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OBJECTIVES: This study estimated the overall incidence of iatrogenic Creutzfeldt-Jakob disease (iCJD) based 
on dura graft cases in Korea using a mathematical model. 

METHODS: We estimated the number of annual dura grafts performed between 1980 and 1995 by applying 
the proportion of dura grafts recorded by the Health Insurance Review Agency claim dataset in Korea to the 
number of nationwide neurosurgery cases. The distribution of the incubation period was assumed to fall under 
a Weibull distribution with density function or a log-logistic distribution with density function. 

RESULTS: The total number of neurosurgery procedures performed from 1980 to 1995 was estimated to be 
263,945, and among those operations, 37% used dura graft products. Between the years of 1980 and 2020, 
our model predicted that the total number of iCJD cases would be between 14.9 and 33.2 (95% confidence 
interval [CI], 13.4 to 50.9). Notably, we estimated that the cumulative number of iCJD cases caused by dura 
grafts between 1980 and 2011 was approximately 13.3 to 27.3 (95% CI, 12.2 to 40.6). 

CONCLUSIONS: Based on our model, we postulate that the incidence of iCJD will sharply decline from 2012 
to 2020. However, additional new cases are still expected, which necessitates a strong national surveillance 
system. 
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INTRODUCTION 

Creutzfeldt-Jakob disease (CJD) is a rare, devastating, chronic 
disease affecting the central nervous system. Widespread degra-
dation of cells occurs in response to the pathogenic transforma-
tions caused by prion proteins in the central nervous system. 

CJD is peculiar in that it can develop either via a spontaneous 
degenerative process, as a result of genetic predisposition, or 
through transmission of the pathogenic prion protein [1]. Iatro-
genic CJD (iCJD) is a transmitted form of CJD resulting from 
the healthcare-associated inoculation of infected human tissue 
in a victim. The incidence of CJD is between 0.5 and 2.0 per 
million globally and is quite homogenous across various re-
gions [2,3]. Notably, iCJD accounts for less than 5% of the to-
tal number of prion diseases [4,5].

The first case of iCJD was caused by corneal transplantation 
in 1974 [6]. Since this case, reports have been published of iCJD 
arising from the use of contaminated instruments or the inocu-
lation of contaminated biogenic material, such as dura mater 
and hormones (human growth hormone or human gonadotro-
pin-releasing hormone) extracted from cadavers [7,8]. There 
have been 469 total reports of iCJD worldwide, 236 of which 
were due to surgical procedures, including 228 cases from dura 
grafts, four cases from surgical instruments, two cases from em-
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bedded electroencephalography (EEG) needles, and two cases 
from corneal transplantation. Medical procedures were respon-
sible for 233 cases, including 226 cases resulting from the use 
of growth hormone, four cases resulting from the use of gonad-
otropin-releasing hormone, and three cases arising from packed 
red blood cells donated from patients with latent CJD [8].

It was discovered that Lyodura grafts, made from human ca-
davers by a German company (B. Braun Melsungen AG, Mel-
sungen, Germany), were a source of iCJD. In 1987, the first case 
of iCJD associated with cadaveric dura mater transplantation 
was reported in the US [9,10]. From then to 2012, 228 cases of 
iCJD associated with Lyodura grafts have been reported glob-
ally. Among these cases, 142 (62%) occurred in Japan [8]. The 
most recent case was reported in Korea in 2011 [11].

The incubation period of dura graft-associated iCJD ranges 
from 1.3 to 30.0 years (mean, 12.0 years) [8]. Dura mater origi-
nating from cadavers was widely used in neurosurgery until the 
World Health Organization (WHO) recommended banning its 
use in 1997 [12]. Since then, reports of iCJD have declined 
markedly. With this reduction, it is expected that most cases of 
dura mater-associated iCJD will occur within a decade [13].

