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Human prion diseases

RAJEEV THAKUR, YASMEEN MARBANIANG VINCENT, SUJATA CHATURVEDI

ABSTRACT
Prion diseases is another name for a group of 'transmissible
spongiform encephalopathies'. Creutzfeldt- Jakob disease, the
first prion disease described in humans, occurs in sporadic,
familial or iatrogenic form. Other transmissible spongiform
encephalopathies in humans such as familial Creutzfeldt- Jakob
disease, Gerstmann-Straussler-Scheinker disease and fatal fa-
milial insomnia have been shown to be associated with specific
prion protein gene mutations. In 1996, a new variant of
Creutzfeldt- Jakob disease was reported in the United Kingdom
among young patients with unusual clinical features and unique
neuropathological findings. This new form could be due to
transmission to humans of the agent causing bovine spongiform
encephalopathy. While examination of brain tissue is the key to
making a diagnosis, it is not always possible antemortem.
Immunological tests such as ELISA or western blot assays along
with tests for 14-3-3 protein in the cerebrospinal fluid remain the
main tools of diagnosis. Conventional disinfection and steriliza-
tion practices are ineffective for these agents. The unusual
properties of prions pose a challenge for treatment, surveillance
and control of these diseases.
Natl Med J India 2002; 15:339-45

INTRODUCTION
Prion diseases, also called transmissible spongiform encephalo-
pathies (TSEs), are a group of conditions that affect the nervous
system in both humans and animals. These diseases are transmis-
sible and characterized by cerebral deposition of an abnormal
glycoprotein called prion protein (PrP).

The first TSE to be recognized was scrapie, which infects sheep
and goats and has been known for over two centuries. The history
of human prion disease began in 1921 when Creutzfeldt described
a case of progressive dementia in a 22-year-old girl. 1 Subse-
quently, Gerstmann-Straussler -Scheinker disease (GSS) and Kuru
were described in 1936 and 1957, respectively. Fatal familial
insomnia (FFI) is a relatively new entry into the group of prion
diseases which, despite sharing the same genetic mutation with a
subtype of Creutzfeldt-Jakob disease (CJD), has distinct clinical
and pathological features. After the epidemic of bovine spongiform
encephalopathy (BSE) in cattle, epidemiological surveillance of
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cm was reinstituted in the UK in 1990 to identify any changes in
the occurrence of this disease. Out of 207 cases of CJD examined
between May 1990 and early 1996, 10 cases had neuropathologi-
cal findings that clearly distinguished them from other cases
examined by the CJD surveillance unit. Based on these 10 cases
a riew variant CJD (nvCJD) was first reported in March 1996.2

THE PRION CONCEPT
Many experiments were performed to find the causative agent of
TSEs. Early studies of scrapie-infected sheep showed that 'infec-
tivity' from brain extracts passed through filters with a pore size
small enough to retain all but viruses. However, exposure to
ultraviolet light, ionizing radiation and boiling (which inactivate
viruses) did not inactivate these agents.' No nucleic acid genome
has been identified in these infectious fractions. A major feature
that distinguishes prions from viruses is that scrapie prion protein
(PrPSC)isencoded by a chromosomal gene.' These studies, there-
fore, indicate that the infectious agents involved differ from
viruses, viroids, bacteria, fungi and parasites. The only molecule
that has been consistently associated in these disorders is a host
membrane protein. Thus, it has been hypothesized that a protein
is responsible for causing these encephalopathies, i.e. PrP is the
replicating infectious agent. 5 The word prion is ajumble of 'proin'
coined to emphasize its proteinaceous and infectious nature.

THE PRION PROTEIN
The PrP is the major, if not the only component of prions.vPrj' is
a normal cell membrane protein which is expressed at a particu-
larly high level in nerve cells. PrP exists in two isoforms: the
normal cellular form (PrPC)and the abnormal disease-related form
(PrPSCr also designated Prpres(protease resistant). Both protein
isoforms are encoded by the same cellular gene, located on human
chromosome 20,8 have identical molecular weights of 33-35 kDa
and the same amino acid sequence," but differ in their three-
dimensional, folded structure. 4 The distinguishing features of the
two isoforms are given in Table I.

