First participant diagnosed with Creutzfeldt-Jakob
disease in the population-based Rotterdam Study was
classified with mild cognitive impairment
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SUMMARY

Sporadic Creutzfeldt-Jakob disease (sCJD) is a rare, fatal,
neurodegenerative disease caused by accumulation

of abnormally folded prion protein. sCJD can have a
long asymptomatic incubation period, with little known
about this period. We describe the first-ever participant
within the population-based Rotterdam Study diagnosed
with sCJD. We retrieved clinical data from both the
population-based Rotterdam Study and the National
Prion Disease Registry. In 2011, a female participant of
the Rotterdam Study was diagnosed with probable sCJD
and registered into the Registry. Four months earlier,

she was classified as having mild cognitive impairment
based on assessment in the Rotterdam Study. Clinical
deterioration was rapid, with the patient dying 7 months
after the research centre visit. Postmortem brain autopsy
confirmed the diagnosis of sCJD. In conclusion, we
describe the first case diagnosed with sCJD who during
diagnostic workup for sCJD was classified as having mild
cognitive impairment in a population-based cohort study.

BACKGROUND

Creutzfeldt-Jakob disease (CJD) is a rare, fatal,
neurodegenerative disease caused by accumula-
tion of abnormally folded prion protein. It is the
most common prion disease and accounts for
approximately 90% of all prion disease cases.! It
mostly presents with rapidly progressive dementia,
ataxia and myoclonus. The clinical course differs
according to subtype of CJD, that is, sporadic,
iatrogenic, familial and variant.” * The sporadic
form of CJD (sCJD) is the most common form of
CJD and in most cases patients die within months.*
Currently, routine diagnostic investigations include
brain MRI, electroencephalography (EEG) and
cerebrospinal fluid (CSF) analyses.’ ® Typical brain
MRI findings for sCJD are high signal in specific
regions: putamen or caudate, or high signal in at
least two cortical regions (temporal, parietal, occip-
ital). Characteristic EEG findings for sC]D are peri-
odic biphasic and triphasic sharp wave complexes.
In CSF analyses, typical abnormalities include posi-
tive 14-3-3 protein, high total tau protein (t-tau),
high ratio between phosphorylated tau (p-tau) and
t-tau, high S100 protein and high neuron-specific
enolase (NSE). The real-time quaking-induced
conversion test in CSF is a relatively new diagnostic
test which is highly sensitive and specific for sCJD.”
Yet, postmortem brain autopsy remains the stan-
dard for definite confirmation of CJD. Postmortem

brain autopsy can provide further classification of
the molecular subtype of sCJD.®? sCJD can have
an asymptomatic incubation period lasting for
decades,” but little is known about this long disease-
free period before symptom onset.

Here, we describe a participant from the
population-based Rotterdam Study who developed
sCJD. The study has a longitudinal design including
multiple visits at the research centre with extensive
investigations, which provides us a unique oppor-
tunity to detail the preclinical phase of sCJD. In
this article, we describe the clinical history of this
patient, retrieved from both the Rotterdam Study
and the National Prion Disease Registry.

CASE PRESENTATION

Our case was a 76-year-old woman with a medical
history of hyperthyroidism, varices, recurrent
urinary tract infections, paroxysmal atrial fibrilla-
tion, cholecystectomy and uterus extirpation. She
was married and had worked as nurse. With regard
to the patient’s participation in the population-
based follow-up study, the Rotterdam Study, our
case entered this study in 1991, and participated up
to the fifth examination in November 2010.

From May 2010, she started to develop symp-
toms of forgetfulness, dizziness, steerlessness in
the right leg, and a heavy feeling in the head and
eyes. Over a period of a few months, there was fast
progression and she had difficulties with her balance
and walked unstable. She also had an increased
fall tendency. Besides, she had a feeling of pres-
sure in the left ear, visual problems and sometimes
diplopia. The patient was seen by an ophthalmol-
ogist and an otorhinolaryngologist, both special-
ists found no abnormalities. Regarding the typical
symptoms for sCJD, over a period of months, she
had progressive cognitive decline, cerebellar signs,
pyramidal signs and extrapyramidal signs. The
patient was registered at the Dutch National Prion
Disease Registry in March 2011, where according
to protocol an in-depth study was conducted on
the medical history. There was no iatrogenic history
explaining the CJD. During the extensive inter-
view of the family, no evidence for a positive family
history emerged.

