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ABSTRACT. Although Korea had a national surveillance system for Creutzfeldt-Jakob disease
(CJD), it was mainly dependent on attending physician’s reports. Thus, little prospective data about
the epidemiology, characteristics, and final diagnoses of suspected patients were available. We have
established a nationwide network for the active surveillance of patients with suspected CJID. When
the requested cerebrospinal fluid (CSF) samples tested positive for 14-3-3 protein, we investigated
the clinical characteristics of the corresponding patients and followed them until their final diagnoses
were confirmed. A total of 218 samples were requested for CSF assays from May 2010 to August
2012, and 106 (48.6%) were positive for 14-3-3 protein. In 89 patients with complete clinical data, 38
(42.7%) were diagnosed with probable CJD and the estimated annual occurrence of CJD was 16.3
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persons-per-year. The most common diagnoses of the remainder were central nervous system
infection and any-cause encephalopathy. Non-CJD subjects showed worse initial consciousness
levels than CJD patients. This preliminary study showed that the number of reported cases of CID
and the true positivity rates of CSF 14-3-3 protein assays were both low in Korea. An active
surveillance system is urgently needed to provide the latest nationwide epidemiological data of CJD.

KEYWORDS. Creutzfeldt-Jakob disease, cerebrospinal fluid, 14-3-3 proteins, surveillance

ABBREVIATIONS. CSF, cerebrospinal fluid; CJD, Creutzfeldt-Jakob disease; K-CDC,
Korean Center for Disease Control; WHO, World Health Organization

INTRODUCTION

Creutzfeldt-Jakob disease (CJD) surveillance
systems were constructed in European countries
in the early 1990s' and in China,? Japan,’ and
Argentina® in the late 1990s. Those systems
supervise case registrations, conduct biospecimen
analyses, and actively investigate and follow the
clinical information of suspected patients as well
as manage nationwide epidemiological data.

However, our national surveillance system
was dependent on attending physicians’ reports
and did not involve active investigations of sus-
pected patients. As a result, little epidemiological
data and clinical information are available for
patients suspected of having human prion disease
in Korea.” In a previous report, 121 cases were
reported to have probable or definite CJD during
2001-2004. However, the diagnoses of CJD
were mostly based on cerebrospinal fluid (CSF)
14-3-3 protein assays, and few subjects under-
went biopsies or autopsies.” Furthermore, since
2005, there have been no follow-up reports.

14-3-3 protein in the CSF has been widely
accepted as a surrogate marker of CJD.*”
However, the clinical usefulness of this assay
was thought to be variable according to pretest
probability, and its use has been suggested to
be warranted only in patients with a high suspi-
cion of CID.” The findings of previous studies
that have shown a high sensitivity and specific-
ity of 14-3-3 protein in CSF might have been
the result of active and efficient surveillance
systems that were able to rule out other causes
of rapidly progressive dementia based on clini-
cal background.'”

Our research is preparatory work for an
active surveillance system for CJD in Korea.
We aimed to estimate the annual occurrence of
domestic CJD cases and the positivity rates of
CSF 14-3-3 protein assays among suspected
patients. In addition, we investigated the con-
firmed diagnoses of non-CJD patients with pos-
itive CSF 14-3-3 protein assay results.

RESULTS

A total of 218 samples were requested to
undergo CSF 14-3-3 protein assays during the
28 months of the study. Among them, 106
(48.6%) were positive for 14-3-3 protein in
the CSF. We reached consensus for the final
confirmed diagnoses of 89 patients at the end
of the follow-up or at the patients’ death. The
remaining 17 subjects were excluded due to
the lack of detailed clinical information
(Fig. 1).

Among the 89 patients who were initially
suspected of having CJD and who had posi-
tive CSF 14-3-3 protein assays, the steering
committee diagnosed 38 (42.7%) with proba-
ble CJD according to the WHO criteria
based on the clinical and laboratory test
results after long-term follow-up and
repeated tests.'! The estimated annual occur-
rence of CJD was 16.3 persons-per-year (38
cases in 28 months). Among the probable
CJD patients who had given consent for
genetic testing (n = 14), all patients had
polymorphism of PRNP at codon 129 with
Met/Met in line with the previous report
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FIGURE 1. Enrollment flow chart. CSF indicates cerebrospinal fluid; CJD, Creutzfeldt-Jakob

disease.