Prl" is a glycoprotein anchored to the external surface of
neurones by a glycolipid moiety. It is rich in a-helixes and is
virtually devoid of~ sheets. Though its function is unknown, ithas
been suggested that it may playa role in cell adhesion, transmem-
brane signalling or may be some form of receptor. 11 Prpscis a post-
translationally modified isoform of the host Prl" 12 and as com-
pared to Prl" has a higher ~ sheet content. This structural transi-
tion from a-helixes to ~ sheet in PrP is the event underlying prion
diseases.'

Conversion of Prl" to PrPSC
Several studies have shown that the scrapie form ofPrP (PrPSC)is
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TABLE I. Differences between Prpe and PrPSC

PrP'

• Not disease related
• Completely digested by

proteinase K

• Disease related
• Partially digested by proteinase K to a

27-30 kDa protein which is as
infectious as PrPSC

• PrP27-30 has a propensity to aggregate
into plaques and amyloid fibrils

• PrP 27-30 has a high ~ sheet content
(54%) andalow n-hellx content (21 %)

• Amyloid fibrils or rods are formed
during detergent extraction \0

• Located in intracellular vesicles and
extracellular space'?

• Present in spongiform brain and
lymphoid tissue'?

• Presentinscrapie-infectedorgans,neuro-
blastoma and phaeochromocytomacells 10

• Does not aggregate to form
plaques or amyloid fibrils

• Has a high n-helix content (43%)
and a low ~ sheet content (3 %)

• Soluble on detergent extraction

• Located at the cell surface

• Present in brain, heart, lung tissue
and activated lymphocytes

• Present in most cell lines

an essential component of prions in disease condition. 13The two
mechanisms believed to give rise to Prpsc are:

1. Post-transcriptional modification leading to an alteration in the
conformation of the normal prion protein; and

2. Mutations in the prion gene (PRNP) resulting in the translation
of a protein with sequence abnormalities that predispose to the
spontaneous adoption of an abnormal conformation."

THE PRION DIMER HYPOTHESIS
The exact mechanism by which prions multiply is not known. The
prion dimer hypothesis was proposed by Prusiner and can explain
the infectious form of prion diseases. The multiplication of prion
infectivity is an exponential process in which the post-transla-
tional conversion of Prl" appears necessary. According to the
prion dimer hypothesis, a PrI~;emolecule combines with one Prl"
molecule giving rise to one heterodimer. The Prpse serves as a
template which alters the folding of Prl= to that of Prl=, which in
contrast to Prpe is highly resistant to proteolysis. This process
would then cascade exponentially with the Prpe now conforma-
tionally altered to Prpse serving as a template for further Prl"
molecules. In humans with PrP point mutation, mutant Prl"
molecules might spontaneously convert into mutant Prpse. The
initial stochastic event may be inefficient but, once it happens, the
process becomes autocatalytic. 15

PRION STRAINS
When isolates from sheep with scrapie were first passaged into
goats, a drowsy syndrome developed in some goats and others had
a scratching syndrome. This led to the realization that there are
different strains of the agent. About 20phenotypically different
strains of scrapie have been identified after passage through
mice. 16Strains of prions have been defined by the rapidity with
which they cause central nervous system disease and by the
distribution of neuronal vacuolation. 17Patterns of Prl'" deposition
have also been used to characterize these strains.":" Studies on
mice have shown that the tertiary and quaternary structure ofPrpse
contains strain specific information."

