N

N

Wide distribution of prion infectivity in the peripheral
tissues of vCJD and sCJD patients
Jean-Yves Douet, Alvina Huor, Hervé Cassard, Séverine Lugan, Naima Aron,
Mark Arnold, Didier Vilette, Juan-Maria Torres, James W Ironside, Olivier
Andreoletti

» To cite this version:

Jean-Yves Douet, Alvina Huor, Hervé Cassard, Séverine Lugan, Naima Aron, et al.. Wide distribution
of prion infectivity in the peripheral tissues of vCJD and sCJD patients. Acta Neuropathologica, 2021,
141 (3), pp-383-397. 10.1007/s00401-021-02270-x . hal-03213699

HAL Id: hal-03213699
https://hal.inrae.fr /hal-03213699
Submitted on 30 Apr 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.inrae.fr/hal-03213699
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

Acta Neuropathologica (2021) 141:383-397
https://doi.org/10.1007/500401-021-02270-x

ORIGINAL PAPER

=

Check for
updates

Wide distribution of prion infectivity in the peripheral tissues of vCJD

and sCJD patients

Jean-Yves Douet' - Alvina Huor' - Hervé Cassard’ - Séverine Lugan’ - Naima Aron' - Mark Arnold? - Didier Vilette' -
Juan-Maria Torres® - James W. Ironside® - Olivier Andreoletti’

Received: 17 December 2020 / Revised: 18 January 2021 / Accepted: 19 January 2021/ Published online: 2 February 2021

© The Author(s) 2021

Abstract

Sporadic Creutzfeldt-Jakob disease (sCJD) is the commonest human prion disease, occurring most likely as the consequence
of spontaneous formation of abnormal prion protein in the central nervous system (CNS). Variant Creutzfeldt—Jakob disease
(vCID) is an acquired prion disease that was first identified in 1996. In marked contrast to vCJD, previous investigations
in sCJD revealed either inconsistent levels or an absence of PrPS¢ in peripheral tissues. These findings contributed to the
consensus that risks of transmitting sCJD as a consequence of non-CNS invasive clinical procedures were low. In this study,
we systematically measured prion infectivity levels in CNS and peripheral tissues collected from vCJID and sCJD patients.
Unexpectedly, prion infectivity was detected in a wide variety of peripheral tissues in sCJD cases. Although the sCJD infec-
tivity levels varied unpredictably in the tissues sampled and between patients, these findings could impact on our perception

of the possible transmission risks associated with sCJD.

Introduction

Transmissible spongiform encephalopathies (TSEs), or prion
diseases, are fatal neurodegenerative disorders that affect
a large spectrum of mammalian species. The fundamental
event in prion propagation is the conversion of the normal
cellular prion protein (PrP®) into an abnormal disease-
associated isoform (PrP%°) in the brain and other tissues of
infected individuals. PrP€ is completely degraded by diges-
tion with proteinase K (PK), whereas PrPS is N-terminally
truncated, resulting in a PK-resistant core termed PrP™ [41].
According to the prion concept, PrP%¢ is the principal, if
not the sole, component of the transmissible prion agent
[49] and PrP™ is a tissue marker for prion diseases [41, 51].
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Particular biochemical properties of PrP5, such as detergent
solubility, PK resistance and electromobility evidenced by
western blot can be used to distinguish between different
prion agents or strains [5, 6]

In humans, Creutzfeldt-Jakob disease (CJD) is a low inci-
dence disease (=~ 1 case per million population per year) that
occurs most often as either a sporadic (sCJD) or a familial/
genetic (fCJD) form. Whereas familial disease forms are
linked to pathogenic mutations in the human prion protein
gene (PRNP), no clear epidemiologic risk factors have been
identified for sporadic disease forms [57]. In the absence of
identifiable external sources that might explain sCJD occur-
rence, it is currently assumed that this disease is triggered by
the spontaneous and stochastic formation of a misfolded PrP
nucleus in the brain of the affected individual. This original
nucleus is considered to recruit and convert fresh PrP€ into
PrP%¢ leading to the progressive spread and propagation of
prions in the brain of the diseased patient. In fCJD cases,
PRNP mutations foster the formation of the initial misfolded
PrP nucleus, leading to an increased probability of develop-
ment of the disease [14].

In sCJD, two major brain PrP™ isoforms have been
described by western blot (WB): in type 1 PrP™, the
apparent molecular weight of the unglycosylated frag-
ment is 21 kDa, while in type 2, it is 19 kDa [45]. Spo-
radic CJD is not a uniform disorder in terms of its clinical
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and neuropathological phenotypes and is subclassified
according to the polymorphism at codon 129 of the PRNP
sequence (Methionine/Valine) and to the electromobil-
ity of the PK resistant core of the abnormal PrP (PrP™*:
either as type 1 or 2) [45]. The experimental transmission
of sCJD tissue isolates in transgenic mice that express
human PrP (TgHu) has confirmed that sCJD is associated
with a several prion strains that vary in their biological
and biochemical properties [7, 11]. Although the com-
plete spectrum of sCJD-associated prion strain remains
unknown, there is now significant evidence that the two
most frequent categories of sCJID, MM/MV type 1 and
MV/VV type 2, are predominantly caused by two distinct
prion strains, named M1<'P and V2P respectively [7, 11,
12,25, 33].

In 1996, a new form of CJD, named variant CJD (vCJD),
was identified in humans. Variant CJD was demonstrated to
be caused by the prion strain responsible for bovine spongi-
form encephalopathy in cattle, which is distinct from any
of the identified sCJD prion strains [29, 30]. Following the
emergence of vCJID, it was established that in both affected
and asymptomatic patients the vCJD agent accumulated in
a large variety of peripheral tissues, including lymphoid
organs and blood [15]. On the basis of these findings, the
risk of vCJD transmission by surgical and medical proce-
dures has been considered as serious by international health
authorities, leading to the implementation of systematic pre-
ventive measures aiming at limiting the risk of iatrogenic
vCJID transmission [56].

In marked contrast with vCJID, previous investigations
carried out in sCJD patients revealed either low or incon-
sistent levels or an absence of detectable PrP¢ in peripheral
tissues [24, 28]. These findings led to the general consensus
that the risk of transmitting sCJD in the framework of a non-
Central Nervous System (CNS) invasive clinical procedure
was low.

