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Annual report

Creutzfeldt–Jakob disease surveillance in
Australia: update to December 2017
Christiane Stehmann, Shannon Sarros, Matteo Senesi, Victoria Lewis, Marion Simpson, Catriona
McLean, Colin Masters and Steven Collins

Abstract
Nationwide surveillance of human prion diseases (also known as transmissible spongiform encephalopathies), the most common being Creutzfeldt–Jakob disease (CJD), is performed by the Australian
National Creutzfeldt–Jakob Disease Registry (ANCJDR), based at the University of Melbourne.
National surveillance encompasses the period since 1970, with prospective surveillance occurring
from 1993 onwards. Over this prospective surveillance period considerable developments have
occurred, especially in relation to pre-mortem diagnostics, the delineation of new disease subtypes
and a heightened awareness of prion diseases in the health care setting. The surveillance practices of
the ANCJDR have evolved and adapted accordingly. Since the ANCJDR began offering cerebrospinal
fluid (CSF) 14-3-3 protein testing in Australia in September 1997, the annual number of referrals has
steadily increased to a maximum of 508 in 2017. The number of CSF test referrals in 2017 represents
a 20% increase compared to that of 2016. In 2017, there was an overall stabilisation of the annual
incidence rate of confirmed prion disease in Australia at expected levels; 72 persons with suspected
human prion disease were added to the national register, with 72% of all suspected CJD cases undergoing neuropathological examination. The majority of the 72 suspected cases added to the register are as
of 31 December 2017 still classified as “incomplete” (47 cases), while four cases were excluded by either
detailed clinical follow-up (1 case) or neuropathological examination (3 cases); 19 cases were classified
as definite and two as probable prion disease. No cases of variant CJD (vCJD) were confirmed.
Keywords: Creutzfeldt–Jakob disease, prion disease, transmissible spongiform encephalopathy,
disease surveillance

Introduction
The Australian National Creutzfeldt–Jakob
Disease Registry (ANCJDR) was established in
October 1993 at the University of Melbourne.
As described previously,1 human prion disease
can arise sporadically, or from genetic or iatrogenic aetiologies. In 1993, the Allars inquiry2
into the use of cadaver-derived pituitary hormones under The Australian Human Pituitary
Hormone Program and the association with
four medically acquired (iatrogenic) CJD
(iCJD) deaths recommended broadening of the
responsibilities of the nascent ANCJDR in addition to monitoring for further cases of iCJD in
Australia. The monitoring of Australian iCJD
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cases, related to cadaveric pituitary hormone
treatment for infertility or short stature, and
contaminated dura mater grafts, remains one of
the core objectives of the ANCJDR; however, in
response to the recommendations of the Allars
inquiry, the ANCJDR’s activities have evolved to
encompass the surveillance of all types of CJD,
including sporadic, genetic, and variant CJD
(vCJD, the form related to bovine spongiform
encephalopathy: BSE) and other prion diseases
such as Gerstmann Sträussler–Scheinker syndrome and fatal familial insomnia.
CJD was made a notifiable disease in all states
and territories of Australia as of June 2006.
Most initial notifications to the ANCJDR arise
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through diagnostic testing undertaken at the
ANCJDR; this occurs prior to Health department notification. After a preliminary review of
notified cases, those deemed to be genuine suspected human prion disease undergo detailed
evaluation after addition to the national surveillance register, to determine whether a case can
be excluded from suspicion or can be classified
as a “definite”, “probable” or “possible” prion
disease case according to EUROCJD endorsed
diagnostic criteria and to determine the aetiology of the illness.3
The global incidence of sporadic CJD (sCJD)
is commonly reported to be 1 case per million
per year; however, in most countries with longstanding surveillance systems in place, such
as France and Switzerland, annual incidence
rates have been consistently reported above this
quoted figure.4 Incidence rates as high as 2.4–2.6
cases per million per year have been reported4
and multi-national collaborative studies support
that intensity of surveillance correlates with
reported incidence rates.5 Temporally, human
prion disease incidence rates have increased in
most countries, including Australia, as surveillance mechanisms are optimised and diagnostic
testing capabilities improved, in parallel with a
generally greater awareness of this rare disease
in the health care setting.
In this report, updated national surveillance
figures to 31 December 2017 are provided for
all retrospective (to 1970) and prospective (from
1993) cases ascertained, including a discussion
on case notifications, classifications and overall
incidence. In 2017, there was stabilisation of
the annual incidence rate of prion disease in
Australia at expected levels with 72 persons with
suspected human prion disease added to the
national register and 72% of all suspected CJD
cases undergoing neuropathological examination. As of 31 December, 2017, the majority of
the 72 suspected cases added to the register were
still classified as “incomplete” (47 cases), while
four cases were excluded by either detailed clinical follow-up (one case) or neuropathological
examination (three cases); 19 cases were classified as “definite” and two as “probable” prion
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disease; no cases of variant CJD were confirmed.
Since the ANCJDR began offering cerebrospinal
fluid (CSF) 14-3-3 protein testing in Australia in
September 1997, the annual number of referrals
has steadily increased to a maximum of 508 in
2017. The number of CSF test referrals in 2017
represents a 20% increase compared to that
of 2016.

