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Title

Human prion diseases and the risk of their transmission during anatomical dissection

Abstract

Prion diseases (or transmissible spongiform encephalopathies; TSE) are a unique group of
fatal progressive neurodegenerative diseases of the central nervous system. The infectious
agent is hypothesised to consist solely of a highly protease-resistant misfolded isoform of the
host prion protein. Prions display a remarkable degree of resistance to chemical and physical
decontamination. Many common forms of decontamination or neutralization used in infection
control are ineffective against prions, except chaotropic agents that specifically disrupt
proteins. Human cadaveric prosection or dissection for the purposes of teaching and
demonstration of human anatomy has a distinguished history and remains one of the
fundamentals of medical education. latrogenic transmission of human prion diseases has been
demonstrated from the inoculation or implantation of human tissues. Therefore, although the
incidence of human prion diseases is rare, restrictions exist upon the use of tissues from
patients reported with dementia, specifically the brain and other central nervous system
material. A current concern is the potential for asymptomatic variant Creutzfeldt-Jakob
Disease (vCJD) transmission within the UK population. Therefore, despite the preventative
measures, the transmission of prion disease through human tissues remains a potential risk to
those working with these materials. In this review we aim to summarise the current
knowledge on human prion disease relevant to those working with human tissues in the

context of anatomical dissection.
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Introduction

Prion diseases or transmissible spongiform encephalopathies (TSE) are a group of
progressive neurodegenerative disorders with relatively short symptomatic clinical periods
when compared to their usually characteristically long asymptomatic incubation periods.
While determination of the asymptomatic phase in human prion disease cases can be difficult
or impossible to establish, the commencement of clinical symptoms typically precedes death
within months to years. Prion diseases have a range of human and animal species as their
natural hosts and display limited zoonotic potential. Therefore much of what we know about
these diseases has been derived from the study of animal models. Though not all prion
diseases have been proven to be transmissible, many of them; including sheep scrapie, bovine
spongiform encephalopathy (BSE) and most human prion diseases, have been transmitted to
laboratory rodents. From these studies undertaken within controlled laboratory conditions,
such concepts as relative infectivity, infectious dose and prion disease incubation period have

been determined and subsequently speculated upon for human prion diseases.

Prion diseases are diagnosed clinically according to internationally agreed defined
criteria, and pathologically by neuronal loss and spongiform degeneration in the neuropil,
reactive glial responses, and deposition of the disease-associated isoform of the prion protein
(PrP) primarily within the central nervous system (CNS) (Figure 1). In variant Creutzfeldt-
Jakob disease (VCID) disease-associated PrP deposition also occurs in specific tissues
throughout the body, including autonomic and sensory ganglia within the peripheral nervous
system and in lymphoid tissues (Figure 1). A fundamental diagnostic marker of these diseases
is detection of the post-translational conversion, or refolding, of the labile normal host

cellular PrP (PrP%) into the relatively stable, protease-resistant disease-specific isoform

John Wiley and Sons, Inc.
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(PrPd), more commonly referred to as PrP%, named after scrapie the prototypic prion disease
observed in sheep). The prion infectious agent and PrP® are equivalent according to the prion
hypothesis (Prusiner, 1982), which proposed that the prion infectious agent may consist
solely of abnormally folded host protein. While this hypothesis is still to be proven, it is clear
that prions are unique infectious agents which are incredibly resilient to many standard forms
of disinfection or decontamination (Brown et al., 1982). As such they may persist within their
host after death and within the environment following contamination (Georgsson et al., 2006)
and therefore human prion diseases represent a potential risk for prion transmission during

anatomical dissection (Figure 2).

Human prion diseases have collectively been identified and described over the
previous 100 years and can be classified according to numerous criteria (Table 1). In the
1920°s the German neuropathologists Hans Gerhard Creutzfeldt and Alfons Maria Jakob
separately identified and described groups of patients with progressive neurodegeneration,
lending the name Creutzfeldt-Jakob disease (CJD) to the conditions observed (Creutzfeldt,
1920; Jakob, 1921a, 1921b). In 1936 Josef Gerstmann, Ernst Straussler and Ilya Scheinker
described an inherited form of spinocerebellar ataxia with a distinct neuropathological
phenotype that did not appear to be related to CJD, termed Gerstmann-Stréussler-Scheinker
(GSS) disease (Gerstmann et al., 1936). Kuru was first described in the 1950’s following
observation of the Fore people of New Guinea by Australian administrators and
anthropologists and was subsequently investigated by Drs Zigas and Gajdusek (Gajdusek and
Zigas, 1959). More recently the genetic prion disease fatal familial insomnia was described in
the mid 1980°s (Lugaresi et al., 1986) and a zoonotic disease, now known as variant CJD

(vCJD) identified in the UK in the mid 1990’s (Will et al., 1996). In 2008 a novel prion

John Wiley and Sons, Inc.
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disease now referred to as variably protease sensitive prionopathy was also described

(Gambetti et al., 2008).

