Prevalence of immunchistochemical Accumulation of Prion
Protein in UK Tissue Samples — Dr David Hilton

SEAC Response

SEAC considered the preliminary findings from Dr Hillon's study at its
February meeting. The committee agreed the resulls were of considerable
interest, though the prognostic significance of a positive sample was
unknown. There was some uncertainty about the interpretation of two of the
positive results that were found in the study, which also made it difficult to
draw any firm conclusions about the significance of the results with respect to
the possible prevalence of infection with the vCJD agent in the population.
The committee noted that experimental fransmission studies were being set
up fo address some of the uncertainties, but it would be some considerable
time before the resuits would be available.

The size of the study was limited and the results were thus also subject to
considerable statistical uncertainty., SEAC emphasised the importance of
speeding the conduct of further research using frashly collected tonsil
specimens to increase the sample size on which estimates of the prevalence
of infection might be based. SEAC will be kept informed of progress with this
Work.
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Prevalence of lymphoreticular prion protein
accumulation in UK tissue samples
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Abstract

This study sims to provide an estimute of the number of individusls in the UK who way
be incebuting vartant Crentefeldt-Jukob disease and ot visk of cansing latrogenic spread
of the disease. Lymphoretivalar scoumulation of prion pretein is 2 vonsistent fenture of
variant Creutzfeldi-Jakob uf autopsy and bay also been demuonstrated In the presclinical

1.

F immunehistochemical accemulation of prioe protein in the lmphoreticular system

Fersbod |9 Februgry 2004
Resviaad: 15 March 2004
Agcepted X2 Murch 3004

remains the only technique that has been shown i predict neurclogical disease reliably
in animsl prien diserders. In this study, immumshistechemistry was used o demonstrate
the presence of prion protein, with moneclonad antibodies KGY and 354, in surgleally
remmpved tonsillectomy and appendicectomy specimens. The samyples were cullevted from
histopathology departments avross the UK and snonymised prior to festing. Samples were
tested from 16703 patients (14964 appendectomies, 1739 tonsiflectomies), approximagely
0% of whom were from the age group 2029 years at operation. Twenty-five per cent of the
sammples were excluded from the final snalyses becsuse they coutained inadeguate amounts
of lymphoid tissue, Three appendicectomy ssmples showed Ivmphoreticalar accumulation
of prion proteln, giving an cstimated prevalenve of YI12674 or 237 per million (95%
£F 49653 per million). The pattern of lymphoretivelor sccumulation in two of these
sumples was dizsshudlar from thut seen In Roown cases of variant Creutefeldi-Jukob disease.
Although 1t Is unceriain whether immunohistachemicsl accumuiation of prion protein in
the iymphereticalor system b specific for variant Crentzieldi-Jakob disense, it has not been
deseribed in any other disease, including other forms of human prion discase or 8 range of
inflasnratory and infective conditions. These findings reloforee the impertance of measures
taken by the UK Bepartment of Health to redoce the risk of spread of variant Creutafelds.
Jakeb vis hioed prodocis and surgical lnstruments, and of the grgency to procesd with
large-scale servening of fresh fonsH specimens for the presence of prion protein.

Copyright © 2004 Poihological Sediety of Great Britaln and Ireland. Published by Jobn
Wiley & Bons, Lid.
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introduction

number of infecied cattle alse entered the food chain
in the sarly 1990s {71 There have been a number of

Variant Creutzfeldt-dakob disease {(vCIDY was first
recognized 45 4 pew and distinctive disease in the UK
in 1996 [1]. Subsequent transmission studies and strain
typing have shows that the transmissible agent capsing
wOCITY eshibits identical characteristics w the bovine
spongiform encephalopathy (BSE) agent [3-4] and
there i3 no evidence that vCID occurred prior to 1995
15,61 These data indicare than vCID 5 3 new disease,
almost cortatoly caused by exposure 1o the BSE agent.
This conclusion has led w concern sbout & possible
human epidemic of vCIB, particularly as it is Hikely
that over 400000 infected cattle entered the human
food chain in the UK prior o the introduction of the
specified bovine offal ban in November 1989 and as
the ban was not fully effective for several years, a large