Recently, bioassays in transgenic mice that express the
human PrP gene and display a high sensitivity to sCJD dem-
onstrated the presence of prion infectivity in the plasma and
bone marrow of several sCJD patients [17, 32]. These results
raised questions about the overall distribution of prion infec-
tivity and transmission risks associated with other peripheral
tissues from sCJD patients.

In this study, we measured the prion infectivity levels in a
panel of tissues collected from vCJD and sCJD MM1 cases.
These bioassays demonstrated that, as expected, consistent
titres of infectivity were present in lymphoid tissues from
vCJD patients. However, for the non-lymphoid peripheral
tissues studied, variable and lower titres of infectivity were
detected in both sCJD and vCJD patients. These findings
could impact on our perception of the possible transmis-
sion risks associated with sCJD involving non-CNS invasive
procedures.

@ Springer

Methods
Ethics statement

All animal experiments were performed in compliance
with institutional and French national guidelines and in
accordance with the European Community Council Direc-
tive 86/609/EEC. The animal experiments that are part of
this study (national registration 01734.01) were approved
by the local ENVT ethic committee. Mouse inoculations
were performed under anaesthesia (isofulorane). Mice that
displayed clinical signs were anesthetized with isoflurane
before sacrifice using CO, inhalation.

Human tissue samples were obtained from the National
CJD Research & Surveillance Unit Brain and Tissue Bank
in Edinburgh, UK, which is part of the Edinburgh Brain
and Tissue Bank. For the purposes of this study, samples
were pseudo-anonymized using a Brain Bank reference
number. All cases had informed consent for research and
their supply and use in this study in keeping with the East
of Scotland Research Ethics Service approval for the Edin-
burgh Brain and Tissue Bank (16/ES/0084).

CJD and control patients

Tissues from four clinical vCJID cases (referred to in this
study as vCJD-1 to vCID-4) and one asymptomatic vCJD-
infected individual who received a transfusion of packed
red blood cells from a donor who subsequently died from
vCJD [47] (vCID-AS) were investigated. The vCJD cases
were homozygous for methionine at codon 129 (Met/
Met,,4), while the asymptomatic case was heterozygous
Methionine/Valine at this particular codon. Similarly, tis-
sues from five sCJD cases were investigated. Cases were
selected on the basis of their genotype at codon 129 (Met/
Met,,q), their PrP™ Western blot profile (type 1) and avail-
ability of peripheral tissues samples. Tissues from one
non-CJD case (Met/Met,,q) were used as control (NC-1).
The autopsies were performed in various hospitals across
the UK with appropriate facilities for cases of suspected
CID. For this group, the median post mortem interval was
48 h (range 30-72 h).

Basic demographic and medical history details for the
vCJD, sCJD and control cases are presented in Table 1.
In all cases, informed consent was given to examine the
entire PRNP coding sequence in order to exclude patho-
genic mutations in the PRNP gene [2, 42].
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Table 1 Clinico-pathological data and medical histories of sCJD and vCJD cases whose tissues were tested by bioassay

Patient PRNP geno- Gender Age at Disease duration Medical and surgical history
type codon onset
129 (years)

sCJD1 MM F 73 3 mo Tonsillectomy (age 6 y), idiopathic thrombocytopenia purpura (age 31 y),
splenectomy (age 33 y), thyroidectomy (age 51 y)

sCJD2 MM F 57 24 mo Hysterectomy (age early 30 s), breast cancer lumpectomy (age 46 y), mastec-
tomy (age 53 y), axillary node clearance (age 54 y)

sCJD3 MM M 67 1 mo Sutures to hand (age 35 y), excision of cyst on neck (age 45 y), laser treatment
to eyes (age 65y)

sClD4 MM F 65 4 mo Tonsillectomy (age 20 s), caesarean section (age 35 y), cervical laminectomy
and bone graft (age 48y), endometrial polyp excision (age 56 y), bilateral
varicose vein surgery (age 61 y), hiatus hernia (age 65 y)

sCJD5 MM F 64 3 mo Bilateral otosclerosis (age 39 y), osteoporosis (age 50 y), gallstones (age 58 y),
wound exploration and repair of radial distal nerve + sutures (age 59 y), pol-
ypectomy at colonoscopy (age 60 y), closed fracture calcaneus (age 60 y)

vClID1 MM M 25 10 mo Fractured L medial malleolus (age 11 y), sutures to R thumb (age 18 y)

vClD2 MM M 25 10 mo Tonsillectomy (age 12 y), fractured L wrist (age 12 y), minor head injury (age
22y)

vClID3 MM M 32 18 mo Nasal manipulation (age 14 y), plaque psoriasis (age 27 y)

vClD4 MM F 16 18 mo Adenoidectomy and insertion of L grommet (age 7 y)

vCID- MV F 82 - Blood transfusion after bowel resection (age 78 y), hyperthyroidism (age 30 s),

AS kidney stones (age 43), hysterectomy (age 45 y), bowel abscess (ag e 49 y),

hypothyroidism (age 57 y), chronic obstructive airways disease (age 63 y),
excision basal cell carcinoma (age 71y), diverticular disease—> sigmoid
resection (age 72 y), congestive cardiac failure (age 74 y), abdominal aortic
aneurysm (age 74 y), spinal osteoporosis (age 74 y), acne rosacea (age 74 y),
angina pectoralis (age 76 y), cataract operation X2 (age 79 y and 82 y)

NC MM F 80 - Alzheimer’s disease, cerebral infarction and ischaemia. (No other data avail-

able)

*Number of months (mo) after disease onset

Tissues samples collection and tissue homogenate
preparation

Tables 2 and 3 shows the tissue tested in each patient.
Tissues samples were collected post mortem using dispos-
able equipment, snap frozen, and stored at — 80 °C. Strict
precautions were undertaken to prevent potential cross
contamination of samples during collection, handling and
storage. Frozen samples were homogenized in 5% glucose
in distilled water in grinding tubes (Bio-Rad) adjusted to
10% (w/v) using a TeSeE"™" Precess 48" homogenizer
(Bio-Rad). Homogenates were then filtered through a 20 g
needle with a syringe.

Mouse bioassays

vCID and sCJD tissues bioassay were carried out using
mice expressing bovine PrP (tgBov-tg110) and human
PrP methionine at codon 129 (tg Met-tg340), respectively.
TgMet and tgBov mice expressed approximately fourfold
and eightfold more PrP compared to that seen in normal

human and cattle brain tissue [12, 13, 44]. These two mod-
els were already used to measure prion infectivity in vCID
and sCJD MM tissues in previous studies [12, 15, 32].