In this review we discuss prion diseases grouped by causation as these may have a
strong determinant effect upon the tissue distributions of the infectious agent at the end stage

of disease.

John Wiley and Sons, Inc.
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Causation of Human Prion Diseases

Idiopathic — 1diopathic, or more commonly termed, sporadic prion diseases arise from
an unknown cause and account for around 80-85 % of all human prion disease cases. These
are explainable within the prion hypothesis either as spontaneous somatic mutations within
the PRNP gene (which encodes PrP), or stochastic PrP misfolding events or other epigenetic
phenomenon which arise due to currently unidentifiable conditions. Sporadic human prion
disease are classified according to their clinical and neuropathological features into two
groups: sporadic CJD (sCJD) or sporadic fatal insomnia (sFI). In these sporadic diseases
infectious prions are largely confined to CNS tissues (Glatzel et al., 2003; Head et al., 2004;
Wadsworth et al., 2001), suggestive of a spontaneous internal source of infection. sCJD is the
most common of the human prion disease and may account for up to 80% of all cases. Unlike
other neurodegenerative conditions, sCJD presents with extensive heterogeneity and has been
classified and sub-classified as our knowledge and analysis of the clinical presentation,
genetic variation, neuropathology and PrP biochemistry have advanced (Gambetti et al.,
2003; Parchi et al., 1999; Parchi et al., 2009). Although the age range of sCJD is very broad
(between 16 and 90 years old) the median age at death is around 60-65 years of age and many
studies report increased incidences at ages >60 years (Zerr and Poser, 2004). Sporadic fatal
insomnia is rare, representing around 2% of all sporadic prion disease cases and has an age
range of 36-72 years, mean age of onset is 52 years and a mean duration of 24 months

(Gambetti et al., 2003).

Genetic — Genetic prion disease is the second most frequent form of human prion
disease, accounting for around 10-15 % of cases. While the familial prion diseases have 3

main phenotypes: familial (f)CJD, GSS and FFI, some rare variants show different

John Wiley and Sons, Inc.
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phenotypes such as prion protein cerebral amyloid angiopathy (PrP-CAA) (Ghetti et al.,
1996). Disease incidence is rare in terms of the general population, but since genetic human
prion diseases are inherited as autosomal dominant disorders, the frequency of carriers of the
causative mutations in the prion protein gene (PRNP) may be extremely high in affected
families. Phenotypic variation occurs in genetic human diseases, in particular the age at
disease onset is variable and not all carriers of PRNP mutations develop symptoms of genetic
prion disease, particularly if they succumb to an unrelated disorder before prion disease
onset. A major influence on the phenotypic variability in human prion diseases is the effect of
the polymorphism at codon 129 in the PRNP gene on the mutant allele, which can encode
either methionine or valine. One example of this is the disease FFI, which has an age range of
25-72 years old with a mean age of onset of 51 years of age (Yu et al., 2007). FFI is caused
by the D178N mutation when in association with methionine at PRNP codon 129 on the
mutant allele. Carriers of the D178N mutation with valine at the PRNP codon 129 on the
mutant allele were originally described as having fCJD on the basis of their clinical and
pathological features, which resembled those of sporadic CJD, although phenotypic
variability occurs within affected families (Zarranz et al., 2005). The mean disease duration is
significantly shorter (12+4 months) in individuals homozygous for the disease causing
mutation, than in heterozygous individuals (21£15 months) (Padovani et al., 1998) suggesting

a gene dosage effect.

Acquired Zoonotic — Prion disease amongst species other than humans have been
well documented and many have been shown to be contagious and can rapidly form
epidemics (Detwiler and Baylis, 2003; Ducrot et al., 2008; Miller and Williams, 2004).

Historically the oldest and most-studied of these is the disease scrapie in ruminants such as

John Wiley and Sons, Inc.
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sheep and goats (McGowan, 1922). Within the Scottish sheep population scrapie was
effectively accidentally disseminated by a vaccination programme against louping-ill virus,
using a vaccine formulated from tissues including sheep CNS and spleen. This vaccine was
deduced later to have contained the causative agent of scrapie, further confounded by the
ability of scrapie to become contagious within affected flocks by environmental (Gough and
Maddison, 2010; Maddison et al., 2010), horizontal (Evoniuk et al., 2005) and vertical
transmission (Foster et al., 2013; Hoinville et al., 2010). Scrapie is considered to represent
negligible risk to the human population as it appears not to be infectious to humans (Barria et
al.,, 2014). In North America, both the native and farmed deer and elk populations are
currently suffering the natural rapid spread of chronic wasting disease (CWD). Whether
CWD has the potential to be infectious to humans is uncertain and is an important current

concern (Belay et al., 2004).