In Korea, a national CJD surveillance system has been oper-
ated by the Korea Centers for Disease Control and Prevention 
(KCDC) since 2001. The first case of iCJD in Korea was not re-
ported until 2011, but the case was a patient who had received 
a dura graft 23 years earlier [11]. Because dura grafting was a 
popular surgical procedure, and because Koreans have a similar 
genetic background to Japanese, increasing concerns have been 
raised about the further development of iCJD cases in Korea. 
Therefore, it became necessary to estimate the risk of iCJD in 
the Korean population and to make predictions about future 
expectations. This study aimed to assess the risk of iCJD in the 
Korean population and to estimate the overall magnitude of 
the iCJD epidemic from dura grafts in Korea using a mathemat-
ical model. We validated this model by comparing our predic-
tions to the actual number of cases detected through surveil-
lance.

MATERIALS AND METHODS

Estimation of the at-risk population for iatrogenic 
Creutzfeldt-Jakob disease 

To estimate the size of the population exposed to dura grafts, 
annual neurosurgery reports from all neurosurgery training hos-
pitals in Korea from 1980 to 1995 were collected. Neurosur-
gery training hospitals are obligated to report all neurosurgical 
procedures to the Korean Neurosurgical Society annually as a 
process of quality control for residency training. The reports in-
clude an account of each operation, according to the Interna-

tional Classification of Diseases (ICD), 9th revision, Clinical 
Modification (until 1995, ICD-10 afterward). From the annual 
reports, the annual number of all types of neurosurgery proce-
dures and treatments and the number of residents and neuro-
surgeons were extracted. A total of 450 annual reports from 79 
institutions for the years 1980 through 1995 were collected. 
Years with missing reports were imputed using a linear regres-
sion estimation based on the number of neurosurgeons and 
training doctors.

The Health Insurance Review Agency (HIRA) claims dataset 
in Korea for the years 2007 to 2011 was used to estimate the 
proportion of patients who had undergone dura grafting for 
each neurosurgical procedure. The claims data for 52 types of 
neurosurgical operations, each of which had the potential for 
using dura grafts, were extracted from the main HIRA claim 
database over the 5-year period. Claims data included medica-
tions and procedure codes. All claims containing at least one of 
the 36 material codes associated with dura-containing material 
were extracted for each neurosurgical procedure. The probabili-
ty of using dura grafts was estimated for each operation by di-
viding the number of neurosurgical claims containing the dura 
graft material by the number of total claims for each neurosur-
gical procedure. We then estimated the number of annual dura 
graft cases between 1980 and 1995 by summing the neurosur-
gery cases after calculating the probability of dura graft usage, 
which was estimated from the HIRA claim dataset (Figure 1). 

Duration of exposure scenario
Two exposure scenarios were assessed. In scenario 1, the risk 

period was designated as 1980 to 1995, with an equal level of 
risk across the period. In scenario 2, the period from 1980 to 
1987 was set as a higher-risk period after consulting the Korean 
Neurosurgical Society on the patterns of dura grafting.

Incubation period distribution 
To describe the distribution of the incubation period, the prob-

ability density function of the Weibull distribution and log-logis-
tic distribution were used. The probability density function is wide-
ly applied to estimate the size of an epidemic [14,15].

For the probability density function of the Weibull distribution, 
we used the following equation:  

f(ω)=λγωγ-1 exp(-λγωγ)

For the probability density function of the log-logistic distri-
bution, we used the following equation:

f(ω)= (λγωγ-1/(1+λωγ)2

In these equations, f(ω) represents the probability density func-
tion of the incubation period, ω is the reported incubation peri-
od, and γ and λ are unknown parameters. We estimated the un-
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known parameters (γ, λ) to be the maximum likelihood function 
and to be greater than 0 [16-18], and we assumed ω to be be-
tween 1.3 and 30 years [18]. 

Competing risk
The competing risk was defined as the mortality rate of pa-

tients who underwent dura grafting. Four probabilities of com-
peting risk in our analyses were considered: z=0, z=0.02, z=  
0.05, and z=0.1 [18].  

Modeling the retrospective number of cases
To model the total number of cases, the exposure population 

was defined by identifying iCJD risk factors in the dura graft 
neurosurgery cases between 1980 and 1995 (Table 1). The ex-
pected number of cases in each year was estimated. The key in-
dicators were the population exposed to the iCJD risk factors 
(N), the cumulative incidence of iCJD (p), the incubation peri-
od (ω), and the mortality rate of patients with a dura graft (z).