SPECIES BARRIER
Most agents causing TSE when first passed into another species
have a long incubation time. With repeated passages within the
new species, the incubation period decreases until it reaches a time
characteristic for the causative strain and the animal species, and
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then the animals are more consistently infected.' This pheno-
menon is referred to as the species barrier. The species barrier
concept is of practical importance in assessing the risk to humans
developing CJD after consumption of meat from scrapie-infected
lamb or from cattle with BSE.21.22

HUMAN PRION DISEASES
The human prion diseases manifest as infectious, inherited and
sporadic disorders." No other group of illnesses with a single
cause has such a wide spectrum of clinical manifestations. Prpse
can have a variety of conformations, each of which seems to be
associated with a specific disease. The factors that determine the
site in the central nervous system where a particular Prpse is
deposited are also not known." The salient clinical findings of
human prion diseases are given in Table 11.14Typically, patients
are adults between 40 and 70 years of age and often have clinical
features helpful in providing a premorbid diagnosis of prion
disease particularly CJD.16Less than 1% of CJD cases are infec-
tious and all these appear to be iatrogenic. Between 10% and 15%
of prion disease cases are inherited while the remaining are
sporadic." The occurrence of familial CJD is unusually high
among Israeli Jews of Libyan origin.25,26Not much information
regarding the epidemiology of prion diseases is available from
India. Satishchandra and Shankar reported 30 cases of CJD
between 1971 and 1990. Of these, 20 were definite and 10
probable cases of CJD; 70% ofthese cases were from Mumbai and
Bangalore. No family history of CJD was present in all these

TABLE II. Clinical features of human prion diseases

Prion disease Clinical features

New variant CJD • Patients are young
• Presenting features are often behavioural changes,

ataxia and peripheral sensory disturbances rather
than change in mentation

• Time between onset and death range from 7.5 to
22.5 months

• Characteristic EEG pattern of CJD is absent
• Progressive dementia, including psychiatric and

behavioural abnormalities
• EEG shows pseudoperiodic sharp complexes

-Myoclonus
- Visual or cerebellar dysfunction
- Pyramidal or extra pyramidal dysfunction
- Akinetic mutism

• Autosomal dominant inheritance
• Earlier age of onset and longer duration of illness

as compared to sporadic CJD
• Typical EEG changes are missing
• Autosomal dominant
• Predominance of cerebellar dysfunction
• Dementia tends to be mild and develops late in the

course of illness
• Widespread plaque formation
• Clinical picture varies with different mutations
• Mean age of death around 50 years
• Duration of illness 4-5 years
• Autosomal dominant
• Progressiveinsomnia
• Latedementia
• Duration of illness 7-15 months
• Cerebellar ataxia associated with tremoranddementia
• Fulminating course leading to death within a year
• Has virtually disappeared since the discontinuation

of the practice of ritualistic cannibalism

Sporadic cm

Familial cm

Gerstmann-Striiussler-
Scheinker disease
(GSS)

Fatal familial insomnia
(FFI)

Kuru
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patients.s' ln another report by Dastur et al., 6 cases of CJD were
identified on the basis of light and electron microscopic changes
of brain tissue." These 6 patients were reported clinically earlier
and had classical manifestations with progressive dementia, py-
ramidal signs and myoclonal jerks. Light microscopy showed
neuronal and nerve fibre loss, moderate or severe spongiform
change, astrocytic proliferation and absence of inflammatory
reaction. These findings were confirmed by electron microscopy. 28

Sporadic prion diseases
Sporadic forms of prion disease comprise most cases of CJD and
possibly some cases of GSS.29The process by which prions arise
in patients with sporadic forms is unknown but has been hypoth-
esized to involve horizontal transmission," somatic mutation of
the open reading frame of the PrP gene" and the spontaneous
conversion of PrPCinto Prl=. CJD has a worldwide incidence of
approximately one case per million population="? but among
persons between 60 and 74 years of age, the incidence is nearly 5
per million.P Patients as young as 17 years and as old as 84 years
have been recorded. CJD is relentlessly progressive and usually
causes death within a year of onset.'

Infectious prion diseases
Infectious forms of prion diseases result from the horizontal
transmission of the infectious prions as occurs in Kuru and
iatrogenic CJD.30

Kuru: Kuru is a degenerative disease ofthe brain limited to the
Fore tribe of Papua New Guinea. It has been suggested that Kuru
spread by ritualistic cannibalism. Kuru means shivering and
trembling and is characterized by cerebellar ataxia and tremor. It
was the first human prion disease to be transmitted to experimen-
tal animals. Following the discontinuation of the practice of
cannibalism, the disease declined steadily and has now been
eradicated.v-"

Iatrogenic CJD: Accidental transmission of CJD to humans
seems to have occurred by a number of routes (Table Ill)."