Tissues from the non-CJD control case were inoculated
in both tgBov and tg340 mice.

Groups of 6- to 10-week-old female mice (n=6) were
anesthetized and inoculated with 20 uL of a 10% tissue
homogenate in the right parietal lobe using a 25-gauge
disposable hypodermic needle. Mice were observed daily
and their neurological status was assessed weekly. When
clinically progressive TSE disease was evident, the ani-
mals were euthanized and their brains harvested. Half
of the brain from those animals that had displayed TSE
clinical signs was fixed by immersion in 10% formol
saline and the other half was frozen at — 20 °C. Tissues
from animals found dead were frozen (no formalin fixa-
tion was performed). In animals where no clinical signs
were observed, mice were killed at the end of their natural
life-span (600-750 days). In those cases, survival times
reported in the table as > 650 dpi or > 750 dpi.

@ Springer
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Infectious prion titre estimates

The infectious titre in a reference 10% weight/vol frontal
cortex homogenate from a clinical vCJD case and sCJD
cases were established by endpoint titration (intracerebral
route) in tgBov and tgMet mice respectively. The infectious
titre (LD5/g IC in corresponding mice lines) were estimated
by the Spearman—Kérber method [40].

The titre of prion infectivity in vCJD and sCJD case sam-
ples were estimated using the method developed by Arnold
et al. [4].

Abnormal PrP Western blot (WB) detection

PK resistant abnormal PrP extraction (PrP™") and Western
blot were performed on tissues as previously described [35].
Immunodetection was performed using one Sha31 (1 pg/ml)
monoclonal PrP-specific antibody, which recognizes the
amino acid sequences YEDRYYRE (145-152) [18].

Vacuolar lesion profiles

Haematoxylin—Eosin stained paraffin embedded brain tis-
sue sections were used to establish standardised vacuolar
lesion profiles in mice as previously described [20, 21]. Each
lesion profile was based on data obtained from a minimum
of 3 animals.

Results
vCJD transmission

Four clinical vCJD cases (Met,;,q homozygous) and one
asymptomatic vCJD case (Met,,q/Val,,4 heterozygous) were
selected on the basis of their clinico-pathological features
and PrP™ Western Blot profile in the brain (Table 1).

A panel of frozen tissues that included CNS (frontal cor-
tex), and 14 different peripheral tissues (such as primary and
secondary lymphoid tissues, endocrine and exocrine glands,
gonads, kidney, lung, liver, heart and skeletal muscles) from
each of these 5 cases was constituted (Table 2). Each sample
(10% tissue homogenates) was inoculated by the intracer-
ebral route (IC) to bovine PrP expressing mice (tgBov n=6
per sample, 20 pL. per mouse); a bioassay model identified
in previous studies as a sensitive and robust approach for the
detection and the quantification of vCJID infectivity [15, 17].

In all four vCID affected patients, the inoculation of fron-
tal cortex homogenate resulted in a 100% attack rate disease
transmission (Table 2). Only 5 out of the 54 peripheral tis-
sues samples failed to transmit disease in tgBov. Each of
the 14 different categories of peripheral tissues caused, at
variable extent, occurrence of clinical TSE in tgBov. Based

@ Springer

on these transmission results (positive versus absence of
transmission), the pattern of vCJD infectivity in peripheral
tissues was relatively similar across the four vCJD patients
(Table 2).

No TSE clinical signs or PrP™ accumulation in the brain
was observed in tgBov inoculated with frontal cortex from
the asymptomatic vCJD case (> 650 days post inoculation).
8 out of the 13 inoculated categories of peripheral tissues
transmitted a disease (lymphoid organs, lung, heart, pancreas
and thyroid) in tgBov (Table 2), which indicated a more
restricted distribution of the prion infectivity in the organs
of this asymptomatic Met/Val,,q patient than in the clinically
affected Met/Met,,q vCJID patients.

The PrP™ Western blot profile and the vacuolar lesions
profiles observed in mice inoculated with peripheral tissues
from both clinical vCJD and asymptomatic patients were
identical to those observed in tgBov mice inoculated with
the brain of the vCJD affected patients (Fig. 1).

No transmission was observed in tgBov mice that
received frontal cortex and peripheral tissues homogen-
ates from a non CJD control patient (Met;,o homozygous)
(Table 2, Fig. 1).

res

sCJD transmission

Five sCJD patients were selected on the basis of their clin-
ico-pathological features, genotype at codon 129 of the
PRNP gene (Met,, homozygous) and PrP™ Western Blot
type 1 profile in the brain (MM1 sCJD cases) (Table 1). This
is the commonest subtype of sCJD. A panel of 15 peripheral
tissues collected from these MM1 sCJD patients was con-
stituted. This panel matched the one investigated in vCJD
affected patients (Table 3).

Each sample (10% tissue homogenates) was inoculated by
the intracerebral route (IC) to Met,,o human PrP expressing
mice (tgMet, n =06 per sample, 20uL per mouse), a mouse
model that we already used to detect and quantify prion
infectivity in MM1 sCJD patients [32].

The inoculation of 10% frontal cortex homogenates from
the sCJD MM1 patients in tgMet (IC route, 6 mice, 20uL per
mouse) resulted in a clinical TSE with mean survival times
comprised between 200 and 240 days (Table 3). The PrP™*
WB profile and the vacuolar lesion profile in the brain of the
tgMet indicated that a same prion strain was present in the
frontal cortex of these five sCJD patients (Fig. 2).

Unexpectedly, in the majority of the cases, the inoculation
in tgMet of the peripheral tissues from the same MM1 sCJD
patients resulted in positive transmission. TgMet inoculation
revealed the presence of prion infectivity in all the differ-
ent categories of peripheral tissues except liver and gonads
(Table 3).