Bovine spongiform encephalopathy (BSE) is a prion disease first identified in 1985 in
the UK cattle population (Bruce et al., 1997; Hope et al., 1988). BSE reached epidemic
proportions within the UK cattle population in the 1980-1990s, resulting in significant
contamination of the UK food chain with BSE prions and exposure to the human population
via the consumption of BSE contaminated meat products. Following the emergence of BSE,
vCJD was first reported in the UK in the 1996, subsequently accounting for around 5% or
less of total human prion disease cases in the UK (www.cjd.ed.ac.uk). The evidence from
transmission studies to laboratory mice and PrP biochemical analysis is consistent with the
hypothesis that vCJD represents BSE infection in humans (Bruce et al., 1997; Collinge et al.,
1996). The main distinguishing features of vCJD as opposed to sCJD are the clinical

presentation, a young age at clinical onset (mean age of onset = 28 years for vCJD vs. 68

John Wiley and Sons, Inc.
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years for sCJD) and the speed at which the disease progresses from clinical symptoms to
death (13-14 months for vCJD vs. 4-5 months for sCJD) (Belay and Schonberger, 2002). In
keeping with an oral route of transmission, gut-associated lymphoid tissues, the
lymphoreticular system and a wide variety of other tissues throughout the body of vCJD
infected individuals can reveal appreciable levels of infectious agent (Bruce et al., 2001;
Head et al., 2004; Joiner et al., 2005; Notari et al., 2010; Wadsworth et al., 2007; Wadsworth

et al., 2001), see also Figure 2 and Table 4.

Acquired — latrogenic latrogenic CJD is caused by the accidental transmission of
prions from person to person during medical or surgical procedures. Several routes of
transmission have been implicated such as a corneal transplant from a donor with sCJD
(Dufty et al., 1974), or human dura mater grafts from a contaminated commercial source
(Thadani et al., 1988) that have resulted in over 200 iatrogenic infections worldwide . The use
of human pituitary hormones (growth hormone and gonadotrophin) derived from pituitary
glands obtained post-mortem has also resulted in over 200 cases of iatrogenic CJD
worldwide, with incubation periods extending over 30 years (see Brown et al. 2012 for
review). In contrast, the re-use of neurosurgical instruments and intracerebral electrodes used
on CJD affected patients (Bernoulli et al., 1977) has in contrast resulted in smaller numbers
of those being exposed, infected or remaining at risk of potential infection. Iatrogenic
transmission of vCJD infection via blood transfusion in human patients has recently been
reported (Llewelyn et al., 2004; Peden et al., 2004; Wroe et al.), along with transmission via
infected blood-derived products in a haemophilia patient in the UK (Peden et al., 2010).
Blood transfusion is not associated with sCJD transmission, further highlighting the

important differences between vCJID and CJD in terms of the tissue distribution of infectivity.

John Wiley and Sons, Inc.
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Acquired — Kuru Kuru was restricted to the Fore people of New Guinea and is
hypothesised to be spread by ritual cannibalism, during which as part of their death rites the

deceased were consumed by family members. Not only was there potential for oral ingestion

©Co~NOOOR~,WNE

of kuru infected material, but epidemiological evidence suggests that women and children
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Incidence and disease surveillance

Incidence The incidence of prion diseases is usually extremely rare. Sporadic CJD is
the commonest form of the disease, accounting for around 80-85% of all cases. Cases of
sCJD are estimated to occur each year at between 0.4 to 2.63 individuals per million people
worldwide (Gelpi et al., 2008; Gubbels et al., 2012; Heinemann et al., 2007; Lai and Tseng,
2009; Nozaki et al., 2010; Stoeck et al., 2008) (see also Table 2). Genetic diseases account
for 10-15% of all cases and generally occur as autosomal dominant disorders. Acquired prion

disease account for less that 5% of all cases (Table 2).

