes was - the ° w R
0 {mmobilon-P membrane polyvinylidene fluoride (Millipgre, presence of . Bo&nnunn D oon,sw: ag vacuoles in the W

Billerica, MA) for 2 hours at 70V. For probing PrP, the mem-

: ; major cerebral tegiops, which were relatively larger than
branes were inctbated for 2 hours ar room température’ with ] R . : .
and-PrP andbodies. Following incubarion with horseradish per- those observed in sCJDMMI bu overall smaller -chan g g S 5 3 5
oxidase-conjugated sheep ancimouse ‘immunoglobulin G (IgG) thiose of qﬁqmv«?;\bﬂ Gsec Fig IA-E and Fig- 14-C of
or donkey anticabbit [5G 00, the PrP bands were visual- Gamberri et al’), Qegasionally, the molecular layer of the
ized on Kodak film (Eastman Kodak, Rochester, NY) by ECL cerebellum  contained - small homogencous . formations, 25 = 3 [AR s
Plus as described by the manufacturer. with the appearangg of ::naow_mnca in the 129VV aad { - ;
. 129MV cases. (see” Fig 1F..G). On average, all these o ,
“fesions were more ssvere in the 129VV and 129MV than© °
Results - in ‘the 129MM cases fsce Fig _mv : m ~ - 8 “
Clinical Features . The pattern gf PeP -immunost; nidg was slightdy -, T ~en
Thie cases, mno‘:_umm according to the 129 genotype, dem- - differenc in the 3 mo.ﬁoaﬁnm. : .
ographics, and n_::nm_ data and tests, along with the pre- In'the 129VV gases, the F‘Eaacnom&a:w_ a5 origi- e SR, .
vious 129VV cases, arc summarized in the Table. nally described, was targedike in the cerebrum (Fig 2A) and n .4. = IR - {
In 129VV cases, the presentation was characterized dotlike in the cerebellar molecular layer (see: Fig 2B).
by I'or more components of a triad comprising psychiar- In-the 129MY gencitype, the cargerlike pactern was , :
dc_signs,’ in the Form ‘of behavior;and mood changes, less. Enow:_uxzn (see Fig 2C). The cerebellar molecular - o - ‘,vz '
speech deficit, and cognitive impairment. Behavior and .- layer showed Eo_.n plaquelié, immunastaining pattern e 8 88 No=e K
mood changes, expressed as disinhibition, euphoria, and - (see Fig 2D).. R v ,v.w/ B = 3 .
impulsivity or loss of interest and apachy, were che most T the 129MM subjegts, the ?,&o:::ui immano- FEBN 8.4 W 3 8 % M. . >
frequent (80% of the cases). Language deficits, obscrved staining pattern was plaquelike (see Fig 2E). The cerebiel-’ g 92 38'8d. . § R
in half “of the cases, were characterized by anomic or lum oecasionally mroina small plaquelike formations-(sec . - o a &
semantic aphasia, or by dysarthria. Cognirive impair- Fig 2F). % owm Wm e § 8 g
ment, ,Eo&% of ‘the mno:.n& lobe type, was present at With mAb :m» the patterns om PP ; “:_:Esomg:_:m w MM ,mme_a MM ,Hl m m
onset in 50% of ‘the cases, alone or together with the were similar to those revealed :by 3F4 (dara not shown). " ¥ R2.8% &y G- 8 R
behavioral changes and language deficits. 5 Various degrecs of amyloid f immutiostaining, uvmu. i -
.? the 129MV subtype, psychiatric signs.were often rently age-correlated, 'were also observed (data not mroiav . = ’ -
associated with .parkinsonjsm, followed by ataxia and 88 3. .
myoclonus, whereas aphasia ‘was rare; in these cases, the ¥ 8. = RIS

' : Q_mwwnwmzwm:o: af Pre®s in Sm 3129 :
mean age at onset {72 years) and n,__:m:o: (45 months) " - -Genotypes : . L
of the “disease were the most advanced and the longest, .- : : ' BT
respectively, of the 3 subtypes and the duration was sig-
nificandy &_m,n«nzn mSE a,amn of the 129VV mnsoaﬂn

,@Aoo_s

PRPP'S ELECTROPHORETIC PROFILE AND PROTEINASE
K- RESISTANCE. The ladderlike _electrophoretic. profile
..om nrn Eoﬁ.:umn K (PK)-resistant.PrPP m.umanna the

MM1
MV
vV

TABLE: Summary of Cases

" VPSPt
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" .FIGURE '1: Hlstopathology with vacuole sizé and lesion. profiles in the cases belonging to: the 3.129 ‘genotypes of variably "
protease-sensitive prioncpathy (VPSPr). . The spongiform degenerahon is quafitatively simliar in all 3 129 genotypes-(A, 129VV;

eeon . W ez e,az“m STE. LE g |

S 1]
8raln ngton

Tr

B, 129MV; €, 129MM). (D) As originally shown .in the 129VV cases,® the spoengiform. degeneration is.made of & significant

‘percentage. of relatively large and midsize vacuoles on average sigriificantly. larger than. ‘thase of

fald

: Jakob di: (5CJD) subtygies (di rs: VPSPr |, bined] 9.3+ 3.4y vs sCJOMM1'S 8 =1, 2;:, p < O 0001 [Student t test)),
resulung ln an eiongated vacuole size distribution in the vacucle size' histogram. (E) The lesion profiles are very similar.in the 3

129 genotypes, but show.less severa lesions in the 129MM geno

and QC= frontal, temporal, parietal, and occipital cortices;
.ganglia; TH = thalamus (medial-dorsal nucleus), ST/M8 =

H.=

striatum/midbrain; LC pons (locus'coeruleus), CE = cerebellar

type ‘than in the T29WV and 129MV’ genotypes. FC, TC, PC,

CAl of hippocampus; EC = entorhinal. cortex; BG = basal

cortex, The vertical bars refér ‘to jard ‘deviati ’

. detectable; 1, mild; 2, moderate; 3, se‘vere, and 4, conﬂuent},

Iy
g

and astroghosls onalte A'scale (0, not datectable; 1, mild; 2,

moderate, and 3, severe). (F, G) H g micro d

layer of the corebelium-in some cases.associated with the 129
(A-C. F, G) Hematoxylm & eaosin, M = methxonme, V.= valine.

distinctive, feature of the, PSPr 129VV cases, was shared ‘

by all the affected subjects belonging to the F20MM and

129MV genotypcs, although, due.o the. higher PK. resist- -

;ance, ‘the tepresentation of ‘most PrPP fragments ‘was
greatcr in " 129MM  arid 129MV than_ in. 129VV. (Fig

“3A).% The ladderlike profil le demonstrated with 1E4 con- .

 sisted of -3 major ' bands' migrating ar approxxmarcly

26kDa, " 23kDa, 20kDa, 17kDa; and 7kDa (hctcaﬁer"'

dennfcd as VPSPr26, VPSPe23, VPSP:20, VPSPr17,

m - deg ion was scored on. a 0 to 4 scale (0, not

with the appearance of plaques were observed in the molecular .
VV. {F) and 129MV (G) genotypes, but hot in the 3 129MM cages.

migrating at 32/30kDa, 28/26kDa, and 21/I9kDa (see

Fig 3A).
PP preparations. from the 3 genorypes were
probed with mAb 1E4 or 3F4 after teacment with vaci-

‘ous,amounts of PK. When PrPP* fragmients were consid-
- efed all rogether, both 1B4 and 3F4 confirmed’ the rela-

» tively high PK resistance of PrPP™. i the 120MM cases;

‘ditd VPSPr7) (see Fxg 3A). In ;:onrrast, PepP types 1 ‘

and 2 from sCJD formcd the classxcal pattetn of 3 bands

166 . -

~intermediate in the 129MV cases, and low or entirely

lacking in-the 129VV cases (sec Fig:3). However, both
mAbs -also showed -the hctcrogcncous ‘resistance of the

‘mdmdual Fragmcnns w PK; which Was conficmed ‘with

Volume 68, No. 2
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PK titration experiments. These.analyses showed that-the

'paus of the same fragments in both "129MV and

* rapidly in amounr peaking at 10ig/m] of PK and gener-

- well represented even at-100yug/ml of PK. The fepresen-
“tations of the 2 pairs of fragments were siguificantly dif-

Zou et al: Protease-Sensitive Prionopathy

FIGURE 2: Prlon protein immunahléto:hemsstry in the 3 variably protease~sensl ve pnonnpathy 129 genotypes. The cerebral
cortex (A, C, E) and cerebeliar molecular layer (8, O, F) best; plify the pred g patterns. {A) The

pattern in the 129VY genotype is often targetlike, with a larger stained granulé or clusters of granules surrounded by smaller -
. “granules in a focal or-more diffuse background of punctate or ‘synaptic staining (inset: higher magnification of. the same

cortical region)..(B) The moleculat layer of the cerebellum shows relatively large granules that are often _compact and intensely
staingd. (C) ln the 129MV génotype, the targethke patters is generally less obvious, as large granules are more often isolated;
focal or larger areas of synaptic stalmng are also present (inset: as.above). (D) In the cerebellum, the granules are fewer, are
more -loose, and have a plaqueliké appearance. (E) The 129MM genotype- often shows a plaquelike immunostalning pattern
{inset: as above). (F) The cerebellum shows small format:ons Immunostainmg was done with monoclonal antibody 3F4, M =

methionine; V = valine.

types (120MM, » < 0.02; 129MV, p < 0.005). As
expected, the PK resistance of the 129VV fragments was’
riuch lower, except for VPSPr7. Combined, the immu-
. noblots “and quantitative analyses argue that VPSPr23
" and VPSPr17 have the strongest fesistance to-PK and
likely form secondarily from VPSPE26 and VPSPr20 fol-
lowing treatment with high PK concentrations. It has to
.be noted, however, thar the PK sensitivity of the 129VV
preparations was in part relaced to the mAb used. When
probing’ with 1E4 instead of 3F4, all fragiments present
in_the VPSPr-129MM and -129MV. preparations. were
also detectable in the preparations from the 129VV ge-
- notype,-even if they disp’layed different ratios. Therefore,

VPSP17 fragmiént was highly PK-tesistant in all 3 geno-
types. In contrast; the other 4 fragments appeared to fol-
low 2 distinct pacterns, which wete similar and involved
129MM; VPSPr26 and VPSPi20 incréascd and decreased
ated fairly narrow bell-shaped curves.. [n contrast, both
PSPt23 and PSPr17 increased at a“lower rate, - peaked
between 25 and 50ug/ml of PK, 2ad remained relatively
ferene at 100/ml PK concentration in both 129 geno-
167
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quURE 3:} Electrophoretic profiles and proteinase K {Pk) titration of PK-resistant dl'sgasg“assocla_ted pricr} p’rcte‘i'n PrP%) from
variably pr itive prionopathy (VPSPr) iated with. the 129VV, 129MM, ar 129MV genotype: (A} The Western

blots of the total brain hormogenates (BHs) treated with 25xg/ml of PK and probed with the manoclohal antibody 1E4 reveal §-
- PrP bands migrating approximately to 26kDa; 23kDa, 20kDa, 17kDa, and 7kDa, forming a ladderlike pattern-in all 3 {129vv,

129MM, and 129MV) genotypes of VPSPr (VPSPr26, VPSPF23; VPSPr20, VPSPr17, and VPSP7) (lanés 1-3), The.faint band that
migrates at approximately 30kDa in-VPSPr-129vV (lane 1) likely represents the’ incomplete PK digestion of the normal
diglycosylated, N-terminus truncated PrP fragment or. associated monoglycosylated full-fength: PrP. In contrast, BHs from
sporadic Creutzfeldt-Jakob disease {sCJD) associated with the 129MM genatype ‘and -the PrP™ type 1 (sCIDMMI1) or
SCIDVV2 (sCID with the 129VV genotype and PrP® type 2) show the typical 3 PK-regjatant Prb fragments of type 1 and 2

migrating between 31kDa and 19kDa (lanes 4 and 5). (8, C) PK titration of PrpO®s, Briln homogenates from 129VV, 129MM, .

and 129MV genotypes were treated with PK at various concentrations between O and 100ug/ml. (B). Probed with -1E4. (C}

Probed with 3F4. (D} PK titration with’ quantitative “analysis of the, individual VPSPr '_fragrnehts. The curves: represent the

relative amounts of the individual VPSPr fragments at incrgasing PK concentrations - (0-100pg/ml) after probing the
immunoblots with-1E4 in each of the 3 129 genotypes, The relative representations of the bands corresponding to the VPSPr

fragments were ‘determined by densitometry and expressed: as averages of 129VV (n = 3), 129MM (n.= 2), and 129MV €ases

fn = 3). Comparative analysis of the curves from each of the 3129 genotypes confirms.the PK sénsitivity of all the fragments’
in 129VV cases, with the exception of VPSPr7, which is resistant to PK in all-3 genotypes: The remaining 4 fragments.folloy
similar patterns in both the 129MM and '129MV .genotypes; VPSPr26 and VPSPr20 form rapidly but-are digested at PK

- concentrations >10gg/ml; VPS_Pr?3 and VPSPr17 are resistant up to 10qllg/ml of PK (*p £ 0.02; **p < 0.005), M = methigni.ng;

V.= valine: -

e i o v L Volume 63, N6, 2.
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the PK treatment might not only break down the PcP2%
associated with the 120VV genotypic: form, but -also
generate ‘fragments relatively undetectable by the mAb
3F4. Alternatively, PrPP% associated vyith VPSPr-129VV
might have a low immunoreactivity with 3F4, even with-
our PK wreatment. ’ ’

IDENTIFICATION OF THE PRP®'S CORE FRAGMENTS
AND THEIR COMPARISON WITH THOSE OF THE GSS
VARIANT LINKED TO THE A117V MUTATION. Vayi-

 ous amounts of VPSPr20, VPSPri7, and VPSPr7 were
demonstrated by 1B4 in all'3- 129 genotypes afier degly-

casylation and up 10 50ug/ml of PK trearment (Fig. 4A).
Because the deglycosylation elimiriated VPSPr26 and
VPSPe23, these 2 fragments likely are the glycosylated
isoforms of VPSPr20 ‘and VPSPr17, respectively. This

would explain the sharéd level of PK resistarice of these 2

fragments (see Fig 3D). Of norice, the same: PK:resistant

+PNGase F
MM . MV
10.26 500 6.10 25 50

PKtugimt) T 510 2550° 68

‘LDM!I2’3<45578910111213|l!5'
[+

_VPSPIMY. .
Abs _An-C

B4

e
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fragments were well represented ‘also withour deglycosyla-

. tion, suggesting that VPSPt20 and VPSPrl7 are present
a5 both glycosylated and unglycosylated isoforms (see Fig

3A, B). With 3F4, only VPSPr20 and WSP:I7 were de-
tectable in the 129MM and 129MV" cases, whereas again
the 129VV genatype showed no PK-resistant PeP (see
Fig 4B). The combined aid individual resistance of the
deglycosylated fragments to PK was comparable to that
of the glycosylated isoforms.” .

’ Further characterization of the core fragments with
the antibody anti-C (C-terminal tesidues 220-231) dem-

- onstrated "4 PP bands riligl;ting at - approximarely

20kDa, 18kDa, 12-13kDa, and 8kDa, of which only the
20kDa band matched VPSPr20 derected with. 1E4 and’
3P4 (sce:Fig 4C). THe 3 ffag;ﬁents_ midctcctcd;by 1E4
and "3F4 ‘must comprise the.C-tesminial region (reactive

with’ anti-C) “and must- lack . the 97-112. sequence

o

. - - - — .
_FIGURE 4: Protei K {PK)-resistant core. frag of

variably. proteasesensitive prionopathy (VPSPr) ‘and thaeir
comparison with the disease-associated drion protein (PrPP®) .
‘frag . iated . with - Ger ] Sussler-Scheink
dissase (GSS)%AjJ?V; -All brain’ homogenates were treated )
with increasing concentrations of PK"and with peptide ‘N-
glycosidase :F (PNGase  F). (A) With 1E4; all. immuncblots
from cases with the 129VV,129MM,.and, 129MV genotypes -

" esseptially: show' variably - prot . prionopathy -
- - (VPSPr):20, ."VPSPF17, . and | VPSPr7, ‘However, the *PK
. resistance - of these' bands ~varies according to the 129

genotype and the individual bands within the same genotype
in a2 way roughly similar to that shown in Figure 3. (8] The .

