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A b s t r a c t

Human prion diseases or transmissible spongiform encephalopathies are progressive fatal neuropsychiatric diseases.

In addition to the evaluation of clinical features, a common diagnostic procedure includes examination of the protein

14-3-3 in the cerebrospinal fluid, performing EEG to detect periodic sharp wave complexes with triphasic morphology,

and cranial MRI to demonstrate high signal intensity in the basal ganglia or thalamus. The definite diagnosis requires

a neuropathological examination. The analysis of the prion protein gene (PRNP) is initiated mainly after suspicion of

a positive family history or an atypical presentation. In Hungary collecting data and setting up the neuropathological

diagnosis in suspect prion disease cases originates from the late 1960s. Systematic surveillance was established in

1994 and since 2001 reporting of Creutzfeldt-Jakob disease has been compulsory. According to our database, the

incidence of genetic prion disease is increased in Hungary. The most frequent mutation in the PRNP is at codon 200.

This might be linked to migration from the Slovakian focus. Acquired forms of prion disease were not detected in our

country. The surveillance system is based on referrals from clinicians and pathologists and the aim is to perform the

neuropathological examination and analysis of the PRNP on the majority of suspect cases. 
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Introduction

Prion diseases (PrDs) or human transmissible
spongiform encephalopathies are progressive fatal
diseases characterised by neurological and psychiatric
symptoms. Accumulation of a disease-associated,
pathological form of prion protein (PrPSc)
predominantly, but not exclusively, in the central
nervous system is a common disease marker [29]. The
most frequent human PrD is Creutzfeldt-Jakob disease
(CJD). The majority of cases are thought to present as
a sporadic disorder without specified etiology [31]. The
worldwide incidence of sporadic CJD is between 0.5
and 1.5 per million per year [31]. Acquired forms

include iatrogenic CJD and variant CJD [29,31]. The
latter is related to bovine spongiform encephalopathy.
In genetic PrDs, disease-specific point or insertional
mutations in the prion protein gene (PRNP) have been
demonstrated [15]. The codon 129 polymorphism
(methionine/valine, MV) has been proven to influence
the phenotype in different etiological types of PrDs.
Together with the Western blot pattern of the protease
resistant PrP, it is an important factor in the molecular
classification of PrDs [6,27].

A recent multicentric study based on standardised
data on genetic PrD cases indicated that point and
insertional mutations in the PRNP gene varies



Folia Neuropathologica 2005; 43/4 280

Gábor G. Kovács, Katalin Majtényi

significantly in frequency between countries,
furthermore, family history is frequently lacking, thus
the term ‘genetic’ was preferred to ‘familial’ [14].

Based on neuropathological observations three main
groups of genetic PrD are distinguished, including
genetic CJD, fatal familial insomnia (FFI), and
Gerstmann-Sträussler-Scheinker disease (GSS) [16,31].
Only 5-15% of PrD is thought to be related to any
mutation in the PRNP, except for Slovakia, where it is
above 70% [14,24,31]. 

Diagnostic criteria for surveillance distinguish
definite, probable, and possible categories for
different types of PrDs [31]. In addition to the
evaluation of clinical features, a common diagnostic
procedure includes examination of the protein 14-3-3
in the cerebrospinal fluid (CSF), performing EEG to
detect the characteristic periodic sharp wave
complexes with triphasic morphology, and cranial
MRI to demonstrate high signal intensity in the basal
ganglia or thalamus [30-32]. The analysis of the PRNP

is more commonly initiated after suspicion of a
positive family history or an atypical presentation. 

CJD Surveillance in Hungary

Collecting data and setting up the
neuropathological diagnosis in suspect CJD cases
originates from the late 1960s. In 1994 letters to the
heads of Neurological departments were sent and
the Department of Neuropathology of the National
Institute of Psychiatry and Neurology (NIPN) was the
Institute responsible for the neuropathological
diagnosis. Occasionally, examinations were
performed in other neuropathology laboratories, but
this was followed by a consultation or reporting to
the NIPN. In 2001 the Ministry of Health decreed the
reporting of CJD. Systematic surveillance was carried
out without any respect to familial cases in the
selection. Currently our Department is contacted if
suspicion of PrD is raised by clinicians. Mainly
neurologists and less frequently psychiatrists refer
the patients. Occassionally pathologists send post
mortem material in cases of uncleared progressive
dementia. After consultation, CSF is sent for
examination of protein 14-3-3 which is performed
either in Vienna or Bratislava, and, in case of
consent, blood is submitted for the genetic analysis.
As a rapid test RFLP examination of codons 129 and
200 are performed, however, after collecting
samples from more patients, all cases undergo a full
length analysis of the open reading frame of the
PRNP. Post mortem material is sent to our
department where detailed neuropathological and
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immunohistochemical evaluation is performed. The
number of referrals is usually double the number of
confirmed PrD cases. The main reason for a referral
is rapidly progressive dementia. 

