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Transmissible spongiform encephalo-
pathies (TSEs) are fatal degenerative

prion disorders of humans and certain ani-
mals, histopathologically characterised by
the appearance of microscopic vacuoles
within the grey matter of the brain, giving a
sponge-like appearance. There are several

recognised TSEs, including bovine spongi-
form encephalopathy (BSE; ‘mad cow 
disease’) in cattle, scrapie in sheep and
Creutzfeldt-Jakob disease (CJD) in
humans.1,2

Bovine spongiform encephalopathy
(BSE), the first bovine TSE, was described in
UK cattle in 1986. An epidemic followed over
the next decade, with a peak of new infection
in 1988, and clinical cases in 1992.3 The cause
appeared to be scrapie-infected meat and
bone meal in cattle feed. This practice was
banned in 1988 and, since there were still new
cases, a total ban on the use of all meat and
bonemeal for all animal feeds was introduced
in 1996. It is also possible that the BSE epi-
demic stemmed from a change in rendering
practices allowing a cattle-specific strain of
an infectious agent to contaminate protein
supplement, and cause infection. Other
potential causes of the BSE epidemic include
possible failure to identify an already existing

clinical problem of BSE and/or insecticide-
induced alteration of prion protein (PrP).2 In
1989, TSE appeared in domestic cats in the
UK, suggesting transmission of TSE via pet
foods, and that the causative agent was not
species-specific — confirmed by the appear-
ance of TSEs in many captive animal species
(eg Arabian oryx, scimitar horned oryx,
greater kudu, eland, puma, cheetah, ocelot
and tiger).2,4 Subsequent to the BSE epi-
demic, a variant of sporadic CJD was
observed in humans in 1996, and later found
to be associated with the consumption of
infected bovine offal.1,2

Prion-induced disease — underlying
pathology
The TSEs are caused by prions (Proteina-
ceous infectious particle), abnormal isoforms
of a cell surface glycoprotein designated PrP.5

The prions resist inactivation by processes
that modify nucleic acids, and accumulate
in brain tissue, sometimes forming amy-
loid-like deposits. It is now possible to strain
type the different prions based upon animal
innoculation studies and/or western blot
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Transmissible spongiform encephalopathies (TSEs) are rare, fatal
degenerative brain diseases which affect humans and certain
animals, and are caused by inheritance or acquisition of prions
(PrPs). Inherited TSEs include Fatal Familial Insomnia (FFI),
Gerstmann-Straussler-Scheinker syndrome (GSS) and other less
well clinically characterised disorders, while the human infective
TSEs include sporadic, iatrogenic and variant Creutzfeldt-Jakob
disease (vCJD). The causative prions are found especially in
neural tissues and spinal fluid, and in the case of vCJD, in
lymphoreticular tissue. Available epidemiological evidence
suggests that normal social or routine clinical contact with
affected patients does not present a risk to health care workers,
relatives or the community. Isolation of patients is not considered
necessary. Nevertheless as the prions are resistant to
conventional chemical, irradiation and heat sterilisation methods,
highly specific cross-infection control measures are required for
the dental management of patients with, or at notable risk, of
TSE. The present article reviews current knowledge of the clinical
consequences of prion disease and provides information
regarding necessary changes to the cross-infection routine when
managing patients infected, or at risk of, prion disease.

In brief
● Transmissible spongiform

encephalopathies (TSEs) are rare brain
diseases affecting humans and certain
animals.

● Prions are the cause of these infections,
being particularly found in neural tissues,
spinal fluids, and in some instances
lymphoreticular tissues.

● Variant Creutzfeldt-Jakob disease (vCJD)
gives rise to degenerative disease.
Although very uncommon, vCJD has
occurred in young adults in the UK and
other parts of Europe.

● There is no evidence that dental
healthcare workers are at risk of
acquisition of infective prions in routine
dental care.