*immunoblots probed with 3F4 reveal 2 major bands in-the
"129MM and 129MV genotypes, ‘which; however, exhibit ‘a
quite. different pattém  of resistance to PK in- the 2| -

genotypes., As axpected, .no- PK-resistant PrP bands are
dstected, i the 129VV genotype, (C).Additional analysis.‘of

‘ the core fr following tr £ with 25pg/ml of PK

.and PNGase, using the antibody anti-C to the PrP C-terminal

) . residues 220'231', Compared to 1E4, antl-C demonstrates 4
“bands of 20kDa, 18kDa,12-13kDa, and 8kDa, respactively,

of which.only the 20kDa band has the same gel mobility. as
VPSPr20 detected with -1E4. The other 3 bands, lincluding .-
18kDa, 12-13kDa, and 8kDa,. do” not match the bands
detécted ‘with, 1E4. (See text. for explanation): (D). Brain
homogenates from. VPSPr-129MV, GSS117, and: VPSPr-129
were. treated with PK- and PNGase F -prior- to. Westerr
blotting ‘and " probed . with 1E4 (left -pariel), 3F4 -(middla -
panel),- and anti-C (right panel} antibodies, With monoclonal

Avgust; 2010

ibody 1E4, bands. matching VPSPr20, VPSPr17, and
VPSPr7 are détected in the GSS:A117V prepatations, but the
GSS-V117V bands immunéreact much less with 1E4 than the
bands of VPSPr129MV and VPSPr-129VV. The 23kDa band

"ds seen miore. prominently -in GSS-A117V. -With. 3F4, - the

VPSPe17 and VPSPr7 bands are shared by GSS-AT17V and
'VPSPr-129MV, but the 20kDa band is missing in GSS-A117V.

" The VPSPr7 band is muchless reactiys In 129MV. As

previously, the 129VVjs not reactive with 374, ARtiC reveals
apparently the.'same, bands in all 3’ preparations, but with

" significantly different ratios, M = methionine; V.= valine.
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conraining the 1]:4 and 3F4 epitopes. Therefore, 6 core
. fragments of relacive molecular’ weights between 20kDa
and 7kDa were identified by the combined ise of

1E4 and- anti-C. Several PeP C-terminal fragments of

similar relative ‘molecular weight have been previously
reported.'®?" Considerable similatities were observed 'in
the clectrophoretic mobilities of the PK-resistant “core
7 fragments from the 129MV, 129VV, and 129MM geno-
types and GSS-AL17V (see Fig 4D). Also in GSS-
ALL7V, the mAb 1E4 demonstrated . the presence’ of 3

bands of 20kDa, 17kD2, and 7kDa described in VPSP, T

which, however, displayed different immunoreactivities.
,~Comparable variations in antibody immunoreactivity and
band representation were seen with 314 and anti-C (see
Fig 4D). Therefore, most of the PK-resistant PrPP* frag-
-ments appeared to have similat'sizés in VPSPr and GSS-
Al17V,-but different ratios and antibody reactivities.

" Discussion

At varjance. with ‘the series of 11 cases, of‘PSI’r described’ )

-in- 2008 .and 2 ‘cases ‘subsequently - publ).shed by others—
“alli 13 of which were: 129VV homozygous at the PP

gcnc—rhe 15. cases réported here also include: afféceed . -

B --subjects who are 129MV and’ 129MM, in’ addition -to’
- new 129VV subjects. 33 Compnrauve analyses indicated

" that all these Casés age “affected by the same diseise pro-

. cess, and that most of the heterogeneicy tha( we ‘observed:
resuhs from distinct 129 ‘genotypes.. :

Thesc cases are likely-to be aﬂ‘ec.ch by t.hc same dnscase
because of the overall similarity in major: phcnorypxc,d charae:
tecistics, including the clinical featutes; which prominéntly
exhibit aphasid, ataxia; and parkinsonian signs; SD, display-
ing vacuoles comparable in size in the 3 genotypes but other-
wise different from the vacuoles of other comingn prion dis- -

eases; and finally PeP immiunostaining patterns,, which ilso *

display comparable general féatures in all these cases. How-
“ever, the 2 miost steiking Similarities reside in the fadderlike
electrophoretic pattern of the PK-resistant fragments and in
 the -unique immunoréactivity of PeP™* with mAb “1E4.

G umulam'cly, these findings suggest that ‘all thése cases share -

a sirnilar molecular mechanism of PrPP* formation.
" Significant clinical differences among the 129VV and.

129MV groups (only 2. 129MM - symptomatic subjects were ..

- avajlable) occurred in the méan age at onser and in disase
duration (see Table). PtP i lmmunosrzmmg patterns were also ©
. distinguishable -in the 3 groups. An additional “difference .
+ miight lay in disease prevalence, which appeared‘to be highest.
sin 129¥V. subjects (65% of the “cases), followed by the-
129MV (23%) and- 129MM subjccts (12%) (sée Table). "

* However, 2 dzstmcuvc features were évident ‘amiong, the 3.
groups, these ‘were: (1) (hc apparent rcslsmnc: to PK diges-: -

S 170,

tion, which was generally much lower in the 129VV cases
than in the 129MM and 129MV cases; and (2) the immuno-
teactivity of the PK-resistant PrP™* with mAb 3F4, which
" was strong in the 129MM cases, weak in the 129MV cases,
and lacking in' the 129VV cases. Cumulatively, these findings
argue that, although PrP™* may be formed by a similar
mechanism in the'3 genotypes, the conformation or agprega-

tion is likely different, and chis difference cesuls’ in variable -

resistance to PK, variable aceessibility by 3F4, of both.”

These findings ‘dlso indicate that, in the present
scries of cases, it is the 129 genotype. thar modifies the
phenotypic characteristics, including PK resistance and
. antibody immunoreactivity of PrP™*. However, the pos-

sibility chat pheno:yptc heterogeneity is caused by other
variations in PrPP™ among the 3 groups or by a combi-
- hation of different 129-genotypes dnd PrP®* characteris-
tics, as is the case with sCJD, cannot be excluded. :
"The variationis in prevalence are likely- o be associated

with the 129 genotype a5 well. This also is a feature of sCJD.,

“Vin which 129MM “cases account for about 70% of the total,
129MV for 11%, and 129VV for 17%:'2 It is remarkable
that the effect of the 129 genotype on disease pr:valcnce in

+© ouir series of cases appeats to be the opposite of that in sCJD:

of 28 known sub}ccts including ‘the 2 cases rcponcd else-

- where) and the apparent rarify of 129MM sub)ccrs (only 3 of )

28 sub}ccrs) suggesc that the prevalence of VPSPr is directly
rclatcd to the presence of the 129V allele.”-Indecd, at least

1 129V alldle is. present in 25 of the 28 known cases of -

VPSPr. The. prevalence of the 3 129 genotypes in VPSPt is

. quite different from that ip normal Caucasian populations, -~

in which rhe 129MM gehatype accounts for 43% of subjects,
the 129MV for 49%, and the 129VV for 8%.%"

The prascm ‘findings .raise 'a number -of quésﬁons

- concerding the nature of VPSPr and it plao: within the

group of known prion disedses:

In our series of 26' VIPSPr cases collécted to date, 8

* subjects apparendy had familial dementia; they were ‘all

129vV cxccpt for 1 129MM. One of the 2 VPSPr-

129VV cases ‘reported by others also hiad 2 definitive family

' hlstory of ‘neurodegenerative disease. This raises che, possi-

biliey chat VPSPr is 4 ‘fumilial discase with a locus other

than-the ORF of thé PP gene (which is free of utations),

322 Whether the VPSPr subjects reported to date_also
mcludc mhentcd casesbelonging solely to the 129VV: and
129MM genotype remains (6 be determined.

. Well-recogiized prion.discases, which are agsociated
_ with the classic'PiP™* commionly identified as PrP27- 30,
*such as-all sC]D subtypcs and several subrypcs of familial

€D and sporadic and familial fatal insomnia, are teans-
missible  with " relative ease 0" réceptive: . animals. .
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The high percentage of 129VV subjects described 16 date (20.

a“condition analogous to that of familial Alzheimer diss

‘ 'W.-Q.Z.), Centers for Diseasg Control -and Preveation.

Inoculated animals™ develop “d full-blown disease ’,wi[h'
clinical signs, SD, and prcsmd: of a PrP27-30 that gen-
erally reproduces the characteristics of the PrP27-30 pres-
ent in the inoculum." ™ [n contrast, other prion dis-
eases, especially GSS, a rare phenotype that to date has
been reported as exclusively associated with PrP gene
mutations, have been more difficult to ‘transmit or have
been reported -not to be wansmissible at all.?>* For

‘example, ‘inoculation of brain homogenate from a sub-

type of GGSS linked to, the P102L mutdtion and charac-
terized by the immunoblot presence of only 2 PK-resist-

ant frigment of 7kDa similar to that present in VPSPt
- did not éause a sympromatic disedse in recipient trans-

genic mice, but elicited the formiation of PrP amyloid
deposits in the absence of abnormal PrP?® Similarly,
inoculation of PK-sensitive recombinant PrP polymerized
into, amyloid fibers generated 4 prion disease in PrP over-
expressing transgenic mice that was apparently asymp-
tomatic but caused ‘D and” deposition of. PK-sensitive
abnormal PrP, 2 featutes shared by the 129VV genotype

T 4 .
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-of VPSPr, only late in the llfc of the mocul.xt:d

consistent with very long’ inéiibation. times.” ® Furcher-

more, similar transmission patterns on moculanon of -

brain' homogenates from affected animals_or humans
‘have been observed in othet. tieurodegenerative discases,
such as Alzheimer disease and’ diseases of the tau- protein
or tauopa(hl:ss"31 .Experiments on_the transmissibility
of VPSPr are ongomg Preliminary data’ indicate that
VPSP: cransmrssxbnhty, if it agcurs at all, is not cfﬂcxent,
and it cotld be moré tike that'of GSS-P102L associated
with PrPP* 7kDa or of PK-sénsitive PrP amyloid fibers,

which require long incubation times and do not shorten -

the life span of the affected aniinals.?5?

It is intriguing that GSS also shows: characteristics

of the phenotype and of the PEP™ associaced with some

of the mutations that, resemble "those of VPSPr? Thej
include fong disease duration, _ultiple. PK-resistant frag-

ments, and variable PK resistance of PrPP. Our com-
parative analysis of the elcctrpphoreuc profiles in VPSPr

and GSS-AlL7V réveals provocative ‘s_jm‘ila_ritiés.. This- -
" finding'raise the issue of whcthcr VPSPr might be viewed.

as the sporadic. form of GSS.

‘Regardless of its rc!anonshxp with GSS, the finding
that VPSPr affects all 3129 genotypes, resultmg in dis-
tince disease . phenotypes and PrPO* characreristics, estab-

lishes VPSPr as the sccond sporadxc prion ‘potein dis- ‘

casc, after sCJD.
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.'CHMP position statement on Creutzfeldt-Jakob disease

and plasma-derived and-urine-derived medicinal products
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* There is no recommendation. t6-recall-batchas if information that would- have excluded & donor based.

‘precautionary measure,

<

This is the second revision of the CPMP? Position Statement on “Creutzfeldt-Jakob disease
and plasma-derived and urine-derived médicinal products” (EMEA/CPMP/BWP/2879/02)
published in February 2003 and revised 1;1 June 2004 and XXX 2010, which replaced the
CPMP Position Statement on “New variant C3JD and plasma-derived medicinal products” .

(CPMP/201/98) issued in February 1998, -

P

Summary

Cumulative epidemiological evidence does not éupport transmission of sporadlc, famitial and,iétr’ogenik; o
Creutzfeldt-Jakob  disease (CID) by plasma-derived -medicinal products, There is no change to the
previous CHMP positioh that recall of plasma-derived medicinal products is not.justified where a donor’

islater confirmed as having sporadic, familial or iatrogenic cp.

Va:riant CJD (vCID)'is an emerging dise_avse and the eventualvnpmber»of"ca_sesv}o_f ‘the ~-dtsease»'ls"
uncertain. “There -is a wider dlStributign and higher leve) of infectivity/abnormal prion protein -in .
peripheral tissues thén is seen with sporadic CJD,. Four i’nstancesi of apparentviatfoge_nicvaJD_ infection
by blood transfusion. I'n" man in the UK-brovide strong evidence that vClD is t(ahshﬁis;ible through blood

transfusion. In 2009,_‘the égeh‘t was detected’ in a haemophilia’ A patie_nt who,,rece{Ved lnfefmediate-'

purity F\/'I‘II'prep,ared from pooled. plasma sourced in the UK before 1998,

fractionate from UK plasma. It'is consistent with this decision to exclude donors who have spent long .
periods in the: UK during’ the ’fisk"period, from’ do‘navting, b‘loo_d/blasm_a for Fracfionation. It s .
recommended that donors who have spent a cumulative ‘period of 1 year'or mote jn ‘the UK between’
the-beginning of 1980.and tHe end-of 1996 are excluded from donating blood/piasma for fractionation; "

Residence in the UK isa récognised risk factor for vCID and has .Ie.d-.i:o the UK deciding to no longer

on his/her stay in the UK becomes available post-donation, since ‘this . s a very conservative

Available, data indicate that the manufacturing processes for plasma-derived tﬁedicihal\prbdqcts would -+

reduce vCID infectivity if it were present in huriian plasma. Manufacturers are required to egtfniate the
potential of their specific ménufacturing_procésSes to reduce infectivity using a s,t.ep~wise_.6pprdach...lt
is_recommended that manufacturers’ consult the relevant conk\'p‘etent, autﬁérit_les .at each of the .
-milestones i this estimation, CHMP and its Biotethnblogy Working Party (BWP')- will keep bro'g‘ress Wi;h .
these recommendations.and the actions to be takeh under review. ) ST

In‘support of this recommendation, CHMP and BWP, with the involvement.of external exp.erts,j-have‘
developed guidanee on how to investigate manufacturing processes with régérd‘ to vCID risk and CHMPR",
and BWP are available to discuss issues that might arise. =~ ° : '

" The rationale for this pasition is that if; in the future, further cases of vCID occurin countrles cotlecting
" blood and»plasma_ for the manufacture of plasma-derived .medicipat products, a proceSs_pr’eViously

shown fo be able to reduce TSE infectivity wiil provide reassurarice.on the safety of past praducts, and
could belp to justify continuing fractionation; o : o

Low levels of infectious TSE agents have been detected in the urine of scrapie-infected-»roden’,ts. ,'and‘ in
the urine of 'deer with- Chronic Waéting Disease. However, there is no epidemiological e\)iden_ce ‘of CID

or ¥€ID. transmission by urine derived’ medicinal }prodqc‘,ts'. "A -general -review " of 'mariufa_cturing .

? In May-2004 there was 3 change in the name of the EMEAS scientific édrpmitt‘ee‘fgf human mediciries from CPMP 0.« -
CHMp, - 0 o Joi e L
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processes for urine-derived medicinal products indicates that it is feasible to ‘apply ‘donor selection
criteria when a product is derived from a relatively small and well-defined -donor papulation. In
addition, it indicates that manufacturing process?.'s’ have at least one step that might be theoretically
capable of reducing TSE infectivity iif it were present in the startlng material. It is noted that urine-
denved medicinal products are not sourced from urine collected in the UK.

On the- basis of this review and other con51deratlons, the use of exclusnon critéria for selection for a
urine donor pane! is encouraged, as a precautionary measure,'where feasible. The same exclusion
criteria should be applied with respect to C1ID and vCID as used for blood/plasma donors providing
starting material for the manufacture of plasma -derived medicinal products but, unlike blood/plasma
donors, these criteria would not be checked at each donation, Manufacturers of urine-derived medicinal
products: are recommended to evaluate the capacity of the manufacturing process to reduce/eliminate
TSE agents by following a similar approach to that for plasma-derived medicinal products.’

Intro_duction -

Cre'ul;'zfeld_t-Jakob-disease (CJD) is a}‘ rarg -neurodegenerative' disease belonging to the group of human‘»
" Transmissible Spongiform Encephalopathies (TSEs) or prion diseases.’ ‘ Mortality rate of TSEs ranges
.approxlmately from 1.5 :to” 2 persons per” million populatlon per year. TSEs can occur sporadlcally

(sporadic (98[0] (sCJD) ‘and sporadic-fatal msomnra), be assouated with mutations. of the prion protein

‘gene (genetlc TSEs (gTSE)), or result from. medical exposure to mfectlous material (iatrogenic. €ID

(1CJD)) In. 1996 a varlant forra of Cib (VvC1D) was identified.* There is strong evidence that vCID is

; - caused by the agent responsxble for bovme sponglform encephalopathy (BSE) in cattle. 234 The most
“likely hypotheS|s i that vCJD has occurred through exposure to BSE contammated food.

’_ Human TSEs, lncludlng in partlcular vCJD were addressed in expert meetlngs/workshops at the EMEA B
Cin January 1998, January 1999, December 1999, May 2000, and Decemher 2000. ‘A CPMP. Position

Statement on variant:CJ0 and’ plasma derlved medicinal praducts. was |ssued in February 19985 and
the - outcome of the subsequent meetungs was published oh:- ‘the . EMEA: websnte An EMEA Expert

. Workshop on ‘Human' T$Es and Medlcmal Products was held on 19- 21 June 2002.. This provided the’
. scientific basis for a new CPMP Position Statement issued in 2003.5% A further EMEA Expert Workshop

was held in Jandary 2004 to review the ‘current state of knowledge of vCJD, in the-light of the recent
report of a possible human transmission by blood transfusion.® In addltlon, the Workshop discussed

. the CPMP:Discussion document on.the mvestagation of manufacturmg processes with respect to velo. 53_;
“- In October 2005, a follow- up workshop was held to dlSCUSS the. .number of vCID cases reported in -

France and other European countrles and the potentlal effect. of additional donor exclusion measures.
Urine= derlved medicinal products were specmcally dlscussed at an EMEA expert workshop in July

; 2007% &fter publlcatlon of expenments mdlcatmg transmlssmn of prions via urine usmg a hamster

model.