attempls o predict Avture numbers of vCID cases using
mathematical models and extrapolating from yCID
cases seen o dute [8-13] Recent estimates based on
the pattern of clinical cases suggest that the epidemic
of vLJD will be relatively small, with an upper 95%
confidence intgrval of 340 future cases {131 However,
remaining uncertainties, including the possibility that
other genetic loci affect susceptibility [14], make
the distribution and Hming of any buman epidemic
unclear., Purthermore, such models are unable
estiate the prevalence of asymptomatic infection and
hence provide any estimate of the potential number
of fature infections and cases that could arise from
secomdary (human-to-human) transmission of vCID.
In additom, questions have been rased as o the

Copyright £ 2004 Pathwlugical Sosiety of Sreat Sriain and irsland, Published by Jobn Wiley & Sons, Lo
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safety of some food products not covered by the
specified bovine offal ban [15,16] and # is not known
if BSE has enwered the British sheep flock, factors
which could alter predicied mambers of vCID cases
1121 These uncertaintics make decisions about health
vare planming problematic, particularly measures 1w
meduce the risk of iamrogenio spread of vCID. In
order to reduce these unceriainties, some form of
pupulation screening is required. However, the lack
of a conventional immune respomse und the failere to
date to demonsirate abaormal prion protein (BP} in
blond fn wCID [T have made the development of a
diagnestic blomd test difficult, H 8 bloud st becomes
available for symptomatic vCID, it may be several
years before it s known whether pre-clinical disease
could be reliably detected,

It has been kuown for some thme that lymphoretic-
ular accumutation of PrP occurs early in muripe mod-
els of scrapie 181, even when Incubation periods are
g [19]. This lymphoreticular involvement has been
successfully used in the development of a tonsillar
biopsy as 1 pre-clinical test for scraple in sheep {20].
Adthough widespread lymphoreticolar involvement s
not & feature of BSE in cartle {21 extensive lyme
phoreticidar PrP deposition has been found in all cases
of symptomatic vCID examined to date {22,23} snd
n e cases in appendicectomy specimens removed
pricr 1o the onset of symptoms [24,25]. On the basis
of these data, we have soreened large numbers of
appendicectomy and lopsillectomy spesimens for the
presence of abnormal ympboreticular BrP deposition,
Although the antibudies used in this study cannot dis-
tinguish PrP® from PrP™, immunohistochemical acen-
wwlation of PrP within lymphoid tissue correlates with
the detection of protease-resistant PeP by western blol
analyses in human tssoes [22] and mmunohistochem-
tstry remains the only technique that has been shown &0
predict diseass In animals reliably [26,27]. This study
was primarily designed to look for evidence of a large
epidemic, bt also o provide informsion abow how
many individuals are at high risk of developing vOID
and causing fatrogenic spread, Interim results from this
study have been published previously [25.28]. How-
ever, the study has now been completed following the
exarination of additional cases.

Materials and methods

Tissue samples

Appendicectomy  and  wmsillectomy  samples  were
idemtified by Systematized Nomenclatare of Medicine
(SMNOMED) searching of the computerized databases
of 63 histopathology departments across the UK. Ink
gally, samples from the age range 10-50 years wore
included. However, following segative findings in the
first 3000 cases [28], 8 was decided only o examineg
appensdiz samples from individuals aged 2029 vears,
e this represents the bighest risk age group for vUID.