● In view of the difficulty of inactivating
prions, all patients infected, or likely to
be infected, with prions should be treated
in a hospital-based clinic.
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analysis. The prion associated with BSE and
variant CJD is similar.2,6–8 In man, the nor-
mal prion protein (PrP (protease-resistant
protein)) is encoded by a single-copy host
PrP gene on chromosome 20.9,10 The nor-
mal product of the prion protein gene
(PRnP) is soluble and protease sensitive
(PrPsens or PrPC), and not harmful, how-
ever in the inherited TSEs there is a coding
mutation in the PRNP giving rise to an
abnormal PrP protein that is insoluble and
insensitive to proteases (PrPres or PrPSc),
and lethal to neural tissue.10–12 The infec-
tive disorders such as vCJD and iatrogenic
CJD arise because of the acquisition of
abnormal PrP which catalyses the genera-
tion of more defective PrP within host cells,
hence inducing disease.2

Human transmissible spongiform
encephalopathies
The human TSEs, or prion diseases, occur in
inherited, acquired or sporadic forms. The
inherited forms are all autosomal dominant
disorders that do not manifest until early to
middle adult life.13 The acquired human
prion diseases include sporadic, iatrogenic
and variant CJD. The majority of acquired
CJD is caused by randomly occurring spo-
radic CJD. This form of CJD has been
observed worldwide with an incidence of
about 1 per million population, and arises in
middle to late life.14 Variant CJD (vCJD) is
rare — around 50 people have been seen to
be affected — but is geographically located in
Europe and almost all affected individuals
have been UK teenagers or young adults.15

The inherited human TSEs
There are several inherited TSEs, all are
autosomal dominant and include families
with individual mutations and those with
disorders that may be clinically defined, for
example Fatal Familial Insomnia (FFI) and
Gerstmann-Straussler-Scheinker syndrome
(GSS).13

Fatal familial insomnia
Fatal Familial Insomnia (FFI) is clinically
characterised by progressive insomnia,
dysautonomia, disruption of circadian
rhythms, motor dysfunction and variable
deterioration in cognition.10 The usual age

of onset is between 40 and 60 years, and the
course of illness lasts between 7 and 18
months. Affected families have been
reported in several parts of the world. There
is deposition of modified amyloid protein
and neuronal depletion particularly within
the anteroventral and mediodorsal thalamic
nuclei. Polymorphism of codon 129 of the
PRNP determines clinical presentation,
hence within affected families disease can
present like FFI or CJD.16–20

Gerstmann-Straussler-Scheinker
syndrome 
In Gerstmann-Straussler-Scheinker syn-
drome (GSS) there are a variety of muta-
tions within PRNP different to those of FFI.
Families from around the world have been
reported to be affected. Clinical features of
GSS include profound chronic cerebellar
ataxia, pyramidal features and slow onset
dementia. The usual age of onset is 20 to 30
years, and the clinical course is about 5 years
— much longer than any CJD.21,22

Other familial human prion
diseases
There are occasional families in which there is
autosomal-dominant inherited prion disease.
These families have genetic defects different to
those of FFI and GSS, but affected individuals
still die from CJD-like illness.23,24

Acquired human TSEs
Kuru
Kuru is an acquired spongiform encephalo-
pathy first described in the 1950s which,
although in decline, was the first recog-
nised human transmissible prion dis-
ease.25 Affected individuals all came from
Papua New Guinea, tended to be young
adults and acquired infection as a conse-
quence of cannibalistic rituals. Women and
children were particularly liable as they
prepared the tissues and ate the viscera.
Typically there was progressive cerebellar
ataxia but, unlike CJD, dementia was not a
common or predominant clinical feature.
While cannibalism ceased in the 1950s,
there are still occasional new instances of
kuru in patients more than 40 years of age,
perhaps suggesting a long incubation
time.25,26

Sporadic Creutzfeldt-Jakob disease
Sporadic CJD is a rapidly progressive multi-
focal dementia accounting for the majority of
human TSEs world-wide. It typically arises in
middle to late life, with a peak age of onset
between 60 and 65 years of age.14 There is
rapid progression, over weeks, to an akinetic
mutism. Aside from the predominant mental
deterioration and myoclonus, there can be
extrapyramidal and pyramidal signs, cere-
bellar ataxia and cortical blindness. Up to a
third of patients may have prodromal symp-
toms that include insomnia, fatigue, depres-
sion, weight loss, headache, general malaise
and ill-defined pain.26