Blood and blood components for transfusmn are outside the, scope of this: Position Statement
Recommendations on the suitability ‘of blood and pIasma donors and the screening of donated blood in

'the European Communlty were described in Council Recommendatlon 98/463/EC 7 European

leglslatlon on human blood-and blood components entered irto force on § February 200377 Under this
leg1slatlon, a Commission Directive on certaln technical requtrements for blood and blood components,

Including -eligibility cntena for donors éntered into force in April 2004 7° In addition, Councll of Europe -
Recommendatlon No. R (95) 15 contains - ‘2 techmcal appendix on the . use, preparatlon and quallty .

assurance of blood components and details the current requireriients._for donors
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In December 2003, followmg the announcement ‘of a. possible case of - vCJD transm:ssxon by blood
transfusmn, Commissioner Byrne made a statement highlighting EU activities in the area of vCID and .
announcmg a meeting of the Working Group of the Blood Regulatory Comm|ttee to consider the latest
information available from the UK.’ The meeting - took place in January ‘2004 and a summary
statement was produced.”® ‘

_The Scientific Steering Commlttee (SSC).and the Sr:lentlflc Commlttee on Medicinal Products and
Medical Devices (SCMPMD) of the European. Commission have pubhshed a number of opinions relating
to'TSEs, which are of relevance to blood and blood components for transfusion, as well as to plasma-
derived medicinal products.® WHO Guidelines on TSEs are also of relevance. to both blood .components
for transfusion . and plasma -derived’ medicinall products ° The ..Council of Europe has made
recommendations for blood and blood components for transfusion.*® . -

2. Human TSEs current status.
2.1. 'S'poradic, genetic and iatr'dgenic forms of human ,TS'Es-

There is no ewdence that sporadlc, genetic or |atrogemc forms of human TSEs have been transrmtted‘
from person to person through exposure to plasma products or urlnary derlved medicinal products
Systematlc surveillance far C10 of all. types has been undertaken in a number of countries, mcludmg a .
“collaberative ‘study in the EU since 1993,''2 and- no case of sporadic, genetic or |atrogemc CID has
.been causally flinked to prlor treatment with plasma products, Cases of sporadic CID with & history of
drug treatment for infertility have not been identified but there'is uncertainty about the validity of this
abservation. (See the report of the 2007 EMA expert meeting for further details.59)- Although there s
evidence ‘that plasma- products have hot been implicated 'in transmission of sporadic, genetic or
iatrogenic. CJD the strength of the evndence excluding transmsssnon by unnary derived. medicinal
products is less secure

‘ 2,2. Variant CID s

The ochnal UK figures for vCiID at the beginning of April’ 2010 were-a total of 172 definite pr probable
vCID cases.!? (One case dlagnosed in Hong Kong was classlfred as a UK case and is included in the WK
figures.) Qutside of the UK, there have beeri 25 cases in France’, 5-in Spain,.4 in the Republiic of
Ireland, 3 in the Netherfands, 3 in-the USA, 2 in Portugal and Italy and single cases in Canada, Saudi N

Arabia.and Japan. 2 of the Irish cases, 2 of the:US cases, 1 French case and the Canadian case had . -

spent more than 6 months ln the UK during the perlod 1980-1996 and were probably infected while in
the UK. 1* The third us case has been reported as most likely infected when llvmg in Saudi Arabia. The
posslblllty of cases occurnng in other countries cannot be excluded. '

Two cases of vCID identified m ‘Spain occurred in the same famlly No family links have been reported

in any other vCJD cases to’ date.”
1Y

All definite and probable’ cases Which'have been genotyped so far, are Met-Met homozygotes at codon::

123 of the prion protein (P#P) gene.'® In 2009 a possnble case of variant ‘CID was reported |n the UK
with a heterozygous codon 129 genotype. V7

_ ~Analysrs of the UK ﬁgures for. the quarterly incidence of deaths indicates that vCJD SnCIdence in the UK
-is currently in declme However, mterpretatlon requirés- caution as there may be a long tail or more

than one peak to the epldemlc 18
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A UK study screening specimens from surgically removed appendices and tonsils for ‘accumulation of
prion protein in the lymphoreticutar system has been carried out in q;ﬂer to try and obtain same
estimation of the number of people that might be incubating vCID in the'-Ul_(.” Three positive appendix
specimens have been' found as a result of the screening of 12,674 appendix and tonsil specimens.
However, the pattern of lymphoreticular accumulation in two of these samples was dissimilar from that
seen in known cases of vCID, raising the possibitity that"they may. be'fal‘ée positives. With respect to
this possibility, the authors comment that -although it is uncertain whether immunohistochemical
accumulation of prion protein in the lymphoreticﬁiar system is specifig for vC]D, it has not been
described’ in any other disease, including other forms of human ‘prion disease or a range of
inflaymmatory and infective conditions. Subsequent genétic analysis of residual tissue samples from
these 2 cases found that both were valine homozygotes at codon 129 t’n'-th.e prion protein gene®® This
finding might account for the immunohistochemical features in these cases; all patients who have
developed vCID vand have undergone a comparable genetic analysis have been methionine
homozygotes at codon 129 in the prion protein gene. o '

Statistical analysis on this ﬂnbding of 3 positive specimens .gives the fol!bWing estimations of numbers
who may be incubating vC1D:. . . ’ . :

237 infections per million population (95% confidence interval (CI): 49-65}2 per million)

Assuming tihat this estimate relates to"those aged 10-30 years?, 3,80& individuats (CI 785-11 128)
aged 10-30 years may be incubating vCID in the UK., ’ R A

These estimations are higher than predictions- from. ‘modelling of the- clinical data (upper 95%
confidence interval of $40 future . cases).® It is not known whether those incubating vCID wil
eventually develop clinical disease. However, estimates of numbers bosslbly incubating are important
with respect to any potential for secondary transmiission (e.q.. by blood danation, surgical instruments)
while individuals are in the incubation phase. It should be noted that plasma-derived medicinal
products have not been manufactured from donatians collected in the UK gince 1998. '

A larger study of an archive of tonsil tissue from' 63,007 people of all ages removed during routine
tonsillectomies has been published,?? 2,753 samples were from the 1961r 1985 birth cohort in which

" most cases of vCID have arisen and 19,808 were from the 1986-1995 birth cohort that may also have

been orally exposed to bovine Spongiform ence'pha!opathy. Nong of thg éamples were unequivocally

reactive to two enzyme immunoassays and none of the initial reactives were positive for -PrP™SE by
immunohistochemistry or immunoblotting. The estimated 95% confidenge- interval for the prevalénce

of PrP™SE in the 1961-1995 birth cohort was 0-113 per million and in the 1961-1985 birth cofiort 0-289

per million. These estimates are lower than the previous study of apbendix tissue, but are stifl -

consistent with this study. Archiving of tonsil tissues continues andvfurthervstudies are planned. .

3. Human tissue distribution of infectivity./abnbrmal p'rion'

protein.

Tissue distributioh ‘has been investigafed by detection of the abnormg]'prion protein prpTsE or by
infectivity assays: Detection of PrP"™E in tissues has often been’assbciatéd with: infectivity, ‘however it
should be noted that, in:some circumstances, infectivity' can be present without detection of PrP™E or
PrP™¢ be present in absence of infectivity.? This may be related to limitations of assay. methods for

'PreTS%, however, in some cases the ‘reason for this finding is.not known. Jt is thus recommended that -

3 The reason the 'age'range 6f.10-30 years is specified is bei:ahse 83% of the samples were from individuals in this age
range. - N . : . : .
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any study on tissue or fluid distribution of the ahnormal prign 'prot‘ein be cc;nﬁrined ‘with an.infectivlty
assay. ' ' :

A wider -distribution and higher level of PrP™t in human pefipheral tissues, -includlng the
lymphoreticular system;, has been found in vCID compared with sporadic CID.2%2526 {imited data from
infectivity assays of vCID tissues are consistent with the PFP™E findings.,?” In clinical vCID cases 'high‘
titres of infectivity are found in the brain and spinal cord and lower levels in spleen and tonsil?’. - White
PrP™s€ and infectivity are occasionally found in the spleen of.sporadic CID, the levels of PrPTSE are.lower
than in vCID.% It is also suspected tha_t lymphoid tissue in-volvemeﬁt' in sCJD is:assbciate.d with a’
relatively long duration of clinical illness whereas it occurs preclinically in vCID. Prb™E accumulations
have been observed in muscles of some patients with both sporadic and variant CJD. 2

It is likely that the distribution of PrP™E and infectivity in' iCJD is more similar to SCJD than vCID. 2
Data are lacking for gCID. - '

4. Infectivity in blood and‘trahsmissibility via blood
74.1. Animal blood . ‘ ‘ | |

Low levels of infectivity have been found in the blood of rodents experimentally infécted With animal

-and human TSE agents,30:31:32.33, Experiments indicate that approximately half the‘-in'feétivity is in the.
céllular components, mainly, the -buffy coat, and the remainder in the hiasma. Experimental studies .
indicate that the vCD agent behaves in a sirilar, way (qdalitatively and quantifativély) to, a -.genetic

TSE agent*® when adapted 'to RIII/fFa/Dk mice;* Infectivity has also been detected in buffy coat ofa
" prosimian microcebe experimeritally infected with a macaque-adapted BSE strain.* . '

The infectivity in rodent blood was transmitted by intravenous.inoculation, but 5-7 fold le;s efﬁcier.;tlyn
than by the intracerebral route.®® Iri one study with }mouse'-ad_,apted vCID agent, the_'intréveﬁoﬁs ‘and -

intracerebral routes were found to be equally. efficient for the buffy coat fraction - but not for the plasma |

" 33 " s N " y :
fraction.** However, studies.in primates show ‘that survival times were similar after intravenous or

intracerebral inoculation of infected- brain .materiak ¥ “Unpublished- studies . presented at- scientific’

<.nv1eetings‘37‘38 indicate fhat,biéod of primates -experimentally " infected with human . TSE agent s -
infectious from about half way through the incubation period. : : R e

* Furthermore, information from ]n_tra‘-species transfusion experiments in'd'ic/ates'._ that 'experlm‘ehtél BSE £

inorally. infected sheep .or natural scrapie infection in sheep can be ‘transmitted to sheep by biood -

transfusion.>**° Transmission efficiency. was high for both BSE and natural scrapie; and the majority of

transmissions resulted from, blood collected frare than half way through the incubation period®. The' . -

{evel of infectivity in sheep blood cannot bie established from these-experiments,

-The E‘u‘ropeabn quon has.provided fuhding'-for animal transmission pfojécts.

4.2, Human blood
The tracing of recipients of biood r;réns_fusion from UK .donors who have sub‘seque‘ri‘tly‘ dévelopéd Mas) ;
(the TMER study) has revealed -four instances: of seéondary :ra'nsmlséion.‘z_ These inaividuals- haﬁ
received transfusion of non-leucodepleted red éellsvﬁ'om donors who were clinically. heaithy at the flrﬁe
of donation byt subsequently (17-40 months later). developed variant CID. Three of the four patients

Qevel'oped disease after incubation periods ranging fiom 6.5.to 8.5 years; the fourth died.5 years after

- - aF_‘t PR - < . ) S_‘ 8 o T N S . }
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transfusion of an illness urirelated to prion disease but tested positive for PrP™F in the spleen. and

lymph nodes. This asympto'matlc prion-infected patient was heterozygous (methionine/valine) at codon
129 of the PRNP gene. Taken together, these instances are strong evrdence that vCID i$ transmissible

through blood transfusion.

Recently, another presumed case of prion mfectlon was identified in an elderly haemophilic patient who

.was heterozygous at codon 129 in the prion protein gene. 43 The patlent who died of unrelated

pathology, had received large quantities of UK-sourced fractionated plasma products, including some
units derived from plasma pools which contained plasma from a-donor who later developed variant
CID. This patient was identified through an intensive séarch for PrPTSE. positivity in. all post-mortem

: tissues, although only 1 of 24 samples taken from the spleen tested'posltive.kWhether someone with
- this limited distribution of prpTsE would be infectious is unknown, but from a public health perspective,

this patient represents a warning that some plasma -dérived products mlght contaln residual prion
lnfectlvnty E - :

The surveillance descrnbed above emphasxses the |mportance of the TMER study for identifying the rlsk

" of ‘blood transfusion in transmrttlng vCID." Moreover, natiohal databases of blood donors ‘and ‘the
. maintenance of traceability from donor to reciplent and vice versa are essential to establish whether a

WCID case has been a blood donor (UK experience. has shown that- questlonlng of family members is
uareliable for establlshmg whether a patient has been a .blood. donor) Traceablllty is a specmc
requnrement in Article 14 of Directive 2002/98/EC 7 .

: Infectlvlty or- PrP™*t. were not detected in. blood of vCJD cases ‘using methods capable of detecting

mfectlvlty/l'-'rPTSE in perlpheral tissues such as tonsil or spleen, indicating that if lnfectlvlty is present it
is at levels. below the sens:tlvlty of these methods. 27,24 ‘ .

There is no. epldemlologlcal evadence that blood of sporadic CJD may transmlt disease.***% Prospective
studies, slmllar to: the TMER study, ‘are in progress in the UK and USA ‘and have not yet revealed any

“possible case of sporadic. fos]5} lmked to. blood transfusion. However, current data -are scanty to-
: unequlvocally exclude the posscbnllty that ‘such an ‘event could ‘occurina small number of cases with a-

~long (10 or more years) mcubatlon periad. ¥

'A review of* trans;nlssnon studles to detect mfectnvnty in the blood of humans with :CID (sporadlc,

iatrogenic and vartant) - shows that although. experlmental transmusslons to animal models have
‘occadionally been reported”'s" ‘other studies failed to detect ml‘ectlvrty.s‘:27 It remains possible that

prpTSE is present at-low levels In the blood of clinically affected cases of sCJD Data are lacking for gCID.

but the assumption-is that the tissue distribution of inféctivity waII be more slmllar to'sCID ‘than vCID.

‘ For the purpose of rlsk assessments, it'is recommended that, as a worst case ‘assumption, a relative |

_efficiency of the lntravenous and- untracerebral routes of 1:1 should be used:" This'is because the
accumulated information now ava|lable from ammal studies mducates that.the intravenous route can be
an -efficient route of transmission and in certain cases can ‘give a transm:sswn rate and/or an
rnCUbatlon period similar to the mtracerebral route (see also 4: 1) o :

5. Detection 'techni'que-s'

Several technlques are under development for the detectlon of Prl>TSE in blaed lncludlng methods based
" on epitope protecttons’ and Prr—‘TSE specnﬁc “antibodies™
’ also under lnvestlgatlon -Development and validation-of ali-methods 'is ‘on- gomg but there is no
screemng test -yet. Conﬁrmatory tests that have been proposed include Protein Mis- l‘oldmg CYC]IC'

Amplnf‘catlon (PMCA) 55 whlch is extremely sensitive, but has not yet been valldated
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Several WHO referencé preparations are avallable and further materlals are under development®,
These reference preparations’ will allow calibration of assays versus infectivity bioassays, and can be
uséd for collaborative studles to compare the performance of drfferent assays to see whether they are.
sufficiently sensitive and specific to Justll‘y further evaluation for screemng blood.’

PrPYSE detection methods for screening human blood for -evidence of infection’ are being -considered for
inclusion as Annex II List ‘A devices under the IVD Directive, There are very few samples of blood or
plasma from clinically affected patients or from individuals known to have been infected at a particular
time. This contrasts with other blood borne agents such as viruses. Alternative development. and
evaluation strategres ‘have been proposed to assess whether a candidate : assay is sufflcxently promising
to be given access to the avallable samples s6

6. Leucoreducl:ion and specnflc prion affmlty fllters

Leucoreduction is used ln transfusron medlclne to_reduce the Ievel of whste blood cells in blood: and‘

", blood components It was lmplemented in the UK in 1999,

The' rationale. for consnderlng leucoreductnon asa precautlonary measure is:
- The lymphoretlcular mvolvement in vCJD .

