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Introduction: Human prion disease (PrD), a group of fatal and transmissible

neurodegenerative diseases, consists of Creutzfeldt–Jakob disease (CJD), kuru,

fatal familial insomnia (FFI), Gerstmann-Sträussler-Scheinker disease (GSS), and

variably protease-sensitive prionopathy (VPSPr). The emergence of bovine

spongiform encephalopathy (BSE) in cattle and variant CJD (vCJD) has greatly

threatened public health, both in humans and animals. Since the 1990’s, dozens

of countries and territories have conducted PrD surveillance programs.

Methods: In this study, the case numbers and alternative trends of di�erent types

of PrD globally and in various countries or territories from 1993 to 2020 were

collected and analyzed based on the data from the websites of the international

and national PrD surveillance programs, as well as from relevant publications.

Results: The total numbers of the reported PrD and sporadic CJD (sCJD) cases

in 34 countries with accessible annual case numbers were 27,872 and 24,623,

respectively. The top seven countries in PrD cases were the USA (n = 5,156),

France (n = 3,276), Germany (n = 3,212), Italy (n = 2,995), China (n = 2,662), the

UK (n = 2,521), Spain (n = 1,657), and Canada (n = 1,311). The annual PrD case

numbers andmortalities, either globally or in the countries, showed an increased

trend in the past 27 years. Genetic PrD cases accounted for 10.83% of all reported

PrD cases; however, the trend varied largely among the di�erent countries and

territories. There have been 485 iatrogenic CJD (iCJD) cases and 232 vCJD cases

reported worldwide.

Discussion: The majority of the countries with PrD surveillance programs

were high- and upper-middle-income countries. However, most low- and

lower-middle-income countries in the world did not conduct PrD surveillance or

even report PrD cases, indicating that the number of human PrD casesworldwide

is markedly undervalued. Active international PrD surveillance for both humans

and animals is still vital to eliminate the threat of prion disease from a public

health perspective.
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Introduction

Human prion diseases (PrDs) are a group of progressive, fatal neurodegenerative

diseases caused by the post-translational misfolding of a normal host protein.

These diseases are potentially transmissible, and the infective agent, the

prion, is considered to consist principally or solely of the abnormally folded

protein (1). The disease-associated prion protein (PrPSc) shares the same

amino acid sequence as the host normal cellular prion protein (PrPC).
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Human PrDs have sporadic, inherited, and acquired forms. The

majority of human PrDs are in sporadic form, namely sporadic

Creutzfeldt–Jakob disease (sCJD) (2, 3). Approximately 10–15%

of the PrDs are inherited, which is associated with the various

mutations in Prion Protein gene (PRNP)-encoding prion protein

(PrP). Clinically, genetic prion diseases include genetic CJD

(gCJD), fatal familial insomnia (FFI), and Gerstmann-Sträussler-

Scheinker disease (GSS) (2, 4). Acquired PrDs include kuru,

which is an endemic disease closely related to ritualistic mortuary

cannibalism; iatrogenic CJD (iCJD), which is associated with

different medical interventions; and variant CJD (vCJD), which

is caused by consuming products contaminated with bovine

spongiform encephalopathy (BSE) agents. In the recent decade, a

new form of PrD, namely variably protease-sensitive prionopathy

(VPSPr), has been documented. This form appears sporadically but

is distinct from sCJD, both clinically and pathologically (3, 5, 6).

Despite the recognition of CJD in the early 1920’s, broad

awareness of CJD or PrD in public has occurred in the recent

decades since the outbreak of BSE in cattle and the emergence

of vCJD in humans (7, 8). Under the framework of the World

Health Organization (WHO), a global surveillance program was

implemented in the 1990’s, consisting of many countries in Europe

andNorth America and some countries in Oceania, Asia, and South

America. Those national and international surveillance activities

have remarkably improved the disease diagnosis, the research and

development of new diagnostic tools, and public awareness. Even

an International CJD Awareness Day (12 November) has been

proposed to improve the awareness of civilians and raise concern

within the whole society (9).

As a kind of rare neurological disease that is estimated at ∼1–

2 deaths per million population per year, human PrDs are still

underdiagnosed in many countries. The epidemiology of sCJD is

poorly understood outside of Europe, North America, Australia,

and several countries in Asia. Meanwhile, the recent emergence

of various animal PrDs, such as chronic wasting disease (CWD)

outside North America (10–12) and prion disease in dromedary

camels in Algeria (13), indicates potential threats to public health.

In this study, we reviewed the general surveillance data of human

PrDs in more than 30 countries from 1993 to 2020 and analyzed the

correlation between the diseases and onset ages. It is apparent that

the case numbers and the annual mortality rates (AMRs) of human

PrDs have increased in the recent decades.