New variant CJD (nvCJD): The emergence of a new variant of
CJD was reported from the UK in March 1996. A disorder, similar

. to BSE which had killed thousands of cattle in 1986, was reported
in 10 cases. Based on the neuropathological and clinical features
in these 10 patients-which were clearly distinct from the classi-
cal sporadic CJD-a new variant of CJD was recognized.' These
10 cases had disease onset between February 1994 and October
1995. All had neuropathological changes which had not been
reported previously. The changes were unusual in that they oc-
curred in relatively young people and the clinical course was not
typical of cases of sporadic cm in the UK. The differences

TABLE III. Summary of iatrogenic cases of Creutzfeldt-Jakob
disease from all causes (July 2000)

Mode of infection n Agent entry Median incubation
into brain period (range) *

Corneal transplant+ 3 Optic nerve 16,18,320 months
Stereou ctic EEG 2 Intracerebral 16,20 months
Neurosurgery 5 Intracerebral 17 months (12-28)
Dura mater graft 114 Cerebral surface:j: 6 years (1.5-18)
Growth hormone 139 Possibly haematogenous 12 years (5-30)
Gonadotrophin 4 Haematogenous 13 years (12-16)

• Calculated from the mid-point of treatment to the onset of disease
t One definite, one probable, and one possible case
+ In two cases, dura was used to embolize vessels of non-central nervous system
tissues, rather than as intracranial grafts
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between sporadic CJD and nvCJD are given in Table IV. Informa-
tion on potential risk factors was available for 9 of these cases.
None had undergone potential iatrogenic exposure to CJD or had
ever worked on farms with livestock with a record of BSE in the
herd. All were reported to have eaten beef or beef products in the
last 10 years but none was reported to have eaten brain.'

In November 1989, the UK banned the use of specified types
of bovine offal in food for human consumption. These included the
brain, spinal cord, tonsils, thymus, spleen and intestines. Until the
1989 ban, homogenates of pooled bovine brains were used as
binders for certain foods such as hamburgers and sausages, so
humans could have ingested food with high titres of the infective
agent. If the cases ofnvCm were contracted before the specified
bovine offals ban, then the minimum incubation period was
probably between 5 and 10 years.' There is evidence from studies
in mice expressing the bovine PrP transgene that nvCJD is caused
by BSE prions. 36The incubation time, neuropathological features
and patterns of Prl=deposirion in these transgenic mice were the
same irrespective of whether the inoculate originated from the
brains of cattle with BSE or from humans with nvCJD.4

nvCJD has been recognized in approximately 100 patients in
the UK, 2 patients in France and 1 patient in the Republic of
Ireland.":" In most cases that were analysed, the PrP gene showed
no mutations and were homozygous for methionine at codon 129.
Strong epidemiological and laboratory evidence is accumulating
for a causal association between BSE and nvCJD. The epidemio-
logical evidence is mainly based on the geographic clustering of
nvCJD patients in the UK from where the majority of BSE cases
were reported. Laboratory evidence has been provided by experi-
mental data from (i) a French study that involves inoculation of
macaques with brain tissues obtained from BSE-infected cattle,
and (ii) western blot analysis of infecting prions obtained from
BSE-infected animals and nvCJD patients."

Inherited prion diseases
Familial cm, GSS and FFI are all dominantly inherited prion
diseases caused by mutations in the PRNP. Twenty mutations in
the human PRNP gene have been found to be associated with
inherited prion diseases." Misense mutations and expansion in
the octapeptide repeat region of the gene cause familial prion
diseases.w+' Familial prion diseases are autosomal dominant
disorders.