- The detectlon of low levels of mfectlvnty, in studles with rodents in the buffy coat (assoqated
~ with wh:te blood cells)

_The SCMPMD opinion on: leucoreduction "“' 8 ‘for blood and blood components for transfusion states
that it ‘might be a precautlonary step-to remove white cells as completely as possnble For plasma ‘for
fractionation the oplnlon states the followlng »

‘Taken together there is no compellmg scientific evidence to date for the lntroducnon of leucoreductlon e
.of plasma for fractlonatton or ‘other methods aiming at removal of ‘cells and debris, as a. precautlon
against vCJD transmission., The questlon should be further explored by suntable expenments

Results reported at the 2002 EMEA Workshop, suggested that leucoreductlon does not provoke
fragm-entatlon of cells ‘and lysis. Results of a comprehensive - study’ involving a number of different

" filters and procedures indicate that, leucodepletlon is not detrlmental in terms of the generatlon of
’ mlcrovesncles or the release of prion protelns57 ’

Infechvuty data from hamster studies lndlcate that leucoreduct(on alone ls not totally protectave agamst
prion transmission, with between 42 to 72 percent reduction in mfectlvuty of whole blood” 58,

Specific - affinity ligands that bmd pnon proteiris are belng evaluated for their. abnllty to reduce TSE
infectivity present in blood and plasma

A study in hamsters showed that a leucocyte- reductlon filter based on ‘modified polyester ﬁbres ‘
exhibited a prion clearance capablhty between 99.0 to 99 9 percent on the endogenous and exogenous
“infectivity of red cell concefitrates®,

Initial studies using leucoreduced human red blood cell concentrates splked with hamster braln derived
scrapie mfectlvnty |nd|cate -that some ligands |mmoblhsed on a chromatographlc resin matrix are
capable to removing 3 to 4 log IDso per ml®®, A further study us:ng scraple Infected hamster whole
blood demonstrated an overall reductlon of lnfECtIVIt\/ of miore than 1.22. log ID61
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The prion binding capacity of an affinity ligand chromatography step ha; been investigat.edsz,in thfz
processing of a plasma medicinal product using hafmster brain derjved spiking mate‘rlal . This
preliminary data requires further-evaluation before conclusions can be drawn ouj possible efficacy.

7. Manufacturing processes for plasmé-derived medicinal
products . :

Taking accouﬁt of the available data concerning blcoq infectivity,‘it Is of L':tn"wst i.rnpor.'tanceu:o
ihvestigate the. capacities’ of the manufacturing process (fractipnatron! to elrmrnéte/lnactivate ‘ e
infectious material potentially present in the plasma pool used as the starting material-for Preparatxon
of plasma-derived products. Initial results from animal studies, using blopd from roden_ts infected by
intracerebral. inoculation, indicated that the fractionation process congributes Fo the removal of
endogenous plasma infectivity.3! Information reported at the EMEA Workshops in 2002 and. 2004

‘suggested that endogenous infectivity might persist through the fractiu["\aﬁon process to a greater

extent than would be expected from spiking studies,

Many investigational studies. have now been carried out with- different g;raiﬁs of»agent'and»spiki:'s%
materials of different nature. and ‘purity, and using different assays to fc"t).V\.l» the pre;c;tltlonv_of PrP g
and/or infectivity. In moéb cases, the correlation between the capaci.ty tg partition PIrP > and |nfect|V|ty;
has been demonstrated for the spiking preparations used gntil ‘now (mal_nly,br‘an'r1 homogz'anat‘es‘o
various strains): It is now confirmed that blcchemica'l assa‘ysca‘n be use’ful for splk{ng exper:menI:s t.o
inveétigaﬁe manufact\]rlng processes in a reasonable’ timeframé and‘lfass‘ costly protoc9ls 'th.an the in
'vlvo bioassay. However it is still necessary to correlate such resultsvwm‘h'»t»hose,from infectivity assays
in.animals. Celi-based assays may also be usef_u! if properly'valid_a_ted for thlg purpose;}

© Studies aimed at invest‘igét‘ing the contribution of the various. manufacturing 'steps. to ‘reduction. of

infectivity (includivﬁg precipitation - followed by centrifu.gatic‘m‘or depth ﬁlfératio;n, chro.ma.tography ahnd
nanofi!tratibn) have accumulated convergent data supporting the removal ‘of !nfe;:zt‘lsvalty PY step§ that
are commonly used 'in-the manufacture of plasma-derived :medicinal p;odgcts. ‘ .F.O‘l' coagulation
factors derived :from cryoprecipitate, downstream fractionation using vajﬂou; prg;|p|tat|ng agef\ts or
conditions allow to discard PrP™*% in’ the' precipitates. Redugtion- level af:h:ieved'may vary accopqﬂjgl-to
the specific manufacturing process and probably depends on the coricdptration of the precipitating

" agent and salts, and the pH. Chromatographic steps, cla;sically used in the, sepgration of coagulation o
factors. but also in the purification of other plasma derivatives have bean described to remove TSE.

infectivity or PrP™E, Again, the reduction factors may be. variable accdrdlng to the fraction el}u‘tz.ad.
However, caution-is still needed in the interpretation of those data since the effectiveness of a given

step. Is dependent 6n a number of variables including the process conditions. and the state/nature of

the agerit in the spiking preparation sample and. in’ the spiked product gntérfnediate. Consegue:gly,
effectiveness of removal may vary from one manufacturer to anpgher. In addntngn, recent stu.dles fa:e
highlighted the fact that removal capacity may be variable according to gbe staFe of dlsperspn of the
agent‘in the spiking preparation particularly for steps based on} rgtention‘ mg;ha_msms.

Overall, the;—e is .a need i) to investigate the partitioning or remquf Capacities“of tfwe va.rious
fractionation steps used in the preparation of the plasma-derived medic:im;! .prod\'Jct's, i) to lnvestlga.te
the partition and remiova) of endogenous infectivity and th.e extent to w,hi_ch.tl'us is com_pa'rable wut'h
data from spiking studl‘es, iii) to gain better knowledge of the form of lnfechylty present in bicod in
order to confirm the relevance of the spiking material used in the validatipqstudigs.

A
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8. Infectivity in urine

Low levels of infectivity have been detected in urine of scrapie-infected rodents by several research '
groups and in the urine of deer with Chronic Wasting Disease. 5 % :

Gregory et al.%? demonstrated that the disease could be transmitted by intracerebral inoculation of
pooled urine from scrapie-sick hamsters, The infectivity titre of the urine was calculated to be around
3.8 infectious doses/ml. Titration of kidney and urinary bladders from the same anifna’ls gave 20,000-
fold greater concentrations, Histologic and immunhistochemical examination of these tissues showed
no indication of inflammation‘ or other pathologic changes, except for occasional deposits of disease- -
associated prion protein in kidneys. o " '

Kariv-Inbal et a/,7® havevobseryed transmission of the disea;e after intrapeﬂtoneal (i.p.) administration
of enriched urine fractions from scrapie sick hamsters. 'Transrnission via ‘the oral route was also
investigated. The recipient hamsters'rémained without symptoms but secondary transmission Was
observed after inoculation of brain extract from an asymptomatic hamster,

Seegef et al.’! have studied transmission via urine' using mouse models of chroniC‘inﬂammation. They
have detected prionuria i - scrapie infécted mice” with coincidént chrenic lym'phogytlc nephritis,

- Transmission has ‘been shown Upon intracerebral inoculati‘i)'n of purified proteins from pooled urine .-

collected from scrapie sick or pre§ym,btbmétlc mice. In cont’ra_,s't, prionur_ié was not bb‘s,erye'd in scrapie
infected mice - displaying isolated glomerulonephritis ‘without interstitial. lymphofollicilar focl” or. in

scrapie infected wild type mice tacking inflammatory conditions. - .

Prionuria was also d_eté,cte'd.in chronic wasting disease ,{CWD). of deer. E?Zperirﬁfa‘rpts by Haiey et al? !

provided evidence that concentr‘a"tedAurine_ from deer at the 't’erm‘in’aI‘ stage of the-disease, that}a!go :
showed mild to moderate nephritis histobatholqgica”y, was ‘infectious wh'en inoculated ‘int‘q »treinsgenic

Mice expressing the cervid PFP-gené. In addition, the urire collected from. the CWD sick deer that was-

used for ‘mouse inoculation; showed positive results when assayed for PrPTSE by serial rounds f protain

m'isfold«“ng cyclic amplification (PMCA) ‘assay. The cq'néerptration of abnormalv prion protein wasb,very low
as -indicated by undetectablé PrP™SE by traditional assays’ and’ prolonged- incubation periods- and

incomplete TSE attack rates.in the transgenic mice. © . - - o s R

" Using the highly sensitive PMCA ‘technology “Gonzalez-Romero et al.”.and Murayama ‘et al.’* have

detected PrP™€ in uring of scraple sick-hamsters. The results by ‘Gonzalez-Romero ‘et al, suggest that:
the concentration of PrPTSE in Grine is in average 10-fold. lower than in blood. Animal experiments have ’

‘demonstrated that in vitro geneérated - PrPTSE. by  pMCA starting ‘from - urine produced a. disease

indistinguishable from the one‘indyced by infected brain’ material.’”? ) g

Epidemiological evidén‘ce_ in”the last 25'years,_during"v\ihich drinary-dérived medicinal products. and -
particularly gonadotrophins: have béen widely used, does not Suggest a risk from sporadic CID. Since-
epidemiological evidence has,identﬁﬁed the few cases of iatrogenic transmission of CJD through the use
of, .pit‘uitary-derlved gonadotrop_hlns, it is bOSsibIe that transmission from urinary-derived o
gonadotrophins would have been detected if it had occurred, ’ ’ o : 2
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9. Recommendations and proposals

9.1. Sporadic, genetic and iatrogenic CID and plasma- derlved medlcmal
products

Cumulative epldemlologlcal evidence does not support transmission of sporadlc genetic and iatrogenic

CID by biood, blood components. ot plasma-derived -medicinal products.? 76 12 Nevertheless, rigoraus

epldemlologlcal studies for tracing blood-related sCID cases have not yet reached sufficient statistical

* power to-formally exclude the posslblllty of blood transmission in a-small number of cases. -Moreover,
the experlmental evidence of peripheral tissue infectivity in various subtypes ‘of sCID is very limited -

but available data show presence. of infectivity in spleen and lymph nodes. in human TSEs other than
The l'mplementatldn of approprlate actions in relation to CID depends on accurate diagnosis in
suspected cases. There is'a potentral for dlagnostlc confusion between sporadic. and® varlant CiD,
particularly in younger age groups .

Donor selection cnterla |nclude criteria to exclude donors who mlght be at hlgher rlsk of developing

CID. The followmg permanent deferral criteria are specnﬁed in ‘Commission Directive 2004/33/€EC:
Persons who have a family history which places them at risk of developing a TSE, or persons who have

received a corneal or .dura mater graft, or who have been treated in the past with medicines made.

fram human pituitary glands. 7 Precautnonary recalls of batches of plasma derived medicinal products
after post»donatlon reports of CID or CID risk factors in a donor contrlbuted to.severe shortages of

| certain: products

_On the basis of the current epldemlcloglcal evldence the CHMP recommendatlon that recall of plasma-

_'derlved medicinal products is not justified where a donor is later conFrmed as having sporadic, genetic

or latrogenlc CID or CID risk-factors 1s mamtalned

9.2. Va‘ria'nt' CJD and pIasma-deriVed medicinal products V

' Uncertamtles stlll exist concernung the numbet of cases of vCID that Wl” occur although the number of
" cases is in decline.in the UK and France Variant CID. has a dlfferent dlstrlbutlon of mfectlwty in l:xssue

outside the central nervous system to’ sporadic CID, - : .

There is now strong epldemlologlcal ewdence of human to human transmission of vCJD by blood

'transfuslon (sée Section’ 42) In. addltron one 'vCID infection -was detected in a patient with -
v haemophilia treated wuth hlgh doses of intermediate purity factor VIII. Estimates of the relative rlsk; of
exposure through dlet surgery, endoscopy, _blood transfusion and recenpt of UK-sourced plasma .
products ‘suggest that the most.- Ilkely route of infection in the patlent with haemophllla was receipt- of'

UK plasma products. At least one batch came from a'poaf contamlng a donation from'a donor who fater
déveloped vCJD 877, . : i

~The followlng measures are aimed at mmlrmsmg the risk of transmrssnon “of the agent by plasma-
~derived medicinal products : .

o 9.‘2.1. Exclusion'C(iteria_ a

a) - Consideration of country-based exclusions : ST R

There is currently no screemng test to detect donors who may be lncubatlng the dlsease or in the early
cllnlcal stages Therefore, other approaches are considered in.order to try and |dent|fy doriors who may

present a hlgher risk.
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UK plasma
Residence in the UK is & recogmsed risk factor for vCID and has led to the UK deciding no longer to
fractionate from UK plasma :

Exclusion of donors based on cumulative period of time spent in the UK )
Since UK donors. are excluded from donating plasma for the ‘manufacture of plasma-derived medicinal

- products in the UK, it is consistent to exclude donors who have spent long periods in the UK. This Is’ -

supported by the flndlng of vCID cases; Wthh have a risk factor of long periods s$pent in the UK, in
other countrles

It is, therefore recommended that donors who -have spent a cumulatlve period of 1 year or more in

the UK between the beglnmng 0f 1980 and the end of 1996 are excluded from donating blood/plasma

for. fractionation. Countries are highly encouraged to choose their natiohal cumulative period limit for
plasma-derived medicinal products accordmg to a nationally calculated benefit/risk balance, which will
take into account the endogenous risk of BSE. -exposure (and introduction in_the food chain). and the
fisk of shortages of blood and plasma for the manufacture of medicinal products. “The national limit is

. recommended to be of cumulatlve periods in the UK below or equal to 1 year.

Countrles may still apply a strlcter llmnt than 1 year for exclusion of donors for blood/plasrna collected‘
for fracuonatlon within the country (e g. 6 months) but will accept plasma derived medicinal products
from other countries prowded that.at Ieast the one-year time limit is applied. '

The rationale for thls recommendation is to exclude donors-who have the tighest \ndnvldual risk from
stays in the UK and to be consustent with the UK decision to no longer fractionate from UK plasma; This
is further explamed in the first version of this Position Statement publlshed in February 2003 st

French plasma and p/asma ‘from other BSE-expoSed European countries .
France published an analysxs of the risk of transmission of vCID by blood and its derlvatlves sourced

' from French plasma In December 2000.789 This concluded that plasma collected in France.could

continue to be used for fractlonat(on The safety margin for plasma-derived medicina! products was’
considered to be sufficient. However, introduction of additional steps to further- increase the safety
margifi of some products was recommended (e 9. nanofiltration of Factor VI introduced in January
2001). Leucodepletion for plasma for - fractlonatlon as for plasma for transfuslon products, was also
recommended in 2001 as.a precautionary. measure. The subséquent risk- analyses published:in 2002

2003, 2004, 2005, 2007, _and 2009 re-confirmed these conclusions:and acknowledged that the size' of

“epidemic was revised toa, lower, estimate by more recent modellng, and the risk to collect blood from

vCID-incubating donors lower than, prevxously estlrnated 7e.

Based on-the llmlted data on human exposure to BSE-risk materials in other European countrles it is
stilt- difficult to- estlmate the epidemiological risk i those countries which have small number of vCiD

| cases or have not yet reported any vCJD cases

- Donors who have spent a cumulat/ve perlod of time ' in France and other BSE-exposed

countries .
Exclusion “of ‘donors who have spent a cumulatlve perlod of ‘time ‘in France is" not recommendéd
because of the lower risk ‘8ssaciated with time spent in France compared with time- spent in the UK

- {the risk in France is estimated to be.'1/10. of thatin UK). Since' the previous version ‘of the Pasition
. Statement, endogenous VCJD cases-occurred. in- some other countrles (see Secthn 2. Human TSEs .
'current status) placlng themn close-to: or Iower than France in- terms of incidence and ratlo of nsk in" .’

S Two cases ln Ireland,_two cases in US, one case in-France and the Canadian case 'assoclated with.long periods spent in-the

s
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compatison to UK, Exclusion of donors 'who have spent time in other European countries having a risk
ratio in the same order of magnitude as France is not recommended. :

Concluding remarks .

- Country-based exclusions may appear unjustified in the sense that the vast majority of donors who will

be excluded will not develop the disease. There is a lack of spare plasma capacity to make up for
shortfails if countries that are major pfoducers of plasma-derived medicinal products discontinue the
use of nationally collected plasma for fractionation, )

"b)  Other possible exclusion criteria

Commission . Directive 2004/33/EC :indicates that further deferral ‘criteria for vCID may be
recommended as a precautionary measure.” : : s '

Other possible exclusion criteria that could.be considered include pe_rmanent’ exclusion of recipients of

. blood -transfusion- (general exclusion. or exclusion of recipients of transfusion . in UK %), transplant:

recipients, and donors wha have undergone neurosurgery.

Caution is needed because. of the risk of loss of donors and consequent‘supply problems.. Since - such
criteria’ could apply to.both blood and blood- components,. and plasma-derived medicinal products, it
was appropriate to consider this further within the scope of Direvctiv‘g:v. 2002/98/EC.?a The. technical
meeting of biood experts, convened by‘thev European Commission ‘In January 2004, considered
exclusion criteria, as well as blood c_orriponent-prepar_ation “and pracessing, - recipient tracing and
surveillance, and optimal use of blood.”® ' B

9.2.2.  Leucoreduction and specific prion affinity 'fflteré :

The benefit of inclusion of leucoreduction to improve the'safety of-plas'ma"’yhas not been demonstrated;

At present it is ?\ot appropriate to recommend. the introduction -of lepc:oreductipn for the safety. of
plasma-derived products; L :

Efficacy of introducing recently developed affinity media./ filters is still under investigation.

9.2.3. ‘Manufacturing processes for'plasma-derived. madicinal products

' The available data support the. reduction: of infectivity ".byvstebs in .the manufacturing  process.