Materials and methods

Case definition, data source, and process

The definition of human PrDs was based on the diagnostic

criteria for CJD issued by theWHO (14). All PrD or CJD cases here

included those fulfilled with the criteria of probable and definite

diagnosis. The relevant PrD data, that is, the annual case numbers

of the different types of CJD and annual mortalities (per million)

of the many European countries from 1993 to 2020, were obtained

from the CJD International Surveillance Network EuroCJD (15).

The data from other countries, such as the UK, Japan, Korea, China,

the USA, and Canada, were obtained from other websites and

literature studies (16–19). Microsoft Excel 2021, GraphPad Prism

5.0 (GraphPad Software Inc., San Diego, California), and the R

language were used for data processing.

Results

Spatiotemporal distribution of all PrD and
sCJD cases

The case numbers of all PrD and sCJD from 32 countries with

accessible surveillance data between 1993 and 2020 were collected.

In total, 27,872 PrD cases and 24,623 sCJD cases were reported,

of which sCJD cases occupied 88.3% of all PrDs. As shown in

Figure 1A, the reported case numbers showed an increasing trend

from 1993 to 2020. The average case numbers of all PrDs and sCJD

per year were 508.4 and 431.4 in the initial 8 surveillance years

(1993–2000), 1,042.3 and 915.8 in the second 10 years (2001–2010),

1,338.2 and 1,201.4 in the last 10 years (2011–2020), respectively.

Among the selected countries, Australia, Austria, France,

Canada, Germany, Italy, the Netherlands, Slovakia, Slovenia, Spain,

Switzerland, and the UK had continuous surveillance data from

1993 to 2020. Belgium, Denmark, Finland, Hungary, Ireland,

Norway, Portugal, and Sweden had the data from 1996 or 1997

to 2020. Czech Republic, Korea, and China had the data from

2000, 2001, and 2006, respectively. Israel had the data from 1993

to 2012, while Green and Argentina had the data from 1997 to

2008. Due to the inaccessibility of the data from 2019 and 2020 for

several countries, the PrD case numbers of PrDs and the reporting

countries in the last 2 years were relatively fewer compared to those

of 2016 and 2017 (Figure 1A).

The total reported case numbers of all PrDs and sCJDs in the

selected countries are shown in Figure 1B. The countries with PrD

case numbers over 1,000 were the USA (n = 5,156), France (n =

3,276), Germany (n = 3,212), Italy (n = 2,995), China (n = 2,662),

the UK (n= 2,521), Spain (n= 1,657), and Canada (n= 1,311). The

countries that reported more than 500 PrD cases were Australia

(n = 886), the Netherlands (n = 620), and South Korea (n =

579). Eight other countries reported more than 300 cases, including

Austria, Belgium, Czech Republic, Israel, Sweden, Switzerland,

Slovakia, and Hungary. Furthermore, the annual diagnosed PrD

cases in 24 countries were separately calculated. Except for Belgium,

all countries showed increased tendencies for the annual diagnosed

PrD cases in the surveillance years (Figure 1C). The case numbers

varied largely among the countries but were generally associated

positively with the national population sizes.

Proportions of genetic PrD (gCJD, FFI, and
GSS)

The case numbers of genetic PrD, including gCJD, FFI, and

GSS, in dozens of countries were counted, and the percentages

of genetic PrD out of all PrD were calculated (Figure 2). Among

the 24 counties or territories, a total of 3,010 genetic PrD cases

were reported according to the official websites and literature pieces

(19, 20), which accounted for 10.83% of all reported PrD cases.

The genetic PrD percentage of Japan was cited from a 10-year

surveillance report (16, 21). Overall, the genetic PrD percentages
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FIGURE 1

Spatiotemporal distribution of all PrD and sCJD cases worldwide from 1993 to 2020. (A) The annual reported case numbers of PrDs and sCJD in 34

countries with annual surveillance data. The gray columns represent the annual numbers of the countries with PrD data. The average and median

case numbers in the periods 1993–2000, 2001–2010, and 2011–2020 are indicated above. (B) Distribution of the reported case numbers of all PrDs

and sCJD in di�erent countries. (C) The individual annual case number of PrDs in 24 countries from 1993 to 2020.
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FIGURE 2

The percentages of genetic PrD out of all PrDs in 24 di�erent countries and territories.

of 11 countries were in the range of 5–10%, i.e., China, the

USA, the UK, Spain, Australia, Austria, France, Canada, Germany,

South Korea, and Slovenia. Seven countries or territories showed

relatively low (below 5%) genetic PrD percentages, such as Sweden,

Belgium, Ireland, the Netherlands, Norway, Portugal, and Taiwan-

China. The genetic PrD percentages of Japan, Italy, and the Czech

Republic were in the ranges of 10–20%. Israel, Slovakia, and

Hungary had much higher genetic PrD percentages of 69.57, 60.30,

and 36.31%, respectively.