§ Pathol 3004; 207 (00000
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Tonsil samples included all ages, as fewer samples 61
ware available for examination (wost tonsillectonyy 62
samples are discarded rather than sent w histopathol- 63
agy departments for dingnosis and archiving). A max- 64
imum of twn tissue blocks wes examuned for sach 65
cuse. Only samples removed from 1995 onwands wers 66
included, as these represent o longer time from possi- 67
ble BSE exposure than earlier samples and therefore a 68
greater Hikelthood of PrP being detectable. Tissue sam- 64
ples were eollectad into batches of at least 1000 cases 70
and given a randomiy obtained study number pricr o 71
testing, in onler 1o protect the anomymity of positive 72
individuals. Buwhes of samples from Eogland were 73
tested &t Plyosouth and, from Scotland, st Bdinburgh, 74

The study meceived spproval from the South and 75
West Mulli-centre Research Ethics Commitiee (MRED 76
reference 9W6/32} andd for each of the cenres included, 77
appropriate 1ocal research ethics conmmitive approval. 78
The ethical approsch has been discussed previpusly 79
{29] and in view of the lack of direet paticnt consent 80
and uncertainty of the significance of a positive result, 81

the study design was anonymius. 82
imvnunchistochemistry gz’

Four-micrometre sections wers cul from tissue blocks 86
at two levels 100 pm apars. Sections were pretreated 87
by autocleving at 121°0 fw 10 min, followed by 88
immersicn in 30% formic acid for 5 min and digestion 39
with protetaase K (10 ppfoedy for S min st room 90
temperature; in order to enhance PrP® detection and 93
redduce PrP© detoction. PrP was detected using the well- 92
characterized and widely wsed monoclonal antibodies 93
3PS (Dako, UK) and KG9 (JAH, TS5E Resource ¥4
Centre, UKY [22.24] and visualized using the CSA 95
kit (Dako, UKD, which gives superior resolis in terms 96
of sensitivity to most other imnmunehistochemical 97
detection systems [30]. A section from gach case was 98
stained with heematoxylin and sosin for morphological 99
assessment. Autopsy tonsil tissues from confirmed 100
cases of vCID were used 35 a positive control for esch 101
gromp of slides stained by inmounohistochemistry for 12
Pri?; negative sontrols were performed by omitiag the 103
prioary antiserume. Thirty cases from each batch of HM
1000 were exchanged between the study centres and 105
tested “blinded’ 10 the findings of the sther centre, for 106
guality control and validation of results, In order to 107
minimize the possibility of human error, the samples 108
were tested and snalysed with each of the antibodies 109
on separaie dajes. P16

All sections were examined by sn eaperienced noy- 111
ropathologist (IDAH at Plymouth and JWI @ Bdin- 112
burghy, Cases with fewer than five secondary lymyphoid 113
follicles were excluded fram the final analyses because 114
in the origingl reported cuse [24] and those examined 1315
at auwtopsy {personal observation JWI, PrP could be 116
demonstrated in only approximately 20% of follicles, 117
Sections were recorded as positive if PrP stnining was 118
detected in follicular dendritic cells or thngible body 119
macrophages in lymphoid follicles, 120

DHSC0006581_004_0003
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PrP scoumulation in UK tssue samples

Staistical methods

Simple summary statistics were caloufated in Microsoft
Exvel. BExact binomial confidence intervals were cal-
culated for the prevalence estimates. The expected
oumher of individuals incubating vCID was caleulated
using estimales of the UK population size stratified by
age  (hutpdwww stasistios.gov.ukidownloads/itheme.
popilationdPT114.pdf).

Results

Tissue samples

The numbers of cases examined and the age diswi-
butiom are swnmarnized in Table | and Figure 1. The
age distribution of our sample is heavily weighted
towards the high-risk age group (based on cases of
VD o date, see Figure 23 The majority of the spec-
imens examined were appendicectomies, reflecting the
availability of samples within histopathology deparni-
ments (most tonsillectomy specimens are discarded
afier surgery in the UK.