However, in contrast with vCJD, the bioassay results
(positive versus absence of transmission) indicated that



387

Acta Neuropathologica (2021) 141:383-397

9SBASIP QOYE[-IP[RJZINAID) JURLIBA [RITUI[D (774 ‘ann 11 ‘urajoid uorid g g ‘9[qe[TeAR JOU YA ‘99T paje[noour

JO JoquInu u 0[q uIaIsom £q 901w 9ANISOd J.iJ ‘[PULIOUqE JO JOQUINU U ‘SNOT)ISUI Juf ‘[RATAINS “aing ‘OonewoldwAse SV ‘%G1 oY) JO SaLepunoq JoysIy pue JoMo] Yiim asop [eyId] %0S 0SAT

SoN[eA PIJBWIISA SB USAIS oI SOI)I) SNOT)OSJU] "PBO] SNOTOSJUI 9JETUIS 0} UOTIN[IP YOBA J& W) UONEqNOUT 9Snowt
[enpIAIpUI 9Y) PUe (UOTN[IP Yord Je el Joe)Ie) [BAIAINS Jo AjIqeqold oy sasn poyiowt oy, ‘[] ‘[ 10 p[ouly Jo poyjow 9y} Suisn Aq pajewnsd a1om sonn uorid snonodjuy ‘pariodar are s[ewrue
aanIsod Jo owir) [BAIAINS [ENPIAIPUL 9SBD JBY) U] "9ANIsod 210m S[RWIIUR 9311} UeY) SS9] uaym 1dooxe S F ueow se pajudsard ore sowm [eAlAIng (YA AYATX 2donds ¢eys Apoqnue- . J1d)
jo1g uI)sop £q ureIq ur pejosjep sem uonisodop Jid [BULIOUQE USYM PAJOaJur UoLId paIopIsuod a1om OTJN uonernoour-jsod skep 00/—009 Joje 10 uonoajur uorid Jo suSts [eoruI[d pamoys Koy}
UQUM POZIUBYIND AIIM TN ‘A0g S} UI Poje[noour os[e a1om ([0U0d 9AIRSIU) (D UMM PAJOdLe 10U Sem Jey) [BNPIAIPUI 67 UOPOJ & QUIUOIYIOW & WOIJ SanssL], “ouad gNYJ 9} JO 7] UOpod
Je (QuIfeA/ourUOIYIoW) SNOSAZOIARY SeM SY-JDA JUdled dUT JNYJ Y} JO 6] UOPOD Je QUIUOIYIdW I0J SnoSAZowoy aIom H-[DA 01 [-ArDA (SY-ALDA) [ENPIAIPUT PAIJUI-J DA dNeW
-oydwifse ue 10 ($-qrDA 01 [-ArdA) syuened DA onewoydwAs woiy worow 3sod pajoay[0d Usaq pey Jey) sonssy Jo (SWn[oA / JYSIom 9(]) SeJeusSowoy YIM PoJe[nooul dIom 9dTW Aog S,

(501
00L<  9/0 *6101) ¢201 PrFIIS  9/9 - - - KreaQ
(¢0T (01 (01
- - - VN - - - e0D 01 YTFLYY 919 201 ¢701 ESFS8Y 9/ ‘01 101 0CFSSy  9/9 Snsa,
(501 (201 (o1 s[osnw
00L<  9/0 - 009<  9/0 ‘4101 01 T8FLYS 9/ 10D 01 IEF967  9/9 - VN 30D 01 LYF¥SS  9/€ [e1999S
(2401 (¢-01 (01 (01
00L<  9/0 - 009<  9/0 ‘01 01 SEFELE  9/9 5,01 0T LEFSSY SIS ‘ge0D) 01 OTF¥0S 9/ 201) (0T I6FLvy  9/9 molrw duog
(501 (1401 (01 (10T (401
00L<  9/0 ‘40D 01 €0S  9/1 2¢01) 101 STFEY  9/9  701) ¢01 8EFCG8Y  9/€  ‘¢L01) ;01 EOFILY  9F ‘60D ¢01 SFEPP  9/9 PUB[S [EUAIPY
01 (501 (401 (5201 (3201
00L<  9/0 ‘140D 01 LS 9/T ‘g0 01 6£F8IS  LIL ‘20-01) (0T 929 91 ‘00D 01 €S 91 ‘601,01 89F08y 9/ proikyy,
(9101 (;-01 (c01 (¢101
00L<  9/0 001 0T 009 ‘TLS 9T 21-01) (01 LT L ‘9001 ¢(01 €6S°€TS 9T ‘001 01 909 91 - 009<  9/0 searoued
(01 (40T (o1 pue[s
00L<  9/0 - 009<  9/0  ‘¢01) ¢01 LTFSOS 9% ‘701 01 TTFSOY  9/S - 009<  9/0 101) 01 €ESFESS 9y Arearres
(301 (01 (501
00L<  9/0 - 009<  9/0  ‘;-01) 01 YTF86Y  9/9 01 01 ISFEIS 9 - 009<  9/0 ‘3,01 01 1€ 9/1 Koupryf
(o1 (ot (5401 (4201
00L<  9/0 - 009<  9/0  “,(-01) ;01 819°819  9/T ‘101 (01 SEF6TY 99 701) 4,01 TSFOIS  9/S 4401 4,01 €9F87S  9¥ ToAr]
(501 (5201 (6101 (5201 (5101
00L<  9/0 ‘00 4,01 TWSWOS 9T 101 0T SIFEGr 919 10D 01 98S 91 201) 4,01 9EFTOY 9 01 01 009 ‘€¥S 9T 1eoH
(401 (201 (01
00L<  9/0 ‘500 ¢ 01 T9OFLES  9/S - 009<  9/0  ‘1L01) 01 6TFS6Y  9/9 - 009<  9/0 ‘1401 ¢¢(01 L109°109 9T Suny
(201 (501 (201 (5201
00L<  9/0 ‘(0D ¢01 09 91 ‘401 01 OrFLIS  9/S VN ‘0D ¢,01 PSF6ES LI “g101) 01 EPFEIS  9/9 snwAyg,
(01 (¢01 (401 (01 (401
00L<  9/0 ‘01 501 6V FS8y 919 01) (01 SEF8EY 919 00 ¢ 0T IPFLEE SIS ‘40D 0T EFISE  9/9 ‘44,01 01 PIFHPE  9/9 uao[dg
dpou
(g401 (401 (01 (5201 (401 ydwdy
00L<  9/0 ‘400 ¢, 01 6VF06E  9/9 ‘01 01 OTFCTY  9/9 ‘401 o401 8IF9LE  9/9 ‘101 01 SFE6Y 9IS ‘9¢01) 0T STFOOF  9/9 |LRIZSCR)
(,e01 (65001 (10,01 (z,01
00L<  9/0 - 009<  9/0 ‘ho0T) 11401 61F60E 99  ‘9501) ¢rg0T LTFG6T 919 ‘30901 40T SIF68T 99  “;z:901) 4,601 PIFIST  9/9 X9MOJ [RIUOL]
sajewr sajewr S9jewxr sajewr S9jewx
-1$9 11 "Jup QW ‘ALNg  Ou/u -1$9 11 "Juy swn ‘ALng - Qu/u -11$9 11 “Jup awn ‘ALng  Qu/u -1$9 11 "Jup own ‘ALNg  (Qu/u -11$9 11 “Jup Qwn ‘AL - (Qu/u anssiy,