Epidemiological investigations into acquired prion diseases indicate that kuru, whilst
restricted to the Fore people of New Guinea, was spread efficiently among families by ritual
cannibalism and consumption of brain tissue (Gajdusek and Zigas, 1959). The zoonotic vCJD
epidemic is currently under an uneasy hiatus which has left an estimated 1 in 2,000-10,000 of
the UK population as potential carriers of vCID as determined by epidemiological studies
and from the retrospective screening of appendix and tonsil tissues (Clarke and Ghani, 2005;
Clewley et al., 2009; Gill et al., 2013; Hilton et al., 2004; HPA, 2012). Control measures,
combining improved recognition of potentially infected persons with new disinfection
methods for fragile surgical instruments and biological products, put in place to prevent the
iatrogenic spread of sCJD and vCJD appear to have been successful (Brown et al., 2012).
Human prion diseases appear not to be contagious, requiring ingestion or inoculation of
infected tissues or contaminated neurosurgical instruments for transmission; some of the

genetic prion diseases have still not yet been proven to be experimentally transmissible.

10
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Disease surveillance Human prion diseases are diagnosed according to internationally
agreed criteria published by the World Health Organisation (Appendix 1). Patients can be
classified as “possible”, “probable” or “definite” according to the results of clinical and
pathological investigations. A diagnosis of definite prion disease is confirmed via
neuropathological analysis. The practices and guidelines for such ‘high-risk’

neuropathological autopsies have been subjected to critical review in light of the vCJD

epidemic in the UK (Ironside and Bell, 1996).

Research into human prion diseases has been made possible via inoculation of brain
material from patients into laboratory animals such as non-human primates or rodents
(bioassay) and subsequent clinical and neuropathological analysis are used as confirmation of
disease transmission. However, around 10% of sCJD and 35% of GSS cases have failed to
transmit to laboratory rodents (Bruce et al., 1997; Nonno et al., 2006; Telling et al., 1994).
While attempts to transmit FFI to non-human primates failed or were inconclusive (Brown et
al., 1995), this disease has been successfully transmitted to laboratory rodents (Tateishi et al.,
1995). Clinical investigation, genetic testing for mutations in the PRNP gene associated with
familial disease, cerebrospinal fluid (CSF) biomarker investigation and brain imaging either
magnetic resonance imaging (MRI) or electroencephalogram (EEG) may all inform the
diagnostic process. Historically the diagnosis of prion disease in human patients has been
confounded by the similar neurological presentations of numerous dementing illnesses, in
particular Alzheimer’s disease (Haraguchi et al., 2009; Muramoto et al., 1992; Tschampa et
al., 2001; Tsuchiya et al., 2004), Pick’s disease (Pietrini et al., 1993), Parkinson’s disease
(lida et al., 2001), Lewy body disease (Haraguchi et al., 2009; Tartaglia et al., 2012;

Tschampa et al., 2001) and other treatable neurologic disorders (Chitravas et al., 2011). It is

11
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therefore imperative that prion disease surveillance continues within the human population

worldwide.

The post-mortem use of patients with dementia for anatomical research is heavily
restricted. However, asymptomatic patients who may be infected with prions, or patients
showing early but unreported clinical signs recorded with other more common causes of
death (in particular sudden deaths e.g. stroke or heart failure) represent a potential risk route
of exposure of prion-infected human material into anatomical research laboratories. The
accuracy of death certificates and reliability of presumptive diagnosis in natural unexpected
deaths reveal up to 1/3 of recorded causes of death may be incorrect (Gill and Scordi-Bello,
2010; Nielsen et al., 1991). The discrepancy between death certificate recorded cause of
death and actual cause of death may have prompted the falling use of autopsy and
pathological examination to be reversed (Roulson et al., 2005). However, hospital autopsy
rates have been declining in the UK (Ayoub and Chow, 2008), US (Hoyert, 2011) and Japan
(Maeda et al., 2013) and are at an all-time low (< 6% of the US Hospital deaths). Concerns in
the US about inadequate infection control and facilities to perform brain autopsy on
suspected CJD patients have been suggested as factors discouraging autopsy (Lillquist et al.,
2006). In practice within the UK this is not the case and autopsy rates for legal reasons are

high, and for suspected cases of human prion disease are exemplary.

