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Introduction: Epidemiologic studies of Creutzfeldt-Jakob disease (CJD) have been under-
taken worldwide since the new variant CJD outbreak in 1996 in the United Kingdom.
A nationwide report system, the Creutzfeldt-Jakob Disease Surveillance Unit (CJDSU),
directed by the Centers for Disease Control of Taiwan, was established in 1997 to identify
human prion diseases.

Methods: From 1998 to 2017, 647 cases were referred to the committee for confirmation.
The report to CIDSU included a structured questionnaire recording the clinical, demographic
data, and potential iatrogenic exposure, and the results of the clinical and laboratory
examination, including tests of blood and cerebrospinal fluid, electroencephalography, and
brain magnetic resonance imaging.

Results: In total, 356 cases (women, n=178) were ascertained to be human prion diseases,
and 97.4% (n=347) were sporadic CJD, including three definite, 314 probable, and 30
possible cases; one probable variant CJD and 8 cases of the genetic form human prion
diseases. The age- and gender-specific average annual incidence were also significantly
higher in the second decade (0.95/1,000,000) than in the first decade (0.63/1,000,000),
with an incidence rate ratio of 1.51. The incidences increased with increasing age, reaching
a peak at the age of 70-79 years. The 10-year survival curve for sCJD patients showed that
the 1-, 5-, and 10-year cumulative survival rate were 52%, 5%, and 1%, respectively. PRNP
polymorphisms in 170 patients showed that 98.8% were M129M and 97.6% E219E.
Discussion: The significant increase in incidence after 2008 suggests the increase in the
awareness of this rare disease among physicians. The longer disease duration in patients with
sCJD in Taiwan than in other countries indicates that the comprehensive support of the health
care system, as well as the end-of-life care culture in Taiwan, may prolong survival time in
patients with such a progressive and fatal disease.

Keywords: human prion diseases, spongiform encephalopathy, incidence, mortality, disease
duration

Introduction

Epidemiologic studies on the incidence of Creutzfeldt-Jakob disease (CJD) have
been undertaken worldwide since the outbreak of transmissible spongiform ence-
phalopathy when the new variant CJD (vCJD) was first described in 1996 in the
United Kingdom." A nationwide hospital-based case report system, the Creutzfeldt-
Jakob Disease Surveillance Unit (CJDSU), directed by the Centers for Disease
Control of Taiwan, was established in 1997 to identify incident cases, including
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sporadic CJD (sCJD), genetic forms, and acquired forms,
such as iatrogenic CJD (iCJD) and variant (vCJD).

The incidence of sCJD is commonly reported to be
approximately 1 case per million per year worldwide.
Our first long-term epidemiological study was published
ten years ago, reporting the incidence of CJD in Taiwan
from 1998 to 2007.> The main findings are summarized as
follows: (1) all the ascertained cases were sCID; (2) the
overall annual incidence rate remained in the range
between 0.5 and 0.6 per million per year, which is lower
than in other countries;*> (3) the incidence of onset after
80 years of age was still high, without a sharp decline,
which was also different from other reports;*’ and (4) the
study of the prion protein gene (PRNP) polymorphism at
codon 129 revealed that our patients were all homozygous
for methionine.

Globally, most countries reported increasing trends in
incidence as CJD surveillance mechanisms have been
optimized, the diagnostic testing capabilities have
improved, and physicians have developed a greater aware-
ness of this rare disease.® Since the Taiwan CJDSU has
been operating for more than 20 years, whether the inci-
dence of and mortality due to CJD have temporal trends
should be assessed. Besides, a very long disease duration
was noted in some of our cases. Varied disease durations
were reported among countries, with average survival
times ranging from 5 to 17.4 months.” ' Long-term sur-
vivors have been reported to have either sCJD or
vCJID.”'>"'* The aims of this prospective study are (1) to
report all forms of human prion diseases identified in
Taiwan; (2) to calculate the temporal trends in incidence
by gender and age; and (3) to assess the mortality rate and
disease duration.