INVESTIGATIONS

Research visit examinations

During the fourth examination of Rotterdam
Study in May 2004, at age 70 years, cognitive
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Table 1 Results of the cognitive tests before and at diagnosis of the
Creutzfeldt-Jakob disease case

Cogpnitive test (unit) Follow-up in 2004  Follow-up in 2010

Mini-mental state examination (score/total) ~ 30/30 22/30
Letter digit test (score/total) 25/25 20/20
Fluency task (score/total) 25/25 19/21
Purdue Pegboard test right hand 14 10
Purdue Pegboard test left hand 13 1"
Purdue Pegboard test both hand pairs " 9

15 words learning test trial 1 (no. correct) 6 2

15 words learning test trial 2 (no. correct) 6 4

15 words learning test trial 3 (no. correct) 10 6

15 words learning test trial delayed recall 7 1

(no. correct)

15 words learning test recognition task (no. 15 15
positive correct)

Stroop test 1 (time (seconds), failures) 14.6,0 15.5,0
Stroop test 2 (time (seconds), failures) 18.6,0 21.2,0
Stroop test 3 (time (seconds), failures) 48.7,1 54.6, 14

tests were performed and showed no abnormalities, with scores
for the Mini-Mental State Examination (MMSE) 30 out of 30
and good scores for the other cognitive tests, as described in
table 1. Furthermore, routine locomotor symptom screening
showed no abnormalities. During the fifth examination round
in November 2010, at age 77 years, the participant reported
that she suffered from cognitive complaints and cognitive testing
showed abnormalities. The MMSE score was 22 out of 30 and
compared with the previous examinations she had lower scores
on the Word fluency task, Purdue Pegboard Test, words learning
test and Stroop test. Detailed information on the results of the
cognitive tests is described in table 1. Based on the presence of
subjective cognitive complaints, the presence of objective cogni-
tive impairment, and the absence of dementia, she was classified
in the Rotterdam Study as having mild cognitive impairment.'’
During locomotor symptom screening we found no dysarthria,
no tremor, no abnormalities during finger tapping, normotonic
arms and legs, and no dysmetria. At the standing and gait exam-
inations, she was able to stand stable on two legs, but not in
tandem position. She was able to walk independently, though
with a slight unstable gait pattern. A non-contrast brain MRI was
performed (in November 2010) as part of the research protocol
and was compared with the brain MRI from other Rotterdam
Study participants aged 70-96 years (median age of 77 years).
This revealed that she had a smaller volume of the right and left
hippocampus, right thalamus, left amygdala and brainstem. She
had a larger volume of CSF, right and left nucleus accumbens,
and right putamen than expected for her age. There were no
changes on the brain MRI at the basal ganglia, as verified a poste-
riori by the CJD expert centre at the University of Edinburgh.

Clinical investigations

Brain MRI which was performed in October 2010—around
4 weeks before the brain MRI in the Rotterdam Study research
centre—showed intracerebral multiple white matter hyperin-
tensities, which were confluent periventricular. These white
matter hyperintensities were most likely of vascular origin. Also,
slightly wider peripheral and central CSF spaces were seen on
brain MRI. The MRI did not show high signal in putamen or
caudate. MRI images are shown in figure 1. Furthermore, an
EEG, which was performed in March 2011, showed sufficient
fast activity and showed occipital rhythm and diffuse rhythm.

Figure 1

Axial brain MRI images showing multiple white matter
hyperintensities; left: fluid-attenuated inversion recovery brain MRI
sequence; right: diffusion-weighted imaging brain MRI sequence.

Diffuse slow activity was frequently seen as well. The EEG did
not show sharp wave complexes. Analysis of the CSF, performed
in March 2011, showed a weakly positive 14-3-3 protein,
elevated t-tau (4800ng/L, normal <350), with normal p-tau
(72ng/L, normal <85), elevated S100 protein (8.2 ug/L, normal
<3.9) and elevated NSE (20.8 ng/L, normal <17.5). The MMSE
score at that time was still 25 out of 30. The patient was hetero-
zygous for codon 129 from the prion protein gene (PRNP; geno-
type MV) and for the apolipoprotein E gene (genotype epsilon
2/epsilon 3).

DIFFERENTIAL DIAGNOSIS

Several differential diagnoses were considered and evaluated.
Table 2 gives an overview of the differential diagnoses and on
how they were ruled out. Based on the diagnostic criteria for
sCJD,'"! the patient was diagnosed with probable sCJD. The
criteria which were met were the presence of progressive cogni-
tive impairment, visual problems, cerebellar problems, pyra-
midal signs and extrapyramidal signs and positive 14-3-3 protein
in CSE.