For the purposes of anatomy and pathology teaching the UK Department of Health
advisory committee on dangerous pathogens (ACDP) TSE subgroup have issued the
following guidelines: “Anatomy departments are advised not to accept for teaching or
research purposes, bodies, body parts or organs from any patients...” defined in the specific

risk categories outlined (Table 3). “Departments should produce local policies to identify

12
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who is responsible for checking whether a potential donor may be in one of the defined
categories. The extent of the checks necessary will vary with circumstances, but would

normally include checking with those responsible for the donation and the medical staff

©Co~NOOOR~,WNE

involved in the care of the donor.” Further information regarding human prion diseases, their
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Tissue distribution of prion infectivity

For human prion diseases, the WHO Infection Control Guidelines for Transmissible
Spongiform Encephalopathies (WHO, 1999) identified specific risk tissues for CJD. These
guidelines were established before it was reported that peripheral organs such as the spleen
and tonsils in vCJD patients may harbour significant levels of prion infectivity (Bishop et al.,
2013; Bruce et al., 2001; Peden and Ironside, 2004), and that vCJD may have been
transmitted by the transfusion of blood to blood-products from affected donors (Llewelyn et
al., 2004; Peden et al., 2004; Wroe et al.). The magnitude of prion infectivity may vary
however, as a recent case of vCJD has been reported in which extremely low levels of prions
were found in lymphoreticular tissues (Mead et al., 2014). The ACDP TSE subgroup have

subsequently issued guidelines on risk tissues for both CJD and vCJD summarised in Table 4.

14
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The potential for prion decontamination

Ineffective Prions are notoriously resistant to many common forms of
decontamination including ultraviolet light and ionizing radiation (Alper et al., 1967; Field et
al., 1969; Gibbs et al., 1978). Treatments with common fixatives such as alcohol,
formaldehyde and glutaraldehyde are unlikely to completely reduce prion infectivity in
human tissue, even though many of them are effective for more conventional infectious
agents. These fixatives generally result in a reduction of less than 3 logjy dose in prion

infectivity within tissues.

Effective Treatments for the effective decontamination of prion infectivity from
material are based upon chaotropic disruption of proteins such as immersion in sodium
hydroxide or sodium hypochlorite. These substances are extremely caustic and hazardous and
are handled with great care and used only where absolutely necessary. These are usually most
effective when combined with heat or extremes of pH. For the preservation of material for
histological (or anatomical) examination the use of formalin-based fixation with a formic acid
treatment appears to be the best compromise between reduction in infectious titre and
retention of tissue structure for histopathological analysis. Where possible single-use
disposable surgical (or dissection) instruments should be used and disposed of accordingly.
Further details regarding effective and ineffective decontamination treatments are reviewed in
(Weinstein et al., 2001). For further details regarding the WHO decontamination methods for

prion contaminated material see Appendix II.

Effects of tissue fixation- While the ACDP guidelines suggest avoidance of
embalming procedures following diagnosis of CJD or vCJD, the effect of tissue fixation upon

prion transmissibility has been studied experimentally. Formaldehyde fixation cross-links

15
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proteins within the tissues creating a matrix. As such formaldehyde based fixatives generally
reduce prion infectivity in tissues but do result in the retention of detectable amounts of
infectivity as shown for both formol (Fraser et al., 1992) and periodate-lysine-
paraformaldehyde (PLP) fixed (Taylor et al., 1997) tissues. Any apparent effect of tissue
fixation is likely to be reversible as breaking the protein cross-links may liberate infectious
prion material. Indeed detectable prion infectivity remained even after autoclaving or
incineration of formaldehyde fixed infectious material (Brown et al., 1990). It is plausible
that the process of embalming terminally affected CJD or vCJD patients represents a risk to
the operator and as such is discouraged in the current WHO guidelines. Alternative routes of
embalming prion disease patients post mortem are recommended to minimise the risk of
prion transmission. The embalming of patients not categorised in Table 3, even accounting
for potential asymptomatic human prion disease patients, are considered to represent a

negligible risk for the transmission of prion disease to the operator.
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Case studies

The occurrence of sCJD within health professionals has been assessed and reviewed
(Alcalde-Cabero et al., 2012). This study determined that despite reports of sCJD in health
professionals they occurred at expected rates when compared to the population as a whole.
These studies suggest health professionals were at no greater risk of developing sCJD.
However this review equally adopted the viewpoint that some professions are associated with
an increased occupational risk of exposure to prion disease in specific circumstances. In these
instances, appropriate care and preventative measures should continue to be taken to avoid
increasing the risk of prion disease transmission. For further details regarding the WHO
working practices for healthcare laboratories see Appendix III. For the purposes of anatomy
teaching, the adoption of the general protective measures or similar Good Laboratory Practice
guidelines should be sufficient so long as the sourcing of materials for teaching purposes

avoids those patients categorised in Table 3.
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Concluding Remarks

In this review we have attempted to present a balanced and critical review of the
currently available data regarding the potential risks of transmission of prion disease from
human cadaveric material to personnel working with or handling these materials. These
diseases are extremely rare and the current working practices of avoidance of using cadavers
with known dementia and avoidance of specific highly infectious tissues appear to be
sufficient preventative measures. However the potential risk of prion disease transmission is
still present and continued screening and adherence to current working practices should be

maintained at least at their current level to reduce this risk.