Incidence of prion diseases in Hungary

The population of Hungary is approximately 10
million. The mean annual incidence of definite and
probable PrD cases between 1st of January, 1994
and 25th October, 2005 is 1.18/million inhabitants
(Figure 1a). Probable PrD cases include 1 sporadic
CJD and 3 probable genetic PrD cases. Recently we
reported that the mean annual incidence of definite
genetic PrD is 0.27/million inhabitants [13]. Since
the termination of that study by 30th of September,
2004, we already detected 7 genetic PrD cases (3

probable and 4 definite) further supporting our
obsevations of an increased incidence of genetic
PrD (Figure 1a). We also noted the lack of evidence
for positive family history in around half of the
cases [13]. 

Age at death and gender distribution

The average age at death for all PrD cases is
57.9±9.8 (SD) years. The youngest patient is a 31-
year-old man carrying the E200K mutation and the
eldest is a 79 year-old man diagnosed with sporadic
CJD. The average age at death is 53±7.1 (SD) years
for definite and probable CJD cases carrying the
PRNP mutation E200K. The eldest patient with
genetic CJD is a 74-year-old woman. Figure 1b
illustrates the distribution of age at death in our
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series of patients. Both in sporadic and genetic
(E200K) CJD we noted a female preponderance
(Figure 1c). This is similar to recent and earlier
studies demonstrating an excess of female patients
[14,17,28].

Distribution of mutations and codon 129
constellation

DNA extracted from blood from 35 patients
underwent a full length analysis of the open reading
frame of the PRNP. The predominant mutation was
the E200K with CJD phenotype, followed by two
patients of distinct families with P102L mutation
(Figure 2a). One family exhibited CJD [20], while the
other GSS phenotype. One of each A117V GSS [10],
D178N V129V CJD, and V180I CJD was also found
(Figure 2a). The polymorphism at codon 129 showed
predominance of MM homozygotes in both sporadic
and genetic (E200K) CJD (Figure 2 b, c).

A recent epidemiological survey in European
countries described that 67.2% of sporadic CJD
cases are MM homozygotes [17]. The higher value in
our series is most likely due to the small sample
number. However, the distribution of codon 129
polymorphism in genetic CJD is not different
compared to other surveys [14,17]. 

The E200K mutation is the most frequent and
geographically the most widespread PRNP mutation
[14]. E200K mutation has been reported not only in
Europe but also in Chile, Israel, Japan, and USA
[4,5,25]. Geographic or ethnic clusters of cases of
genetic CJD have been found in Israel, Slovakia,
Chile and Italy [1,2,9,21,22,24]. A recent study
suggested that at least four independent mutational
events are responsible for the geographic
distribution of E200K mutation [19]. The Hungarian
genetic CJD cases are proposed to belong to the
Eastern European haplotype of E200K mutation
cases [13,19]. 

Mutation at codon 178 is also frequently reported,
this may present as CJD or FFI depending on the
constellation of codon 129 polymorphism of the
mutated allele [14,15]. The V210I PRNP mutation also
contributes to a higher rate of genetic PrD detected in
Italy [18]. Since the clinical presentation of genetic CJD
may not differ from sporadic cases, it is important to
include genetic testing in the Surveillance system.
This may serve as a basis for evaluating clusters of
cases or variability in the annual incidence. 

Geographical distribution and occupational
background of CJD cases

In our recent paper we have described that some
counties in Hungary show more CJD cases when
compared with the population density of a
particular county [13]. As these areas overlapped
with the areas where we found more genetic
(E200K) CJD cases, we noted that some of these
may either be related to the historical migration of
the Slovakian population or they are geographically
close to Slovakia. Earlier, statistically significant
temporo-spatial relationship was identified in
Slovakia [23]. Two areas with increased occurrence
of CJD was noted, one in the southern and one in
the northern parts of Central Slovakia [23]. 

Data about the occupational background is
available from one-fourth of the cases. Four patients
worked as medical doctors and one as a nurse.
Seven patients worked in the agriculture (four
working only with animals), while further 18
patients had variable occupations. From this
information strict epidemiological conclusions
cannot be set up.

Neuropathological observations

All cases in our present series have been
examined in detail by traditional staining as well as
with immunohistochemistry for the PrP. In our
laboratory we use a three-tiered pretreatment
protocol, and we usually apply monoclonal
antibodies 12F10 or 3F4 [11]. 