OUTCOME AND FOLLOW-UP

Our case was diagnosed as a probable sCJD case at the age of 77
years. The patient died in June 2011, 3 months after the diag-
nosis sCJD was clinically suspected. Postmortem brain autopsy
confirmed the diagnosis. Pathological investigation showed
widespread spongiosis and gliosis. Prion protein immunohisto-
chemistry showed synaptic staining, mainly in the deeper layers
with most spongiosis, plaque-like deposits and compact deposits.
In the cerebellar cortex spongiosis and frequent periodic acid—
Schiff (PAS)-positive plaques (kuru-type plaques) and deposits
were seen, as shown in figure 2. The cerebellar grey matter also
showed some PAS-positive plaques. Other parts of the brain,

Table 2 Overview of the differential diagnoses and performed
investigations to rule them out

Differential diagnosis ruled out Investigations

Progressive supranuclear palsy Clinical features, brain MRI

Vestibular schwannoom Brain MRI
Brain metastases Brain MRI
Alzheimer's disease Clinical features, brain MRI
Stroke Brain MRI
Cerebral amyloid angiopathy Brain MRI

Electrolyte abnormalities Elektrolytes panel
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Figure 2 Microscopic pathology demonstrating kuru-type plaques in
the cerebellum.

including the cerebral cortex, basal nuclei, hippocampus, amyg-
dala, thalamus and brain stem, showed spongiosis and some PAS-
positivity. PRNP gene analysis revealed no mutations. Based on
the pathological alterations, the final histopathological diagnosis
was sCJD type MV2K.%? 12

DISCUSSION
sCJD is the most common form of CJD.* We report the first case
diagnosed with sCJD who was enrolled in a population-based
cohort study and was classified as having mild cognitive impair-
ment during the diagnostic workup for sCJD.

sCJD is a fatal neurological disease with a large variety in
symptom onset and progression. Rapid progressive cognitive
decline leading to dementia is often the first clinical manifestation
of sCJD. We describe the first case diagnosed with sCJD in the
population-based Rotterdam Study and for whom prospective
epidemiological data is available. During the patient’s last visit at
our research centre, she had subjective cognitive complaints and,
based on cognitive examinations, she also had objective cogni-
tive impairment. Therefore, she was classified within the study as
having mild cognitive impairment. At the same time, the patient
was suffering from several other neurological symptoms and was
referred to the neurology clinic for diagnostic workup. Given
that sCJD is a progressive disease in which symptoms are known
to progress rapidly, the cognitive decline observed during her
final visit to our research centre was not unexpected. However,
since she did not yet fulfil the criteria for dementia, she was clas-
sified as having mild cognitive impairment. This was beyond our
expectations, as the visit at our research centre was during the
early clinical stage of sC]D, that is, 4 months before diagnosis of
sCJD. This shows that the symptom onset of cognitive impair-
ment in our sCJD case was subtle.'* Moreover, the MMSE score
a fewmonths before death showed subtle cognitive impairment.
The recognition of sCJD is often a diagnostic challenge.

sCJD cases with the molecular subtype MV2K have a long
clinical course and usually present with early-onset ataxia. This
was seen in our case as well, as dominant symptoms were the
difficulties with balance and unstable walking. Further, in cases
with this molecular subtype, sharp wave complexes on EEG are
infrequently seen, as was the case in our patient. It is of interest
that the patient had a late symptom onset. The age of onset
of the cognitive problems in our case was 76 years, which is
higher than the mean age of onset for sCJD.” '* The mean age
of onset in the Netherlands is 66 years." In sCJD cases with the

molecular subtype MV2K, the median age of onset is known to
be 65 years (range 36-83 years).” ' Our case can be considered
as a relatively late-onset case of sCJD. A possible explanation for
the late onset of mild cognitive impairment symptoms is that our
case was high-functioning before symptom onset, which could
have provided cognitive protection.

In conclusion, we describe the first case diagnosed with sCJD
who during diagnostic workup for sCJD was classified as having
mild cognitive impairment in a population-based cohort study.

Learning points

» The sporadic form of Creutzfeldt-Jakob disease (sCID)
is the most common prion disease, which is a fatal,
neurodegenerative disease caused by accumulation of
abnormally folded prion protein.

» As the symptom onset of sCID can be subtle, the diagnosis
of sCID can be a diagnostic challenge, especially in the early
clinical stage of the disease.

» In sCJD cases with the molecular subtype MV2K, the median
age of onset is 65 years with a large range of age of onset.
Furthermore, this subtype of sCJD has a long clinical course.

» We describe the first-ever participant who was enrolled in the
population-based Rotterdam Study and who was diagnosed
with sCJD.
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