Qwmn ALng  Qu/u

[013U05 9ATIESON

(¥002/97) SV-ArdA

(ST/00) ¥ -ArOA

(621/66) € -ArDA

(101/00) T -ArdA

(9L/10) 1-ArDA

sosed DA dnewoldwAse pue [edIUId 10§ (A0g3T)) 901w Furssardxo—gi1d auraoq ur sjynsar Aesseolq sojdures onssn [eroydured pue urelrg g sjqel

pringer

a's



388 Acta Neuropathologica (2021) 141:383-397

vCJD case 1 in tgBov

a
N > @
S &£ (3’+ S £ &
§ & & & N g S
Oo O " A I S L &
@ S F&FfFFHF &
O E X E IV o
30 kDa — . . —
' * s ’ l ' . !
20 kDa —
Negative control in tgBov
b
N S @
S &£ (3’+ S £ &
§ & & » N &S
Oo O - R I S L &
@ S & Qée?.bQ SFE &
O E X E IV o
30 kDa — . -
20 kDa — ..
c d
5 - Frontal cortex (vCJD 1 to 4) 5 - Peripheral tissues (vCJD- AS)
4 4
o 3 o 31
S S
" 2| 0w 2
1 1
0 - 0 -
G1 G2 G3 G4 G5 G6 G7 GB G9 W1 W2 W3 1 G2 G3 G4 G5 G6 G7 GB G9 W1 W2 W3
Brain areas Brain areas
e
5 Spleeen (all vCID cases)
4_
o 31
8
(7]

G1 G2 G3 G4 G5 G6 G7 G8 G9 w1 w2 w3

Brain areas

@ Springer



Acta Neuropathologica (2021) 141:383-397

389

«Fig.1 Abnormal PrP and vacuolar lesion profiles in the brain of
tgBov mice. Transgenic mice expressing bovine PrP (tgBov) were
inoculated with tissues (10% weight/volume homogenates) from 4
vCJD cases (vCID 1 to 4, homozygous Met,,q), one vCJD asympto-
matic case (vCID-AS, Met/Val 129 heterozygous) and one non CJD
control patient (homozygous Met,,q) (Table 1). Mice were euthanized
when they showed clinical signs of infection or at the end of their
natural life-span (600-700 dpi) and their brains were systematically
collected. Western-blot and PrP™ immunodetection in the brain of
tgBov mice inoculated with tissue homogenates a from case vCJD-1
and b the non CJD control case. PrP™® Western blots were performed
using the Sha31 monoclonal antibody (epitope: ;,sYEDRYYRE,s,
of the human-PrP). On each gel (i) a scrapie in sheep isolate (WB
cont.) and a vCJD reference isolate were used as controls. Vacuolar
lesion profiles in the mice of tgBov mice inoculated with, ¢ frontal
cortex from vCID-1 (empty circle), vCJD-2 (empty inverted triangle),
vCID-3 (empty triangle), vCJD-4 (empty square) and d spleen from
vCID-1 (empty circle), vCID-2 (empty inverted triangle), vCID-3
(empty diamond), vCJD-4 (empty square) and vCJD-AS (filled tri-
angle). e Lesion profiles were established in tgBov mice that were
scored PrP™ positive by western blot following the inoculation
with the vCIJD-AS case cervical lymph node (empty circle), lung
(empty triangle), and spleen (empty square). Lesions profiles were
established (using at least 5 individual mice) following the standard
method described by Fraser and Dickinson in nine grey matter brain
areas (G1 to G9) and three white matter brain areas (W1 to W3) [21]

the prion infectivity distribution pattern in peripheral tis-
sues strongly differed between the five affected MM1 sCJD
patients. For instance, in sCJD case 2, positive transmis-
sions were observed in tgMet inoculated with 10 out of the
13 tested peripheral tissues including lymphoid tissues,
salivary glands, kidney, heart and pancreas. In contrast,
in sCJD case 3, positive transmissions were only observed
for 4 out of the same 13 tissues (lung, adrenal gland, bone
marrow and skeletal muscle), with no disease transmission
resulting from inoculation of lymphoid tissues, salivary
gland, kidney, heart or pancreas (Table 3).

Interestingly, bioassay of the lymphoid tissues (spleen,
cervical lymph node and tonsil) resulted in a disease
transmission in only 3 out of the 5 sCJD cases (cases 2, 4
and 5). These results support the contention that in MM1
sCJID patients, the presence / absence of infectivity in the
lymphoid organs is apparently not a determinant driver of
the accumulation of infectivity in the other categories of
peripheral tissues.

Despite the differences in bioassay transmission pat-
terns, the PrP™ Western blot profile and the vacuolar
lesions profiles overserved in tgMet mice inoculated with
MM1 sCJD peripheral tissues and frontal cortex brain
homogenates were identical (Fig. 2), indicating that the
same prion strain was present in the peripheral tissues and
the CNS of the five MM1 sCJD patients.

No transmission or PrP™ accumulation was observed
in tgMet mice inoculated with peripheral tissues from the
non CJD control patient (Table 3, Fig. 2).

Infectivity titres estimates

In order to estimate the infectivity levels in the vCJD
and MM1 sCJD patients’ tissues, we applied the method
described by Arnold et al. [4]. This approach uses both the
probability of survival (attack rate at each dilution) and
the individual mouse survival time at each dilution. The
relationship between the titre of inoculum and the prob-
ability of infection and the length of the survival times
were derived from data corresponding to endpoint titra-
tion of a vCJD and a MM reference isolate in tgBov and
tgMet mice, respectively [17, 32]. A normal distribution
for the relationship between dose and survival time was
assumed and the probability of infection versus dose was
assumed to follow a logistic regression curve (supplemen-
tary Fig. 1).

Using this approach, the infectious titre in the frontal
cortex of the four vCJD patients was estimated to range
between 10%!! and 1057 ID5, IC in tgBov per gram of tis-
sue (Table 2).

The estimated infectivity levels in secondary lymphoid
tissues (spleen and cervical lymph node) were 1 to 4 log10
lower than in the frontal cortex of the same patient. Infectiv-
ity levels in the other categories of peripheral tissues were
2.5 to 6 logl10 lower than in the frontal cortex (Table 2,
Fig. 3).