Although each of the PrP mutations are associated with a
typical clinical presentation, there are a sufficient number of

T ABLE IV. Differences between sporadic and new variant
Creutzfeldt-Jakob disease (CJD)

Feature Sporadic CJD New variant CJD

Average age
Clinical course

65 years 29 years
Dementia and myoclonus Behavioural changes are

are early features early features.
Behaviouralchanges Ataxia is seen early

develop later Dementia and myoclonus
develop later

7.5-22.5 months
Periodic complexes absent

Disease duration
EEGfindings

2.5-6.5 months
Periodic complexes typi-

cal of sporadic CJD
Only 5%-10% of pat i-

ents have plaques
Extensive florid plaques

resembling Kuru type
plaques surrounded by
a zone of spongiform
change

Neuropathological
findings
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exceptions that a particular mutation in a single pedigree can
present with symptom complexes typical of CJD in some patients
and GSS in others. Since the molecular basis of these disorders is
known, it is preferable to name them according to the mutation and
no longer refer to them as familial CJD, GSS or FFI. For example,
prion disease (E200) instead of familial cm in Libyan Jews, prion
disease (D 178N, M 129) instead ofFFI, and prion disease (P102L)
in place of GSS.30

Fatal familial insomnia and CJD178are two phenotypically
distinct diseases linked to the same D178N mutation in PRNP,
and provide a novel mechanism of phenotypic heterogeneity
determined by the methionine/valine polymorphism at codon 129
of PRNP. The presence of methionine in FFI and valine in CJD178
at position 129 of the PrP in conjunction with the presence of the
mutant asparagine at position 178, results in the expression of two
Prpe forms. The two Prpse forms cause two different disorders
hence there are two different phenotypes of CJD178and FFI.45

HUMAN PRP GENE POLYMORPHISMS
At PrP codon 129, a polymorphism encodes either methionine (M)
or valine (V).46 This polymorphism seems to influence prion
disease expression, not only in inherited forms but also in iatro-
genic and sporadic forms of prion disease." In studies of the PrP
genotype in sporadic CJD, over 90% of cases are homozygous for
either M or V at codon 129. A second polymorphism resulting in
an amino acid substitution at codon 219 glutamate (E)~ lysin (K)
has been reported in the Japanese population in which the K allele
occurs with a frequency of 6%.48

PATHOGENESIS
The pathogenesis of scrapie has been studied in naturally infected
sheep as well as experimentally in mice. In naturally infected sheep,
infectivity is found first in the lymphatic tissue and intestines, and
then spreads to the nervous system. Experimental extraneural inocu-
lation in mice produced infectivity first in the spleen and
Iymphoreticular organs. Several months later infectivity was found
in the central nervous system where it slowly increased for 4-6
months until the development of clinical disease." Recent studies
have shown that the follicular dendrite cells (FDC) of the germinal
centres of lymphoid tissue are critical for the initial replication of
these agents. These cells, therefore, may serve as potential targets for
therapy or prophylaxis in natural TSEs.49The fact that tissues besides
the nervous system are infectious has raised the question whether the
agent can be transmitted by transplantation or blood transfusion. The
FDCs are not only critical for the initial replication but also play an
important role in disease progression. FDCs are the major site of
Prpscaccumulation outside the central nervous system. FDCs store
native antigens and present them to B cells. They have receptors that
bind foreign antigens and mechanisms that protect the antigens from
degradation and phagocytosis by other cell types. This property of the
FDCs is exploited by the prion agent and allows it to persist safely
and replicate within the heart of the immune system."

PATHOLOGY
The neuropathological manifestations in prion diseases depend on
whether the disease is sporadic, familial or iatrogenic and are

.modified by the nature of the PrP gene (PRNP) defect (if familial),
the codon 129 PrP geriotype and duration of illness.