Method

Surveillance Methods

The operation of the Taiwan CJDSU was reported in our
previous article.® In brief, in 1997, all physicians throughout
Taiwan were requested to notify the CIDSU of any clinically
suspected CJD patients in their medical practice. Once a case
was reported to CIDSU, the expert committee, composed of
neurologists, neurosurgeons, neuroradiologists, and neuro-
pathologists, would hold a case-identifying meeting to discuss
the reported cases and determine the diagnosis of CJD. Cases
ascertained by the CJDSU committee would then be reported
to the Taiwan Centers for Disease Control (CDC). The CIDSU
and the Taiwan CDC are responsible for following up on all

the diagnosed and suspected CJD cases. The clinical diagnosis
of definite, probable, or possible CJD was made according to
the criteria recommended by the World Health Organization
(WHO),">'® and the updated clinical diagnostic criteria for
sCJD.'7 The reporting neurologist has to fill out a structured
questionnaire recording the medical history of symptoms,
clinical course, demographic data, and history of potential
iatrogenic exposure such as dura matter implants, corneal
grafts, or human cadaveric pituitary hormone, as well as the
results of the physical examination and laboratory investiga-
tions including biochemistry tests of blood and cerebrospinal
fluid (CSF), electroencephalography (EEG) and brain mag-
netic resonance imaging (MRI). Both EEG and MRI were
reviewed by experienced EEG and neuroradiological specia-
lists of the CIDSU committee on an individual basis. Recently,
an increasing number of reports by neurologists in Taiwan
included the results of tests for autoimmune encephalitis or
paraneoplastic encephalopathy. The whole blood and CSF
specimens of reported cases were sent to the CJDSU for
further tests, including for the CSF 14-3-3 and total Tau
proteins. The CSF 14-3-3 protein was measured by Western
blot assay using polyclonal anti-14-3-3 pan (AB9748-I) as the
primary antibody and goat anti-Rabbit IgG conjugated with
HRP (AP307P) as the secondary antibody. The membranes
were developed in Western Lightning ECL Pro (PerkinElmer)
and visualized with VL FX7 (VILBER). The CSF total-tau
protein concentration was assessed by enzyme-linked immu-
nosorbent assay (KBH0042, Invitrogen) directed by the man-
ufacturer with a cut-off value of 1200 pg/mL. The blood
sample was used for the PRNP genetic analysis in some
cases by the CJDSU.

Statistical Analysis

The crude annual incidence rates and mortality rates were
calculated per million person-years with the number of
incident cases divided by the total population at risk
using the census data for each year in Taiwan. Incidence
and mortality rates were provided for the entire population
and every 10-year age group by gender and age at disease
onset. The confidence intervals for the incidence and mor-
tality rates were calculated according to the Poisson dis-
tribution. We adjusted for the gender and age distributions
according to the census data for Taiwan in 2010. Poisson
regressions were performed to analyze the changes in
incidence and mortality rate within genders, age groups,
residence areas, and calendar years of recording.
Residence areas were classified into the north, middle,

south, and east (including the surrounding islands) areas
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of Taiwan to ascertain CJD cases’ geographical distribu-
tion. We also performed trend tests to compare the tem-
poral changes in incidence and mortality rates between the
first and second decades. We further examined the survival
duration from disease onset in the overall population and
gender- and age-specific groups. The standardized mortal-
ity ratio (SMR) was calculated as the ratio of observed
CJD deaths to expected deaths in the general population
based on the age- and gender-specific mortality rates from
1998 to 2017.

Results
Diagnostic Classification and Genetic and

Laboratory Studies
From 1998 to 2017, 647 cases were referred to the CJDSU
for further confirmation. Among them, 356 cases (women,
n=178) were ascertained to be human prion diseases,
97.4% (n=347) were sCJD, including three pathologically
validated definite cases, 314 probable and 30 possible; one
probable vCJD, and 8 cases of the genetic form human
prion diseases. No direct cases of surgically acquired CJD
had been documented as of the end of 2017 in Taiwan.
The eight genetically confirmed cases included 4 cases of
P102L-129M point mutation, which were endorsed by
CIDSU; and 1 of a 72-base pair insertion-129M, and 3
additional cases of point mutations (2 cases of E196A-
129M, 1 case of R148H-129M), they were included accord-
ing to later genetic studies by authors. These four P102L
inherited cases belonged to one family with a phenotype of
Gerstmann—Straussler—Scheinker syndrome (GSS). Their
mean onset age was 51.5£17.6 years old (range: 29-67
years), with cerebellar ataxia as the onset symptom and
a relatively chronic clinical course (mean survival time, 4.6
+1.2 years, range, 2.9-5.5 years).'® Analyses of PRNP poly-
morphisms in 170 patients showed 168 cases of the methio-
nine homozygosity at codon 129 (M129M) (98.8%), while
there were 2 cases of methionine/valine (M129V) heterozyg-
osity. Glutamic acid homozygosity at codon 219 (E219E)
was found in 166 cases (97.6%), while there were 4 cases of
glutamic acid/lysine (E219K) polymorphism heterozygosity.
The only vCJD subject was a 34-year-old man who had lived
in the UK between 1989 and 1997, with disease onset in
2008. He had early psychiatric and sensory symptoms fol-
lowed by gait ataxia and cognitive impairment. He had
typical pulvinar signs on the brain MRI. The patient devel-
oped akinetic mutism at 16 months and died 28 months after
onset.'” A positive CSF 14-3-3 protein test was found in