Manufacturers are required to estimate the potential of their specific manufacturing processes to
‘reduce infectivity. This should follow a step-wise approach as desgri_be‘dﬂ_below and illustrated in the

. ‘accormpanying flow diagram. It is recommended that manufacturers cphs’uli: the relevant competent: :
~ authorities at each of the milestones in this estimation, A decision to yndertake an irfectivity assay’

and/or to add:a further manufacturing step(s) to increase reduction capa;‘z]ty should only be made after
a careful consideration of all benefit-risk factor; fora certain product, : :

" Firstly, manufacturers should .compare their owri processes to those with published data on reduction
of infectivity in order to estimate the theoretical potential of their specifig _manufacturin‘g processes to’

‘reduce infectivity. (Flow diagrarﬁ, step 1)

Whereas the. general information available on manufacturing . processes . provides useful background

_information, .the actual effectiveness of a ‘manufacturing prdcess might hie dependent on the specific

 S.In April 2004, the- UK implémented exclusion-of pérsons who Have previoisly recgived transfuslf:n_s of whole blood

components since January 1980, as a precautionary. approach. -
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process conditions. Manufacturers should consider the relevanice of the published data to th\e'i.r»sbeciﬁcv

manufacturing processes and whether the removal capacity can be expected to be comparable

If it cannot be concludeq that the- removal capacity would. be exbécted to be comparable, ‘it is
rec?mmended that manufac;ur‘ers undertake 'product-speciﬁc investigational studies on key st:aps in
.thelr manufacturing. pracesses using’ viochemicavl'assays‘. ?riority should  be given“ to” studies on
products with the lowest potential removal capacity. (Flow didggram, step .2) » Lo S

Investigations using biochemical 'assays'may be sufficient.if a clea‘r correlation with infect.ivit.y data 'hasbi
already been established. for similar processes (e.g. ethanol fractionlation)m. If such’ & correlation iis‘ noti
established (e.g.ia novel-step) and the stepis considered critiéa! for remévél’of infec’tiv.ity f;F :thev
spgcifit; product (e.g. it is the only;_step for removal), the. investigations should be .cdnfir:meld usin 3 an
infectivity assay for the critical step(s). (Flow diagram, step 3) ‘ } : . ?
The: above steps will allow manufacturers to estimate the rediiction i:apadty of theik'mavhufacturi;l
processes. (Flow diagram, step 4) ’ T : - o . 9 -

In cases where'the overalf reduction capacity is !imitédy fﬁariufactd,rér's: Should'considé;’ t‘he ’.ar.ivdit!o;ﬁ“t:)‘ﬁw‘ o

steps that may increase the removal capacity where this: is feasible without cbmpromlsing the séfety

©-quality-and availabllity of the existing products. Discussion with the relevant competent authorities. is

recommended. (Flow diagram, step 5) -

The outcome of the estimates of the ‘theo(eticali'potent.iél of m'aana(:tuth processes ‘to re'ducé- V

infectivi_ty and the-results of prdduct-spegific investigational studies ‘should be reported to- the relevant

competent authorities for the medicinal products. concerned, as informatidn"becomes 'available ‘
Applicants submitting new: marketing 'authovjisation app'lications’.for plasmia-derived medicinal pro'duct; :
will be ‘expected to include such information in the application dassier. Tﬁe'out'cor'ne of the esti'ma.tion ‘
of the theoretical potential to reduce infectivity should always be included in the application, - :

In support of these recommendations, CHMP's Biote»chnoloéy"Working Party, ‘with the invelvement of *

external experts, has developed guidance on how to investigate-manufacturing processes with régard

to vCID risk:5 -
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"9.2.4." Recall

Plasm3-Derjved Medicinal Products; estimation of potential reduction capacity of specific
manufactunng processes .

Imponam No(e this flow dlagram shotld be read in conjunction with-the préceding text in9.23.1tis

Figure 1:

" recomriended to consult the relevant competent authorities at the milestones. in this estimation. Give priority

to studiés on products with the lowest potenual removal capacity.

| 1. Thearetical consideration of potential reductianof .
*. infectvity by manufachuring process

Gotod,

2. lovestigational studies Using biochesmical assays ‘

Has

biochemical

adsay been

mdl'!d
with

[ intectivity //

assay?

Gato 4

Isthe step
eritical for
reshoval'of
infocdvity?

‘Gotod

l:. Conﬁrmmv:mglnonvmhm(edmtylsuyl‘olcnuul >

stepls)
.

L« Estimate reduction capacity’

LJ

e
reduction
capacity
lirhited?

Ne

No further action

Consider addition of siep that may increase reduction
capacity | -

“

of batches where information becomes available post-
donatuon : . g

'In vsew of the lack of adequate mformatnon ‘on vCJD, it is prudent to recall -batches of plasma-, -derived

medicinal products where a donor to a plasma -poot subsequently ‘develgps. vCID. Recall should also

‘include ‘medicinat products contalmng plasma -derived products as excnplents However,.in both cases,

"consequences for essentlal medlclnal products where alternatlves are nat available will need careful

consideration by the competent authorltles
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A case- by-case considetation would be appropriate wheré plasma-derived products have been used in
the manufacture of other medicinal products, This consideration would include the. nature of; the
product, the amount used, where it is used .in the manufacturing process and the downstream

processing.

Look-back to identify the fate of donations should be taken as far as possible. Regulatory authorities,
Offictal Medicines Control.- Laboratories surveiliance centres and the supply chain'should-be informed of
all batches of product and intermediate |mpl|cated whether or nat supplies of the batch are exhausted

There is no recommendatlon to recall batches if information becomes’ avallable post-donation, whlch
would have excluded a donor based on his/her stay inthe UK since this donatlon exclusion criteria is a
very conservative precautionary measure (see 9.2.1).

9 2.5, Albumm used as an excipient or in manufacturlng processes

The- avallable data on ‘the removal of mfectlvuty durmg the fractionation. process . used .in - the
manufacture of, atburnin idicates that the risk-of transmission of infecttvity by albumin would be
particularly fow. Nevertheless in the case of albumin used as an excipient, recall is- stil! recommended .
as ‘a precautionary measure where a donor toa plasma pool. subsequently develops vCID. A single
batch -of albumin may be used to produce a number of batches of a medicinal ‘product because of the
small amounts. that are typlcally used as an excipient, As a consequence, a recall could affect complete

" stocks of a product and create severe shortages Therefore, to avoid:- a negatlve lmpact on supply,

companies should coasider the origin of ptasma and select countries where the probablhty of having to.
recall batches is as limited as possible. - .

Development" of substitutés for plasma derived albumin used as an excipient ‘or .in manufacturing
processes is. encouraged although it is recognlsed that thrs can be difficult (requiring development and,
validation and usually non clmlcal and clinicat mvestlgatlons) and should thus be ‘considered as a Iong-

“term approach

9.2.6. Substltutlon wnth alternatlve products

Use of- alternative producl:s fo plasma- derlved medlcmal products could be conS|dered where, these are.
‘available. It is felt'that this choice should remain -with users; taking into account the needs of. the
individual patlent It should be noted that plasma derived products such-as albumm may be used-in

" - the manufacture of recomblnant products
9.2.7. 0ptimal Use '~

. Optxmal use of plasma -derived medlcmal products is encouraged as thls wrll max:mlse the beneflts of

the products compared wnth any potentlal risk.

: 9.3. Urtne-derlyed medlcmal products'

’ The recommendatlons for urme denved medicinal products are based on the followlng consuderatlons

There is no epldemlologlcal ewdence of CJD. and vCID transmlssmn by - urine- -derived medxcmal
products -

TSE |nfectlv|ty in urine has been reported in some ammal models. -

. The review of manufacturlrlg processes descrlbed ‘below.
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Investigational studles of infectivity reduction by the manufacturing processes should be done followmg
the same general, stepwise approach as recommended for plasma derived medicinal products (see

Section 9.2.3).% *

Results from different assay systems are not necessarily directly compa‘rqple {(Western blot, cell based

assays, bioassa_y). The approacn recommended for plasma-derived rn'ediclnal products would. be
applicable (i.e. confirm reduction capacity using infectivity assays for steps critical for reduction of
infectivity if a clear correlation between data from biochemical assays and infectivity assays has not

. been established for " similar process steps). For inactivation studies, lnvestigation of different TSE

strains should be considered as they may varyin resistance.

Potential accumulation of prions on chromatographic columns or g 'potential batch to. batch
contamination due to carry-over of prions should be addressed in the studies.

Bibliographic data could be acceptable as additional supportive data tg the investigational studies
provided. Similarity of the compared process and. materials should be gstablished. Extrapolation of

: results for plasma- deruved medicinal products is not justified particutarly for chromatographic steps at

the beginning of the manufacturing process because of the high-protein content in plasma.

General review of the manufacturrng processes indicates that, in each manufacturmg process, there is
at least one step that might be theoretically capable of reducing lnfectlvlty if it were_present in the
starting material. In cases where the reduction capacity is limited, rnanufacturers should consider the
addition of steps that may mcrease the overall removal. capauty

For partlcular products such as hormones from a relatlvely small well- deﬂned donor populatlon, some
manufacturers have put in piace limited exclusion criteria for the selection-of a donor for-inclusion in a

donor panel. For other products manufactured from very large donor pools (e.g. urokmase), such .

measures are more difficult to apply

Urine should be collected from countries wheré there'is a surveillance ‘gystem for both human and

animal TSEs. It is noted that urme derived medlcmal products are not sourced from urine collected in.
- the UK

On the basis of these considerations, the use of exclusuon crlterla for selectlon for a donor panel are

encouraged as’a precautionary measure, ‘where feasible. The same excluslon criteria should be applied.

‘with respect to. CID ahd vCID. as used for blood/plasma donors - provrdlng starting materral for: the

manufacture of plasma-derived medicinal products Although these criteyla would not be ¢hecked-at .

each - donation_ unlike blood/plasma donors, manufacturers should folloaw "up the dorior criteria -at
defined intervals. The exclusion.of donors with known:inflammation of kidney and/or chronic renat

inflammatory dlseases is. encouraged . . :
Record keepmg for traceabrllty is recommended for products where lt is: pos$|ble to trace back to’ donor

level.
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ORIGINAL ARTICLE Transfusion transmitted disease

Risk reduction strategies for variant Creutzfeldt—Jakob

- disease transmission by UK plasma products and their impact

on patients with inherited bleeding disorders
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Summary. The appearance and rapid evolution . of
BSE in UK cattle in the mid 1980s, with compel-
ling data supporting variant Creutzfeldt-Jakob
disease (VCJD) as its human manifestation;. pose a
potentially severe threat to public’ health. Three
clinical cases and: one asymptomatic case of vCJD
infection have. been reported in UK recipients of
non-leucodepleted ‘red cell transfusions from do-

.. nors subsequently diagnosed with vCJD. Plasma

from both . these and other - donors who - later
developed vCJD- has contributed . towards plasma

* pools used to manufacture clotting factor concen-

trate. The United Kingdom Haemophilia. Centre
Doctors’.- Organisation (UKHCDO) . Surveillance
Study has ‘detected asymptomatic vCJD postmor-

‘tem in @ rmnaovrzmnbwmnan treated ' with UK
- plasma products including two batches of clotting

factor linked to a donor who subsequently devel-

opéd vCID. Over 4000 bleeding disorder . patients

* treated with UK plasma ‘products are recorded or
_the UKHCDO Natiorial Haemophilia Database.

The risk of vCJD transmission by plasma products -,

. is ‘not known, However, public health precautions

have been implemented .sine 2004 “in all UK

. inherited’ bleeding disorder patients who "received
- UK-sourced " plasma . products- between 1980 and

2001 to: minimize..the ‘possible . risk: of ‘onward -

- 'vCJD transmission. We evaluate vCJD surveillance, -
cand ‘risk management - measures -taken for UK.

inherited bleeding disorder, patients, report; current
data and.- discuss resultant” challenges “and” future -
directions. S

Keywords: haemophilja,” marnmﬁmv .Ena&mw disor-
ders, UK plasma products, variant Creutzfeldt-Jakob
disease o : = . :

- Introduction -

“The " first reports’ of a prion disease in humans;.

Creutzfelde-Jakob disease (CJD), appeared in the
1920s [1,2] with a distinct clinico-pathological

Memb: s of T fusion Ty
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variant being: described in 1996, variant Crentz-
felde-Jakob disease (vCIDY [3] in which significant -
involvement-of lymphoreticular tissues was demion-
strated [4,5)." Compelling. epidemiological, chinical,:
neuropathological ~and experimental data support
VC]D as the human manifestation of bovine sporigs .
iform encephalopathy ‘(BSE) [4,6,7), an epidemic of
which occurred in UK cattlé in the 1980s and early ..

'1990s.. The incidence of BSE peaked in 1993; and
. while the precise origin of the BSE epidemic remains

unclear, there .is little ‘doubt that. the rendering .-

- Practices employed at that time significantly contrib- -
- uted to its rapid spread throughout the UK. Feeding

cattle and sheep ruminant-derived  protein was
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“banned in 1988 (8], with an ensuing fall in the'.'

number of BSE cases. However, such Teasures were
not taken- in- time to prevent the introduction of
BSE-infected cattle tarcasses into the human food
chain. By January 2010, 167 clinical cases of vC]D
- attributable to dietary exposure had been reported in
. the UK by the National Creutzfeldt-Jakob Disease
Surveillance Unit (NCJDSU), a majority of which

have been confirmed by neuropathological examina-

tion [3]. Much lower but increasing numbers of cases
have been reported worldwide, the ma)omy of which:

" are believed ro-have congracted vCJD in their country-”

of origin [10], probably as a result of the export of
UK animals and/or ruminant feed.’ Although..the
annual incidence of clinical vCID iri the UK has been

' 'stcadlly declining since 2000 -and the extent of the '

_primary vCJD outbreak has béen several magnitudes
less than previously predicted [11,12], limited infor-

mation is availableé to providé accurate estimation of - -

the number of future clinical cases. Where genetic
information is available,; all conifirmed clinical cases
of vCJD have thus far been shown to be homozygous
for the methionine residue at codon 129 of the prion

protein:gene (PRNP). However, a suspected clinical -

case of vGJDin an’ individaal  heterozygous  for
. meth\omne/valme has recemly becn reportcd {13}.

‘Transfusxon transm:ssxon of vCJD early
.perceptioni -of risk, risk reduction measures and
plasma product recalls

Distinct from the numiber of new: chmcal Cases is the

‘unknown, prevalcncc in‘the UK of presymptomatic, |
ot subclinical, vCJD mfectmn, i.e. wheré asymptom- -, -

atic mdmduals harbour vCJD infection as discussed
elsewhere [10,14}. It is from:this group of individuals
that the risk of secondary vC]D transmission arises,

with ‘the characteristic prominent lymphoretxcular»

phase glvmg rise to the possibility of transmission via

surgical instruments, blood and blood products and :
organ (including bone marrow) transplantation. This -

" differs from classical sporadic CJD, which has been
“ shown ‘to be.transmissible by newrosurgical instru-
ments; pntultary derived -hormones and corneal

transplants but in which transmission by bleod or-

- ‘blood products has not been demonstrated [15-21].
The widespread transmission of hepatitis C and
- human, xmmunodeﬁcxency virus (HIV) infections by
-~ plasma products prior to 1986 ‘raised ongoing
concerns ‘about - the. possible emergence of “new
blood-borne pathogens. These led t6 the publication
.of therapeutic guidelinés by ‘the "United Kingdom
‘Haemophilia Centre Doctors’ Organisation {UKHC-

-.DO} recommcndmg, where possxble that plasma- B

" Haemophilia (zoiO), 16,305-315, -

derived factor VI (FVIH) and factor 1X (FIX)
concentrates be replaced with recombinant products

" in the treatment of patients with haemophilia A and
B [22). The first teportiof clinical vCID cases in 1996

[3] raised concerns amongst UK haemophilia clini-
cians that the infective agent may be transmissible by
blood products {23]. -Around the same time, a
collaborative study, the Transfusion Medicine Epi-
demiology Review (TMER), wagestablished between
the NCJDSU and the four UK bloéd services {UKBS})

* with the aim of identifying any association berween

CJD (including variant) and blood transfusion [24].
At that time, 17 patients weré recorded as’having
donated blood prior to being diagnosed with vCJD

~and there was concern that there may be many more_

infected, yet'asymptomatic individuals amongst the
donor . population. It .was’ estimated - that even a
modest prevalence of vCJD in.the general population
could result in’ an infécted donation entering the

plasma pools from which ¢lotting factor concentrates’,

were prepared. Together with the almost exclusive

‘restriction of vCJD ta the. UK at that time, these
- concerns greatly influenced the UKHCD O’ decision -

in 1997 to recommend the ase of bovine material-

. frée. recombinant products, as well as fractionated
" products from,, ‘non-UK ' plasma’ donations [23).
.~ . Treatment thh recommbinant factor concentrates

*-was. funded in 1998 for haemophilic patienits aged

<16 years and was extended to include -all adult

- patients- by~ asc:ndmg age ‘from 2003/2004 and
“completed in 2005/2006,

In the absence of a test to detect” prechmcal vCJD

infection, a number of precautxonary donor selection
and component processmg measures have ‘been

introduced since 1998: to minimize, the possible risk

of secondary vCJD transmission by blosd ‘and its
.components {Table 1) [25-29]. The unicertainty of

vCID transmissibility by. plasma products led to the

. recommendation by the"Committee for Proprietary

Medicinal Products that'a ‘product be récalled where
a.donor subsequently diagnosed with vCID" had

. contributed to. the plasma pool (termed an ‘impli-
*“cated’-batch) [30}. In 1997, there were two Bio -

Products Laboratory (BPL, the plasma fractionator
for the UK National Blood Seivice) recalls of clotting
factor Concentrates (31}, both of which mcluded
batches of in-date FVIII cancentrate,

The ﬁrst nsk assessment of plasma vCID
infectivity

Theoretically, the degree of exposure of an individual .
recipient ‘to vCID: infeition is dependent. on’ the -
preva]cnce of subclinical’ mfectxon within the donor

+ © 2010 Blackwell Publishing Ltd

Table 1. Measﬁrcs taken in the U‘K to minimize risk of variant
Creunafeldi-Jakob disease (vCJD) Transmission by blood and

plasma product transfusion.