The number of secondary bymphoid follicles vasied
considerably between appendicectomy cases, but in
abowt 25%, fewer than five wore prosent on the firs
level and these were therefore excluded from the
figures for analyses. Most of these excluded cases
were seversly inflamed, although some showed fibrous
eblijeration, and none was comsidered positive, The
medien number of secondary lymphoid follicles in

Table 1. Summary of the samples used in the
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Figure 1. Age diswibudion of the samples included in the study
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Figure 2. Age distribution ar onset of vOD cases o end
of 2003

the remalning appendicectomy cases, which, wers 61
included In the study, was 22 at the fiust leveland 62
most had several additions] follicles examined at the 63
second level. Most tonsil specimens included over 100 64
secondary ymphoid follicles, although iy about 10% 63
of samples, fewer than five were present, 65
&7
&%
64
In the majority of samples, fine granular PP 70
immunoreactivity was noted in nerve fibnes and the 71
myenteric ganglia with both amtibodies, and in g 72
few cases, PrP immunomsclivily was also nowed 73
in epithelal cells mmediaely sdiscent v acute 74
inflammation. In theer appemdiceclomy cases, we 13
identified PrP immunoreactivity in lymphoid follicles, 76
which was Seen in sections tested @t both cemtres. None 77
of the tonsillectormy samples was positive. 74

Inthe first positive case {previously published [25)), 79
imrmunoreactiviey was seen in the sections stuiped B0
using KG9 and was limited to one of the six sex- 8J
ondary lymphoid follicles present, with a distribution 82
suggesting that it was within folliculer dendritic cells 83
{Figure 3AL The pattern of staining, in particular the ¥
coarse granularity (Figure 3B) was very shmilar 10 83
that seen in the two other cases who subsequently 86
developed vCID [24,25]. However, staining was less 87
evident in sections immunostained with the 3F4 anti- 88
body. The resson for this discrepancy is not entirely 89
clear, although we feel that the most likely esplana- 90
tion is sampling error due to the focal nature of the Prp 91
depnsition. This positive case also showed evidence of 92
seute appendicitis i adjacent tssue, but there was no 93
morphological evidence of any other disease process 94
i an adiacent baomatoxylin and eosin-stained section. 95

The second positive sample showed extensive 96
staining in 31 of 68 secondary lymphoid follicles 97
(Figure 3CY this was seen with both antibodiss, @S
although it was Jess intense with 3F4. The staining had 99
# finer granulor pattern and appeared confined to fol- 100
licular dendritic cells (Figure 3D). The appendix did 101
not show any acete inflammation. A very occasional }gz

tmmunohistochemistry
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Figure 3. bomunoresctivity with monodional ant-Pr andbody KG9 in the dhree swdy cases, The first positive zase shows
granular staining of follicular dendrivic cells in one follice {A), ncluding numerous coarse granular aggregates {B). The second
pusitive case shows intense PrP lemusorsactivity in two follices (C), with a predomivanty finely granular patern in follicular
dendritic calis (D). The third case shows 3 mixwure of granular folliculsr dendritic well staining and accumulation within the

cytopdasm of macrophages (E)

multinuchea: cell was noted in the submucosa of this
case, but nol within germimad centres.

The remaining positive cese showed swining in
three of 46 secondary lymphoid follicles, which was
similar with both antibodies, Fioe granoday omunore-
activity was present i oells with the morphology of
follicular dendritie cells, and within the cytoplasm of

] Pkl 200% 202 D00~000

cells with abundant eosinoplilic cvioplasm, presprme-
ably macrophages (Figure 3E), Acute mlammaiion
was ool present.

H bymphoreticnlar immunorcactivity for PP ois a
redable marker of pre-clinical infection, the estimated
prevalence of wUJD based on these three positve
samples i 12674 fested will be 237 infections per

DHSC0006581_004_0005
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PrP accumulation in UK tissue samples

mifhion population (exact 953% C1 49692 per million).
If we assume that this estimate relates o those aged
1030 years (B3% of the sample), then this transiares
1o a best estimate of 3808 individuals {95%
TES-11128) aged 10-3 years incubating vCID. If
onty the one case with a similar pattern to that seen
in previous cases of vOID s considered, then the
estimates will be corespondingly lower (prevalence
of 79 imfections per million population, 95% (I
24405 In comrast to these high estimates, cHnical
case mumbers remoain st & much lower level and have
been declining since 2000, with only 18 deaths in
2003,