218 were requested for
CSF protein 14-3-3 assay

CSF protein

106 were positive for
14-3-3 assay

17 were excluded

due to incomplete data

89 completed

final diagnosis data follow-up

38 were diagnosed
with CID

51 were diagnosed
with other disease, not CJD

which described that majority of patients had
codon 129 with Met/Met in Korea.'?

The confirmed diagnoses of the remaining
51 (57.3%) patients are summarized in Table 1.
Central nervous system infections and any-
cause encephalopathy were the most common
diagnoses.

For the subjects who were enrolled since
2010 and whose clinical and laboratory test
results were available, the non-CJD subjects
showed worse initial consciousness levels com-
pared to the CJD patients. (Table 2) Other clin-
ical manifestations did not show any significant
differences between the groups. In the non-CJD
subjects, electroencephalography revealed a
slowing rather than a typical periodic wave,
and magnetic resonance imaging was also
uncharacteristic.

DISCUSSION

In this preliminary study, we estimated the
annual occurrence of domestic CJD cases and

the positivity rates of CSF 14-3-3 protein
assays among patients who were suspected of
having CJD. We also described the final con-
firmed diagnoses of Korean non-CJD subjects
with CSF 14-3-3 protein.

Annual Occurrence Rates of CJD in
Korea and Worldwide

Estimates of the worldwide incidence of CID
have been 1.0-1.5 per million in previous
reports.>' '3 Thus, there might be 50 to 75
cases that newly develop annually in Korea.'"'*
However, in our results, the estimated annual
occurrence rate was only a quarter of that
estimate.

In the Japanese study, the annual incidence
rate was 0.49 cases per million population for
males and 0.68 for females.'> In Taiwan, the
overall annual incidence rate was 0.55 cases
per million."® Our estimated annual occurrence
of 0.33 cases per million is still low, however
there was a tendency that the annual incidence
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TABLE 1. The confirmed diagnosis of non-CJD subjects

Confirmed diagnosis

Number of patients

CNS infection
Bacterial encephalitis
Tuberculous encephalitis
Viral encephalitis
Encephalitis, unspecified
Brain abscess
Encephalopathy
Metabolic
Hypoxic-ischemic
Paraneoplastic
Unspecified
Seizure
Complex partial seizure
Status epilepticus
Neoplasm and associated conditions
Astrocytoma
Hepatocellular carcinoma with brain metastasis
Meningeal carcinomatous
Degenerative dementia
Mixed dementia
Parkinson disease dementia
Cerebral infarction
Drug intoxication
Phenytoin
Mirtazapine, paroxetine, propranolol
Carbon monoxide poisoning
Leukoencephalopathy
Acute disseminated encephalomyelitis
Total

AN =

Numbers denote frequencies.

rates of Asian countries were lower than those
of European countries or worldwide incidences.
Although, our surveillance program might not
be perfectly recognized all the corresponding
clinical cases, we suggest that our results
are still reportable and comparable to Asian
epidemiological data.

Explanations for the Low Annual
Occurrence Rate in Korea

Several possible explanations for the low
annual occurrence rate have been suggested.
Besides the differences due to geographical
location and ethnicity, there might be a lack of
motivation among attending physicians to
report these cases, even though CJD is one of
the officially designated communicable dis-
eases and there is a fine for undeclared cases.

Because it took over 2 weeks to obtain the final
reports of the CSF 14-3-3 protein assays for the
requested samples, we could not access the
patients’ clinical data without timely notifica-
tion of the attending physicians during those
periods. As a result, we could not complete all
of the data collection for some of the patients.