Strikingly, in some of the vCJD affected patients, infec-
tivity levels in heart (vCJD-3 and 4), kidney (vCJD-3 and
4), lung(vCJD-3), salivary gland (vCJD-3 and 4) or thyroid
(vCID-4) were only 1 to 2 log10 lower than in the spleen
and/or cervical lymph node (Table 2, Fig. 3).

As already stated, the distribution of the prion in the
peripheral tissue of the vCJD asymptomatic case was more
restricted than in vCJD affected patients (Fig. 3). However,
when positive, the peripheral tissues from the asymptomatic
patient displayed similar infectivity levels to those observed
in the vCJD patients at the clinical stage of the disease
(Table 2, Fig. 3).

In the MM1 sCJD patients, the estimated infectivity lev-
els in the frontal cortex varied between 10%% and 1078 Dy,
IC in tgMet/gram (Table 3). Infectivity levels in peripheral
tissues that scored positive in bioassay were 2.8 to 8 log10
lower than in the frontal cortex of the same patient (Table 3,
Fig. 3). In all five cases, no obvious relationship seemed to
exist between the infectivity level in the CNS (frontal cortex)
and either the distribution or the levels of sCJD infectivity
in their peripheral tissues (Fig. 3).

In the sCJD cases 2, 4 and 5, the lymphoid tissues dis-
played maximal level of infectivity that were 3-3.5 log10
lower than those observed in the frontal cortex (Table 2,
Fig. 3). Strikingly, the infectivity levels associated with
some peripheral tissues such as salivary gland (sCJD2),
heart (sCJD2), kidney (sCJD 2) or bone marrow (sCJD 5)

@ Springer
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Table 3 (continued)

Negative control

sCID 3 (02/83) sCID 4 (03/20) sCID 5 (31/2009)

sCJD 2 (21/2006)

sCJD 1 (96-1999)

n/n0 Suriv time

Inf. tit esti-
mates

n/n0  Suriv

Inf. tit

n/n0  Suriv

n/n0 Suriv time Inf. tit

Inf. tit

n/n0  Suriv

Inf. tit esti-

mates

n/n0  Suriv.

Tissue

estimates

estimates

estimates

time

time

time

time

>750

0/6

>750

0/6

0/6  >750

(10—0.8,

1040.2

3/6 484+81

304+32  10%°
(10*4,

5/5

1041.4 (1042.5’
10—02)

1/6 485

Skeletal
muscle

>750

0/6

>750

0/6

NA

100.5)

NA

10%4)

NA

>750

0/6

Ovary

Testis

Tg Met mice were inoculated with homogenates (10% weight / volume) of tissues that had been collected post mortem from symptomatic sCJD patients (sCJD-1 to sCID-5). All the sCIJD

patients were homozygous for methionine at codon 129 of the PRNP gene and displayed a type 1 abnormal PrP profile in their brain. Tissues from a methionine at codon 129 individual that
considered prion infected when abnormal PrP deposition was detected in brain by Western Blot (PrP™* -antibody Sha31 epitope YEDRY YRE). Survival times are presented as mean + SD except

when less than three animals were positive. In that case individual survival time of positive animals are reported. Infectious prion titres were estimated by using the method of Arnold et al. [4].

The method uses the probability of survival (attack rate at each dilution) and the individual mouse incubation time at each dilution to estimate infectious load. Infectious titres are given as esti-

mated values
LD50 50% lethal dose with lower and higher boundaries of the CI195%, Suriv. survival, Inf infectious, n number of abnormal, PrP positive mice by western blot, n0 number of inoculated mice;

was not affected with CID (negative control) were also inoculated in tg Met. Mice were killed when they showed clinical signs of prion infection or after 750-days post-inoculation. Mice were
NA not available, PrP prion protein, sCJD sporadic Creutzfeldt-Jakob disease; tif titre

could be equivalent or even higher than those measured in
the lymphoid organs of the same patient (Table 2, Fig. 3).

Discussion
vCJD associated risks

Following the emergence of vCJD in the UK in 1996, the
presence of abnormal prion protein in the lymphoid tissues
of affected patients was rapidly identified [31, 55]. This
immediately raised major concerns about the risk of its iatro-
genic transmission of the disease (via contaminated surgical
instruments and blood transfusion) and led, in many coun-
tries, to the implementation of specific preventing against
this risk.

Despite a relatively limited number of identified clini-
cal cases (n=231), the most recent epidemiological studies
indicated that 1 out 2000 people in the UK could carry the
vCJD agent (as judged by the presence of abnormal prion
protein detected by immunohistochemistry in lymphoid fol-
licles in the appendix) and that the exposure period to BSE
agent in the UK could have largely exceeded the period ini-
tially considered to be at risk (i.e. the 1985-1996 period)
[22, 23]. Over the 25 years since the emergence of vCJD
only five instances that are a likely consequence of iatro-
genic vCJID transmission have come to light, all in the UK
and all associated with blood and blood-products [36, 37,
46, 47]. No cases of vCJD due to iatrogenic transmission by
medical or surgical procedures have been identified, indicat-
ing that the preventive measures implemented to mitigate its
transmission were effective [26, 39].

The overall picture of the distribution and levels of prion
infectivity in the tissues of both vCJD affected and asymp-
tomatic patients that we here report confirm the numer-
ous hypotheses and the mosaic of experimental data that
were used to design the infection control measures that
were successful in limiting iatrogenic vCJD transmissions.
These results also reinforce the fact that vCJD transmission
risks have not disappeared since each asymptomatic vCJD-
infected individual in a human population will continue to
represent a potential source of disease transmission.

Peripheral tissue infectivity in sCJD

Seminal transmission experiments of peripheral tissues
from sCJD cases in primate models failed to detect infec-
tivity in a large selection of peripheral tissues, body fluids
and excretions (except in one liver sample) [10]. Abnor-
mal PrP immunodetection techniques (Western blot and
immunohistochemistry) also failed to reveal the presence
of prion in the peripheral tissues of sCJD patients [27,

@ Springer



392 Acta Neuropathologica (2021) 141:383-397

sCJD case 1 in tgMet

a
> & & S > S ¥
£ & &Y S o0 & &
ST L o038 LLE
¢ FFELEFT &F LT LE
S & FIXE P L P

b
S & & 3 > & F®
& FY S o & &
& o°° & L & D S & & &0
RGN
S EFXE PP P

30 kDa — .