I. Rationalization of clinical use of bload and blood products.
Department of Health initiatives: Better Blood Transfusion
1998, 2002, 2007

II. Donar selection :

a. Use of non-UK dcnors for plasma product frzcuonauon
¢ d 1998, implemented 1999)

b. Use of non-UK plasma donors i under 16 s.or adul:

recipients of large plasma-volumes (2002)

c. Exclusion of tecipients of blood transfusion since 1980 from
donor pool {2004)

d. Exclusion of individuals from donot ‘pool who are unsure
whether they have rccexvcd 1 blood transfusion since 1980
(2004).-

e. Exclusion of donors whae m:lplents*hav: developed vGJD
where blood transfusion cannot be excluded as source of
vCJD and where no infected donor has been ndcnuﬁed (2005)

BN H Component processing

a. Leucodepletion of all blood pmducts 6 white cell
- oncentration <10° L™? ( d 1998, implemented
- 1999) - o
:b. Use of recombinant factors in seleceed patients with
hz:mop}uha A and B (1998) and all othiers (2003-2005)
IV. Product recill where donor. confirmed as suffering from vCJD

found ta have contributed to'plasina pool

Table 2. Poss:ble determmants of rlsk of variant Creutzfcld:— R

Jakob disease (vC]D). uansrmssmn by, transfusion of blood and

plasma pzoducts

I Levels of mfecnvu:y in donor popul&non
a, Prevalence of sub-clinical infection -~ geographical variation

8 Exposurc of recipient to infected: donors

- 3. Tnfectivity of donation within incubation period
b. Quantity of plasms/lcutocytes within componcnt

¢, Number of denacs cantributing tow; P fsize of
plasma pool - )
. d NI, 'L Oit firer H a4

e Manufzctunng process: e.g. leucodcplenon plasma fracuon-
, - ation, inactivation procedures : .

1L Suscepribility of recipient
a.:Genotype e.g. codon 129 PRNP
“b. Age

" ¢ Other

populanon, the manufacturing: process of a given

blood component and the: number of transfusions -

recelved (Table 2). The partitioning of - prion

: meCthlt'y during the manufacture of plasma prod- .
ucts has been extensively investigated and is reported

elsewhere [32-37). In addition, there is individual
variation in susceptibility to infection, with ‘possible

influences mcludmg age and ‘PRNP genotype. An.
- independent assessment of the: risk to patients of

exposure to vCJD infectivity in blood produicts was

: camcd out on behalf of the Department of Health

' © 2010 Blackwell Publishing Lid

VC]D AND UK'PLASMA PRODUCTS 307

(DH) by Det Norske Veritas Consulting (DNV)'and
reported in 1999 [38]. To estimate the numbers of
new infections and possible resultant vCJD cases, the’
authors attempted t0 estimate the proportion of UK
blood donations that may be infected with vC]D, the
possible level and distribution of vCJD infectivity in
blood components and plasma products derived
from those donations and the likely level of exposure
to infectivity of defined sets of patient groups:

Substantive data surrounding several of the variables

used in these calculations were lacking, necessitating
various assumptions and that data be extrapolated

-from spiked animal models [39,40). Based on the -

assumption that blood is equally infective through-
out the incubation period of the disease, the likely

_proportion’.of infected donanons was estimated as

between 1/200 and 1/106 , depending on the median’
incubation .period of the disease. Over the . same
range - of infected donations,. the recipient’s risk of |
infection was predicted to range between unity and

" 1/10%, depending on‘the patient group. Each infected:

donation was_ estimated to result in- 2.6 infected
recipients . (assuming roughly equal contributions
from' red-cell and plasma product transfusions),

" approximately 80% of whom may. live Jong enough

to develop vCID [38].

The: subsequent conﬁrmauon of a farther clinical
case of vCJD in an ‘individual whose blood donatxons
had previously conitributed fowards plasma pools

. resulted in a further BPL recall in 2000 (41]. Unlike
'the. 1997 recalls, all- bartches. of clotting factor
) concemrare had passed their respective expiry dates
at; the time of this recall.-In Scotland, two donations

from an.individual later- diagnosed thh vCID had
contributed to. the Scottish National Blood Transfu-
sion Service (SNBTS) ‘fractionation pools, and the’

- affected FVIll and FIX products that had been issued

1o centres in Scotland and Northerr Treland between
1987 and 1989 were described ‘in. the SNBTS

notification of 2001

“"Management of early plasima product recalls’
At the time of the 1997 and 2000 BPL and 2001

SNBTS notifications, the haemophilia centres issued

: with-implicated batches of clotting factor were asked -

o’ refurn any remaining stock and recall any -
remaining anused barches supplied to”patients,. No
public health precautions were advised at the time of
these recalls. The 1997 product. recall letters. from-
BPL to haemophilia- centres. cited the  following -
advice that had been provided by thé ethics commit- .
tee local to' the NCJDSU: ‘the recipients: (patients)

:should not be mformed that’ the ptoduct that they

: Haemophilia (2010), 16, 305-315

‘160



308 C. M. MILLAR ez dl.

had received has been recilled for this reason
[subsequent diagnosis of vCJD jn donor] [31}. In
response to queries raised by clinicians and hospital
trusts about this directive, the DH confirmed to
medical directors that patients who had received
implicated blood products should not ‘be informed

[42]. This was bascd on three considerations: first,

* that it was not known (the word used was ‘unlikely’)
whether vCJD was transmissible by blood products;
secondly, that there was no diagnostic test in
existence, and finally that no preventative treatment
was available. The consensus given by the DH at the
time was that patients would ‘not benefic from this
knowledge, and that uncertainty created by inform-
ing patients could cause unjustified worry and create
a permanent blight ‘on their lives [42]. However,
many haemophilia physicians either directly in-

formed patients who had received an implicated .

batch, or provided all their patients with information
about vCJD, giving them the option to be informed
whether or not'they had received an implicated
batches). In the case of paediatric patients, parents
were similarly contacted. The establishment. of the
CJD Incidents Panel (CJDIP) in 2000 on'behalf of the
Chief Medical Officer .provided an independent
expert committee that advised on issues involving
possible vCJD transmission’ in healthcare settings.

vCID surveillance in UK patients with inherited
bleeding disorders :

Over 20 000 UK patients with inherited bleeding
disorders are currently registered on the National
Haemophilia Database (NHD) of whom around one-

-fifth have been treated with clotting factor concentrate ;

derived from UK-sourced plasma donations, A pilot
retrospective histopathological study of the braing of
‘22 haemophilic patients who died of HIV-related
" illnesses during part of the period of potential vCJD
* infection showed no evidence of vCJD [43]. A S-year
surveillance study of patients with haemophilia was
commissioned and funded by the DH in 2000 and co-
ordinated by the UKHGDO following ethical. ap-
proval being given by the London Multi-Centre
Research Ethics Commirtee (MREC/01/2/11). The
aims of this study were to detérmine the extent of
exposure of individual patients with inherited bl eeding

disorders to implicated batches of clotting factor.

concentrate, to analyse tissue. biopsies and autopsy

material for vCJD and to notify possible and confirmed N

clinical cases of vGJD in the UK haemophilic popula-
tiori. It vas hoped that all haemophilic patients
undergoing surgical procedures; involving the central

nervous system and lymphoid tissue (including tonsil,

Haemophilia (2010), 16, 305-315

lymph nodes and spleen) would consent to participate
in the study. It was anticipated that in addition to

 facilitating the appropriate monitoring and long-term

follow-up of patients, the findings from chis study
would inform future agsessments of the risk of vC]D
transmission posed by plasma products. The control
group comprised haemophilic patients who had not

~received known implicated batches of clotting factor.

At the outser of the study, haemophilia centres were
provided with details; including issue dates of known
implicated BPL or SNBTS batches they had received
and requested to provide recipient data identifiable
only by the patient’s unique NHD number and date'of
birth. Participation in this study was voluntary, The
data to be collected:and recorded in a special file on the
NHD was the degree ‘of exposure to UK plasma
products between 1980 and 2001, iricluding the dates
of first and last exposure fo an implicated batch and its
quantity,

Second risk dssessment and CjDIP
recommendations -

* Coricern about the possibility of vCJD transmission

by blood and blood products was heightened fol-
lowing the demonstration of blood transmission of

BSE in 4 sheep model-{44]: Unlike previous exper--

imental models in'which prions were inoculated by
the intracerebral route, the sheep in this study had

been orally- infected with BSE and were therefore -

more representative ' of the situation i humans.
Furthermore, transmissig was showr to decur with
blood taken during both the preclinical and clinical
stages of infection [45), © . . i

A sécond DNV risk assessment undertaken on
behalf of DH was reported in 2003 [46]. This was
conducted to. inform the management of individuals
who had received implicated ‘batches of blood and
plasma products. The assessment was based on. the
various published experigiental data in animals to
model the potential vCJD:infectivity in blood and its
various. components ifighiding plasmd products
[15,45,47). The assumptions- of this risk assessment

. were accepted by the Spongiform Encephalopathy

Advisory Committee, the ‘Committee on the Micro-
biological Safety of Blood and Tissue, and by ‘the

- Committee on Safety of Medicines. CJDIP advised
. that surviving recipierits of implicated red. cell con-

centrates be informed and public health precautions

. implemented to minimize the risk of secondary vCJD
transmission. Together wjth batch-specific manufac-.

turing data, the risk assessmient was used by CJDIP

to estimate the potential vCJD infectivity in each .
‘barch of implicated plasma product. The likely risk -

. ©2010 Blackwell Publishing Lid
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to treated patients was compared with the ‘at-risk’
threshold developed by CJDIP to guide the manage-
ment of other ‘at-risk’ patient groups [48). If patients
had been exposed t0 a ‘threshold’ of 1% or greater
potential risk of infection over and above the general
risk to the UK population believed to have resulted
from_dietary exposure to the BSE agent, CJDIP
advised that they should be notified and requested to

take public health precautions, This 1% additional”

risk equates to an exposure of 0.02 IDq, which is the
equivalent level of infection at which public health
precautions are implemented for patients exposed to
vCJD via surgical instruments [49]). For each of the
major assumptions underlying the risk assessment,
the most precautionary . option was chiosen. The
implicated plasma products were divided into three
groups based on' the assessed risk {50]. Amongst

those considered to pose a high risk were FVIIL, FIX -

and antithrombin concentrates, of which as- lintle as

one vial of treatment led to an exposure in excess of -

the defiried risk threshold. Products in ‘the medium-
risk group ‘included those in-which exposure to
substantial quantities was required 1o reach the risk
threshold such as immunoglobulins, and the low-risk
group. comprised ‘products with such low -levels of
potential infectivity a5 could effectively be ignored as

_causing any additional vCJD' risk. The low-risk

group also included some FVIII products that -had

“been manufactured using implicated albumin a§ an-

excipient. Details of the majority of batches. of
implicated plasma’ products ‘and  their distribution

directly to centres ‘or through consignees were
- provided by BPL and SNBTS. To reduce the possi-

bility’ of ‘onward transmission. .of vCID, it was
recommended by CJDIP in 2004 ‘that pablic health

- precautions, be taken in recipients of ‘high risk’, and
p % 4 )

‘medium risk’ implicated plasma products who had

exceeded the 1% additional risk threshold.

- “Transmission of vCJD by blood trr:«_uis-fus'ion L

The CJDIP' recommendations to. implement public
health measures in ‘at-risk’ recipients of implicated

red cell and-plasma products were reinforced by the:.

subsequent recognition of the first case of vCID
trarismission by blood: transfusion: ($1].. TMER sur-
veillance of the 66 recipients of red cell transfusions
derived from the 17 vCJD ‘patients who had previ-

- ously-donated blood has established that of the 24

identified recipients who survived more than's years

. following. transfusion, three to date have shown
evidence of vC]D infection {52]. In addition to these -
three clinical secondary cases ‘of vCJD[51,53,54]);, a-
further ‘asymptomatic -case has been reported, in .

© 2010 Blackwell Publishing Ltd -
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which the patienfdied from unrelated pathology. with

-no evidence of neurological disease; but with post-

mortem evidence of prion accumulation in lymphore--

ticular tissué [S5]. All affected red cell donations are

known to have been ‘made relatively close to the onset
of clinical symptoms in the donor, consistent with the
increasing level of prion infectivity demonstrated
throughout the incubation period in" some animal
models [$6). The incubation period in these second- .
ary transfusion transmitted cases was around half the -
length of that estimated for primary oral infections

from BSE. ‘All three clinical ‘cases were methiohine -
homozygotes at codon - 129 [51,53,54), while the.
asymptomatic case was methionine/valine heterozy- -
gous [S5]. As a significant: proportion of Ppatients:in. .

" the TMER recipient cohort did not survive long

enough to develop clinical disease’ should they have
been infected by vCJD, it is possible that the observed
number- of infected - recipients underéstimates the

* transmissibility of vCJD by blood transfusion. Like-

wise, it is possible that other. surviving recipients are
currently harbouring subclinical infection: B

2004 vCJD plasia p;'o'duct patient notification

"exercise

UKHCDO advice O . .
By the time of the 2004 CJDIP recommendations, the
fate of ‘products manufactured from 23 plasma .’
donations derived from - rine UK plasma donors-
who later developed vCJD had been established.
These ‘donations had undergone ‘fractioriation to
produce albumin, immunoglobulin .and clotting fac-
tor concentrates, including 16 batches of FVIT and..
eight batches of FIX that wére ‘distributed in the UK.

- TMER surveillance identified that these donations’ .’

included plasma from at least one donot - whoj; it. is
. ~likely, had alfeady transmitred vCJD. via red: cell
-concentrates {$7). At this time, it was considered
likely that further batches of UK-sou\rced"plasma‘ ik
- products would become' implicated ‘as fisture vCjD
- cases arose, Therefore, to prévent secondary spread
‘to other -patients a ‘population’ or ' ‘embrella’. -
approach wasimplemented in patients with inherited -
‘blecding “disorders who had. received UK plasma-.~
sourced - products between 1980 and- 2001, “This. = -
. policy was advised by UKHCDO and endorsed by .

CJDIP, DH and. the Haemophilia Socicty, the UK

" charity representing patients with inherited bleeding
* disorders. As a result, ‘all Ppatients with, bleeding

disorders’ who had been treated with UK-sourced
pooled factor concentratés: between 1980 and 2001
‘were considered to-be “at-risk’ of vCJD-for public '

* Haemophilia (2010}, 16, 305-315 * | * -
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health purposes  and precautions were required to
minimize the’ potential risk of secondary transmis-

" sion. The start date ‘of 1980 was when BSE was

believed to have entered the human food chain and
the end date of 2001 was the last possible expiry date
of any product manufactured by UK fractionators
and sourced from UK donors. This approach was
based.on the assumption that many further vC]D
implicated batches of clotting- factor concentrate

. would subsequently be'identified and that only small

K volumes of implicated FVIII or FIX treatment were

required for the recipient to be deemed ‘at-risk” of

vC]D. It was anticipated at that time that extending
the ‘at-risk’ group of patients with inherited bleeding
disorders and “anti-thrombin’ deficiency in this way
would significantly reduce - the - risk ‘of secondary

-vCJD transmission. Such an approach differed from

that taken'in patients with primary immunodefi-

. ciency disorders in whom immundglobulin f6rms the

mainstay of treatment. As much larger quantities of

this product are -required to reach the ‘at-risk”
*threshold, individual risk.- assessments were under-

takén in these patients.

National advice: HPA responsibilities o

The patient notification. exercise was conducted in-"

September 2004 :and coordinated on; behalf of the

DH by the - Health Protection -Agency (HPA) in -
England, Wales and. Noithern Ireland; and the’

Scottish .Centre for Infection and Environmental

Health. :Several. professional -and - patient ‘organiza--
tons, support groups and .othet stakeholders were
Jdnvelved in’ the consultation, planring-and- training
-for"the notification exercise for patients with bleed- -
ing_disorders, including representatives’ of UKHC-
2 DO, UKBS, the plasma - fractionators and the .