66.7% (2/3) of definite cases, 67.0% (183/275) of probable
cases, and 20% (5/25) of possible cases. The CSF 14-3-3
protein test’s sensitivity was 63%, and the specificity was
79.6%, which were calculated from the data after 2011
because the laboratory records of the excluded cases before
then were incomplete. With a threshold of 1200 pg/mL, CSF
total tau protein tests were positive in 66.7% (2/3) of definite
cases, 78.0% (206/265) of probable cases, and 74% (17/23)
of possible cases. The CSF total tau protein test’s sensitivity
was 77%, and the specificity was 74.1%.

Incidence, Mortality, and Disease

Duration

The age-adjusted annual incidences (95% CI) of CJD from
1998 to 2017 in men, women, and the total population were
0.77 (0.61-0.93), 0.82 (0.65-0.98), and 0.79 (0.68-0.91)
per million persons, respectively, after adjustment with the
Taiwan census data for 2010. There has been a positive
trend in the annual number of suspected cases of CJD
since 2008. In the first decade (1998 to 2007), the crude
incidence remained within the range of 0.5 to 0.6 per million
person-years. The crude incidence in the second decade
(2008 to 2017) doubled to 1.03, compared to 0.52 in the
previous decade. The highest incidence was 1.24 per million
persons found between 2012 and 2013 (Table 1). The age-
and gender-specific average annual incidence were also
significantly higher in the second decade (0.95/1,000,000)
than in the first decade (0.63/1,000,000), with an incidence
rate ratio of 1.51 (95% CI 1.21-1.88, p<0.01). There was no
significant difference in the incidences between men and
women. The incidences increased with increasing age,
reaching a peak at the age of 70-79 years in both men and
women. We observed low incidence rates in those younger
than 50 years. Although there was a mild decline, the
incidence among patients aged 80 and above was still high
(Figure 1). The incidences of sCJD in the middle and east-
ern regions (including the surrounding islands) were
slightly higher than those in Taiwan’s southern region.

The temporal trend in the mortality rate during the 20
years was similar to the change in incidence. The mortality
rates increased after 2008, with the highest rate of 1.26 -
per million noted between 2012 and 2013. The age-
adjusted mortality rates (95% CI) due to CJD from 1998
to 2017 in men, women, and the total population were 0.71
(0.56-0.87), 0.74 (0.58-0.89), and 0.72 (0.61-0.83)
per million persons, respectively, after adjustment with
the census data from Taiwan in 2010 (Table 1).
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Figure | Annual Incidence Rate of all CJD Patients by Gender and Age. The
incidences increased with increasing age, reaching a peak at the age of 70-79
years in both men and women; the incidence among patients aged 80 and above
was still high; low incidence rate observed below 50 years.

The higher incidence of CJD in the second decade
resulted in a higher mortality rate than that in the first decade.
The average age- and gender-adjusted annual mortality rates
in the periods from 1998 to 2007 and 2008 to 2017 were 0.58
and 0.86 per million persons. The adjusted mortality rate
ratio of the second decade to the first decade was 1.52
(p=0.01). There was no significant difference in mortality
rates between men and women or among geographical areas
in Taiwan. Similar to incidence, the highest mortality rate
was found in the 70- to 79-year-old age group. The Kaplan—
Meier survival curve with a 10-year follow-up after disease
onset (onset date before December 31, 2007) is plotted in
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Figure 2. The cumulative survival rates at the end of the 1st,
Sth, and 10th years after onset were 52%, 5%, and 1%,
respectively. The median survival time was 13.5 months.
The median survival times for patients younger than 50
years and those aged 5059 years were 37.6 and 22.9 months.
The mean (£SD) disease durations were 19.1 (£20.2) months
in the total population, 14.3 (£15.6) months in men and 22.3
(x22.8) months in women. Women and patients with younger
ages at onset had longer survival times (both p<0.01)
(Figure 2).