The only useful specific investigation of
sporadic CJD is electroencephalography
(EEG), which shows characteristic changes.
There are no amyloid plaques in affected
brain tissue, although there is spongiform
change, neuronal loss and astrocytosis,
although spongiform change is a late fea-
ture. The causative prion is not present in
lymphoid tissue.27,28

Iatrogenic Creutzfeldt-Jakob disease
CJD-like disease has arisen following prion
transmission via cadaver-derived growth
hormone, pituitary gonadotropins, dura
mater homografting, corneal grafts or inad-
equately sterilised intracerebral surgical
equipment.29–34 Iatrogenic CJD varies clin-
ically from a sporadic-CJD type disease to a
more slow-onset disease reminiscent of
kuru. The causative prion does not occur in
lymphoid tissue.

Variant Creutzfeldt-Jakob disease
Variant CJD (vCJD) is localised to Europe,
particularly the UK, and has almost always
affected teenagers or young adults, the mean
age of onset being 24 years.35–37

Unlike sporadic or iatrogenic CJD, vCJD
typically presents with severe depression or
other mental illness, and/or sensory distur-
bances (dysaesthesia or paraesthesia). These
symptoms last several months and are fol-
lowed by dementia, cerebellar and other neu-
rological signs, myoclonus or other
involuntary movements, and finally akinetic
mutism.38,39 The clinical course of the variant
disease is much longer than that of sporadic
CJD and affected patients do not have the typi-
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undertaken by the minimum number of
healthcare staff needed to ensure effective
treatment. All treatment should be carefully
planned in advance. In view of the difficul-
ties of using dental handpieces and sterilisa-
tion procedures, such patients should be
treated at the end of a clinical session by a
skilled clinical team

Dental Instruments
Equipment used in patients with known
CJD
All dental equipment used in the manage-
ment of a patient with known CJD etc must
be destroyed after use — hence wherever
possible single-use disposable instruments
are required.

Equipment used in patients at-risk of CJD 
If the procedure involves brain, spinal cord
or eye tissue the instruments will require to
be destroyed, hence single-use equipment
should be used. 

If these tissues are not touched as is the
case in all routine dental care, conventional
instruments can be used, BUT they MUST
be sterilised under very stringent conditions
(see Table 2).

Equipment used in patients with
suspected CJD
Non-single use instruments must be quar-
antined after use in a rigid leak-proof sealed
plastic container until the exact status of the
patient is determined. If the patient is found
to have CJD etc, or the diagnosis remains
possible, the instruments must be
destroyed. If CJD is proven not to be present
the instruments can be reprocessed in a con-
ventional manner.

Surgical instruments (if incineration is
not required) should be put through the
standard hospital procedures for re-pro-
cessing instruments on release from quar-

cal EEG changes of the latter disorder. In con-
trast to sporadic CJD there is extensive plaque
deposition in brain tissue of vCJD patients. Of
note, prions can be demonstrated in lymphoid
tissue of the affected patients.40

Oral manifestations of human TSEs
Oral manifestations of human TSEs com-
prise dysphagia and dysarthia (due to
pseudobulbar palsy), and in vCJD patients
there may be orofacial dysaesthesia or
paraesthesia.38,39

Relevant aspects of infection control
The causative prions of sporadic and iatro-
genic CJD are typically located to the brain
and spinal tissues. Of particular concern,
and in contrast to other human infective
prion disorders, the causative prion of vCJD
is present in lymphoid tissue (eg pharyngeal
tonsil, lymph nodes and spleen).40 The
vCJD PrP occurs within CD35+CD21+ fol-
licular dendritic cells (not T or B cells),
within all sites of the body.40 While it has yet
to be demonstrated, it is likely that the PrP
will be present within lingual tonsillar tissue
(J. Collinge, personal communication). 