. 'Haemophilia Society.- All clinicians responsible .for

“the care of patients with “bleeding ‘disorders ‘were

.. -provided with information to enable them to notify

their patients and advise those for whom public
health precautions were required. A date for con-
tacting patients -and: their géneral practitioners was
specified, which  coincided with a national press
release. At the same time, the Haemophilia- Sociery

.informed its members Ry post about the notification -
‘process. and provided a fact sheet on vCJD, o

-Haemiophilia clinicians were provided with infor-
mation shécts and a template letter to patients
drafied “by . HPA/UKHCDO. - Haemophilia. centres

-were required 'to trace all recipients of clotting.-
factoss sourced from UK plasma between 1980 and
--2001and "document - their “at-risk’ status  in - the

-patient’s medicdl récords including details.of expo-
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. date’specified for noti

~and: devising hosp:
- public ‘health meas:-
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sure”to implicated batches. Where a patient’s care

had been transferred to another centre, clinicians
were instructed to forward cecipient’ treatment
details to the current centre, which was then

-responsible for informing the patient. All patients

with bleeding disorders were to be notified, provided
with ‘written information and given an opportunity

to discuss-and find out whether they had received UK -
‘sourced plasma clotting factors in the specified time

period, (and were therefore considered ‘at-risk’), as

well as being given ag option to find out whether or -
not they had received implicated batches. ‘At-risk’
 patients were advised to inform providers of medical,

surgical or dentzl treatment so that appropriate

- measures could be taken to minimize -the’ risk of

secoridary vCJD transmission by instruments, They

‘were also advised to infosm their families in the event
that a future emergency situation-should arise and

" advised not to donate blood, tissues or organs which,

- in any event, “this patieat population is precluded

from. ‘At-risk’ patients were advised that - their
clinical care should not. be compromised . in any
way and invited to-discuss the implications of the
notification exercise. The original ethical approval
was amended to facilitate recording of these relevant
data’ for ‘surveillance - purpcses- on the’ NHD  as
previously ‘described. Patients were requested to
contact their clinician should they not wish their
details to be recorded in this way,

BPL responsibilities

Haemophilia . clinicians were contacted directly by

. BPL or SNBTS with details.of any vCJD implicated -

batches they had been isstied. While this accounted

“for the majority: of the implicated batches, the data -

were incomplete at the time of the 2004 -notification -
“exercise, and the eventual tracing of product: distri-

bution of FVIII'and FIX concentrate jssued in 1988 -
~‘through consignees resulted in a further . patient.

notification in 2006 by which time, this information
had become available. o

: Haeiﬁoph’ilié clinician action :

- All 104 UK hdemophilia centres reéeived details of
the 2004 exercise electronically 2 weeks prior {o the
ing patients. The notification

stification of ‘at-risk’
! practitioner notifica-
-~ondinig to’patient reply
sient counselling setvices

‘process comprised
patients, patient an
tion, NHD notifica
slips, implementatic:

‘i be implemented. -As

/ urell Publishir.

S through which the. .

‘at-risk’ patients were identified, any who had
recently 'undergone a surgical procedure involving
specified tissues where the instruments used had not
yet undergone 10 subsequent “cycles of use/decon-
tamination would need to be identified so that advice
could be sought from CJDIP regarding the quaran-
tine and handling of these instruments. Pertinent to
the notification process was the adoption by hospital
trusts of a multidisciplinary approach with collabo-
rative links formed between haemephilia clinicians,
infection control services, surgeons, gastroenterolo-
gists' and others. Education. of health care profes-
sionals in .each hospital trust was imperative . to
enable the effective implemenitation of public health

- policies in ‘at risk’ patients. The.number of patients

- with-bleeding “disorders registered at a given centre

" ranges from single figures to ovér 1500 and there was
significant variation between centres in the resources

“available to implement the guidance within the

specified time period. While the use' of electronic
records in many centres greatly facilitated the tracing
‘of clotting factor concentrate, these frequently did
not cover the early part of the 1980~2001 period>a
difficulty that was compounded in some centres by

incomplete or unavailable manual récords. Infection

control policies were informed by guidance from the
Advisory Committee on-Dangérous Pathogens TSE

Working “Group [58] and hospital _trusts. were

: required to devise means to implement the public

health measures in “at-risk’ patients.

Variation in implementation of HPA guidance

Based on Jocal knowledge of their" patient group,”

some clinicians- opted to ‘coritact only ‘at:tisk’

.patients to' .minimizé any “possible confusion and
' prevent .unnecessaty anxiety in the' not insignificant

proportion of patients registeréd with bleeding dis-
orders who had never received UK plasma derived

clotting factor concentrate. The UKHCDO requested -
" that haemophilia - centres pass on information in

situations. where *patients -had moved to another

 centre. The effectiveness of this varied; scme patients :

were gotified by ‘more than one centre, and other

" patients may have remained untraced as they moved. -

- between centres. This difficulty in tracing and con-

tacting patients is now .being resolved as’ the -

-“UKHCDO moves towards 2 data-sharing approach

" between centres carrying out public health notifica-

tions. While there has been no formal evaluation of

this notiﬁcatiqn; there lave beeti anecdotal (epdns, of -
“clinicians ‘notifying only patients krown to have
 received implicared batches of their vC]D risk status.

Furthermore, as the notification process requested

" © 2010 Blackwell Publishing Led
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patients to clarify their “at-risk’ status, it is possible
that some patients remain unaware that they pose a
public health risk unless specific action has beeén
taken by clinicians to inform them. -

A lack of understanding of the nature. of the
notification process has resulted in some ‘at-risk’

. patients feeling stigmatized, and there have also been
instances of patients being incorrectly labelled as i

having, ‘rather than being at risk of, vC]D. Despite
such -difficulties, the telephone helplines set up for
patients during the notification exercise as well-as -

'NHS Direct received few calls. Moreover, the findings

fromi a study -of other at-risk ¥CJD individuals are
reassuring; no adverse long-term behavioural or emo-

‘tional sequelae have been reported in individuals who
-have  either  undergone surgery © involving

contaminated instruments or who have donated blood
to patients subsequently diagnosed withvCD (59].

Endoscopy e i

A significant challenge ‘that has arisen from the
public health ‘notification exercises  surtounds endo-
scopic biopsy. The possible contamination of the
biopsy forceps and the endoscope channe! as a result
of vCJD infectivity in the gut mucosa of subclinically

' infected individuals [60] led to, the 2003 recommen-

dation to quarantine endoscopes and retain their use

- only for the specified patient should invasive proce-

dures such as biopsy or diithc;my be required in an -

. ‘at-risk® patient [58). For several  years, the cost

implications that resulted from the individualization
of endoscopes in'‘at-risk’ patients réquiring biopsy .

. were borne by the hospital frust concerned. This

resulted in'variation between trusts in the threshiold
at"which biopsies ‘have been performed in these
patients, thus raising the possibility that patient care
may have been compromised in.some cases..In 2008,
the. DH provided central funding for the refurbish-
ment: of suitable’ quarantined endoscopes used on.
patients at risk of vGJD [61]. Sufficient resources will
similarly be required to ensure the ‘continued imple-
mentation of appropriate public health measures in

- an ageing ‘at-risk’ bleeding disorder patient popula-

tion while maintaining " high' standards of. clinical

- care. co- g

UK products distributed to other countries

As well ds béing ,suppliéd throughout. the UK, .
implicated plasma donations - contributed towards

.- pooled plasma products that have been distributed to
*13 countries: Belgium, Brazil, Brunet, Egypt, France,

India, Ireland, Israel, Jordan, Netherlandg ‘Oman, -

Haemophilia (2010}, 16, 305-315
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Turkey and the Unitea Arab Emirates. It is cstiméted between 1980 and 2001. Furthe’rque, details of

that patients in. at least four of these countries have " patient exposure entered into the database have been
been exposed to a level of infectivity exceeding the  cross-checked against batch information provided to
‘at-risk’ threshold and the relevant Health Ministries  individual centres by BPL to establish the extent to
have been contacted by the HPA and informed of the  which implicated batches are ~accounted for.
UK approach to risk assessment and patient.notifi-  Recently, similar tota] ‘data for implicated batches
cation. In the United States, a recent Food and Drug  supplied by SNBTS has been provided. This audit
Administration risk assessment has concluded that  indicates that not all of the recipients for some of the
the risk of vC]D infection from FVIII concentrate is  batches have been notified to' the NHD, o
very low (62]. Using the NHD annual data, the estimated number
. of patients who received UK plasma products between
1980 and 2001 is 4581, of whom 792 are notified as

i i cise and . ;
Current results of the notification exercis having been treated with one or more than one

UKHCDO surveillance study
. : . o the latter group of patiepts accounit for only 12.7 o the
I’atxen{ exposure 10 UK plasma products including 23.7 milligt;n uiits of ixy?pﬁcated batches released and
vCID implicated batches 792 is therefore an underestimate of the number of
The. collection of data -of patients’ who received patients treated With an.implicated batch. The quan-
implicated batches and its entry on the NHD remains . tities of each released implicated batch supplied to UK
ongoing and has been greatly assisted by online haemophiliacentres together with the units accounted
registration. Annual returns historically provided by forinthe notification exercise is presented in Table 3.
haemophilia centres to the NHD detail patient’s  The peicentage of each batch that is dccounted for is
treatment including product type and adverse events.  -also shown. For some of these batches, the accounting
From these data, it has been possible to estimate the  of use by the patient potification exercise is disap-
number of patients treated with UK plasma products ' pointingly low. The reasons for the low notification of

Table 3. Implicated batches of clotting factor concentrate by batch number, product name; release and expiry dates, and units released and
used, . ; C . . . .

Sum of "% Units *

Batch . Product . : . -
number name” - Factor type Releasc date Expiry date Units released. * units used  accounted for- .
FHB4116 . 8y’ VI 7 June1992 - Aprl 1995, - 775 009 . 280710 36
FHB4189 8Y v . . April 1593 March 1996 T 1233 500 . 735 725 59
FHB4419 - .8Y vl July 1995 - June 1998 ‘1022 000 656 600 64

' FHB4547 8Y i September 1996 September 1997 902 000 873 821 . 94
FHB4596 8Y Vi - May 1997 March 2000 1398 500 1.054'410 7s..
FHC0059 - .8Y - VI - September 1988 ~ July 1989 528729 - - 58 560 11
FHCO0289 - 8Y v : May.1990 - March 1993 633500 . 266 960 S92
FHCO0369 8Y . VIIE December 1990 . Océober 1993 604 500 199060 - 32

* FHC4237 -8y - VI March 1994 October 1996 1268500 982 977 L 774

- FJA0020 L 9A X October 1988 .~ August 1989 533500 88025 1.
FJA0092 . SA X - May 1990 - April 1991 511 800 - 92 990 18

- FJA4239: 9A X ]xﬂy 1993 December 1996 251 004 - 141435 .. 38
FJA4308 - V%A . X June 1994 April 1997 - . 573000_ . 379 540 66
FHM399 High Purity F§ ' i November 1991 April 1994 - 812 000 169 055, © 20
FHM40S* * High Purity F8 Vit May 1992 * October 1994 905500 304 500 33
3502-70210 HT DEFIX X Not known Not known 230 184 216 220 . 939
FHE4437 REPLENATE Vil September 1995 July 1997 1547 ooe 818 095 ' 52
FHE4536 REPLENATE VI September 1996 July 1998 2 069 00Q . 1224 270 59
FHE4548 ‘REPLENATE Vil October 1996 September 1998 1 690 00Q" 965 400 57
FHF4625 REPLENATE VIIr o July 1997 June 1999 - 2 290 009 1035 900 .45
FjM4327 REPLENINE X October 1994 February 1996 1.607 SDQ 1139915 0
FIM4437 REPLENINE X - November 1995 March 1997 832 500 379 380 45
FIM4596 REPLENINE . KX April 1997° September 1998 . 838.500° 592.380 70
FjM4625 REPLENINE X July 1997 November 1998 875 000 - 22 145 2.5
0304-70510 Z8 i " Not known ' Not known 123 630 16150 | .13
0301-70320 Z8 i Not known’ Not known 125 440 Nort known 0
*For further derails (see ref. 22]. - : : ’ 4 .
Haemapbilia {2010), 16, 305-315 : : Co . ® 2010 Blickwel} Publishing Ltd

implicated batch. The units of treatment: received by

some implicated batches are not known, although
patient refusal for the iriclusion of their data may be a
contributory factor. The last year an implicated batch

- was identified was 1999 and no further blood donors

who donated plasma prior to developing vCJD have
been identified since'the 2004, notification,

Tissue-based vCJD surveillance

Following the 2004 notification’ exercise, ‘the vCJD

surveillance study was extended and remains ongoing, .

although the numberteferred for postmortem remains
low. There were 669 deaths in bleeding disorder
patients between.2004-and 2008 including 269 teeated

- with UK plasma products and 37 recipients of impli-,
“cated batches. However, only a small aumber of stiidy

postmortems have been:performed {63]. The report of
the.first asymptomatic case of probable transmission
of vCJD by clotting factor concentrates [63] empha-
sizes the need for higher recruitment to this study if we
are to improve our understanding of the risk of vCID
transmission via ‘infected plasma products. Active
vCJD surveiliance of prospective tissue samples and

autopsy material continues, The Office ‘of National *

Statistics- has provided: information about deaths of
haenophilic' patients “including, whether the death
certificate indicates that.a' postmortem ‘Was’ or may
have been done. This is currently under investigation

. in the hope of providing farther postmortem material -
“for study.- . - . : :

Info;maticnl to ‘patients ‘(Febn‘lar‘y 2009)

The postmértem arm’.of the surveillance. study has

detected PtP'v‘"'i‘n the’ spleen of a patient with ~
.haemophilia who had' had no evidence of any
ieurological disorder while alive [63): This patient -,

was known to_have been tréated with at least. one
implicated batch of BPL FVIII 8Y. A decision was

made to inform bleeding. disorder patients -of this-

finding even though the investigation of this case was

“continuing.. A toolkit ‘of. letters “and " information
sheets prepared by HPA/UKHCDO was électroni- .
cally mailed to all Haemophilia Centres with instruc- |

tions for patients to-be informed as soon as possible
by post. Many centres decided to post letters to only
the patients in the at-risk group. : )

Further investigation' of this patient’s complete
clinical récords showed that he had received treatmerit
with UK-sourced FVIII concentrates including two
implicated batches of 8Y, each of which contained a
plasma donation from the same donor who subse-
quently: went on to develop vCJD, The patiesit had

also been transfused with 14 units of red ccll§ between

"..© 2010 Blackwell Publishing Ltd_
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1998 and 2007 and had had invasive endoscopies.
Further information about this is contained.in a
‘'separate paper [63). Of these potential risk-factors, the -
only link to contact with a patient with vC]D was the'
two implicated 8Y batches. A further .risk assess-
ment by the Department of Health interprets the most
likely source of YCJD in this patient as being

*‘reatment with UK plasma products [64],

Whilst to date rio haemophilia or bleeding disorder
patient has been diagnosed with; or died from, clinical
vCJD, this information has increased anxiety. among
some at-risk patients as this is the frst information
linking treatment with an implicated batch and the -
detection of PtP* in Iymphoid tissue in a patient with

_-haemophilia; However, it is. too.early to estimate the -

full implications of these findings on ‘this group and
other people treaged with blood and plasma products

- produced in the UK from.UK-sourced plasma, -

The risk of transmission of viruses by plasma products "
incloding' HIV and hepatitis ‘C. has " been Yvirtually

" eliminated since thé introduction of improved donor

selection and testing arid the employment of effective .’
viral inactivation processes in 1986. However, new

concerns regarding the safety of UK blood arid plasma -
products. have arisen following  the "emmiergence of

-vCID. An early precautionary approach wis adopted

in- UK bleeding disorder patients with the “aim' of

. minimizing the- possible risk of vCJD ‘transmission

and:its secondary spread. Thése include their exchi-

'sion'as blood and tissué dénors; an approdch thaf has

‘'subsequently been extended to include all recipientsof |

cellular blood ‘products in thé UK. Public- health '

‘meastres were implemented in-2004 .in alf patients
who had received UK pooled ‘plasma clotting factor -
concentrates between 1980 and 2001, irrespective of

. whether these had ¢ontained ‘plasma from a dorior -
- 'known'to have later developed vC]D. Challengeshave-

resulted from this approach’and thesé have been

discussed in this paper, Our understanding of the risk .~

of vC]D transmission' by -plasma products has -
Increased . over time and informed risk reduction "
measures. Since'the 2004- public health notification
exercise, the numbers 6f new clinical vCJD-cases in

the' UK have declined and no further vCJD patients. '

“have been -identified as ‘having previously donated
_implicated blood or biood products. However, the-

prevalence of subclinical v&JD inféction in the general
population, including the extent of infection among

methionine/valine heterozygotes' and. valinefvaline - -

homozygotes, remains unknown. Tt is also not known
how soon a suitable validated screening test for vCJD *

- ‘Haemophilia (2010} 16, 305-315 v
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will become available. Although the current risk
assessment -indicates that only small volumes of
“implicated clotting factor concentrates are sufficient
to cross the additional 1% risk threshold at which
-public health measures are required, vGJD infectivity

amongst implicated: batches varies, The recent iden-

tification of the first.case of asymptomatic vCJD in'a
haemophilic patient [63] as well as the report of vCJD
in a methionine/valine- heterozygous individual {13}
highlight the need for the continued surveillance of
individuals in " the ‘at-risk’ population, including
patients with inherited bleeding djsorders. Attempts

- to improve the mumbers of postmortem examinations .