Discussion

This stady provides an estimate of the prevalence
ip the UK population of abnormal lymphoreticular
accumulition of PeP. However, owr findings need
to be interpreted cautiously, iIn terms of the clinical
significance of buth negative and positive sesulis,
One major limitation of this study in estimating
the prevalence of asymptamatic infection and predict-
ing future numbers of vCID cases is that &8 is not
known at what stage during the ncubation period PrP
cun be detected in lymphoid tssue. In murine models
of scrapie, infeativity can be demonstented in Pover's
paiches as early as | week after oral isocalation [19]
and immonohistochemistry can detect PrPoin Pever's
paiches | month after intraperitoneal novulation {311
in the tonsils of scrapie-infected sheep, Inumunchis-
tochemical detection of PrP occurs from 4 months of
age in those homozygous for a susceptibility PrP gene
polymorphism, and by 15 momths in heternzygotes,
refiably predicting fiture newrological disease {26] A
farther study examining tissue from the thivd eye of
sheep at risk of scrapie fourd that mmunobistochem-
ical detection of PrP in lymphoid follicles predicts
nesrological disease with an estimated 87% sensitiv-
ity and 94% specifivity [27]. Data are only available
i the pre-climicsl phase from three cases of vCID
{23} the two appendicectomy samples removed in the
1990 (up to 2 years before symptoms and 4 years
before death) were positive and a third case, removed
in 1987, 10 years before the onset of symptoms, was
negative. This retrospective study bas only examined
samples 1aken from 1995 1o 1999, several years aftor
the peak human exposure to BRE, which s likely to
have occurred between 1988 and 1992, in onder to
maximize the chances of identifying positive individ-
ugls. Purthermore, we have used a highly sensitive
immunobistochemical webnique {30] and hecause of
the focal nature of PrP deposition, extensive sampling
of appendix tssue, with o minimum of five {and an
average of more than A secondary lymphoid folli-
cles assessed in cach case. Using this approach, we
have found that 95% of autopsy appendicectomy sam-
ples from cases of wOID, with adequate amounts of
lyimphodd dssue, test positive [25) The finding of fine

gramalar PrP in the myenteric plexus of most sam- 6
ples fand some epithelial cells adjacent to inflamma- 62
fon dn o few samples) suggests that the proteolytic 63
digestion used during immunocytochemistry does nat 64
somnpletely remove PrP and also reflects the high lev- 65
gls of PrP¥ in amtonomic nerves [32]. H6
Although nmmunochistochemical accumulation of 67
PeP in lymphoreticular tissues has nol been demon- 68
strated in any discase other than vCID [22,33,34], the 69
significance of the positive samples in this stody is not 70
certain, In one case, the immunohistochemical pattern 71
of mmusoreactivity resembled that seen in appendix 72
tasue from pre-clinical [24,25) and swopsied cases 73
of vCID, but in the other two cases, a more Bnely 74
granular patiern of staining was presemt in relation 75
to follivular dendritic cells, raising the possibility that - 76
these may be false positives. However, we have been 77
unable o demonstrate PrP immounoreactivity in atange 78
of wther disorders including other homan prion dis- 79
cases, neoplastic disease, or a range of inflammatory &0
conditions [33]. Other explanations for our finding of 81
cases with an unusual pattern of lvmphoreticulor PrP 82
immnumoreactivity include involvement of other geno- 83
types (genotype Is known 0 affect the morphological 84
patterns of PrP deposition in the brain [38]) or differ- 83
ing straing of BSE [36]. The snonymous study design 86
prevents detiled tnvestigation of the positive cases, 87
However, spare paraffin wax seclions ware available 88
foom the second and third positive cases and have 89
been used for wansmission studies, but these may be 90
meonclusive i negative, because of the smell amoumt 91
of tissue svailable and the difficelty in wansmitting 92
from fixed Hssue {371 Cowmwsercially available anii- 93
PrP oantibodies for immunchistochemistry detect buth %4
Peb* and PP, and although two groups have devel- 95
oped PrP¥.specific antibodies [38,39], they do not 96
appear o work for imanmunobistochemistey (JW1, per- 97
sumal communication}, g8
If our positive cases represent pre-clinival cases of 99
viCIE, then this will be of some concern, as the preva- 100
lence is much higher than expected from the observed 101
mcidence of clinical cases, gither indivating 2 futare 102
merpase 1o nombers of vCHY cases or a significant 103
number of individuals with a ‘carrier state’ [40], In the UK
latter comtext, it is of interest to note that inoculation 103
of the BSE sgent into transgenic mice which express 106
only the human PrP gene with methionine homozy- 107
gosity at codon 129 has revesled a high incidence HIB
of sub-clinical infection {41} In vOIB, immunchis- 104
wochemical accumulaton of PrP correlates with the 110
presence of protease-resistant PrP, as determined by 111
western blot examination [22] and infectivity [42]. 112
Individuals with sufficient PrP accumulation 1o be 113
detected by immunohistochemistry may therefore pose 114
a health risk to others by causing latrogenic spread 115
via surgical instruments, blood transfusion or organ 116
donstion, Infectivity is not fully insctivated by auto- 117
claving {4371 and CIHD has been transmitied by re-use 118
of surgical instruments (<441, althoogh this risk is bkely 119
w be small {hipeffwwe dohgovaakicidficonsubiation), 120