AMRs of sCJD worldwide

Based on the surveillance or reported case numbers of sCJD, the

sCJD incidences in various countries were estimated. The average

AMRs of sCJD from 1993 to 2020 are shown in Figure 3A. Among

the 34 selected countries, Slovakia and Israel showed the highest

AMRs, which were 2.57 and 2.41/million, respectively. The AMRs

of 21 countries were higher than 1.0/million; among them, eight

countries (France, Italy, Austria, Switzerland, Canada, Hungary,

Slovenia, and Sweden) showed AMRs higher than 1.5/million.

The alterations of the AMRs of 24 countries with consecutive

surveillance data over 10 years from 1993 to 2020 were selected

and are illustrated in Figure 3B. Most of the countries revealed an

increased trend in the reported incidences.

Distribution of acquired PrD (Kuru, vCJD,
and iCJD) cases

To date, Kuru has only been detected in the Fore tribe in

Papua New Guinea because of ritualistic mortuary cannibalism

(22, 23). The Kuru epidemic peaked in the late 1950’s (23) and

subsided following the prohibition of cannibalism in themid-1950’s

(24). However, Kuru did not manifest until several decades after

exposure, due to the heterozygous mutation at codon 129 (23).

Another form of acquired prion disease is iCJD. There have

been at least 485 iCJD cases reported worldwide; 96.7% of

them were identified before 2012 (25). In addition to a small

number of iCJD cases being caused by neurosurgical instrument

contamination (four cases), contaminated electroencephalogram

(EEG) needles (two cases), corneal grafts (two cases), and

gonadotrophic hormone (four cases), the majority of the iCJD cases

were caused by administrations of growth hormone (226 cases) and

dura mater grafts (228 cases) derived from human cadavers with

undiagnosed CJD contaminations (25). As shown in Figure 4A,

18 countries have reported iCJD cases associated with dura mater

grafts; the top five countries were Japan (n = 142), Spain (n =

14), and France (n = 13). Nine countries have reported iCJD cases

caused by growth hormones; the top three countries were France (n

= 119), the UK (n = 65), and the USA (n = 29). Since 2013, there

have been 16 iCJD cases reported: 11 in the UK, 4 in the USA, and

2 in Canada.

In total, 232 vCJD cases have been reported worldwide since

1995. The case numbers of vCJD reached its peak during the

period from 1998 to 2003 and have decreased markedly since

2004 (Figure 4B). Globally, 12 countries or regions have reported

definite and probable vCJD cases: 96.12% of vCJD cases in Europe,

2.59% inNorth America, and 1.29% inAsia. Overwhelmingly, more

vCJD cases (n = 178) were identified in the UK, which accounted

for 76.72% of all vCJD cases in the world, followed by France

(12.07%, n = 28). Remarkably few cases were identified in the

other countries or regions, including Spain (n = 5), the USA and

Ireland (n = 4), Italy and the Netherlands (n = 3), Canada and

Portugal (n = 2), Japan, Taiwan-China, and Saudi Arabia (n = 1).

Moreover, the secondary infections with variant CJD transmitted

by transfusion of blood products were verified in the UK (n = 3)

in 2003 (26), 2004 (27), and 2006 (28). Compared to the period

of the vCJD peak in the UK (1998–2003), the vCJD peak period
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FIGURE 3

The annual mortality rates of sCJD worldwide from 1993 to 2020. (A) The national sCJD annual mortality rates of 34 countries after normalizing with

the general population. The average and median annual mortality rates of sCJD among the countries are indicated in the graph. (B) The individual

annual mortality rates of sCJD in 24 countries.

for the remaining 11 countries or regions was late (2003–2008).

Up to 28 cases were reported in the UK in 2000 and 21 in 2001

(Figure 4C).

CJD cases reported in Africa

An early study described 23 CJD cases of North African

immigrants to France (12 came from Tunisia and 11 from Algeria)

from 1968 to 1982 (29). Another report briefly described 13 CJD

cases (four definite, seven probable, and two possible sCJD cases)

in Kenya from 1990 to 2004 based on a hospital (30). There were

several case reports of CJD in African countries, e.g., the first sCJD

case in Morocco in 2005, which was confirmed by postmortem

histology (31), a probable CJD in Egypt in 2019 (32), and the first

Heidenhain variant of sCJD from East Africa in 2021 (33). In 2006,

South Africa reported the first dura mater graft-associated iCJD

cases (34). A few gCJD cases, such as V201I in a Moroccan patient

and a 5-octapeptide repeat insertion (5-OPRI) in a South African

family, were reported (35, 36).