Macroscopic appearance
The brain may appear macroscopically normal. Most cases, how-
ever, show some or severe atrophy with a reduction in brain
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weight. In such cases, ventricular enlargement is marked and the
atrophy often involves the caudate nucleus and thalamus. In
general, loss of brain substance appears to be confmed to the grey
matter. Meninges and blood vessels appear normal. 13In CJD, the
gross appearance of the brain is variable and not diagnostic. No
abnormality is seen in some while in others varying degrees of
cerebral, cortical, striatal and/or cerebellar atrophy is seen with
brain weight as low as 850 g.51

Microscopic appearance
The histological features of prion diseases are spongiform change,
neuronal loss, astrocytosis, paucity of inflammation, synaptic loss
and accumulation of PrP in the form of plaques or amyloid. 14In
CJD, the hallmarks are spongiform degeneration of neurones and
their processes, neuronal loss, intense reactive astrocytosis and
amyloid plaque formation. Amyloid plaques occur in approxi-
mately 10% of cases of CJD. These plaques are positive for
antibodies against PrPSCon immunohistochemical staining.f-" A
characteristic feature of nvCJD is the presence of florid plaques
composed of a core of PrPSCamyloid surrounded by vacuoles." In
some cases, the only histological clue is delicate vacuolation ofthe
grey matter with minimal or no detectable nerve cell loss or
astrocytosis. The vacuoles are located in the neuropil between the
nerve cell bodies. This stage is known as 'spongiform degenera-
tion' to differentiate it from 'status spongiosus'. The latter occurs
late in the course of disease and in this stage much larger vacuoles
(<::10011)occur, surrounded by a dense mesh of reactive astrocytic
processes. By electron microscopy, spongiform degeneration con-
sists of focal swelling of neuritic processes (both axonal and
dendritic) and synapses with loss of internal organelles. Vacuola-
tion of nerve cell bodies has also been reported in some cases of
CJD; however, this is more characteristic of Kuru."

PRION DISEASES AND OTHER NEURODEGENERA TIVE
DISEASES
Virtually all neurodegenerative diseases involve abnormal pro-
cessing of neuronal proteins. The aberrant mechanism can entail
a misfolding of proteins, altered post-translational modification of
newly synthesized proteins, abnormal proteolytic cleavage, anoma-
lous gene splicing, improper expression or diminished clearance
of degraded protein. Misprocessed proteins often accumulate
because the clearance mechanisms for removing them are ineffec-
tive. The particular protein that is improperly processed deter-
mines the malfunction of distinct sets of neurones and thus the
clinical manifestations of the disease.

Like prion disease, most cases of Alzheimer's disease,
Parkinson's disease, amyotrophic lateral sclerosis and frontotem-
poral dementia are sporadic; ~1O% are inherited. As compared to
prion diseases, the other neurodegenerative diseases are not infec-
tious and have not been transmitted to laboratory animals.' Syn-
thesis and accumulation of PrPSCis an invariable feature of prion
disease. It forms the principal component ofPrP amyloid plaques.
In vitro it has been shown that partial proteolysis ofPrPSC(33-35
kDa) generates PrP27-30 which forms amyloid rods. It is this
amyloidosis which brings prion close to the Alzheimer's disease.
Disease-linked mutations in PrP and amyloid precussor protein
(APP) enhance the fibrillogenic nature of the peptides. Table V
shows the differences between prion diseases and Alzheimer's
disease. 54

DIAGNOSIS OF HUMAN PRION DISEASES
A definitive diagnosis of human prion disease can usually be
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TABLEV. Comparison of prion diseases and Alzheimer's disease

Feature Prion disease Alzheimer's disease

Onset Mid-to-Iate life (usually
late)

8-12 years
Dementia

Any age (usually
later in life)

6 months to 8 years
Dementia, ataxia,

myoclonus
Majority Majority
Well documented Not documented
Well documented 5%-10%
20 21, 14, 19
PRNP APP
Many regions of the brain Cortical, hippocampus,

cholinergic basal fore-
brain neurones

NFT angles, neurites
and neuropil threads

Ab
Severe
Aged non-human primates;

transgenic mice

Progression
Signs

Sporadic
Transmissible -
Familial
Chromosomalloci
Gene with mutation
Vul~erable cells