18

John Wiley and Sons, Inc.

Page 18 of 36



Page 19 of 36 Clinical Anatomy

Disclosure

The findings and conclusions in this article have not been formally disseminated by the Food

and Drug Administration and should not be construed to represent any Administration

©Co~NOOOR~,WNE

[E=N
o

determination or policy.

el e o
o wWN R

Acknowledgements

ol
© 0~

This work was supported by project and Institute Strategic Grant funding from the

NN
= O

Biotechnological and Biological Sciences Research Council. The authors wish to thank

N NN
ArWN

colleagues at The Roslin Institute and R(D)SVS, The University of Edinburgh and The

NN
o Ol

National CJD Research & Surveillance Unit for their help and advice with this manuscript, in

N N
o

particular Dr. Diane Ritchie (The University of Edinburgh) for photomicrographs used in

WN
o ©

Figure 1.

QO oo bbb, DMDAMEDIAMDIMDIEDNOWWWWWWWW
OO PRARWNPFPOOONOOUAWNRPFPOOONOOOUIAWNPE

19

o 01 U1 Ol
O © o

John Wiley and Sons, Inc.



©CoOo~NOOOR~,WNE

OO AR DIMDIMDEDINDNOWOWWWWWWWWWNNNNNNNNNNRERPRRPERPERPERPERPERRR
QUOWONOUPRARWNRPFPOOONOUOPRWNRPOOONOUDWNPEPOOO~NOOUOPRAWNPOOONOUIAWDNEO

Clinical Anatomy

Appendix I

Online references for information regarding human prion diseases

World Health Organisation (WHO)

http://www.who.int/zoonoses/diseases/prion diseases/en/

USA

http://www.cdc.gov/ncidod/dvrd/prions/index.htm

http://www.cdc.gov/ncidod/dvrd/cjd/qa cjd_infection_control.htm

http://www.cjdsurveillance.com/

UK — The national CJD research and surveillance unit (NCJDRSU)

http://www.cjd.ed.ac.uk/

https://www.gov.uk/government/publications/guidance-from-the-acdp-tse-risk-

management-subgroup-formerly-tse-working-group

Europe

http://www.eurocjd.ed.ac.uk/

A more detailed review of human prion disease and their various pathologies is

available in Greenfield’s Neuropathology (Love et al., 2015)
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Appendix II WHO Decontamination methods for Transmissible Spongiform

Encephalopathies (WHO, 1999)

The following recommendations are based on the best available evidence at this time and are
listed in order of more to less severe treatments. These recommendations may require
revision if new data become available.

Incineration

1. Use for all disposable instruments, materials, and wastes.

2. Preferred method for all instruments exposed to high infectivity tissues.
Autoclave/chemical methods for heat-resistant instruments

1. Immerse in sodium hydroxide (NaOH) and heat in a gravity displacement autoclave at
121°C for 30 min; clean; rinse in water and subject to routine sterilization.

2. Immerse in NaOH or sodium hypochlorite for 1 hr; transfer instruments to water; heat in a
gravity displacement autoclave at 121°C for 1 hr; clean and subject to routine sterilization.

3. Immerse in NaOH or sodium hypochlorite for 1 hr.; remove and rinse in water, then
transfer to open pan and heat in a gravity displacement (121°C) or porous load (134°C)
autoclave for 1 hr.; clean and subject to routine sterilization.

4. Immerse in NaOH and boil for 10 min at atmospheric pressure; clean, rinse in water and
subject to routine sterilization.

5. Immerse in sodium hypochlorite (preferred) or NaOH (alternative) at ambient temperature
for 1 hr; clean; rinse in water and subject to routine sterilization.

6. Autoclave at 134°C for 18 minutes.
Chemical methods for surfaces and heat sensitive instruments

1. Flood with 2N NaOH or undiluted sodium hypochlorite; let stand for 1 hr.; mop up and
rinse with water.

2. Where surfaces cannot tolerate NaOH or hypochlorite, thorough cleaning will remove most
infectivity by dilution and some additional benefit may be derived from the use of one or
another of the partially effective methods.

Autoclave/chemical methods for dry goods

1. Small dry goods that can withstand either NaOH or sodium hypochlorite should first be
immersed in one or the other solution (as described above) and then heated in a porous load
autoclave at > 121°C for 1 hr.