PrP immunostaining patterns characteristic of PrDs
include fine deposition (diffuse/synaptic pattern);
pericellular deposits of immunoreactivity around the
neuronal perikarya; coarser depositions (these include
the granular, the patchy/perivacuolar deposits); and
plaques either with amyloid characteristic, eg. kuru-
type, multicentric in GSS, and florid plaques in variant
CJD, or without amyloid characteristic, as plaque-like
deposits or so called focal PrP deposits [12]. These
immunostaining patterns may be characteristic of
certain molecular subtypes of sporadic CJD, and a
mixture of patterns may reflect coexistence of
different isotypes of protease-resistant PrP within the
same brain [11,27]. Genetic PrDs represent further
morphological variants of PrP immunoreactivity [15].
GSS is defined by multicentric amyloid plaques (Figure
3 a-c), however, there is a considerable variety of
morphological appearance according to the mutation.

Gábor G. Kovács, Katalin Majtényi
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FFiigg..  33..  Immunohistochemistry for PrP using monoclonal antibody 12F10 in the cerebellum (aa:: x100, bb:: x400)
showing multicentric amyloid plaques in the white matter and molecular layer in Gerstmann-Sträussler-
Scheinker disease (mutation A117V). Similar plaques with granular immunodeposits are seen in the subiculum
(cc:: x100). Relatively preserved white matter in sporadic CJD (dd:: x100) is contrasted by severe damage observed
in the ‘panencephalopathic’ type of CJD (ee:: x100). Note the difference in the degree of spongiform change in the
cortex enlarged (x400) in the upper right insets. Severe loss of neurons in the granular layer of the cerebellum
(ff:: x100) accompanied by the diffuse/synaptic type of PrP immunopositivity (gg:: x100) in all cortical layers. Stripe-
like PrP immunostaining pattern in the molecular layer of the cerebellum in a case with E200K mutation (hh:: x40).
Focal PrP immunopositivity (ii:: x400) is occasionally seen in the white matter in cases of ‘panencephalopathic’
CJD. Diffuse/synaptic and perineuronal PrP immunoreactivity in the substantia nigra (jj:: x400)
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Cases with base pair insertions in the PRNP may also
show peculiar PrP deposits in the cerebellar molecular
layer. In CJD associated with the PRNP mutation E200K
we demonstrated that PrP immunoreactivity
reminiscent of stripes perpendicular to the surface of
the cerebellar molecular layer is highly characteristic
(Figure 3h) [8].  In genetic CJD associated with E200K
mutation, PrP immunoreactive stripes perpendicular
to the surface of the molecular layer were noted in
73% of cases, all MM homozygotes at the codon 129
[13]. Thus, examination of the cerebellum is of
outmost help in classification of PrD. In our series, in
addition to the stripe-like deposits, we observed
diffuse/synaptic, kuru type amyloid plaques, and
plaque-like PrP immunopositivities. 

We also noted severe white matter destruction in
four cases, one carrying the E200K mutation. Earlier
these cases were named as ’panencephalopathic’ CJD.
The reason why this term was introduced is in this
type both the gray and white matter shows changes,
in contrast to others which affect the gray matter
exclusively (Figure 3 d, e) [26]. However, according to
the molecular analysis, it was suggested that the
panencephalopathic variant of CJD is rather an
aspecific end-stage condition displayed by most if not
all CJD variants in individual patients with an
unusually prolonged course, than a specific molecular
subtype [3]. We also noted that the PrP
immunostaining pattern is not specific to these cases
(Figure 3 f, g), although we observed focal PrP
deposits in the white matter also (Figure 3i) which is
unusual in other forms. It may be that the prolonged
course is related to another, yet unidentified, genetic
or epigenetic influence. 

In the brainstem we noted variability according
to subtypes. Some cases show more prominent PrP
deposition (e.g. substantia nigra, Figure 3j), without
an obvious neuronal loss, while in some cases we
noted a prominent nigra lesion without PrP
deposits. A recent study demonstrated that in the
brainstem the neuronal loss is relatively prominent
in the pontine nucleus and less so in the substantia
nigra and inferior olivary nucleus, while motor nuclei
of the brainstem tegmentum are well preserved [7].
PrP deposition is usually identified in the substantia
nigra, quadrigeminal body, pontine nucleus, and
inferior olivary nucleus [7].

In addition to the confirmed PrD cases, the
neuropathological examination of cases with
clinically suspect CJD included Alzheimer disease,

diffuse Lewy body disease, alcoholic encephalopathy,
multiple cortical lung carcinoma micrometastases,
and tuberculous meningitis. 

Conclusions

The incidence of genetic PrD is increased in
Hungary. The most frequent mutation in the PRNP is
at codon 200. This might be linked to historical
migration from the Slovakian focus. Acquired forms
of PrDs were not detected in our country. The
Surveillance system is based on referrals from
clinicians and pathologists and the aim is to perform
a post mortem examination and analysis of the
PRNP on the majority of suspect cases. 
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