Surveillance Methods
Patients with a suspected human prion disease
have been prospectively notified to the ANCJDR
since 1993. From 1997 onwards, suspected
cases have been increasingly notified through
referral for diagnostic CSF 14-3-3 protein
detection, which has become the predominant notification source. Other ascertainment
mechanisms include or have included personal
communications from clinicians, families, hospitals and CJD-related groups, as well as health
record searches through hospitals and health
departments. Once notified to the ANCJDR,
referrals undergo prima facie assessment and,
if the suspicion of prion disease is supported,
the case is added to the register as a formally
notified suspected case for continued investigation, with the aim of exclusion or classification
according to EUROCJD endorsed diagnostic
criteria. Investigation of registered cases can be
prolonged as the ANCJDR requires next-of-kin
consent to access and compile the appropriate clinical information from various health
information sources to facilitate comprehensive
evaluation. Response times can vary as the information can be extensive or sources numerous.
Medico-demographic questionnaires are offered
and forwarded to families, if they are willing to
contribute, providing valuable information for
analysis and evaluation.
The classification of registered cases remains as
“incomplete” until all known available information is gathered and reviewed, or a definitive
result from neuropathological assessment is
obtained. Cases may be excluded from the register on the basis of neuropathological examination or after thorough clinical evaluation. A
“definite” classification requires brain tissue
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examination, including immunochemistry;
“probable” and “possible” cases are reliant on
a specific clinical profile and diagnostic test
outcomes being met as previously described.3 In
keeping with previous reports, the total number of confirmed prion disease cases for 2017,
including for statistical analyses, are those that
have been classified as “definite” or “probable”
cases during 2017.
In conjunction with surveillance responsibilities, the ANCJDR provides diagnostic platforms
for ante- and post-mortem diagnostic testing
for human prion diseases. The testing of CSF
for the presence of a family of low molecular
weight proteins called “14-3-3” has been performed weekly by the ANCJDR since 1997. This
test has been readily utilised by health services
and referrals have increased steadily since its
introduction, resulting in 508 test referrals in
2017. As described previously, the CSF 14-3-3
Western blot test provides an increasingly larger
proportion of initial notifications of suspected
human prion disease to the ANCJDR each
year. In 2017, the ANCJDR formally added
detection of CSF total-tau protein concentrations, which is also National Association of
Testing Authorities / International Laboratory
Accreditation Cooperation (NATA/ILAC)
accredited, for the diagnosis of CJD, while
continuing to develop and transition to the
powerful real time-quaking induced conversion (RT-QuIC) assay to detect the presence of
misfolded prion protein in CSF. The total-tau
enzyme-linked immunosorbent assay (ELISA)
test is performed at the National Dementia
Diagnostic Laboratories on a fortnightly basis.
RT-QuIC is currently performed at the ANCJDR
on demand, for research purposes only. The
ANCJDR also undertakes Western blot analysis
for misfolded, protease-resistant prion protein in
brain and tonsil tissue from biopsies or autopsies
to supplement immunohistochemical assessment, as required. Prion protein gene (PRNP)
testing for sequence variations in the open reading frame, particularly proven disease-causing
mutations, is performed by an external, independent provider as appropriate. The ANCJDR
actively promotes all diagnostic tests to clini-
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cians and families to achieve the most accurate
diagnosis and classification of persons suspected
to have prion disease.
Annual human prion disease incidence rates
are calculated using direct age-standardisation,
based on the 1970–2017 Australian Bureau of
Statistics estimated resident population data
for Australia and for each state and territory.6
Health information is collected through a
combination of public health and surveillance
responsibilities, based on the national notification of communicable diseases in observance
of the National Health Security Act 2007 and
Privacy Act 1988 (Cth) 16B. ANCJDR surveillance activities for 2017 were approved by the
University of Melbourne Human Research
Ethics Committee.