To estimate the size of the iCJD outbreak, we used two mod-
els. One model applied a full scale (p=0.04% for the overall pe-
riod, p=0.08% for the higher-risk period ) based on the incidence 
of the iCJD outbreak in Japan, and the other model used a half 
scale of the incidence (p=0.02% for the overall period; p=0.04% 
for the higher-risk period) [8,19-21], where f(ω) is the probability 
density function of the incubation period (∫0

∞
f(ω)dω), F(ω) is the 

cumulative distribution function of the incubation period (∫0

ω
f(k)

dk), and N(t) is the cumulative number of iCJD cases at each spe-
cific time point (t) [13,18,19], which is depicted as follows:

The remaining parameters in the projection models were then 
estimated. Robustness against violation of the assumptions was 
confirmed by examining 16 combinations (Table 2) [13].  

Assessment of the actual number of iatrogenic 
Creutzfeldt-Jakob disease cases

All cases between 1990 and 2011 were reviewed, and the 
cases suspicious for iCJD were selected based on the clinical 
findings and the risk factors identified in the case review format 
and medical records. Medical records and surveillance informa-
tion sheets of the individual cases were reviewed by a neurolo-
gist (DWL) and an epidemiologist (SHK), who assigned a final 
consensus diagnostic categorization of each case as definite, 
probable, possible, or unlikely. In this study, the diagnostic crite-
ria for accidentally transmitted transmissible spongiform en-
cephalopathies developed by the National CJD Research and 
Surveillance Unit (NCJDRSU) were adopted [20]. 

An iCJD case was defined as a patient compatible with the 
diagnostic criteria of sporadic CJD as defined by NCJDRSU 
[20] with a history of one of the following exposures: (1) treat-
ment with human pituitary growth hormone, human pituitary 
gonadotrophin, or a human dura mater graft, (2) a corneal graft 
in which the corneal donor was classified as having definite or 
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Table 1. Estimation of the population at risk for iatrogenic Creutzfeldt-
Jakob disease from dura grafting in Korea from 1980 to 1995

Year Neurosur-
geons (n)

No. of total 
neurosurgical 
procedures

No. of neuro-
surgical pro-
cedures with 
potential use 
of dura grafts

Estimated 
number of 
patients  

exposed to 
dura grafts

1980 75  6,920 1,880 1,100
1981 92 9,076 2,724 1,594
1982 103 11,239 3,087 1,806
1983 114 11,434 3,947 2,309
1984 130 12,811 4,345 2,542
1985 143 13,620 4,433 2,594
1986 146 14,635 4,499 2,632
1987 155 15,194 4,923 2,880
1988 160 16,850 5,896 3,449
1989 177 17,287 6,286 3,677
1990 184 17,723 6,463 3,781
1991 195 20,672 7,871 4,604
1992 199 21,784 8,266 4,835
1993 211 23,483 9,237 5,404
1994 244 24,058 9,840 5,757
1995 273 27,159 12,768 7,470
Cumulative total 263,945 96,465 56,434
Annual average (1980-1995)  16,497  6,029  3,527

Figure 1. Process by which the dura graft population in Korea be-
tween 1980 and 1995 was estimated. ICD-9-CM, International Clas-
sification of Diseases, 9th revision, Clinical Modification; HIRA, Health 
Insurance Review Agency; iCJD, iatrogenic Creutzfeldt-Jakob dis-
ease.

Gathering 450 annual 
reports from 79 medical 

institutions in Korea between 
1980 and 1995

Cumulative number of 
neurosurgeries (n=263,945)

Number of neurosurgeries 
possibly using dura graft

(n=96,465)

Population at risk for iCJD
(n=56,434)

Exclude the non-neurosurgery cases 
in the annual reports

Compared ICD-9-CM to the list of 
neurosurgery cases using dura 
material as reported in the HIRA 

claim dataset
Excluded: n=167,480

Projecting the proportion of dura use 
estimated from the HIRA claim 

dataset onto the Korean population 
(from 2007 to 2011)  

Average proportion of dura grafts: 
58.5%
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probable human prion disease, and (3) exposure to neurosurgi-
cal instruments previously used in a case of definite or probable 
human prion disease. In this study, the cases of definite or prob-
able CJD were retrospectively reviewed for the presence of a 
history of exposure to a procedure associated with risk. If a risk 
factor of iCJD was present in their history, an epidemiologist per-
formed an additional investigation of any exposure to neurosur-
gical dura grafting. The iCJD cases were categorized as definite 
or probable according to the level of diagnostic certainty based 
on these criteria. This study was approved by the institutional 
review board of Samsung Medical Center.