Discussion

In this present study, we have reviewed the accessible

surveillance data of PrD cases from more than 30 countries
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FIGURE 4

Distributions of iCJD and vCJD cases in di�erent countries and territories. (A) Case numbers of iCJD caused by dura mater graft and growth

hormone. (B) The distribution and annual case numbers of vCJD.

worldwide from 1993 to 2020. The majority of the surveillance

data comes from countries in Europe, North America, and Eastern

Asia. Although CJD has been described for a long time, the

global surveillance for CJD/PrD has been implemented since

the 1990’s under the framework of the WHO, along with the

emergence of BSE in cattle and vCJD in human (2). The EuroCJD

program started in 1993 and consisted of seven countries (Austria,

France, Germany, Italy, the Netherlands, Slovakia, and the UK)

initially and expanded to other European (Spain) and non-

European (Australia and Canada) countries later. In 2007, another

broader surveillance program, NeuroCJD, was initiated, covering

almost all European countries. Meanwhile, Argentina, Australia,

Japan, Canada, Mexico, China, Israel, and the USA, among other

countries, conducted their national surveillance programs and

joined the global network.

The annual identified PrD case numbers and PrD-reported

mortality, either worldwide or in the country or territory,

increased from 1993 to 2020, with there being an almost 2-fold

increase. One of the most important reasons for such increases

is the implementation of ∼30 years-long surveillance for CJD

globally, which remarkably improves the awareness of PrD both

in the professional field and the public community. Along with

the progression of the overall diagnosis, the development and

progression of new and specific techniques help greatly to recognize

and diagnose the PrD cases, such as brain MRI, RT-QuIC, and

the detection tools for some cerebral spinal fluid (CSF) proteins.
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The new techniques have led to a revision of the WHO-accepted

diagnostic criteria on more than one occasion, so case classification

has altered, with some cases (previously in possible or doubtful

categories) currently being reported as probable. Additionally, the

aging of the population worldwide in the past three decades may

also influence the PrD annual incidence.

As a rare neurological disease, the recognition and diagnosis of

PrD/CJD are still difficult in many low- and lower-middle-income

countries. A few CJD cases have been reported in the literature in

some African countries. In Asia, only Japan, South Korea, Mailand-

China, and Taiwan-China conducted long-term PrD surveillance

programs. A total of about 30 CJD cases have been reported in

India over the past 30 years (37); since then, only a few studies have

reported CJD (38–40). Sporadic cases of PrD have been reported in

several other Asian countries, such as Pakistan, Thailand, Omen,

and Singapore (41–43). A few sCJD cases have been reported in

Malaysia (44). Among the countries of Middle and South America,

some such as Argentina, Chile, Mexico, Brazil, and Peru have

reported their data of PrD surveillance or studies. For example,

in Argentina, 211 cases have been reported from 1996 to 2007; in

Chile, 230 cases from 2001 to 2007 (45); in Mexico, 29 cases from

seven individual studies from 1990 to 2020 (46) and 24 cases in a

referral center during 2014–2019 (47); in Brazil, 35 cases during

the period 2005–2007 (48), 408 sCJD cases, and several gCJD cases

during the period 2005–2020 (48); and in Peru, 11 and six sCJD

cases and several gCJD cases from various literatures (49, 50). It is

apparent that the PrD or CJD case numbers globally are markedly

undervalued, which may pose a potential biosafety risk.

The ratios of genetic PrD cases, including gCJD, FFI, and GSS,

in the large portions of the counties recruited in this study are in

the expected range (5–15%). Israel and Slovakia show extremely

high ratios (over 60%) of genetic PrD. Early studies have already

addressed the fact that the incidence of a kind of gCJD, E200K,

is frequent among Jews of Libyan origin, which was estimated

to be 100 times higher than that in the general population (51–

53). Recently, E200K gCJD patients of Turkish ancestry were

analyzed, and it was found to display similar demographic and

clinical features to those of Libyan descent (54). E200K gCJD

is also frequent in Slovakia. A previous study identified the

familial clusters among 78 definite CJD cases in Slovakia and an

adjacent part of Hungary from 1972 to 1991 (55). Another study

has shown that 74.2% (95/136) of Slovakian CJD cases contain

the E200K mutation (56). Surveillance of PrD cases in Eastern

Slovakia from 2004 to 2016 has identified 21 E200K gCJD and

six sCJD cases, with E200K gCJD accounting for 77.78% of the

total number of cases (57). The ratio of genetic PrD in Hungary

is also much higher (36.35%). Similar to the neighboring country

of Slovakia, E200K gCJD is the predominant subtype, which is

presumed to relate to the historical migration of the Slovakian

population or to being geographically close to Slovakia (58).

Japan and Italy also show relatively high ratios of genetic PrD,

∼17–18%. More frequent CJD cases with the V180I variant in

Japanese (59) and the V210I variant in Italian (60) are possibly

associated with those phenomena. On the other hand, the ratios

of genetic PrD are very low in several European countries, such

as Belgium, the Netherlands, and the Scandinavian countries, such

as, Switzerland and Poland, where even fewer genetic PrD cases

are reported. In addition to the accessibility of PRNP sequencing,

the ethnic-associated distribution of genetic PrD and its subtypes

among various countries is apparent.