Cytoskeletal pathology Rare

Amyloid
Cell death
Models

PrP'C
Variable
Scrapie; transgenic mice

with PrP mutation

made from the examination of brain tissue but there is a need for
a rapid, antemortem test for prion diseases in humans. Knowl-
edge of the molecular genetics of prion disease has made it
possible to diagnose inherited prion disease using DNA ex-
tracted from peripheral tissue." The various modalities of diag-
nosis include:

Cerebrospinal fluid (CSF) analysis
Results of CSF analysis are usually normal. Many patients with
CJD have elevated levels of protein 14-3-3 in the CSF. However,
this is not specific for diagnosis. 55-57The concentration of neurone
specific enolase in CSF may also be increased in CJD.58

Detection of PrF
As Prpschas never been observed in human or animal brains
without prion disease, it is a hallmark of pathological diagnosis.
Immunohistochemistry and western blotting have been used to
detect Prpsein brain tissue. Immunohistochemical analysis can
demonstrate the distribution of Prpse in either fixed or unfixed
tissue. The tissue is first subjected to hydrolytic autoclaving at
121°C for 10 minutes, rinsed and then incubated with antiprion
antibodies. After washing, the tissue is incubated with bridge
antibody and finally diaminobenzidine tetrachloride is used to
visualize the immunoreactivity. Western blot can be performed
only on unfixed tissue. The tissue homogenate is digested with
proteinase K to remove Prl" and identified by western blotting
with anti-PrP antibodies. Three bands with molecular weights
between 20 000 and 30 000 kDa are detected. 59 It has been
suggested that the different western blot patterns correlate with
the clinical and pathological findings and the PrP genotype at
codon 129. To date, the pattern obtained for cases of BSE and
nvCJD has a very high proportion of diglycosylated PrPSCand a
low proportion of unglycosylated PrPSC60 suggesting that nvCJD
and BSE may be caused by the same strain of the agent.

PrP gene analysis
This can be performed on DNA extracted from blood leucocytes
antemortem-' as well as from frozen brain tissue.

PREVENTION AND CONTROL
At present, there are no effective vaccines or specific treatment
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available for prion diseases. Infection control measures are there-
fore the mainstay of prevention. Discontinuation of the practice of
cannabalism in the population of Papua New Guinea has led to the
eradication of Kuru. Special emphasis has been given to nvCJD in
prevention strategies since there is evidence of its probable trans-
mission to humans through consumption of meat contaminated
with BSE-infected central nervous system tissues. The Food and
Drug Administration in the UK has banned the use of ruminant
tissue including blood, gelatin and plate waste (leftover food from
restaurants) in ruminant feed. It has also requested that bovine
material used by pharmaceutical companies must be obtained
only from countries that have a surveillance system in place.
Bovine-derived products such as foetal calf serum should be
banned in vaccines despite their presumed safety. Dietary supple-
ments in biomedical products should not contain tissue or gland
extracts of animals from countries on the BSE list.

Studies suggest that prions are present in blood and bone
marrow in BSE and lymphoid tissue in nvCJD making blood and
blood products such as intravenous immunoglobulins unsafe."
However, there are no known cases of CJD attributable to the
transfusion of blood products and injection use does not seem to
increase the risk of transmission."

A number of strategies can be adopted to enhance surveillance.
These include:

1. Establishment of a National Surveillance Centre which per-
forms neuropathological and immunological tests for prion
proteins.

2. Making physicians aware of monitoring and surveillance efforts.
3. Autopsies should be performed in all cases of prion diseases to

confirm diagnosis.
4. Animals and high risk human population should be screened.