Discussion
Our previous epidemiological research of CJD from 1998
to 2007 has been reported 10 years ago.’ In current ana-
lysis, we rechecked the information of all the ascertained
cases of the first decade in the registry and found that 9
cases before 2005 should be excluded because they could
not meet the diagnostic criteria with some missing data.
Moreover, 2 cases that were identified in 2008 actually had
their disease onset in 2007 by tracing their history again.
The overall incidence rate of CJD from 1998 to 2017 in
Taiwan was 0.79 per million persons. The incidence sig-
nificantly increased after 2008 to approximately 1 case
per million persons per year, comparable to the worldwide
typically to be
1-2 per million person-years based on surveillance from

incidence, reported approximately
2005 onward.>*® The increase in incidence for the second
decade could be explained by the enhanced awareness of
clinical physicians, the improved diagnostic tests, and the
increase in the aging population in Taiwan, as the inci-

dence of CJD cases, peaked in the 70- to 79-year-old age
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Figure 2 Kaplan-Meier Survival Curves for Patients with Sporadic C|D by Age (A) and Gender (B). Kaplan-Meier curves display time from disease onset to death or to the
end of 120 months. The |0-year cumulative survival rates for men and women were 0% and 2%, respectively. Longer survival time was noted in patients with younger age at

onset (A), and in women than men (B).

Clinical Epidemiology 2020:12

submit your manuscript

1077

Dove


http://www.dovepress.com
http://www.dovepress.com

Sun et al

Dove

group similar distribution to the USA study.*' The inci-
dence of CJD onset after 80 years of age was still high,
without a sharp decline, which was different from other
reports.®** Since the start of the CJDSU in 1997, several
national or international symposiums focused on human
transmissible spongiform encephalopathy have been held
by the Taiwan Neurological Society to educate neurolo-
gists and general physicians about the updated diagnostic
criteria and management of CJD patients. The Taiwan
CDC has regularly revised the workbook.”* In 2008, an
imported case of vCID was reported to CIDSU.' This
first acquired case of CJD in Taiwan was a critical public
health concern and might have helped raise awareness of
the disease among neurologists, leading to an increase in
the number of reported cases afterward. In 2009, an
updated set of criteria, including MRI findings, were pro-
posed and soon adopted by the CJDSU.'” The pattern of
high signal intensity had high sensitivity and specificity for
the differential diagnosis, assisting in distinguishing sCJD
from other neurological diseases and helping clinicians
detect suspected cases early; this, in part, resulted in the
increase in the number of referrals in subsequent years.
The polymorphism at codon 129 (M129V) of PRNP is
a recognized genetic marker for susceptibility to CJD in
Caucasians.** In Europe, 51% of the general population
has methionine/valine (MV) heterozygosity, while 37%
has methionine homozygosity (MM).>>*® In East Asia,

7 and

the MM genotype was found in 94% of Koreans®
92% of Japanese individuals.”® Ethnic Han Chinese, who
account for over 95% of the Taiwanese population, has
a remarkably high frequency (98%) of methionine homo-
zygosity in the general population.”® Methionine homo-
zygosity is high in both healthy individuals and diseased
patients, with 98.8% of CJD patients in our study having
the MM genotype and less than 2% carrying the MV
genotype. Prion susceptibility and protective alleles can
exhibit marked geographic differences, with the effects
being different in the Asian and Caucasian populations.®

Because of the short disease duration in most cases, the
increase in mortality with time parallels the temporal trend
in incidence, as the mortality rate was significantly higher
in the second decade than in the first decade. There was no
difference in the incidence and mortality rates between
men and women in our study. Some countries reported
a higher incidence in women than men because of the
larger number of women among older populations.?’ The
disease duration varied based on CJD types, with
a relatively chronic course in some genetic forms. The

mean survival time was 56.4 (range, 35.1-67.4) months
in four GSS patients (P102L), 15.4 (9.0, 21.7) months in
two E196A patients, and 11.9 months in an R148H patient,
while a substantially shorter disease duration of 2.4
months was noted in a patient with a 72-base pair inser-
tion. Because of the small number of gCJD patients in our
study, it is challenging to compare Taiwan with other
countries regarding these patients’ survival time.