Acquired CJD has dropped dramatically in the recent decades

worldwide. Kuru has been almost eradicated in Papua New Guinea

after the prohibition of cannibalism. The two most predominant

forms of iCJD, administrations of growth hormone and dura mater

grafts, have diminished significantly after the prohibition of their

use. It is noteworthy the number of vCJD cases both in the UK and

globally has been almost undetected in the past 3 years after the

successful implementation of prevention and control measures to

remove BSE prions from the animal and human food chains. It is

clear that the removal of prion sources successfully contains and

eliminates the occurrence and outbreak of human-acquired PrD.

The main surveillance data in this study are derived from

the CJD international surveillance network supported by the

European Union (EU) CDC and some accessible national CJD

surveillance websites. Some countries have only the total numbers

of various subtypes of PrDs in a certain period, but without

the exact annual numbers. Japan is one of the countries

implementing national CJD surveillance programs worldwide.

However, the precise annual numbers of PrDs, particularly

the data from the last 10 years, are inaccessible. Additionally,

the PrD annual data from Chile, Brazil, and Mexico are also

lacking. Hence, the global annual PrD number in this context

is significantly underestimated. Given the annual mortality of

all PrDs of 1 case/million and the global total population of

8.032 billion in 2023 (61), the PrD annual numbers are estimated

to be at more than 8,000 at least. Only less than one-fifth

of the PrD cases can be recognized and handled properly

worldwide, and more importantly, most diagnosed PrD cases

are distributed in high- and upper-middle-income countries or

territories. As a transmissible fatal neurodegenerative disease

lacking prophylactic and therapeutic tools, active international

PrD surveillance for both humans and animals still remains vital

to eliminate the threat of prion disease from a public health

perspective (62).

Conclusion

In the present study, an epidemiological retrospective analysis

of PrD was conducted with the purpose of better understanding

the spatiotemporal distribution of features across the globe from

1993 to 2020. The case numbers and annual incidence of all

types of PrDs reveal an increasing trend, while those of vCJD

and iCJD declined remarkably. The surveillance programs are

still limited to high- and upper-middle-income countries or

territories in Europe, North America, East Asia, and Oceania.

A lack of awareness, poor clinical and laboratory capacity,

and limited financial resources prohibit the comprehensive

understanding of human PrD trends globally. The potential threats

of both human and animal prions are far from eliminated.

Thereby, the integration and expansion of human and animal

PrD monitoring networks in all regions of the world are still

needed and should be improved, including the development of

simplified and user-friendly detection technologies, digitalized

information collection and analysis systems, and easily accessible

tissue banks.

Frontiers in PublicHealth 07 frontiersin.org

https://doi.org/10.3389/fpubh.2024.1411489
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Gao et al. 10.3389/fpubh.2024.1411489

Data availability statement

Publicly available datasets were analyzed in this study. This data

can be found at: https://www.eurocjd.ed.ac.uk/data_tables.

Author contributions

L-PG: Data curation, Methodology, Software, Writing –

original draft. T-TT: Data curation, Formal analysis, Methodology,

Software, Writing – review & editing. KX: Software, Writing –

review & editing. CC: Methodology, Writing – review & editing.

WZ: Methodology, Validation, Writing – review & editing. D-LL:

Data curation, Formal analysis, Writing – review & editing.

R-DC: Formal analysis, Investigation, Writing – review & editing.

QS: Supervision, Writing – review & editing. X-PD: Writing –

original draft.

Funding

The author(s) declare that financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by the Youth Science Foundation of the State Key

Laboratory of Infectious Disease Prevention and Control, Chinese

Center for Disease Control and Prevention (2021SKLID503 and

2021SKLID101).

Acknowledgments

We are grateful to all authors who have previously published

data on CJD worldwide.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

1. Prize TN. The Nobel Prize in Physiology or Medicine 1997. (1997). Available online
at: https://www.nobelprize.org/prizes/medicine/1997/prusiner/facts/ (accessed March
31, 2024).

2. Chen C, Dong XP. Epidemiological characteristics of human prion diseases. Infect
Dis Pov. (2016) 5:47. doi: 10.1186/s40249-016-0143-8

3. Uttley L, Carroll C, Wong R, Hilton DA, Stevenson M. Creutzfeldt-Jakob
disease: a systematic review of global incidence, prevalence, infectivity, and
incubation. Lancet Infect Dis. (2020) 20:e2–e10. doi: 10.1016/S1473-3099(19)3
0615-2

4. Kovács GG, Puopolo M, Ladogana A, Pocchiari M, Budka H, van Duijn C,
et al. Genetic prion disease: the EUROCJD experience. Hum Genet. (2005) 118:166–
74. doi: 10.1007/s00439-005-0020-1

5. Notari S, Xiao X, Espinosa JC, Cohen Y, Qing L, Aguilar-Calvo P, et al.
Transmission characteristics of variably protease-sensitive prionopathy. Emerg Infect
Dis. (2014) 20:2006–14. doi: 10.3201/eid2012.140548