Results
Since the ANCJDR began offering diagnostic CSF
14-3-3 protein testing in Australia in September
1997, the annual number of referrals has steadily
increased to a maximum of 508 in 2017 (Figure
1), representing a 20% increase compared to
2016. Figure 2 displays the geographical referral
patterns of CSF 14-3-3 requests, proportionate
to populations. The positive trend in CSF referral numbers reflects an increased awareness and
perceived utility of the 14-3-3 diagnostic test by
clinicians.
As summarised in Table 1, of the 469 domestic
CSF specimens referred to the ANCJDR for testing, 68 specimens tested positive in the 14-3-3
Western blot assay. Of the 371 specimens tested
for total-tau protein, 40 specimens returned elevated concentrations of total-tau protein (>1072
pg/ml) sufficient to support the likelihood of
CJD. Of the 17 CSF specimens tested using the
RT-QuIC assay, six specimens returned positive
results, essentially confirming (albeit informally) a clinical diagnosis of CJD. As reported
by other national CJD surveillance registries,
the reported CSF biomarker results support
the complementary utility of the total-tau and
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Figure 1. Annual number of diagnostic CSF 14-3-3 protein test referrals to the ANCJDR, 1997
to 2017
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Table 1. Summary of CSF referrals and diagnostic test results (1 January 2017 to 31 December 2017)
14-3-3
Western blot
results

Total-tau
ELISA positive
results

Total-tau
ELISA negative
results

RT-QuIC
positive
results

RT-QuIC
negative
results

16

31

92

Positive

68

→

40

Atypical positive

1

→

1

Equivocal

2

→

2

Negative

346

→

3

305

Unsuitable

31

→

1

3

Not tested

13

Overseas referrals

39

Outstanding test
results

8

Total

508

47

324

1

all tested total-tau positive

2

all tested total-tau negative
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Figure 2. Geographical proportions of CSF 14-3-3 test referrals in 2017
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RT-QuIC technologies to the 14-3-3 Western
blot to aid a pre-mortem diagnosis of CJD or
other human prion diseases.
Seventy-two persons with genuinely suspected
human prion disease were added to the CJD
surveillance register in 2017. Cases were initially
notified via request for CSF 14-3-3 protein testing (50 cases), personal communication from
clinicians (11 cases), the CJD Support Group
Network (eight cases), direct health department
notification (one case), the hospital (one case)
and a neuropathology service (one case). Some
previous proactive ANCJDR surveillance mechanisms (e.g. reply-paid mail-outs to clinicians)
have been discontinued over time due to human
resource constraints. Despite the increasing
dominance of referrals related to requests for
CSF diagnostic testing, in 2017 case referrals
through treating clinicians or the CJD Support
Group Network seeking expert advice and guidance from the ANCJDR noticeably increased
(16% and 12% of all suspect case notifications,
respectively; Table 2).
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Of the 72 cases added to the register in 2017,
two cases were known to the ANCJDR prior to
2017 through CSF referrals. At the time of their
referral in 2016, these cases were not added to
the register due to a low level of suspicion for
prion disease after initial assessment. Further
information ascertained in 2017 increased the
likelihood of prion disease resulting in formal
notification and addition of the cases to the
register. The number of formal suspected case
additions to the register in 2017 is similar to that
of the previous year (71 cases) but higher than
the average annual number for the years 2004 to
2015 (66 cases).
By state and territory, only modest absolute
fluctuations in the number of suspected case
notifications compared to the previous year
were observed in 2017 (Figure 3), although
relative notifications noticeably increased in
Queensland, while a decrease of notifications
was observed in Victoria. This was not mirrored
by the CSF referral rates in both states.
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Figure 3. Prospective, suspected CJD case notifications to the ANCJDR 1997 to 2017, by year and
state or territory
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As of 31 December 2017, the majority of the
72 suspected cases added to the register were
still classified as “incomplete” (47 cases), while
four cases were excluded by either detailed
clinical follow-up (1 case) or neuropathological
examination (3 cases); 19 cases were classified as
“definite” and two as “probable” prion disease;
no cases of variant CJD were confirmed.
Since 1993, there has been a positive trend in the
annual number of suspected prion disease cases
that have undergone post-mortem examination
or less commonly brain biopsies, beginning
with 12 in 1993 to around 30–40 per year for the
period between 2005 and 2017 (Figure 4).
In 2017, the referral rate for brain neuropathological examination was 72% of all suspected
human prion disease related deaths (46 autopsies,
1 brain biopsy). The average annual proportion
of suspected prion disease cases on the register
dying between 1993 and 2016 and undergoing
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SA