It is unclear as yet why lymphoid tissue of
variant CJD is so infected with PrP as
opposed to the other human TSEs, but lym-
phoreticular involvement also occurs in
scrapie and BSE. It may be that there is lym-
phoreticular invasion before neural involve-
ment, as PrP was found in the appendix of a
patient 8 months before onset of neurologi-
cal vCJD,41 and in BSE and scrapie there is
early infection of the gut lymphoreticular
system.42–44 The dendritic cells may be a site
of prion replication, white B lymphocytes
may be important in the transport of
prions.45 To date there is no evidence that
blood or blood products are likely routes of
spread of any human CJD-like illness but as
vCJD PrP is in lymphoreticular tissue (even
if not in peripheral blood cells within tissue)
and B lymphocytes may have a role in the
pathogenesis of such disease, it is not possi-
ble to exclude completely the rare possibility
of PrP of vCJD being present in the blood. Of
concern, blood from a patient with GSS did
give rise to infection in mice, infectivity
occurring in the plasma, leucocytes, cryo-
precipitate and in fraction I+II-III.46

Patients with the human TSEs are infec-
tious. Disease is likely however to be spread
only by blood or tissue contact with infected
material — particularly brain, spinal and
perhaps lymphoidal tissue. Nevertheless, as
prions are not inactivated by conventional
disinfection, irradiation or heat sterilisation
particular precautions have to be taken with
all affected patients, and those potentially
infected or at-risk of infection with prions.2

There is no evidence to suggest that dental
healthcare staff are at any risk of occupa-
tional exposure of prion disease, although
scrapie may be transmitted via pulpal tissue
in hamster models.47 In view of the poten-
tial for iatrogenic spread, and the difficulties
of inactivating prions, a number of aspects
of the cross-infection control regime48

require to be modified. Normal standards of
dental hygiene, such as eye protection,
masks and gloves should be supplemented
by the following recommendations.

Patients at risk of prion disease
It is essential to distinguish between patients
who are known or suspected to have CJD or a
related disorder (ie symptomatic) and those
who are potentially at risk of developing one of
these diseases, but presently asymptomatic.1

In particular, those persons with a history
of familial CJD, such as a parent or other
close blood relative who is thought to have,
or have had, GSS, FFI or another familial CJD
are potentially at risk of prion carriage. Par-
ents of patients with vCJD, and household
members of sporadic or iatrogenic CJD are
however not regarded as at risk (Table 1).1

Likewise, patients with other dementias (eg
Alzheimer’s) are not at-risk of prion disease.

Dental health care clinical
procedures
The clinical care of patients with, suspected
of having, or at-risk of CJD, should be

Table 1       Identification of patients with, suspected of, or at-risk of 
CJD-like disease1    

Known or suspect patients

Patients diagnosed as having CJD or a 
related disorder*

Patients suspected of having CJD or a 
related disorder* ie have clinical 
symptoms that are suggestive of CJD but 
where the diagnosis has not yet been 
confirmed

*ie Infective CJD: sporadic, iatrogenic or variant CJD
  Inherited CJD: FFI, GSS and other familial CJD

At-risk patients

Asymptomatic patients who are 
potentially at risk of developing CJD or 
a related disorder*

Recipients of hormone derived from
human pituitary glands, eg growth 
hormone, gonadotrophin (but not those 
given only recombinant hormone)
Recipients of human dura mater grafts;
People with a family history of familial 
CJD, ie close blood line relatives 
(parents, brothers, sisters, children, 
grandparents and grandchildren of FFI, 
GSS and familial CJD).
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antine, ie cleaned, inspected, function
tested, packed and sterilised, before being
made available for use on another patient. 

Dental handpieces
The handpiece must NOT be connected to
the waterline of the dental unit as there is a
remote chance of clinical material being
sucked into the waterlines, and these are very
unlikely to withstand the recommended
method of chemical inactivation of prions.
Water for cooling of the tissues must be pro-
vided from a separate source (eg  infusion or
syringe). If the patient has CJD or is liable to
CJD, the handpiece must be discarded after
use. If the patient is only at-risk of CJD, the
handpiece may be heat-sterilised under the
conditions outlined in Table 2.

Suction
In view of the difficulties of disinfection the
suction system of the dental unit cannot be
used; instead a stand-alone suction unit is
required. The reservoir of the suction unit
should be disposable. The spittoon of the
dental unit should not be used, instead
patients should expectorate into a disposable
bowl, and this should be discarded directly
into the clinical waste bin for incineration.