RESULTS

The total number of neurosurgical procedures between 1980 
and 1995 was estimated as 263,945. Among them, 37% were 
estimated to have involved grafting with dura products, and the 

proportion of the population that underwent neurosurgical pro-
cedures exposed to dura products via neurosurgery was 21%. 
The average number of dura grafts per year from 1980 to 1995 
was 3,527 (range, 1,100 to 7,470) (Table 1). 

The estimated range of the cumulative number of iCJD cases 
associated with dura grafting was between 12.2 and 44.8 cases 
through 2011. In model 1, we assumed the incidence of iCJD 
in Korea to be the same as the incidence of iCJD in Japan. The 
cumulative incidence during the overall period and during the 
higher-risk period was 0.04 and 0.08%, respectively. According 
to the Weibull distribution model, the median predicted cumu-
lative number of iCJD cases through 2011 was estimated to be 
26.6 (range, 24.5 to 44.8), and 3.2 additional cases (range, 2.4 
to 4.4) of iCJD are expected to occur between 2012 and 2020. 
According to the log-logistic model, the median cumulative num-
ber of iCJD cases through 2011 was estimated to be 27.3 (range, 
26.0 to 40.6), and 6.3 additional cases (range, 4.6 to 10.3) of 
iCJD are expected to develop between 2012 and 2020 (Table 2).

Table 2. Estimation of the cumulative number of iatrogenic Creutzfeldt-Jakob disease cases associated with dura grafts in Korea according 
to different models and scenarios

Model1 Exposure 
scenario2 P (%)3 Competing 

risk

Weibull distribution4 Log-logistic distribution4

≤2011 2012-2020 Total Incidence 
(%)5 ≤2011 2012-2020 Total Incidence 

(%)5

Model 1 1 0.04 0 24.5 2.4 26.9 0.05 26.8 6.8 33.6 0.06 
2 24.7 2.6 27.3 0.05 26.4 6.2 32.6 0.06 
5 24.5 2.7 27.3 0.05 26.0 5.4 31.3 0.06 

10 24.5 3.0 27.5 0.05 26.0 4.6 30.6 0.05 
2 0.08 0 44.8 4.4 49.3 0.09 40.6 10.3 50.9 0.09 

2 40.3 4.3 44.6 0.08 36.3 8.5 44.8 0.08 
5 34.6 3.8 38.4 0.07 31.7 6.5 38.2 0.07 

10 28.5 3.5 32.0 0.06 27.9 4.9 32.8 0.06 
Median 26.6 3.2 29.7 0.05 27.3 6.3 33.2 0.06 
Minimum 24.5 2.4 26.9 0.05 26.0 4.6 30.6 0.05 
Maximum 44.8 4.4 49.3 0.09 40.6 10.3 50.9 0.09 

Model 2 1 0.02 0 12.2 1.2 13.4 0.02 13.4 3.4 16.8 0.03 
2 12.3 1.3 13.7 0.02 13.2 3.1 16.3 0.03 
5 12.3 1.4 13.6 0.02 13.0 2.7 15.7 0.03 

10 12.3 1.5 13.8 0.02 13.0 2.3 15.3 0.03 
2 0.04 0 22.4 2.2 24.6 0.04 20.3 5.2 25.5 0.05 

2 20.1 2.2 22.3 0.04 18.2 4.2 22.4 0.04 
5 17.3 1.9 19.2 0.03 15.8 3.3 19.1 0.03 

10 14.2 1.7 16.0 0.03 13.9 2.5 16.4 0.03 
Median 13.3 1.6 14.9 0.03 13.7 3.2 16.6 0.03 
Minimum 12.2 1.2 13.4 0.02 13.0 2.3 15.3 0.03 
Maximum 22.4 2.2 24.6 0.04 20.3 5.2 25.5 0.05 