TAS

VIC

WA

post-mortem brain examination is 60% (range
50–78%). Suspect CJD brain autopsy referral
rates in Qld, SA and WA were 80% or higher in
2017 (Table 3).
The annual brain autopsy referral rates by state
and territory over the 1993 to 2017 period displays considerable fluctuation in each region.
In the more populous states, there has generally
been an overall temporal increase in rates. In
regions with smaller populations, this general
positive trend is also present but less robust due
to the small population sizes and case numbers.
In Queensland, the influence of the diminished
access to a facile suspected CJD autopsy service
during 2012–2013 is reflected by the sharp
decline in the annual rates (Figure 5). From
2014, Queensland had a significant increase
in brain autopsy neuropathological referrals,
which mirrors the significant increase in suspect
case notifications. The decline of neuropathol-
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Table 2. Sources of initial notification of ANCJDR cases ascertained (1 January 1970 to 31
December 2017)
Method

Notifications 2017 (%)

Notifications 1970-2016 (%)

CSF 14-3-3 protein test request

69

54

Neurologists

16

13

CJD Support Group Network

12

1

Hospital

1

1

Neuropathologists

1

8

Health Department

1

1

Death certificates

0

7

Medical record and morbidity data

0

6

Family contact

0

3

Neurologist and neuropathologist mail-out
follow-up

0

2

Genetic services

0

2

Other

0

2

Total

100

100

Table 3. Brain autopsy referral proportions of suspect suspected prion disease case deaths
Brain autopsy referral rate in 2017
(% of deaths)

Overall brain autopsy referral rate during
1993-2016 (% of deaths)

NSW

59

63

Vic

75

60

Qld

87

60

WA

86

67

SA

80

59

ACT

67

47

Tas

0

50

NT

0

44
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Table 4. Overall summary of Australian human prion disease cases by classification, 1 January
1970 to 31 December 2017
Classification

Sporadic

Familial

Iatrogenic

Variant CJD

Unclassified

Total

Definite

556

54

5*

0

0

615

Probable

277

16

4

0

0

297

Possible

14

0

1

0

0

15

Incomplete

0

9

0

0

269
(incl 133 living cases)

278

Total

847

79

10

0

269

1,205

includes 1 definite iatrogenic case who received pituitary hormone treatment in Australia but disease onset and death occurred

*

while a resident of the United Kingdom. This case is not included in statistical analysis since morbidity and mortality did not
occur within Australia.

Figure 5. Annual brain autopsy referrals from 1993 to 2017, by year and selected state
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ogy referrals in Victoria and New South Wales
mirrors reduced suspect case notifications in
both states.
As of 31 December, 2017, there were 1,205 notified
cases on the register (Table 4) with 912 of these
being classified as “probable” or “definite” prion
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QLD