20 kDa — "
c d
5 - Frontal cortex (all sCJD cases) 5 sCJD-1 tissues
4 4
o 31 o 31
] ]
N 2 " 2.
1 1
0 - 0 -
G1 G2 G3 G4 G5 G6 G7 G8 G9 W1 W2 W3 G1 G2 G3 G4 G5 G6 G7 G8 GO W1 W2 W3
Brain areas Brain areas
e
5 1 Bone marrow (all sCJD cases)
4 4
o 31
o
Q
» 2

G1 G2 G3 G4 G5 G6 G7 G8 G9 W1 W2 w3
Brain areas

@ Springer



Acta Neuropathologica (2021) 141:383-397

393

«Fig.2 Abnormal PrP and vacuolar lesion profiles in the brain of
tgMet mice. Transgenic mice expressing the methionine 129 (TgMet)
variant of the human-PRNP were inoculated with tissues (10%
weight/volume homogenates) from 5 MMI1 sCJD cases and one
homozygous Met,, non CID control case (Table 1). Mice were euth-
anized when they showed clinical signs of infection or at the end of
their natural life-span (> 750 dpi) and their brains were systematically
collected. Western-blot and PrP™ immunodetection in the brain of
tgMet mice inoculated with tissues homogenates a from case sCJD-1
and b the non CJD control case. PrP™* Western blots were performed
using the Sha31 monoclonal antibody (epitope: ;s YEDRYYRE,s, of
the human-PrP). On each gel (i) a scrapie in sheep isolate (WB cont.)
and a MM1 sCJD reference isolate were used as controls. Vacuolar
lesion profiles in the mice of tgMet mice inoculated with, ¢ fron-
tal cortex and bone marrow d from sCJD-1 (empty circle), sCID-2
(empty inverted triangle), sCJD-3 (empty triangle), sCID-4 (empty
square). e Similarly, lesion profiles were established in tgMet mice
that were scored PrP™ positive by western blot following the inocu-
lation with the sCJD-1 case frontal cortex (filled inverted triangle),
lung (empty circle), heart (empty triangle), and salivary gland (empty
square). Lesions profiles were established (using at least 5 individual
mice), following the standard method described by Fraser and Dick-
inson in nine grey matter brain areas (G1 to G9) and three white mat-
ter brain areas (W1 to W3) [21]

28].These findings led to the generally accepted view that
prion infectivity in the sCJD remains mostly confined to
the CNS.

In 2003, improved Western Blot protocols for PrP™*
immunodetection revealed the presence of prion in the
spleen (10 positive out of 28 cases) and/or the skeletal mus-
cle (8 positive out of 32 cases) [24]. More recently, trans-
mission studies of sCJD tissues in human PrP expressing
transgenic mice (using plasma and bone marrow samples)
and in vitro amplification of prions in a small number of
sCJD peripheral tissues (skin, kidney, lung, adrenal gland)
provided further evidence to the view that prions can accu-
mulate in the peripheral tissues of sCJD affected patients
[17, 32,43, 52].

The results that we here report provide unequivocal and
definitive evidence of the widespread distribution of the
prion infectivity in the peripheral tissues in MM1 sCJD
patients.

Other types of patients

Since our study was restricted to MM 1 sCJD cases (the com-
monest sCJD subtype), additional investigations will be nec-
essary to formally establish that consistent accumulation of
prions in peripheral tissues also occurs in patients with other
PRNP genotypes (Met/Val,,, and Val/Val,,) and/or affected
with other sCJD prion strains [11]. The presence of abnor-
mal PrP (in spleen and the skeletal muscle) and infectivity
(in bone marrow) already identified in MV2 and VV2 sCJD
patients indicates that this phenomenon is unlikely to be
limited to MM1 sCJD cases [24, 32].

Variability in sCJD patients

The nature of peripheral tissues that accumulated infectiv-
ity in sCJD and vCJD cases were relatively similar. While
the patterns of prion distribution and the infectivity levels
observed in the peripheral tissues were relatively homog-
enous in the vCJD cases, particularly in lymphoid tissues,
a high degree of variability was observed across the sCJD
cases. Brain vacuolar lesion profiling and PrP™ WB typ-
ing confirmed that the same prion strain was present in the
brain and the peripheral tissues of all the sCJD affected
patients. This rules out the hypothesis that prion strain(s)
difference(s) (between individuals or in tissues from a same
individual) could be responsible for the observed variability.

The comparison of prion distribution pattern in sCJD case
2 (20-months clinical phase duration) and sCJD cases 1, 3,
4 and 5 patients (1-4 months clinical phase duration) might
suggest that, at first glance, a longer clinical phase duration
is likely to be associated with a more widespread distribution
of prions in the body tissues. However, even if our study rep-
resents an unprecedented effort for characterizing CJD agent
distribution patterns in the organs of affected patients, the
number of sCJD cases that we investigated is too limited to
draw definitive conclusions. The characterisation of a larger
cohort of sCJD patients will be necessary to establish the
relationship that might exist between the distribution and/
or infectivity levels in peripheral tissues and sCJD patient
age at clinical onset and the duration of the clinical phase
of the illness.

latrogenic transmission of CJD

Several hundred cases of iatrogenic CJD transmission (iCJD)
have been reported worldwide, the vast majority of which
are likely to represent transmissions from sCJD patients [9].
The principal sources of these outbreaks were intramuscu-
lar injections with contaminated human pituitary-derived
growth hormone (226 cases) and implantation of dura mater
grafts (228 cases) derived from human cadavers with undi-
agnosed sCJD infections. A small number of cases were
apparently also caused by neurosurgery using contaminated
neurosurgical instruments and EEG electrodes (6 cases),
transplantation of corneal grafts (2 cases) and intramuscu-
lar injections with human pituitary-derived gonadotrophic
hormone (4 cases) [9].

These cases dramatically illustrate the high resistance of
CJD prions to standard medical decontamination procedures
and their particular abilities to bind to steel surgical instru-
ments [19, 53]. Survival times in the individuals who were
exposed to sCJD agent(s) by the peripheral route could be
extremely long and variable; for instance, in patients that
received intramuscular injection of contaminated human
pituitary-derived growth hormone, the onset of clinical signs
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Fig.3 infectivity levels in peripheral tissues and frontal cortex of
vCJD and sCJD patients. Cases vCJD-1 (empty circle), vCID-2
(empty inverted triangle), vCJD-3 (empty triangle) and vCJD-4
(empty square) died with clinical vCJD. These four patients were
Methionine homozygotes at codon 129 of the PRNP gene. Patient
vCID-AS (filled circle) died at an asymptomatic stage of the dis-
ease. This patient was heterozygous Methionine/Valine at codon
129 of the PRNP gene. Cases sCID-1 (empty circle), sCID-2 (empty
inverted triangle), sCID-3 (empty triangle), sCID-4 (empty square)
and sCJD-5 (empty diamond) died with clinical sCJD. All five were
Methionine homozygotes at codon 129 of the PPNP gene. 10%
weight/volume tissues homogenates (frontal cortex and periph-

and symptoms of iatrogenic CJD could be observed between
4 and 42 years after the treatment [9].