2. Bulky dry goods or dry goods of any size that cannot withstand exposure to NaOH or
sodium hypochlorite should be heated in a porous load autoclave at 134°C for 1 hr.
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Appendix III WHO Working Practices for healthcare laboratories (WHO, 1999)

General protective measures

1. Eating, drinking, smoking, storing food and applying cosmetics must not be permitted in
the laboratory work areas.

2. Laboratory coveralls, gowns or uniforms must be worn for work and removed before
entering non-laboratory areas; consider the use of disposable gowns; non-disposable gowns
must be decontaminated by appropriate methods.

3. Safety glasses, face shields (visors) or other protective devices must be worn when it is
necessary to protect the eyes and face from splashes and particles.

4. Gloves appropriate for the work must be worn for all procedures that may involve
unintentional direct contact with infectious materials. Armoured gloves should be considered
in post mortem examinations or in the collection of high infectivity tissues.

5. All gowns, gloves, face-shields and similar re-usable or non re-usable items must be either
cleaned using methods set out in Annex III, or destroyed as per Section 7.

6. Wherever possible, avoid or minimize the use of sharps (needles, knives, scissors and
laboratory glassware), and use single-use disposable items.

7. All technical procedures should be performed in a way that minimizes the formation of
aerosols and droplets.

8. Work surfaces must be decontaminated after any spill of potentially dangerous material
and at the end of the working day, using methods described in Section 6 and Annex III.

9. All contaminated materials, specimens and cultures must be either incinerated, or
decontaminated using methods described in Section 6 and Annex III and Section 7 before
disposal.

10. All spills or accidents that are overt or potential exposures to infectious materials must be
reported immediately to the laboratory supervisor, and a written record retained.

11. The laboratory supervisor should ensure that adequate training in laboratory safety is
provided.

Precautions for working with high and low infectivity tissues from patients with known
or suspected TSEs

1. Whenever possible and where available, specimens should be examined in a laboratory or
centre accustomed to handling high and low infectivity tissues; in particular, high infectivity
tissue specimens should be examined by experienced personnel in a TSE laboratory.
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2. Samples should be labelled ‘Biohazard’.

3. Single-use protective clothing is preferred as follows:
- liquid repellent gowns over plastic apron;
- gloves (cut-resistant gloves are preferred for brain cutting);
- mask;
- visor or goggles.

4. Use disposable equipment wherever possible.

5. All disposable instruments that have been in contact with high infectivity tissues should be
clearly identified and disposed of by incineration.

6. Use disposable non-permeable material to prevent contamination of the work surface. This
covering and all washings, waste material and protective clothing should be destroyed and
disposed of by incineration.

7. Fixatives and waste fluids must be decontaminated by a decontamination method described
in Section 6 and Annex III or adsorbed onto materials such as sawdust and disposed of by
incineration as a hazardous material.

8. Laboratories handling large numbers of samples are advised to adopt more stringent
measures because of the possibility of increased residual contamination, e.g. restricted access

laboratory facilities, the use of ‘dedicated’ microtomes and processing labware,
decontamination of all wastes before transport out of the facility for incineration.
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Figure Legends

Figure 1. Neuropathological hallmarks of human prion disease

Photomicrographs depicting the common neuropathological hallmarks of prion disease in the
brains (A-D) and peripheral tissues (E & F) of affected humans: A, Granular/synaptic PrP
deposition in sporadic Creutzfeldt-Jakob disease (sCJD) detected using 12F10 anti-prion
protein antibody (brown); B, Microvacuolar spongiform change in the cerebral cortex in
sporadic CJD, haematoxylin and eosin stain; C, Reactive astrocytosis in the thalamus in
variant CJD, glial fibrillary acidic protein antibody; D, PrP deposition in the cerebral cortex
in variant CJD, 12F10 anti-prion protein antibody; E, PrP deposition in variant CJD dorsal
root ganglion, 12F10 anti-prion protein antibody; F, PrP deposition in follicular dendritic
cells in a lymphoid follicle in the tonsil in variant CJD, 12F10 anti-prion protein antibody.

Scale bars = 50 um.

Figure 2. The potential for transmission of human prion disease during anatomical

dissection

The relative distribution of prion infectivity within the body of affected humans. Although
potential exists for the transmission of human prion disease during anatomical dissection,
human prion diseases are extremely rare and the risks involved can be effectively managed
by the following: 1, screening of patients and materials used for dissection; 2, identification
and avoidance of handling high risk materials; 3, fixation and potential for decontamination

of prions.
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Table 1 Human prion diseases