VIC

disease. An additional “definite” iatrogenic case,
who was treated in Australia and died in the
UK, is included in Table 4; this case is not classified as an Australian case due to the location at
death and is thereby excluded from the overall
statistical analysis of Australian prion disease
cases. Since the start of prospective surveillance
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in 1993, 737 suspected prion disease cases have
been excluded from the register after detailed
follow-up, with 18 of these being excluded in
2017 (12 after neuropathological examination).
In 2017, 36 cases were reclassified from
“incomplete” to “definite” prion disease and
11 cases to “probable” prion disease; no further
cases of “possible” prion disease were classified.
The total number of “possible” cases remains
at 15, 14 of which were sporadic and one iatrogenic CJD (Table 4). In 2017, the total number
of “incomplete” cases under evaluation was only
marginally higher than the number in 2016.
Annual mortality rates for human prion disease in Australia during the period of 1970 to
2016 have generally increased. For the 2017
calendar year case evaluations are still pending
for the majority of deaths (Figure 6); the incidence rate is therefore provisional. In 2017, the
age-standardised mortality rate is 0.76 deaths
per million per year; this is expected to increase
once pending neuropathological reviews are
reported and investigation and classification
of relevant “incomplete” cases is finalised. The
mean annual age-adjusted mortality rate during
the period from 1970–2017 is 1 death per million
(range, 0.1–1.9). For the prospective surveillance
period of 1993 to 2016, the mean annual rate is
1.35 deaths per million (range, 0.7–1.9). By state
and territory, the majority of regions in Australia
have a mortality rate above 1 case per million
per year between 1993 and 2015 (range, 1.1–1.6;
Table 5). Tasmania and the Northern Territory
report 0.8 and 0.9 deaths per million per year,
respectively, which is unlikely to represent a significant difference to other states and territories.
The proportions of human prion disease aetiologies on the register for 2017 are similar to previous years (Figure 7). Overall, the vast majority
of human prion disease cases are sporadic (91%)
while genetic and iatrogenic cases represent
8% and 1% respectively of all “definite” and
“probable” cases.
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Based on 912 “definite” and “probable” human
prion disease cases, the distribution between the
males (46%) and females (54%) is similar, with
the slight predominance in females reflecting
their slightly longer life expectancy.
The average age at death for sporadic prion
disease is 66.7 years (range 19–90 years), with
the mean duration of disease 6.4 months (range
0.9–84 months). The average age at death in
females is 67.2 years (range 19–90 years), slightly
later than in males 66.2 years (range 25–90
years), with the disease duration slightly longer
in females 7.0 months (range 1–84 months) in
comparison to males (5.8, range 0.9–49 months).
The average age at death for genetic prion disease is 57.9 years (range 18–82 years), with the
mean duration of disease 14.8 months (range
1.3–192 months). The average age at death in
females is 59.6 years (range 18–82 years), later
than in males 55.5 years (range 20–82 years),
with the disease duration longer in females (15.2
months; range 1.5–192 months) in comparison
to males (14.1 months (range 1.3 to 108 months).
Of the cases, which were neuropathologically
confirmed and proven to be of genetic aetiology,
58% were females compared to 42% males.
Between 1 January and 31 December 2017, no
vCJD or further iatrogenic prion disease cases
were confirmed in Australia. The most recent
human-derived pituitary gonadotrophin-related
CJD death occurred in 1991, while the most
recent Lyodura-related CJD death occurred
in 2000.
Since vCJD was first reported in 1996, a total of
231 patients with this disease from 12 countries
have been identified. Two of the four US cases,
two of the four cases from Ireland, one of the
two cases from Canada, and the single case from
Japan were most likely exposed to the BSE agent
while travelling or residing within the United
Kingdom (UK).
Recently, a vCJD case from the UK was the first
to be reported as methionine-valine heterozygous at codon 129 of the PRNP gene;7 all cases
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Table 5. “definite” and “probable” human prion disease 1993 to 2017, by year and state or territory
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Figure 6. Human prion disease in Australia from 1970 to 2017; number of cases and
age-standardised mortality rates, by year
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previously have been methionine homozygous.
The patient was 36 years old when he presented
with psychiatric symptoms prior to onset of
neurological features that included cognitive
decline, ataxia and myoclonus, dying after an
illness of 20 months duration. CSF 14-3-3 and
RT-QuIC were negative. Brain MRI revealed
features more typical of classical sporadic
CJD (bilateral high signal in basal ganglia)
without any posterior thalamic high signal
(pulvinar sign). The patient did not meet the
epidemiologic diagnostic criteria for “probable”
or “possible” vCJD although fulfilled criteria
for “probable” classical CJD; neuropathology,
including Western blot glycotyping was typical
of vCJD. It remains uncertain whether this case
marks the start of a second wave of vCJD affecting those heterozygous for methionine-valine
at codon 129. This case also underscores the
importance of performing suspect CJD brain
autopsy examinations.