Labelling and transportation of
instruments
All instruments and items of equipment that
have been in contact with known, suspect or
at risk patients must be clearly identified.
Items used on patients known or suspected
of being prion-infected should be labelled for
disposal. Items used on at-risk patients,
where there has been contact with brain,
spinal cord or eye, should also be labelled for
disposal, while those used on other tissues
should be labelled either for re-processing or
disposal as appropriate. 

Items for re-processing should be securely
contained in a robust, leak-proof container,
and transferred by a designated person to
the sterilisation services department.

Items for disposal by incineration should
be isolated in a rigid leak-proof combustible
clinical waste container and transported to
the incinerator as soon as practicable, in line
with the current disposal of clinical waste
guidance. 

Percutaneous exposure to patient
tissue/fluids 
Sharps injuries involving blood or saliva
from patients with or at-risk of CJD should
be managed like any other similar incident.
The injured site should be encouraged to
bleed, gently washed with warm soapy
water, rinsed, dried and covered with a
waterproof dressing, or further treatment
given appropriate to the type of injury. 

Splashes into the eye or mouth should be
dealt with by thorough irrigation. All acci-
dents should be appropriately reported and
recorded.

Spillages
Spillage of potentially CJD-infectious mate-
rials should be removed using absorbent
material, the surface disinfected with an
appropriate disinfectant (see Table 2) and
any waste disposed of as clinical waste by
incineration. Disposable gloves and an apron
should be worn when removing such
spillages and disposed of by incineration. 

Biopsy samples
Biopsy samples from known, suspect or at-
risk patients should only be taken by experi-
enced clinicians who are aware of the
hazards involved. Samples should be
marked with a ‘Biohazard’ label and partic-
ular consideration should be given to the

need to maintain patient confidentiality,
however the pathology laboratory must be
notified specifically of any risk.  

Cleaning, decontamination and
waste disposal
As discussed previously, prions are highly
resistant to standard physical and chemi-
cal methods of inactivation and deconta-
mination. The standard autoclave regimen
is ineffective. Gases such as ethylene oxide
and formaldehyde are ineffective, as are
most chemical disinfectants such as 
alcohols, formalin, aldehydes (eg glu-
taraldehyde), beta propiolactone, hydro-
gen peroxide, iodophors, peracetic acid
and phenolics.

Sodium hypochlorite has been shown to
be effective but only at very high concentra-
tion, while sodium hydroxide does not
cause complete inactivation. Ionising or UV
irradiation at conventional doses and dry
heat are also not effective. 

Maxillofacial surgery affecting the
brain or eyes of patients with, or
at-risk of CJD
Invasive procedures of the eyes or brain
(eg  after profound facial injury) of
patients with, or at-risk of CJD, necessi-
tates using disposable instruments as
much as possible, and destroying all other
instruments. Expensive items of equip-
ment, such as drills, may be prevented
from being contaminated by using
shields, guards or coverings, so that the
entire items do not need to be destroyed.
The drill bit, bur, other parts in contact
with high risk tissue, and the protective
coverings must be incinerated. However,
in practice, it may be difficult to ensure
effective protective covering, and advice
should be sought from the manufacturer
to determine practicality. Wherever possi-
ble the patient should be last on the day’s
operating list. No other discrimination
should be permitted.

There is no evidence to suggest that
patients who received dura mater allografts
for the management of maxillofacial
defects have developed iatrogenic CJD.
However, such procedures should no
longer be undertaken.

Table 2      Recommended methods of inactivation of 
                 human TSE agents

• 20,000 ppm available chlorine of sodium hypochlorite for 1 hour
• 2 M sodium hydroxide for 1 hour
• Non-porous load steam steriliser 134–137 oC for a single cycle of

18 minutes, or six successive cycles of 3 minutes each*

* but known not to be completely effective 
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Staff training
All staff directly involved in procedures on
patients in the risk groups, or in the subse-
quent re-processing or disposal of potentially
contaminated items, should be aware of the
specific precautions, and adequately trained. 

Dental healthcare staff potentially
infected with prions
It is advisable that dental healthcare staff
potentially with prion disease should not
practice invasive clinical procedures in view
of the risk of motor and cognitive dysfunc-
tion. Nevertheless, at the time of writing,
the General Dental Council has not pro-
duced guidelines.
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