Among the patients with sCJD, women and those with
younger ages at onset had longer disease durations. This
finding is comparable with the results from a collaborative
multi-national CJD surveillance program (EUROCIJID)
conducted by the European Union and allied countries.
The precise mechanisms underlying the effects of age
and gender effects on survival time are not known. Age-
related variations in care or resistance to terminal infec-
tions have been proposed as possible explanations.*’
Whether gender-specific factors influence the disease dura-
tion needs to be studied. In this national cohort, we found
some long-term survivors of sCJD, with 3-, 5- and 10-year
survival rates of 13%, 5%, and 1%, respectively. The
19.1
months), and 48% died within one year of onset. Our

median survival time was 13.5 months (mean:

data were similar to those in the report from Japan, in
which the mean survival time of sCJD patients was 15.7
(range: 1-126) months, and 46.0% of all patients with
prion disease died within one year.”® However, reports
from other counties revealed a much shorter survival
time. The study by the EUROCJD involving 2,451 sCJD
patients showed that the median survival time was five
months (range: 1-81), and 85.8% died within one year of
onset.'" The median duration in a study involving 150
definite or probable sCJD cases in Argentina was 4.6
(range: 1-70) months,*® while a Swedish study involving
123 patients with prion disease found that 74.6% of
patients died within one year.’! A study from China also
showed a short survival time, with a median duration of
7.1 months (range: 1.0-23.3), and 78.5% of patients died
within one year of onset.'”

The survival times of patients with sCJD in Taiwan and
Japan were relatively longer than those reported in most of
the other countries in the world. Japanese researchers
explained the prolonged survival as the effects of their
robust public medical insurance system and a culture
allowing patients with end-stage neurological disease to
receive intensive life-sustaining treatments such as tube
feeding and intravenous high-calorie infusion.’** Taiwan
adopted a single-payer National Health Insurance (NHI)
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system in 1995 that also provides comprehensive health-
care support.>® Patients with human prion disease do not
need to pay any co-payment for outpatient or inpatient
care. In addition, Taiwanese also share this end-of-life
care culture.

There are several limitations to the current study. First,
the percentage of definite cases of human spongiform ence-
phalopathies was relatively small. Because of the traditional
ethical values among the general population in Taiwanese
society, the very low autopsy rate has long been acknowl-
edged as an unfortunate and unavoidable reality. In recent
years, using the real-time quaking-induced conversion assay
to detect the pathological prion protein in the CSF or other
tissues has been developed and has high diagnostic
accuracy.”* However, this technique was not used by the
CJIDSU in Taiwan during our study period. Without obtain-
ing tissue specimens or testing for the pathological prion
protein, we are not only unable to make a definite diagnosis
but also are unable to assess the various molecular subtypes
of sCJD, which is useful for phenotypic classification.
Second, underreporting and underestimation of CJD are
inevitable. Because of the older age at onset, patients with
CJD may be misdiagnosed with other diseases with the rapid
progression of neurological symptoms such as stroke,*
encephalitides,® degenerative dementia,®’ and epilepsy.*®
A retrospective archival survey published in 1995 showed
that only approximately 60% of prion disease patients with
pathologically spongiform encephalopathy were diagnosed
clinically while alive. In recent decades, diagnostic accuracy
has been improved by the use of CSF biomarkers and brain
MRI."” Not infrequently, the committee recommended that
the primary care physician follow-up during the clinical
course and perform MRI/EEG in case of uncertainty. They
were obliged to report back at the next relevant meeting.

Furthermore, due to our NHI system’s comprehensive
coverage, patients with spongiform encephalopathy
received complete financial support covering all neces-
sary MRI or EEG follow-up. There is nearly a consensus
in clinical practice among neurologists in Taiwan that for
those patients with rapid cognitive decline, in addition to
CSF studies, MRI and EEG examination, tests to exclude
autoimmune encephalitis or paraneoplastic encephalopa-
thy should usually be performed. Third, the finding of
2% (8/356) of gCJD among all CJD forms was far lower
than the corresponding figures elsewhere in the world,
which range from 10-14%.7°*° Although the incidence
of gCJD varies considerably among countries, we spec-
ulate that the lower proportion of gCJD in our study is

likely because the PRNP gene sequencing test was not
routinely performed before 2009, only 170 of the 356
CJD cases tested. Approximately 60% of genetic CJD
cases were reported in patients with no family history,
suggesting that they could have been misclassified in the
absence of the PRNP genetic analysis.”’

In conclusion, this study reports the 20-year epidemio-
logic features of CJD in Taiwan. The second decade’s inci-
dence rate was comparable with the corresponding figures in
most other countries in the world. The significant increase in
incidence after 2008 suggests the increase in awareness of
this rare disease among clinical physicians and the increase
in Taiwan’s aging population. The longer disease duration in
patients with sCJD in Taiwan than in Western countries
indicates that the healthcare system and end-of-life care
culture in Taiwan may prolong survival time in patients
with such a rapidly progressive and fatal disease.
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