Discussion
In 2017, the number of suspected prion disease
notifications and confirmed cases broadly
matched the long-term average for the previous 11 years of surveillance (2004 to 2015). By
state and territory, only modest fluctuations
in the number of suspected case notifications
compared to the previous year were observed
in 2017 and are within previously observed
ranges. Sizeable relative fluctuations in annual
suspected case notifications are not surprising
given the small absolute case numbers involved.
For example, higher notification rates were
experienced in 1998 and 1999 when the 14-3-3
protein test was first introduced and in 2006
when notifiable disease legislation was finalised
for all states. During 2012 and 2013, reduced
numbers of notifications were attributed to
several possible factors including the temporary
interruption of a facile Queensland suspected
prion disease autopsy service, changes to the
approach to adding cases to the register for
investigation by the ANCJDR and natural fluctuations. From January 2013 to September 2014,
a temporary, but practical interruption to brainonly autopsies occurred due to difficulties with

health.gov.au/cdi

a reliable on-call service in Queensland. During
this period, no suspected CJD-related autopsies
were performed and this was reflected by significantly lower post-mortem numbers during this
time. Since the restoration of the routine service
through the Royal Brisbane Hospital towards
the end of 2014, expected rates of prion diseaserelated post-mortems have been observed; a
corresponding modest increase in “definite” and
“probable” cases has been observed. Similarly, in
New South Wales, the closure of the neuropathology laboratory for refurbishment extended
the time required for autopsy reporting during
2013 and 2014. As expected, post-mortem rates
slowed in 2014 due to reporting delays; these
figures have returned to an expected level now
that the laboratory is fully operational.
Ascertainment mechanisms in 2017 were generally similar to the previous years, with the majority of initial referrals coming through requests
for diagnostic CSF 14-3-3 testing. However, in
2017, 28% of suspected case notifications to the
ANCJDR were initially through the treating
clinician or the CJD Support Group Network.
In 2017, the number of CSF referrals for 14-3-3
protein testing to the ANCJDR increased by
20%. This significant increase of diagnostic test
referrals coincided with the introduction of CSF
total-tau protein estimation, which is complementary to 14-3-3 testing to support a diagnosis
of sCJD. The identification of misfolded prion
protein in CSF by RT-QuIC continues to be
developed by the ANCJDR as a diagnostic test
and is currently selectively performed for cases
after discussion with clinicians. The addition
of CSF total-tau protein estimation to 14-3-3
protein detection as a biomarker for the premortem evaluation of suspected sCJD offers
modestly enhanced diagnostic capacity while
the ANCJDR completes transition to clearly
superior protein amplification techniques such
as RT-QuIC. (Table 6)
The proportion of post-mortems being performed in suspected prion disease cases
increased significantly in 2017, with 72% of all
suspect case deaths undergoing neuropathological examination, compared to the long-term
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Table 6. Prion protein gene (PRNP) mutations/sequence variations identified in Australian cases
Definite/Probable
CJD

PM proven
Not CJD

E200K

32

3

D178N

10

0

V210I

8

0

P105T

5

0

P102L

4

0

Insert unspecified

2

0

4OPRI

a

1

0

2OPRIa

1

0

G131V

1

0

T188A

1

0

V180I

1

0

A133V

1

0

V176G

1

0

Not determined

4

0

Mutation/Polymorphism

a

OPRI stands for octapeptide repeat insertion

average autopsy referral rate of approximately
60% between 1993 and 2016. Noteworthy
increases in referral rates were seen in Qld, WA
and SA. This contrasts with the findings of an
Australian healthcare setting survey where the
national hospital post-mortem rate was 12% in
2002–2003.8 More recently, a major Australian
tertiary centre audit of hospital autopsy data
was published and described an autopsy rate of
6.6% in 2011–2013.9 The high suspected prion
disease-related post-mortem rate underpins
the high and consistent number of confirmed
Australian human prion disease cases recorded
over the more recent time period, and provides
confident understanding of the cause of death in
suspected cases ultimately determined as nonprion disease.
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