J Pathal 3004; 20%: 400000
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However, there has been a recemt increase in con-
cern about surgical ramsmission of CID, following
the demonstration of low levels of PeP™ in the skeletal
musscle and spleen of some patients with sporadic CID
43.46] and epidemiclogicdd studies that have shown
an increased incidence of sporadic CID following sur-
gieal procedures [47.48]. Abnormal PrP has not vet
been demonstrated in the blood of patients with vCID
171, but the most sensitive test for infectivity remains
intra-species inoculation and data from sheep infected
with BSE indicaie that blood-borne transmission is
possible 491 A recent case of v ocowring in
an individual & vears afler receiving a blood wansfu-
sion from g patient whe later developed vCID suggests
that human bood is also able to transmit the disease
{301 Our findings therefore reinforce the importance
of recent steps taken by the Department of Health to
reduce these potemtial dsks, which include the feucode-
pletion of all UK-sourced blood and the tntroduction
of more stringent decontamination procedures for sur-
gical instruments,

The incubation period of vCID is not known and
aithough numbers of cases are currently in decline,
the possibility of further rises cannot be excluded.
The average incubation pevied of kuru and iatrogenic
CID following peripheral noculation has been esti-
mated 1o be sbowt 12 vears, with some cases of kuru
secarring more than 40 years after the cessation of
cannthalism {44,351}, but these diseases did not have
W cross w species barrder. Data fiom o geographi-
cally associated clusier suggested that they resuled
from exposure to BSE prior to 1986 thupdfeww leics-
ha.org.uk/Publics/cidrep. pdf), indicating an incubation
period for these cases of 1016 vears.

Our study has demonstrated how a better under-
standing of the pathology of vCID has allowed the
investigation of an importamt epidemiological ques-
tion about this disease using archival tssue ocollections,
However, the echaigues used in our study have been
hmited o immunohistochemistry, because of the use
of formalin-fixed dssuve sections, and by the study
destgn, which prevents retum o 3 positive tissoe sam-
ple for further verification. These factors bave Hmited
the interpretation of our findings. However, we believe
that they are of some concern and reguire weent fus-
ther investigation by prospective screening of tissue
from tonsillectomics. By anslysing fresh tissue, sam-
ples could be tested with a sensitive assay that allows
for automation {17] and positive findings could be
reliably confinmed by trapsndssion studies. However,
about half of wonstilectomies are performed on children
under 10 years of age, so many individuals undergoing
this procedure will soon have had little or no sxposure
to BEE and therefore the window of opportunity for
such a study will diminish over time.
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