Misdiagnosis might be another reason for
the low occurrence rate. A recent survey has
revealed that the awareness of and prepared-
ness for prion disease among neurologists are
limited, and about 44% of neurologists reported
that they were not confident in diagnosing
CJD.'* Considering that any diseases that cause
acute neuronal loss or damage, such as menin-
goencephalitis, malignancy, and cerebrovascu-
lar diseases, could increase CSF 14-3-3 protein
levels, there could be a considerable number of
misdiagnoses unless there is an appropriate
clinical background.®'"
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TABLE 2. Clinical characteristics of probable CJD and non-CJD subjects
Probable CJD (n = 25) Non-CJD (n = 39) p-value
Age 64.74 +10.29 64.33 +12.33 0.89
Male 65% 40% <0.01
Presenting Symptoms
Mental change 0(0) 10 (26) <0.01"
Headache 6 (24) 8(21) 0.74
Psychiatric symptoms 3(12) 5(13) 0.99°
Cognitive decline 5 (20) 4(10) 0.46°
Pyramidal/extrapyramidal 1(4) 4(10) 0.69"
Cerebellar dysfunction 3(12) 2 (5) 0.59°
Seizure 2(8) 2(5) 0.99°
Myoclonus 1(4) 1(3) 0.99°
Visual disturbance 2(8) 0(0) 0.30°
Dysarthria/speech 2(8) 0 (0) 0.30°
Initial consciousness at admission
Alert 15 (60 15 (38) 0.09
Confusion 1(4) 2(5) 0.99°
Drowsy 2(8) 9 (23) 0.22°
Stupor 3(12) 12 (31) 0.08
Semicoma 1(4) 1(3) 0.99"
EEG abnormality
Periodic wave 9 (36) 3(8) 0.01
Epileptiform discharge 2(8) 6 (15) 0.64"
Slowing 11 (44) 21 (54) 0.44
Diffusion MRI abnormality
Caudate/putamen 10 (40) 2 (5) <0.01
Diffuse cortical 10 (40) 7(18) 0.05
Other 3(12) 21 (54) <0.01

Mean =+ standard deviations for continuous variables.
Parentheses denote percentages.
*Fisher's Exact tests.

Abbreviation: CJD (Creutzfeldt-Jakob Disease), EEG (electroencephalography), MRI (magnetic resonance imaging).

Based on these assumptions, a considerable
number of patients with CJD might still be
underdiagnosed in Korea. Thus, an active sur-
veillance system, which supervises case regis-
trations and actively investigates and follows
the clinical information of suspected patients,
may be beneficial to improve the practical
aspects of the detection rate. In addition, con-
tinuing education about prion disease for pri-
mary physicians and neurologists should also
be considered.

Furthermore, the current diagnostic criteria
of the WHO and National CJD Surveillance
Unit are mainly useful for the clinical diagnoses
of patients whose symptoms are evident enough
to be detected.'” Patients with CJD have shown
negative results on CSF 14-3-3 protein assays in
the early stages of the disease.'® Thus, consider-
ing that the purpose of surveillance is to detect

patients in the early phase of illness, new criteria
with high sensitivity are needed for the early
detection of suspected cases.

Relatively Low CSF 14-3-3 Positivity
Rates

The total number of 218 samples was tested
for CSF 14-3-3 and 48.6% revealed a positive
CSF 14-3-3 signal in the Western blot. The pos-
itivity rate of CSF 14-3-3 was relatively low
compared to other studies, which reported that
the sensitivity and specificity of CSF 14-3-3 for
CJD was between 80 and 90%.""

Actually, there might be some discrepancies
in our clinical situation with those previous
studies. For the establishment of active surveil-
lance network, we have encouraged participat-
ing physicians to request CSF 14-3-3 analysis
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for those who had been doubted with CJD if
there were any possibilities. In other words, we
permitted less convincing cases for CSF 14-3-3
analysis not to lose any true cases. On the con-
trary, the sensitivities and specificities of the
previous studies were based on the clinically
well-characterized cases.

Thus, we have used the term, “positivity
rates” rather than “sensitivity.” Actually, the
sensitivities of CSF 14-3-3 protein analysis has
been estimated from 75% to 90.9% according
to the clinical stages of well-characterized CJD
cases with EEG and DWI changes in our sin-
gle-hospital based research. [unpublished data]

Confusing Diagnoses with Probable CJD

In our results, less than 50% of the patients
who were positive for CSF 14-3-3 protein
were finally diagnosed with probable CJD. The
most confusing diagnoses were central nervous
system infections and encephalopathy. The
rapid progression of cognitive deficits, impair-
ments of consciousness, and the lack of any
lateralizing signs could mislead the diagnosis
of prion diseases.'> The initial consciousness
levels consisted of stupor or drowsiness for
non-CJD patients, which was in contrast to the
alertness observed in most CJD subjects.
Although our analysis was not adequately
powered, one should note that rapid progres-
sive cognitive decline with an initial obscura-
tion of consciousness might reflect causes
other than CJD.