6. Zou WQ, Gambetti P, Xiao X, Yuan J, Langeveld J, Pirisinu L. Prions
in variably protease-sensitive prionopathy: an update. Pathogens. (2013) 2:457–
71. doi: 10.3390/pathogens2030457

7. Smith PG, Bradley R. Bovine spongiform encephalopathy (BSE) and its
epidemiology. Br Med Bull. (2003) 66:185–98. doi: 10.1093/bmb/66.1.185

8. Will RG, Ironside JW, Zeidler M, Cousens SN, Estibeiro K, Alperovitch A,
et al. A new variant of Creutzfeldt-Jakob disease in the UK. Lancet. (1996) 347:921–
5. doi: 10.1016/S0140-6736(96)91412-9

9. Foundation C. Creutzfeldt-Jakob Disease Foundation. (2023). Available online
at: https://cjdfoundation.org/ (accessed March 31, 2024).

10. Tripodi L, Ru G, Lazzara F, Florio LC, Cocco C, Meloni D, et al. Chronic
wasting disease monitoring in Italy 2017–2019. Neuropathol Find Cervids. (2022)
2022:11040401. doi: 10.3390/pathogens11040401

11. Halldorsdottir JSJOB. Chronic Wasting Disease in Norway (2017).

12. Lee Y-H, Sohn H-J, Kim M-J, Kim H-J, Lee W-Y, Yun E-I, et al. Strain
characterization of the Korean CWD cases in 2001 and 2004. J Vet Med Sci. (2013):
75:95–8. doi: 10.1292/jvms.12-0077

13. Babelhadj B, Di Bari MA, Pirisinu L, Chiappini B, Gaouar SBS, Riccardi G,
et al. Prion disease in dromedary camels Algeria. Emerg Infect Dis. (2018) 24:1029–
36. doi: 10.3201/eid2406.172007

14. World Health Organization. Global Surveillance, Diagnosis and Therapy of
Human Transmissible Spongiform Encephalopathies: Report of a WHO Consultation.
Geneva: World Health Organization (1998).

15. Network CJDIS. CJD Surveillance Data 1993–2020. (2020). Available online at:
https://www.eurocjd.ed.ac.uk/data_tables (accessed October 24, 2023).

16. Nishimura Y, Harada K, Koyama T, Hagiya H, Otsuka F. A nationwide
trend analysis in the incidence and mortality of Creutzfeldt-Jakob disease in
Japan between 2005 and 2014. Sci Rep. (2020) 10:15509. doi: 10.1038/s41598-020-
72519-0

17. KimYC, Jeong BH. Creutzfeldt-Jakob disease incidence South Korea, 2001–2019.
Emerg Infect Dis. (2022) 28:1863–6. doi: 10.3201/eid2809.212050

18. Website N. Projects. (2023). Available online at: http://www.cjd.ed.ac.uk/
(accessed March 31, 2024).

19. National Prion Disease Pathology Surveillance Center. Tables of Cases Examined
in the USA (2023).

20. The National CJD Research & Surveillance Unit (NCJDRSU) Annual Report.
Creutzfeldt-Jakob Disease Surveillance in the UK (2021).

21. Doi Y, Yokoyama T, Sakai M, Nakamura Y. Creutzfeldt-Jakob disease mortality
in Japan, 1979–2004: analysis of national death certificate data. J Epidemiol. (2007)
17:133–9. doi: 10.2188/jea.17.133

22. Gajdusek DC, Zigas V. Kuru; clinical, pathological and epidemiological study of
an acute progressive degenerative disease of the central nervous system among natives
of the Eastern Highlands of New Guinea. Am J Med. (1959) 26:442–69.

23. Collinge J, Whitfield J, McKintosh E, Beck J, Mead S, Thomas DJ, et al. Kuru in
the 21st century–an acquired human prion disease with very long incubation periods.
Lancet. (2006) 367:2068–74. doi: 10.1016/S0140-6736(06)68930-7

24. Alpers MP. Review. The epidemiology of Kuru: monitoring the epidemic
from its peak to its end. Philos Trans R Soc Lond B Biol Sci. (2008) 363:3707–
13. doi: 10.1098/rstb.2008.0071

25. Brown P, Brandel JP, Sato T, Nakamura Y, MacKenzie J, Will RG, et al.
Iatrogenic Creutzfeldt-Jakob disease, final assessment. Emerg Infect Dis. (2012) 18:901–
7. doi: 10.3201/eid1806.120116

26. Llewelyn CA, Hewitt PE, Knight RS, Amar K, Cousens S, Mackenzie J, et al.
Possible transmission of variant Creutzfeldt-Jakob disease by blood transfusion. Lancet.
(2004) 363:417–21. doi: 10.1016/S0140-6736(04)15486-X