" by -patients consenting in life or by consént of
‘bereaved relatives needs urgent consideration. Pa-
“tients ‘who :have received implicated batches are
currently undernotified to the NHD. Taken together
with the:unknown prevalence of the abnorinal prion

protein associated ‘with: vC]D among blood donors’

‘and the - absence.:of a “validated test, continued
"employment of the population approach appears to
:beé the best means of reducing secondary spread of
“vCJD between patients, including those with bleeding
disorders. Further follow-up ‘may lead to impioved
understanding of the risk of vCJD. to this patient
- population ‘and .the- re-evaluation of the current
‘considered ‘at-risk’ groups for public health purpoges.
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BACKGROUND: To date there have been four
instances of infection transmitted through- blood transfu-
sions derived from individuals who later developed”
variant Creutzfeldt:Jakob disease (vCJD). The identifi-
cation of further transmission of vCJD through this route
would have important implications for risk mmmmmm:..m:.
and public health.

STUDY DESIGN AND METHODS: Through the UK
Transfusion Medicine Epidemiology mms.ms {TMERY) the
fate of blood donations :d:.‘A..:n_.s.q:m_m who develop

-vGJD is fraced and recipients of labile components are

identified. The details of recipients arg"cross-checked

1 with the register of vCJD cases held at the National ~

CJD Surveillance Unit Azo,..Omcv to identify any linkage

.cm:zmm: aouoa and recipients. In the reverse study,

when individuals with vCJD are found to have a history

of u_ooa :w:m?m_o: the donors of the transfused blood
components ate traced and their details cross-checked

with 'the vCJD amwmaw ] Emag? any missed or unrec-
ognized linkage between donois and. reciplents.

" CASE REPORT: A case of vCJD has been identified

with a history of biood transfusion in infancy. The

. donors-who provided the components :m:mncmmn
|| - cannot be identified, but a blood: donor knigwn 1o have

donated tiood 16 another individual who mcummn:maz<

| developed vCJD ooca have been.a donor. to the _:amx .

case.
mmmc_r.am ._.3m at-risk donor is w=<m 20 <om..m after the
relevant donation and continued to donate for some

1 years, until identified as at'risk, with- 27 other bload

components issued for use in patients, nane of whom
are known 10 have developed vCJD.. .

oozorcm_oz Circumstantial m<_%3om has raised the -

vomm_c___z that the case in this report represents 4
further instance of transfusion transmission of vCJD.

- However, detailed investigation indicates that the -
- patlern of events may have occurred by chance and .
. disease in thi§ individual may have been‘caused by .

transmission- 6f bovine spongiform encephalopathy.
infection, as is the Emmcama cause in Gther v:EmQ )

‘
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he Transfusion Medicine Epiderniology Review
. _-(TMER) is a collaborative study between the UK "
National Creutzfeldt-Jakob Disedse Surveillance
- Unit (NCJDSU) and the UX' Blood Transfusion '~

' Services (UKXBS), which was set up.in 1997 to R_m:n@

whether variant” Creutzfeldt-Jakob. disease (vCJD) was
transmissible through blood transfusion. Results from the .

 “TMERup to January’3, 2006, have been published."In this
“article we _report on the mccmma:mE amzcmomcou ofa

possible ::w between two <QU cases who_could.havé,

- received :m:mmcﬂo:m from’ a commoen Qoba_... nEE:%._ .
- 'this cannot be confirmed.. :

-To date, four EmS:nnm of vnowugm transmission om .
vCID by blood transfusion have been Em::nag by the .~
TMER, EoEnSm three Q::nm_ cases of vCJIand a sub- or .
vnmn:::u& infection,'? n::wan surviving - recipients,
(n= N: of blood transfusioris derived from individuals

" ABBREVIATIONS: TMER = Transfusion Medicine Epidemfology

Review; UKBS = = UK Blood .b,m:mm:u_c: mn:qoo@. <0=u = Sim:n

: nacﬁma_% o mxov a_moumm )

. From‘the Ua@,,ﬂﬂ:mi of zac,—.o_@ms‘woﬁh Devon and mwo..n.n.n :

Hospital, Exeter; NHS Blood uun Transpldant, Cambridge; the : .
National CJD Survelllance Unit, ‘Western omaoa_ Hospital;
_waﬁvﬁw: the Infecti U_mmmmn gy Unit, g:no:
School of Hygiene and Tropicat Zm&n_sm. and Chelsea and
<<amn=.._:m§. Hospital, London; arid me Blood mzaﬁguv_w:r v
Colindale, London, UK.

Address nel&wg%:ﬂ to; Patricia Emi? NHS m_coa and

....H.wm:mn_m:r Colindale ><n=cm. Colindale; Lohdon Nwg mmm UK;
" e-mail: patriciahewitt@nhsbt.nhs: uk.
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who later went on to develop vCID have been informed
that they are at greater risk of developing vCJD and,
although the level of this risk is uncertain, the four infec-

tions through blood transfusion identified to date have .

developed {n’a cohort of only 32 individuals .who have
survived at least 5 years since transfusion,
The identification of further instances of transfusion

transmission of vCJD would have important 1mphcatlons-

for the assessment of nsk and for public health. This case
report describes the development of vCJD in an individual
‘with & history of blood transfusion derived from donors
who cannot be identified ‘but it is possible, based on
detailed investigation, that one of the four donors may
have been a donor to another vCJD case.

MATERIALS AND METHODS

The TMER study mvolves the NCJDSU noufymg’the UKBS
of alt incident définite or probable cases of VCJD." A search

-.is made via blood donor centers to identify cases that had

‘previgusly donated bloed components and details of the

.- recipients of these"components are sought. Identifiers of
" “the recipients arg forwarded to the NCJDSU to determine

. “whether any of these individuals appear-on the register of

" VECID cases. The reverse study involves the NCJDSU noti- -

fying the UKBS of ali cases of VCJD reported to.have

“ received a blood-transfusion and the doniots.-are then

- identified through blood’ centers and . the ldenuﬁers
checked against the vCID case register. The study was
granted ethical approval by t.he local research ethics
commmee

, : RESULTS
Case report.
‘Individual A was reported.as a case of possible vCID in

:2006 and died of pat}mlogxcally confirmed vCJD 6 months -

later, aged 18 years. The ‘age-specific incidence of vCJD in

 the 15- to 19-year age group is 0.39 per million. The clini- -

- cal-and pathologic features were characteristic of vCJD,
which are sirhilar in primary and secondary cases of vCJD,

" 'This case was botn in 1989.at 29 weeks” gestation and was .-

" cared for in a ‘special care baby unit (Hospital XJ for

approximately 2 months before discharge. The parents

reported a history of blood transfusion during the: hospital
- admission, as would be expected in a neonaté of this ges-
tation. Staff at, the NCJDSU later obtained copies of micro-

" fiched ‘medical records, from ‘which it was possible to

- establish that there were ‘four blood transfusion episodes

.. inearly 1989, during the admission. tg Hospital X. The
" ..evidence for these transfusions comprised entries in the -

:clinical notes and records of hemoglobin measurements.
- However, the medical records containéd no details of the
“ired blood cell (RBC) components Lransfused and . rio
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copies of laboratory reports or transfusion records that °

would allow tracing to specific donars. The hospital blood
transfusion laboratory does not have records dating back
‘t0 1989.

It has been establlshed that the transfusions were -

given before the introduction of dedicated RBC units for
neonataluse (which allow 1 ynit of RBCs to be divided into
smailer aliquots and used at different times for the same
neonate, thus reducing donor exposure). It is likely there-
fore that the transfusion episodes represent four different
donor exposures. For each of the four transfusions, a small
volume of RBCs would have been withdrawn from one
adult blood pack.

A second individual (B) developed definite vCJD in
1998 and died at the age 0f 41 years. The age-specific inci-
dence of vCJD in the 40- to 44-year age group is 0.08 per
million. He-was identified as hav‘mg received a-total of 103
donor exposures during the course of two separate trans-
fusion episodes between June and October 1993, in a dif-
ferenthospital (Y). Because Hospital X (and thus Individual
A) was supplied by the same blood center as HospitalYand
Individual B, the question argse asto whetherthe two ases
rnight have shared a commion donor.

. " The 103 donors to Individual B have all been identi-
fied and assessed as being “at risk of vCJD for public health
.purposes.” Ninety-nineof these donors are ‘alive more
than. 20 years after the transfusions to Individual A and

certificates.

From a review of records of the 103 at-nsk donors

from 2003, it was established that 18 of the cohort had
donated ini early-1989, at the relevant time for transfusion
to Individual A. The records of these 18 donors were exam-

" ined to determine whether the RBC components donated
in early 1989 were issuéd to Hospital X, in which Indi-
- vidual:A had received the blood transfusions. One such
-donor has been identified; who donated a unit of RBCs in
-edtly 1989, which was issued to Hospital X 6 days later.
This unit would have been 13 days old at the time of the
fixst transfusion episode recorded'in the medical notes of

Individual A or 29 days old at the time of the next transfu-

_sionepisode.

The pediatrician at Hospital X, who cared for Baby A,
has confirmed that in 1989 there were no specific guide-
lines for top-up transfusions of premature babies. There
was no system for aﬂocadng a particular unit for sequen-

- tal top-up transfusions on the sarne baby, and | provision
of specific neonatal RBG units only came into place in the
mid-1990s. It is probable that, in 1989, standard RBCunits
would have been provided of blood group.0 or A, depend-
ing on the blood group of the baby. The donor in question
‘is group O. The hospital used “fresher” units by preférence,
and itis highly unlikely that they would have used 29- day-
-old RBCs. but the pednatriclan could not exclude the’ pos-

four have died -'of cduses of death unrelated to CJD or.
any other neurologxc disorder according to thenr deathv

sibility that 13-day-old RBCs would have been used for a
top-up transfusion. There is therefore a possible common
donor to Individuals A and B.

It should be noted that the potential common donor
made 26 donations inall, and the early 1989 donation was
the first of these. The donor continued donating until
January 2005. The 26 donations were processed and pro-
vided 29 blood components that were issued for direct
clinical use (including the component transfused to. Indi-
vidual B, and the RBC unit issued to Hospital X in February
1989} and 11 plasma components; which were issued to
the Bio-Products Laboratory for fractionation, before the
use of UK plasma was discontinued in 1998, . :

To assess whether the poteritial link observed might
be a coincidence rather than reflecting the occurrence of

two vCID transmissions from a single ‘donor, further .

exarnination of records was performed to'try to establish
the likelihood that a. randomly selected donor who
attended in the relevarit time period in 1993 (i.e., the time
of the transfusion episodes to Individual B) would, by
chance, also-have attended in the time period of the trans-
fusion's given to Baby A in 1989, Unfortunately, due to a
change in record systems at the end of 1992, it was not
possible to mterrogate individual donor records: over
these two time penods

Donor records over-similar time periodsin lateryears
were- therefore. examined. For. exainple, we identified
donors during the relevant period in 1997 and looked back
to determine how' many of those donors had donated in
the relevant. months 4 years -earliér (the transfusion ‘te
Individual A was in 1989 and Individual B in 1993); This
exercise was performed for three¢ combinations of years:

.1997/1993, 1998/1994, and 199941995.

. The results -were fairly consistenit over the three

periods examined, with 10% to 14% of donors donating in
both the relevant time periods, - Hospital X receives

approximately 10% of the blood supply from ‘the blgod
center in question, so it would be gxpected that about 10%
of the (approx.) 10% who had donated at the right time in
1993 would also have donated.at the right.time in 1989
with the donation being issued to Hospital X. Thus, the
finding that one of the 103 (i.e., roughly 1%) identified

. donors who donated to Recipient B in:1993 had also

donated in the period during whith: BabyAwas transfused
in 1989, and whose blood was issued to Hos;utal X, Is just
what might be expected by "comcidence,” suggesting that
coincidence cannot be ruled out as an explanation for the
link between the twa recipients who developed vCJD.

DISCUSSION

The case of vCJD, described in. this report (Individual A)
received blood transfusions. in_infancy ini ‘1989, but the
donars who prov'lded these components cannot be idén-
tified because medical records are mcomplete for the

vCJD (N A TRANSFUSION RECIPIENT ‘

-

petiod in question. Nevertheless, a blood donor who has
been judged to be at risk of developing vCJD, because of a
donation transfused to another vCJD case, is known to
have donated blood that could have been transfused to
Individual A, The question is whether the development of
vCID inIndividuals A and B was caused by transmission of
infection through blood transfusion from a common,
infected donor. While we cannot rule out this possibility,
further investigation suggests ‘the observed pattern of -
events would not be unexpected in’the absence of any-
causal link between the two cases.

Investigation of other donors at the same center indi-
cates that there is a 10% probability that an individual
donor would continue to provide blood over a 4-year
period and-a similar chance that this blood was used in
Hospital X where the transfisions. to-Individual A took
place. The fact that one of 103 at-risk donors provided

" blood on two occasions separated by 4 years and that this

blood was used- in a.particidar hospital is therefore not -
surprising. It is also of pote that 48% of blood donors.in
this region are blood group O, as is the “cornmon’” donor
and both recipients.

This exercise has hxghhghred the dlﬂicumes in trying
to retrospectively link. hospital and UK blood service

- records afteran interval of 18 years. The 1mplementanon of

the Blood Safety and Quallty Regulations (2005) enacting a

.- series of EU: Directives on quality and safety’ standards

for UK ‘blood establishments  and hospitals now means
that there is a statutory requirement to ensure that systems

are put in place to:ensure future full traceability of blood

components issued and for these records to be main-
tained for 30 years. Had this been'in place 20 years ago, we'
wold have been able to establish with certainty whether
or not Individuals A and B shared a common donor.

The at-risk donor'is still aljve more than 20 years after
the donation potentially transfused to _Individual A and

this would represent protractéd survival in an individual -

infected with vCJD.? In the threé clinical cases of estab-

B

lished transfusion transmission the two donors developed .

symptoms of vCID 17, 21, and 40 months after providing

the three implicated donations. However, both these indi-
viduals and all three of their infected. recipients were . -

methionine homozygous at Codon 129 of the human
prion protein gene (PRNF), as were Individuals A and B. It

_is possible that individuals with an &lternative genotype at
-this locus could be infected and survive for many years,
i.and possibly beyond the normal life span, without devel-

oping clinical disease.® The Codon 129 genotype of the
at-risk donar is unknown. .
_ The at-risk donor provided 25 donations between

1989 -and 2005, subsequent to the one potentially trans-
fused to Individual A. A total of 28 individual blood com-

ponents from these 25 donations were issued to hospltals
for clinical use, including the transfusion to Individual B,

thle the fate of the remamlng 27 blood components has =~

Volume 50, May 2010 TRANSFUSION 100§ .



CHOHAN ET AL,

not been traced to named recipients, no other cases of
vCJD that appear on the NCIDSU database have a history
of blood transfusion, which could link them to this donor.
Because of the sophisticated CJD surveillance systems
that exist in the UK, it is -very unilikely that any of the
recipients could have developed vCID but not been
reported.

Two-of the previous transﬁxsiomtransmitted cases
received blood from a common donor, with donations
separated by 4 months, indicating that it is possible that
infectivity in blood in vCID is sustained through partor all
of the incubation period, consistent with some,5¢ but not
all,” animal studies. Symptoms of vCJD devéloped in these
transfusion-transmitted cases between 6 and 8 years post-
- transfusion. Individual A ‘was transfused 17 years before

onset of vCJD and the incubation  period, if this was trans-
fusion transmission, was therefore more than double that
observed previously. However, the transfusions in Gase A
took place in infancy and there is evidence. of reduced
susceptibility and extension of incubation périods in neg-
natal mice experimentally exposed to scrapie as a result of
inefficient infection of the immature spleen:? If Individual
Awasinfected by blood transfusion, it is surprising that ho
other recipient. from the common donor has developed
VCID, even allowing for some deaths from the underlying
condition before symptoms of vCjD, might have appeared.
Although thie Codon 129 gengtype-of the at-risk donor and
the'other 27 recipients is not known, approximately 40% of
- the Caucasian population are methionine- ‘homozygous at
"Codon 129 6f PRNP.2

I conclusion, .cirdumstances raxsed the posmbx.hty'

that an-additional two cases of transfusion-transinitted
"vCJD have arisen, wl_nch are linked by a common donor
" who has not developed vCID: The records at the time of
the first transfusion are incomplete and an assessment of.
the likelihood of transfusion transmission- deperids on a

- tange of considerations, including the chances of blood -

being prowded by a single donor to two recipients in dif-
ferent hospitals; the protracted survival in the donor and

Recipient A, and the absence of disease in a cohort of *

other individuals who received blood transfusions derived

"+ from the same donor. Although transfusion transmission

- cannot be excluded in the case of Individual A; it is.also

-+ possible that disease in this individual was caused by
transmission of bovine spongiform encephalopathy infec-
tion through the food chain, the presumed cause of vCID

" in other primary cases.”® The likelihood of food:borne
exposure in Case A cannot be estimated directly from the
dietary history, but there is evidence of increased suscep-
tibility to pnmary vCID in younger age groups n
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