1Model 1 applied the same attack rate as was observed in Japan (p=0.04% and 0.08%), and model 2 applied an attack rate of half that observed in Ja-
pan (p=0.02% or 0.04%).
2Exposure scenario 1 assumed that the risk was the same over the entire period (1980-1995), and scenario 2 assumed that the risk was higher between 
1980 and 1987.
3Cumulative incidence was based on the incidence of iatrogenic Creutzfeldt-Jakob disease in Japan [18].
4Probability density function: Weibull distribution, f(y)=λγωγ-1exp(– λωγ); log-logistic distribution, f(y)=λγωγ-1/(1+λωγ)2.
5The estimated incidence of iatrogenic Creutzfelt-Jakob disease was defined as the number of new cases occurring in the exposure population (1980-
2020) divided by the number of persons exposed to dura grafts (1980-1995). 



5

Jeon B-H et al.: Estimation of the iCJD outbreak in Korea 

In model 2, the incidence of iCJD was set to be half the inci-
dence that was observed in Japan. The cumulative incidence in 
the overall period and the higher-risk period was calculated to 
be 0.02 and 0.04%, respectively. In the Weibull model, the me-
dian cumulative number of iCJD cases through 2011 was esti-
mated to be 13.3 (range, 12.2 to 22.4), and 1.6 additional cases 
(range, 1.2 to 2.2) are expected to occur between 2012 and 
2020. In the log-logistic model, the median cumulative number 
of iCJD cases through 2011 was expected to be 13.7 (range, 
13.0 to 20.3), and 3.2 additional cases (range, 2.3 to 5.2) of iCJD 
are expected to occur between 2012 and 2020 (Table 2). 

We estimated the cumulative incidence of iCJD cases between 
1980 and 2020 (Figure 2). Weibull and log-logistic models of 
distribution of the incubation period for the overall exposure 
period (1980 to 1995) were used. In our projective models, mo-
del 2 arrived at a lower estimate of the cumulative number of 
iCJD patients than model 1, and the estimated number of cas-
es, assuming a Weibull distribution, was lower than that predict-
ed by the log-logistic distribution in both models. 

Figure 3 shows the populations at risk for iCJD and the re-
sults of the projective models. In Korea, the exposure period 
for Lyodura was from 1980 to 1995. Our model shows that the 
number of cases of iCJD increased continuously until 2001 and 
then decreased continuously thereafter, a trend that is expected 
to continue. 

DISCUSSION

The objectives of this study, which were to estimate the total 
size of the population at risk and the potential magnitude of 
the iCJD outbreak, were achieved, as 56,434 patients were es-
timated to have received dura grafts during the high-risk period 
between 1980 and 1995 (Table 1), and we estimated the size of 
the iCJD outbreak using all available data sources in Korea (Ta-
ble 2). In our analysis, the at-risk population for iCJD was de-
termined by extrapolating the present use rate of dura products 
from the German company (B. Braun Melsungen AG) in the 
HIRA claims data for the five years prior to this study because 
no information was available to estimate the rate of dura grafts 
in neurosurgery in the 1980s in Korea. In terms of the four typ-
ical distributions of predictive models, the estimated distribu-
tions of models 1 and 2 were similar. The number of cases esti-
mated in the period (from 1980 to 2011) was similar to the ac-
tual number of iCJD cases reviewed by us.

It appears that the trend of our model was similar to that of 
the iCJD risk factor exposure population, with a time interval 
of 8 to 10 years between exposure to the dura graft and the es-
timated results. Based on these results, we are confident that our 
predictive models have high validity. This study demonstrated 
that the number of iCJD patients could reach a maximum of 10 
persons in the 10 years following 2011. The range of the estimat-
ed incidence of iCJD was 0.02 to 0.09% between 1980 and 
2020 (Table 2). The incidence of iCJD has gradually decre ased. 