Frontiers in PublicHealth 08 frontiersin.org

https://doi.org/10.3389/fpubh.2024.1411489
https://www.eurocjd.ed.ac.uk/data_tables
https://www.nobelprize.org/prizes/medicine/1997/prusiner/facts/
https://doi.org/10.1186/s40249-016-0143-8
https://doi.org/10.1016/S1473-3099(19)30615-2
https://doi.org/10.1007/s00439-005-0020-1
https://doi.org/10.3201/eid2012.140548
https://doi.org/10.3390/pathogens2030457
https://doi.org/10.1093/bmb/66.1.185
https://doi.org/10.1016/S0140-6736(96)91412-9
https://cjdfoundation.org/
https://doi.org/10.3390/pathogens11040401
https://doi.org/10.1292/jvms.12-0077
https://doi.org/10.3201/eid2406.172007
https://www.eurocjd.ed.ac.uk/data_tables
https://doi.org/10.1038/s41598-020-72519-0
https://doi.org/10.3201/eid2809.212050
http://www.cjd.ed.ac.uk/
https://doi.org/10.2188/jea.17.133
https://doi.org/10.1016/S0140-6736(06)68930-7
https://doi.org/10.1098/rstb.2008.0071
https://doi.org/10.3201/eid1806.120116
https://doi.org/10.1016/S0140-6736(04)15486-X
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Gao et al. 10.3389/fpubh.2024.1411489

27. Peden AH, Head MW, Ritchie DL, Bell JE, Ironside JW. Preclinical vCJD
after blood transfusion in a PRNP codon 129 heterozygous patient. Lancet. (2004)
364:527–9. doi: 10.1016/S0140-6736(04)16811-6

28. Urwin PJ, Mackenzie JM, Llewelyn CA, Will RG, Hewitt PE. Creutzfeldt-
Jakob disease and blood transfusion: updated results of the UK transfusion medicine
epidemiology review study. Vox Sang. (2016) 110:310–6. doi: 10.1111/vox.12371

29. Cathala F, Brown P, LeCanuet P, Gajdusek DC. High incidence of Creutzfeldt-
Jakob disease in North African immigrants to France. Neurology. (1985) 35:894–
5. doi: 10.1212/WNL.35.6.894

30. Adam AM, Akuku O. Creutzfeldt-Jakob disease in Kenya. Trop Med Int Health.
(2005) 10:710–2. doi: 10.1111/j.1365-3156.2005.01435.x

31. Hajjaj I, Kissani N. First case of presumed sporadic Creutzfeldt-Jakob disease in
Marrakech Morocco.Med Trop. (2011) 71:289–91.

32. Mohamed Negm EH. Probable Creutzfeldt-Jakob disease-a case report at
Suez Canal University Hospital Egypt. Egypt J Neurol Psychiat Neurosurg. (2019)
55:36. doi: 10.1186/s41983-019-0085-8

33. Sokhi D, Yakub F, Sharma K, Waa S, Mativo P. Heidenhain variant of sporadic
creutzfeldt-jakob disease: first reported case from East Africa. Int Med Case Rep J.
(2021) 14:39–44. doi: 10.2147/IMCRJ.S287358

34. Toovey S, Britz M, Hewlett RH. A case of dura mater graft-associated
Creutzfeldt-Jakob disease in South Africa. S Afr Med J. (2006) 96:592–3.

35. Mouillet-Richard S, Teil C, Lenne M, Hugon S, Taleb O, Laplanche
JL. Mutation at codon 210 (V210I) of the prion protein gene in a North
African patient with Creutzfeldt-Jakob disease. J Neurol Sci. (1999) 168:141–
4. doi: 10.1016/S0022-510X(99)00179-3

36. Mead S, Webb TEF, Campbell TA, Beck J, Linehan JM, Rutherfoord S, et al.
Inherited prion disease with 5-OPRI: phenotype modification by repeat length and
codon 129. Neurology. (2007) 69:730–8. doi: 10.1212/01.wnl.0000267642.41594.9d

37. Satishchandra P, Shankar SK. Creutzfeldt-Jakob disease in India (1971-1990).
Neuroepidemiology. (1991) 10:27–32. doi: 10.1159/000110244

38. Biswas A, Khandelwal N, Pandit A, Roy A, Guin DS, Gangopadhyay G, et al. Case
series of probable sporadic Creutzfeldt-Jakob disease from Eastern India. Ann Indian
Acad Neurol. (2013) 16:659–63. doi: 10.4103/0972-2327.120486

39. Sawal N, Chakravarty K, Puri I, Goyal V, Garg A, Shi Q, et al. Familial
Creutzfeldt-Jakob disease: the first reported kindred from South-East Asia. Ann Indian
Acad Neurol. (2019) 22:225–7. doi: 10.4103/aian.AIAN_441_18

40. Katrak SM, Pauranik A, Desai SB, Mead S, Beck J, Brandner S, et al. Familial
Creutzfeldt-Jakob disease in an Indian Kindred. Ann Indian Acad Neurol. (2019)
22:458–61. doi: 10.4103/aian.AIAN_214_19