Prion diseases constitute a unique infection control problem
because they exhibit unusual resistance to conventional chemical
and physical decontamination methods. A summary of the recom-
mendations made by the Centers for Disease Control and Preven-
tion (CDC, Atlantaj." World Health Organization (WHO)6Iand
other healthcare professionals for infection control precautions for
patients with known or suspected CJD is given below.63,64

1. Precautions have to be taken for all patients of known or
suspected prion disease, patients with rapidly progressive
dementia and those who have received dura mater transplants
or human growth hormone injection,

2. No additional precautions other than standard universal safety
precautions need to be observed for these patients.

3. All tissue from these patients must be labelled as 'biohazard' or
'Suspected CJD' before being sent to the laboratory,

4. No special precautions are required for handling food utensils
or disposal of body fluids.

5. Laundry should be managed as for other blood borne pathogens.
6. The morgue must be notified that a patient had CJD.
7. Patients with suspected or known prion disease should not

serve as donors for organs, tissues or blood components.
8, Infection control professionals must be notified of all patients

with a known or suspected prion disease, They must also be
informed when such patients are scheduled to undergo any
invasive procedure where personnel or instruments will be
exposed to infectious material.

Decontamination of contaminated medical devices
The risk of infection from various tissues and body fluids of humans
with TSEs has been estimated based on animal transmission
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studies. Tissues such as brain, spinal cord and eyes are high risk
tissues. Tissues and fluids such as CSF, kidney, liver, spleen, lung
and lymph nodes are low risk tissues. No-risk tissues are peripheral
nerves, intestine, bone marrow, blood, leucocytes, serum, thyroid
gland, adrenal gland, heart, skeletal muscle, adipose tissue, gin-
giva, prostate, testis, placenta, tears, nasal mucus, saliva, sputum,
urine, faeces, serum, vaginal secretions and milk.

Devices contaminated with high risk tissues must be cleaned
and sterilized by autoclaving at 134°C for ~18 minutes in a
prevaccum sterilizer or at 121-132 °C for 1 hour in a gravity
displacement sterilizer. Devices that cannot be cleaned must be
discarded. Neurosurgical instruments used in such cases could be
disposable. Non-critical equipment contaminated with high risk
tissue should be cleaned and disinfected with 1:10 sodium
hypochlorite (i.e. bleach) or 1N sodium hydroxide depending on
material compatibility. Contaminated environmental surfaces must
be cleaned and disinfected with 1:10 sodium hypochlorite. De-
vices contaminated with low risk tissues can be cleaned and
disinfected or sterilized by use of conventional protocols of heat!
chemical sterilization or high level disinfection. Environmental
surfaces contaminated with these tissues require to be disinfected
as for standard blood-contaminated surfaces. In the case of a
percutaneous exposure to CSF or brain tissue of an infected
person-although scientifically unproven-the wound should be
rinsed with 0.5% sodium hypochlorite for several minutes and
then washed with soap and water. Mucous membrane exposure
should be managed by irrigating thoroughly with saline for several
minutes."

TREATMENT
There are as yet no specific treatment modalities for patients of
prion diseases. Attempts are being made to develop drugs for
treating prion diseases. Drugs could either be compounds which
interrupt the disease process or enhance clearance of aberrant
proteins or compounds that block the mishandling of a particular
protein. A class of compounds known as dendrimers have been
identified and they appear to effectively eliminate prions from
cultured cells."

CONCLUSION
Human prion diseases pose a great challenge. Until the exact
nature of the infecting agent is clearly understood, there will be
many unanswered questions. Prion diseases clearly have an infec-
tious component since they can be transmitted between animals.
The agents cross from one species to another with difficulty, so
oral transmission is unusual unless tissues such as brain (which
contain high titres ofthe infective agent) are ingested as has been
suggested in nvCJD which is believed to have occurred due to
ingestion of meat products from animals with BSE.

Laboratory studies can be performed only on experimental
animals, mainly mice and hamsters. Such studies require patience
and effort because of the long incubation period, the number of
animals required for titration and the absence of a tissue culture
system. There is yet no well-defined therapeutic approach. At-
tempts are being made to develop drugs for treating prion dis-
eases. Dendrimers seem particularly effective in eliminating prions
from cultured cells. BSE became an epidemic after cattle were fed
offal made from other cattle. Both BSE and nvCJD are examples
of epidemics caused by human action. The long incubation period
for prion diseases makes it uncertain how extensive the outbreak
of nvCJD can be. Active surveillance and control measures remain
the mainstay for the prevention of these diseases.
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