Figure 3. Estimated distribution of the incidence of iatrogenic Creutz-
feldt-Jakob disease (iCJD) from 1980 to 2020 in Korea using the 
Weibull and log-logistic incubation period distributions for the over-
all exposure period (1980-1995). Model 1 set the attack rate at the 
same level as that observed in Japan (p=0.04% and 0.08%), and 
model 2 set the attack rate at half of the level as that observed Ja-
pan (p=0.02% and 0.04%). The bar graph denotes the population 
at risk for iCJD.
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The results of the present study correspond to those associat-
ed with the major epidemic of dura mater-associated iCJD. In 
Japan, the mortality of iCJD was 0.06% (142 of 220,000 dura 
transplants) from 1979 to 2011 and 0.08% (81 of 100,000) dur-
ing the high-risk period from 1983 to 1987 [8,21,22]. In Aus-
tralia, the mortality rate of iCJD was 0.23% (5 of 2,208) among 
patients who underwent dura grafting from 1979 to 2011 and 
0.43% (5 of 1,172) for the high-risk period from 1982 to 1986 
[8,23]. In France, 13 cases were linked to dura grafts from the 
mid-1980s to 1994, when the use of synthetic dura grafts was 
implemented. In 2005, the last French iCJD case due to a dura 
graft died, and no cases have since been reported in France [8,24]. 
Brown et al. [8,25] suggested that the average incubation peri-
od for iCJD onset after Lyodura grafting is 12 years (range, 1.3 
to 320.0 months), suggesting that the era of iCJD is approach-
ing completion.

More than 60% (142 cases) of all patients (228 cases) with 
dura graft-associated CJD worldwide are from Japan [8,25], and 
the epidemiological data on iCJD caused by dura grafting in Ja-
pan [22,26] have contributed to establishing the epidemiologic 
characteristics of iCJD. We referred to the prediction model and 
methods used in Japan and the UK [13,18,19], and we adopted 
the values of the model coefficients in our study. However, our 
estimation methods of the at-risk population were different than 
the methods reported by Tateishi [27]. Neurosurgeons in Japan 
estimated that the number of patients undergoing neurosurgical 
operations ranged from 100,000 to 120,000 annually, and that 
cadaveric dura was used in approximately one-fifth of these 
operations in the 1980s. Tateishi [27] estimated that cadaveric 
dura was used in about 20,000 patients per year, and Nakamu-
ra et al. [28] estimated that 260,000 patients received a cadav-
eric dura graft over the 13 years spanning from 1979 to 1991. 
Although we adopted the prediction equation and the distribu-
tion of the reported incubation period of iCJD from former re-
ports, the reason our models successfully predict ed the actual 
cases is that the population at risk was estimated based on ac-
tual cases, and the risk exposure period was empirically derived 
from actual cases reported by neurosurgeons in Korea. 

The incidence of iCJD patients has never been studied in Ko-
rea, although the KCDC has operated a national CJD surveil-
lance system since 2001. This is the first Korean study that sta-
tistically estimated the magnitude of the iCJD outbreak using a 
predictive model. However, this study has important limitations, 
most of which stem from selecting indexes that were retrospec-
tively calculated and reported. First, since we have no informa-
tion about the epidemiological characteristics of iCJD patients 
in Korea, we extrapolated our models based on research per-
formed in Japan, including parameters such as the distribution 
of the incubation period and the cumulative incidence of iCJD 
[8,18]. Therefore, the accuracy of our predictive model may be 

slightly exaggerated. Second, in addition to using extrapolated 
models, we applied statistical methods more commonly used in 
the projection of acquired immunodeficiency syndrome and 
variant CJD data [14,15,19], and we cannot statistically distin-
guish whether the Weibull distribution or the log-logistic distri-
bution was more suitable for describing the latency period. Third, 
our models estimated the potential number of iCJD cases per 
year by applying the estimated incubation period after expo-
sure to risk factors in Japan [18]. If the estimated incubation 
period changed for any reason, the calculated independence of 
the number of iCJD cases per year would be compromised. 
Fourth, direct sampling of the dura graft material during the 
study period was not possible. Fifth, surgical and medical pro-
cedures other than dura grafting that may also have resulted in 
iCJD, including hormone replacement therapy and corneal trans-
plantation, were not estimated. Sixth, most of the actual cases 
were not confirmed by neuropathology.

In conclusion, we suggest that the occurrence of iCJD is ex-
pected to sharply decline after 2012, continuing through 2020. 
However, additional new cases are still expected, which neces-
sitates a strong national surveillance system. The results indicate 
that the proposed model is useful for both retrospectively and 
prospectively estimating the size of the outbreak of iCJD in 
Korea.
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