41. See SJ, Pan A, Seah A, Teo J, Chan LL, Wong MC. Case reports of two biopsy-
proven patients with Creutzfeldt-Jakob disease in Singapore. Ann Acad Med Singap.
(2004) 33:651–5. doi: 10.47102/annals-acadmedsg.V33N5p651

42. Lolekha P, Rasheed A, Yotsarawat C. Creutzfeldt-Jakob disease in a tertiary care
hospital in Thailand: a case series and review of the literature. J Mov Disord. (2015)
8:136–40. doi: 10.14802/jmd.15014

43. Scrimgeour EM, Chand PR, Kenny K, Brown P. Creutzfeldt-
Jakob disease in Oman: report of two cases. J Neurol Sci. (1996)
142:148–50. doi: 10.1016/0022-510X(96)00171-2

44. Muagan SP, Regaibalan SD, Chan LF, Khoo CS, Tan HJ. A case series of RT-QuIC
positive sporadic Creutzfeldt-Jakob disease-first two cases fromMalaysia. IMJM. (2023)
3:158–61. doi: 10.31436/imjm.v22i3.2124

45. Diaz VS, Espinoza CC, Henriquez S, Parra C. Epidemiology of
Creutzfeldt-Jacob in Chile. Morbility and mortality. Neurol J. (2012)
78:P03.260. doi: 10.1212/WNL.78.1_MeetingAbstracts.P03.260

46. Choreño-Parra JAPS, Alberto FJI, Rodríguez-Nava FJAI, García-Quintero
G, Rodríguez-Muñoz PE, Guadarrama-Ortiz P. Clinical characteristics of
Creutzfeldt-Jakob disease in Mexico: a retrospective analysis. Rev Mex Neuroci.
(2020) 21:228–34. doi: 10.24875/RMN.20000099

47. Cárdenas-Sáenz O, Quiñones-Pesqueira G, Marcín-Sierra M, Cervantes-Arriaga
A, Rodríguez-Violante M, Kerik NE, et al. Experience with Creutzfeldt-Jakob disease
in a single referral center in Mexico. Case series Gac Med Mex. (2022) 158:401–
9. doi: 10.24875/GMM.M22000719

48. Martins VR, Gomes HR, Chimelli L, Rosemberg S, Landemberger MC. Prion
diseases are undercompulsory notification in Brazil: surveillance of cases evaluated by
biochemical and/or genetic markers from 2005 to 2007. Dement. Neuropsychol. (2007)
1:347–55. doi: 10.1590/S1980-57642008DN10400004

49. Torres-Ramirez L, Ramírez-Quiñones J, Cosentino-Esquerre C, Vélez-Rojas
M, Flores-Mendoza M, Rivas-Franchini D, et al. Creutzfeldt-Jakob disease in
Peru: report of eleven cases. Rev Peru Med Exp Salud Publica. (2014) 31:364–
9. doi: 10.17843/rpmesp.2014.312.60

50. Torres Herran GE, Ortega Heredia AD, Burbano BM, Serrano-Dueñas M, Ortiz
YepezMA, BarreraMadera RA, et al. Case series of Creutzfeldt-Jakob disease in a third-
level hospital in Quito. BMC Neurol. (2018) 18:55. doi: 10.1186/s12883-018-1061-0

51. Herzberg L, Herzberg BN, Gibbs CJ Jr, Sullivan W, Amyx H, Gajdusek DC.
Letter: Creutzfeldt-Jakob disease: hypothesis for high incidence in Libyan Jews in Israel.
Science. (1974) 186:848. doi: 10.1126/science.186.4166.848.a

52. Zilber N, Kahana E, Abraham M. The Libyan Creutzfeldt-Jakob
disease focus in Israel: an epidemiologic evaluation. Neurology. (1991)
41:1385–9. doi: 10.1212/WNL.41.9.1385

53. Meiner Z, Gabizon R, Prusiner SB. Familial Creutzfeldt-Jakob
disease. Codon 200 prion disease in Libyan Jews. Medicine. (1997)
76:227–37. doi: 10.1097/00005792-199707000-00001

54. Menendez L, Milo R, Cohen OS, Chapman J, Rosenmann H, Nitsan Z, et al.
Genetic Creutzfeldt-Jakob disease in Turkish Jews-demographic and clinical features.
Acta Neurol Scand. (2022) 146:586–9. doi: 10.1111/ane.13684

55. Mitrova E, Bronis M. “Clusters” of CJD in Slovakia: the first statistically
significant temporo-spatial accumulations of rural cases. Eur J Epidemiol. (1991)
7:450–6. doi: 10.1007/BF00143120

56. Mitrova E, Belay G. Creutzfeldt-Jakob disease with E200K mutation in Slovakia:
characterization and development. Acta Virol. (2002) 46:31–9.
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