In a context where sCJD infectivity is apparently limited
to the CNS, the medical and surgical procedures responsible
for iatrogenic transmission of the disease remain relatively
limited, the overall risks for sCJD iatrogenic transmission
are now considered to be remote since most of these estab-
lished routes of transmission be avoided (e.g. the use of
human pituitary-derived hormones and human dura mater
grafts) [9].

Our detection of low levels of sCJD infectivity in non-
CNS tissues such as lung, heart, muscle or even salivary
gland was unexpected. We next reviewed the medical histo-
ries for the sCJD patients that we studied (Table 1), which
revealed surgical procedures (s-CJD-2 and 4) and/or inva-
sive medical examinations (polypectomy under colonoscopy

@ Springer
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eral tissues) from vCJID and sCJD cases were prepared and inocu-
lated in bovine PrP (tgBov) and Met129 human PrP expressing
mice respectively. Mice were euthanized when they showed clinical
signs of infection or after 600 dpi. Mice were considered infected
when abnormal PrP deposition was detected in brain by western blot
using the Sha31 monoclonal antibody: epitope amino acids 145-152
(YEDRYYRE) of the sheep PrP sequence. Infectious prion titres
were estimated using the method developed by Arnold et al. [4]. The
model uses both the probability of survival (attack rate at each dilu-
tion) and the individual mouse survival times at each dilution to esti-
mate the infectious load

sCJD-5) only few years before the clinical disease in these
patients. Some years ago, the presence of infectivity in the
plasma and the detection of abnormal prion protein in the
urine of sCJD patients raised concerns about the risks of
sCJD transmission by blood transfusion and plasma/urine-
derived medical products [17, 38]. The detection, in our
study, of infectivity in the bone marrow and the kidney of
sCJD patients further reinforces these concerns.

Prion titres as measured by intracerebral inoculation in
PrP over-expressing transgenic mice models can provide
us with estimates of the relative infectivity levels present
in the CNS and peripheral tissues of affected patients. This
approach conforms to the current gold standard for quanti-
fication of prions. However, in a context where the amount
of infectivity that would be necessary to transmit disease
to another human remains unknown, the infectivity titre
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estimates (as established following intracerebral inocula-
tion in a reporter animal model) cannot be used to directly
infer transmission risks to patients. Other factors, includ-
ing the various different potential exposure routes (sub-
cutaneous, intramuscular, etc.) and the decontamination/
sterilisation methodologies used on the surgical instru-
ments /materials involved, will also influence the transmis-
sion risk analysis [1].

In many industrialized countries, reliable CJD passive
surveillance programs have been established for decades.
The apparently stable and low prevalence of sCID cases
in these countries bring some reassurance about the low
numbers of iatrogenic CJD cases in this century [9], per-
haps reflecting the variable and lower prion titres detected
in the non-CNS tissues in this study.

Guidelines are in place to mitigate and control the risk
of iatrogenic transmission of CJD in a healthcare setting
[1, 56]. The procedures for cleaning and decontamination
of surgical instruments and/or medical equipment now
includes an assessment of their potential contamination
by prions. However, prions are notoriously resistant to
physico/chemical treatments and decontamination process
that would be efficient on these agents remain generally
inapplicable to some surgical and medical equipment [54],
resulting in recommendations to destroy neurosurgical
instruments that have been used on the brain of a patient
with definite or probable CJD. Furthermore, the presence
of dementia or an evolving neurodegenerative disorder in a
patient undergoing medical or surgical procedures triggers
the use of specific protocols designed to prevent the risk
of potential transmission of CJD from the equipment used
(surgical tools, endoscopes, etc.). The use of cells/tissues/
organs and body fluids from these groups of patients for
therapeutic purposes (blood donations, tissue grafts, etc.)
is also restricted [1, 56].

When considering the risk of iatrogenic transmission of
prion agents from CJD patients, one fundamental question
is: How early before the occurrence of clinical signs and
symptoms is prion infectivity likely to be present in periph-
eral solid tissues, blood and urine?

All the samples that we used to establish infectivity levels
in tissues were collected post mortem in sCJD and vCJD
patients at the terminal stage of the disease. There is clear
evidence for the presence of infectivity in the blood and the
peripheral tissues years before the clinical onset of vCJD in
asymptomatic infected patients [3, 8, 16, 17]. However, it is
uncertain that the infectivity levels and distribution in the
post mortem peripheral tissues of sCID and vCJD patients
reflect the situation that could be observed at a preclinical
or early clinical stage in the same patients. In the absence of
tissue samples collected from asymptomatic sCJD patients
we are totally lacking in data, therefore trying to elaborate
further on this question would be totally speculative.

In several forms of genetic prion disease, for example
those associated with the E200K PRNP mutation, the clin-
ical disease manifestations, PrP™® WB signature and tissue
PrP™* distributions are similar to that in sCJD [34, 48].
Despite the ethical issues it might raise, the longitudinal
collection of blood samples and body fluids, for research
purposes, in consenting patients belonging to families
affected by these genetic forms of prion diseases (with
confirmed mutations of the PRNP gene) may represent the
only possibility to address this question.

In conclusion, the systematic surveillance of CJD and
related epidemiological studies in many countries confirm
the decline of cases of iatrogenic CJD due to recognised
medical or surgical procedures, such as human dura mater
graft surgery or treatment with human pituitary-derived
growth hormone. However, they do not exclude the pos-
sibility that iatrogenic transmission could at least partly
account for some sCJD cases observed in the population,
particularly in localized geographic regions with evidence
of CJD case clusters [50].

Many uncertainties remain on the early stages of the
prion accumulation and infectivity in the peripheral tis-
sues in patients infected with sCJD. However, the results
of this study suggest that the iatrogenic transmission risks
associated with sCJD peripheral tissues should not be
disregarded.
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