Autopsy should be performed to confirm a
definite CJD diagnosis, however data on this
are entirely lacking in our study. Due to social
convention, autopsy is still conducted in very
few instances in Korea. Spouses and children
are reluctant to autopsy due to Confucian ideas
that preservation one’s body wholly is one of
important aspects in filial duty. To overcome
these obstacles, we had planned to follow up
patients until their death and investigate the
best possible diagnosis with the clinical charac-
teristics and other laboratory findings such as
DWTI and EEG.
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Conclusion

In conclusion, this preliminary study showed
that the number of reported cases of CJD and
the positivity rates of CSF 14-3-3 protein
assays were both low, and these findings may
improve the understanding of the pitfalls of
cases with false-positive CSF 14-3-3 protein

assays. An active surveillance system is
urgently needed in Korea in order to provide
regular nationwide epidemiological data

updates and to estimate accurate incidences
and prevalence of CJD.

MATERIALS AND METHODS

Groundwork for Setting up the Korean
CJD Surveillance Network (KCJDSN)

In January 2010, the preparatory work for
the KCJDSN was initiated by the Korean Cen-
ter for Disease Control (K-CDC), the Seoul
National University Bundang Hospital, the
Seoul National University Boramae Hospital,
the Bobath Memorial Hospital, the Jungang
University Hospital, and the Korean National
Institute of Health. Neurology specialists of
each hospital made up the steering committee
of the KCJDSN. The local institutional review
board approved this study, and all subjects sub-
mitted informed consent forms.

Surveillance Pipeline

When physicians requested CSF 14-3-3 pro-
tein assays for patients with suspected CJD
from the K-CDC and the assay results were
positive, this information was relayed to the
steering committee. The members of the steer-
ing committee visited the corresponding hospi-
tals and gathered medical histories and clinical
information through patient or caregiver inter-
views. The committee members met with the
attending physicians and discussed the patients’
conditions at admission, their progress, and
diagnosis. Medical records and neuroimaging
data were also reviewed. The committee fol-
lowed all cases until any of the following cir-
cumstances were observed: 1) a confirmed
diagnosis of CJD, 2) another confirmed
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diagnosis, such as encephalopathy or meningo-
encephalitis, in non-CJD cases, or 3) death
without any evidence of diseases other than
CIJD or non-CJD human prionopathy.

Laboratory and Neuroimaging
Evaluations

We analyzed the blood samples with routine
laboratory evaluations of vitamin B12, folate,
thyroid function, venereal disease, and homo-
cysteine levels and the CSF samples with rou-
tine examinations of cell counts, chemistry,
culture, and 14-3-3 protein. We also investi-
gated the polymorphism of PRNP at codon 129
for those who had given consent for genetic
testing. During admission, electroencephalogra-
phy was conducted at least once. Neuroimaging
evaluations included brain computed tomogra-
phy, magnetic resonance imaging including
diffusion-weighted imaging.

CSF 14-3-3 Protein Assay

14-3-3 protein levels were analyzed in the
CSF with western blotting. Detailed protocol
was described in the supplementary materials.

Diagnostic Criteria for Patients
with Suspected CJD

When all members of the steering committee
were in agreement, we determined the diagno-
sis of a case as CJD according to the World
Health Organization (WHO) diagnostic criteria
for probable sporadic CJD.'! The 4 diagnostic
criteria were 1) progressive dementia; 2) at
least 2 out of the following 4 clinical features:
myoclonus, visual or cerebellar disturbance,
pyramidal/extrapyramidal dysfunction, or aki-
netic mutism; 3) atypical electroencephalogram
recordings during an illness of any duration
and/or a positive CSF 14-3-3 protein assay with
a clinical duration to death of less than 2 years;
and 4) routine investigations that did not
suggest any alternative diagnosis.

Lim et al.

Merging with the Previous Database
in 2006

We conducted a similar small pilot study in
2006 [unpublished]. Although detailed clinical
data were absent, we had final diagnoses for the
suspected patients. Thus, we merged those
databases with those of the current study for
further analysis (Table S1).
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