Disease Acronym | Occurence

Sporadic Creutzfeldt-Jakob sCJD | Idiopathic

disease

Sporadic fatal insomnia sFI Idiopathic

Variably protease-sensitive VPSPr | Idiopathic

prionopathy

Familial Creutzfeldt-Jakob fCID Genetic

disease

Gerstmann-Straussler- GSS Genetic

Scheinker disease

Fatal familial insomnia FFI Genetic

Kuru Acquired - via consumption of kuru infected
material

latrogenic Creutzfeldt- iCJID Acquired - via inadvertent transmission of sCJD

Jakob disease (or vCJD) as a result of medical treatment

Variant Creutzfeldt-Jakob vCJD | Acquired - primarily via consumption of BSE

disease

contaminated meat products,
iatrogenically, blood transfusion

secondary
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Table 2 Incidence of human prion diseases as reported by active surveillance

Region/Period Total Prion Sporadic | Genetic | Iatrogenic | vCJD
Referrals | Disease
US 1990-1999 377 228 198 28 2 0
US 2000-2009 3118 1817 1552 258 4 3
US 2010-present 1586 955 789 166 0 0
UK 1990-1999 1130 595 455 48 36 56
UK 2000-2009 1277 884 675 71 26 112
UK 2010-present 583 421 361 38 13 9
Total 8071 4900 4030 609 81 180
(% of total) (82.3%) | (125%) | (1.6 %) | (3.6 %)

Data from the US National Prion Disease Pathology Surveillance Center, and UK National
CJD Research & Surveillance Unit.
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Table 3 Categorisation of patients by risk (ACDP, 2012 revised)

Patient groups

Symptomatic
patients

* Patients who fulfil the diagnostic criteria for definite, probable or
possible CJD or vCJD

* Patients with neurological disease of unknown aetiology, who do not fit
the criteria for possible CJD or vCJD, but where the diagnosis of CJD is
being actively considered

Patients “at
increased risk”
from genetic

* Individuals who have been shown by specific genetic testing to be at
significant risk of developing CJD.
* Individuals who have a blood relative known to have a genetic mutation

forms of CJD indicative of genetic CJD;
« Individuals who have or have had two or more blood relatives affected
by CJD or other prion disease.
Patients

identified as
“at increased
risk” of
CJD/vCJID
through
iatrogenic
exposures

* Recipients of hormone derived from human pituitary glands, e.g.
growth hormone, gonadotrophin, are “at increased risk™ of transmission
of sporadic CJD. In the UK the use of human-derived gonadotrophin was
discontinued in 1973, and use of cadaver-derived human growth
hormone was banned in 1985. However, use of human-derived products
may have continued in other countries after these dates.

« Individuals who underwent intradural brain or intradural spinal surgery’
before August 1992 who received (or might have received) a graft of
human-derived dura mater are “at increased risk” of transmission of
sporadic CJD (unless evidence can be provided that human-derived dura
mater was not used).

* Individuals who have had surgery using instruments that had been used
on someone who went on to develop CID/vCID, or was “at increased
risk” of CJD/vCJD;

* Individuals who have received an organ or tissue from a donor infected
with CID/vCID or “at increased risk” of CJD/vCID;

* Individuals who have been identified prior to high risk surgery as
having received blood or blood components from 80 or more donors
since January 1980;

* Individuals who have received blood from someone who went on to
develop vCJD;

* Individuals who have given blood to someone who went on to develop
vCJD;

* Individuals who have received blood from someone who has also given
blood to a patient who went on to develop vCJID;

* Individuals who have been treated with certain implicated UK sourced
plasma products between 1980 and 2001

John Wiley and Sons, Inc.
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Table 4. Distribution of prion infectivity in CJD and vCJD (ACDP, 2012 revised)

Tissue Infectivity in CJD | Infectivity in vCJD
(other than vCJD)

Brain High High
Spinal cord High High
Cranial nerves, specifically the entire optic nerve
and only the intracranial components of the High High
other cranial nerves
Cranial ganglia High High
Posterior eye, specifically the posterior hyaloid
face, retina, retinal pigment epithelium, choroid, High High
subretinal fluid, optic nerve
Pituitary gland High (?) High (?)
Spinal ganglia Medium Medium
Olfactory epithelium Medium Medium
Dura mater Low Low
Tonsil Low Medium
Lymph nodes and other organised lymphoid Low Medium
tissues containing follicular structures
Gut-associated lymphoid tissue Low Medium
Appendix Low Medium
Adrenal gland Low Medium
Spleen Low Medium
Thymus Low Medium
Anterior eye and cornea Low Medium
Peripheral nerve Low Low
Skeletal muscle Low Low
Dental pulp Low Low
Gingival tissue Low Low
Blood and bone marrow Low Low
CSF Low Low
Placenta Low Low
Urine Low Low
Other tissues Low Low
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