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Creutzfeldt-Jakob disease (CJD) is a rare neurodegenerative disorder that makes up the majority of cases of
prion disease. It is relatively rare, with a variety of subtypes that have significant variation in phenotype and
etiology. Further, CJD shares a close relationship with other neurodegenerative diseases and is often
underreported due to notorious difficulties in diagnosis. Recent developments, however, have improved the
likelihood of clinical diagnosis. Additionally, there have been a number of research efforts in recent years
toward CJD treatments. These recent developments and the potentially great benefit of progress in CJD
research have spurred the creation of this narrative review to provide an overview of the current research on
CJD and related prion diseases. Areas of focus include CJD subtypes, related prion diseases, epidemiology,
pathophysiology, presentation/diagnosis, treatments, and, finally, connections with other diseases. Efforts
were made to create an accessible review that could be useful as a precursor to future research.
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Introduction And Background

Creutzfeldt-Jakob disease (CJD) is a rare neurodegenerative disorder. It is categorized as a transmissible
spongiform encephalopathy (TSE), also known as a prion disease. CJD was first reported independently by
Drs. Hans Creutzfeldt and Alfon Jakob in 1920 and 1921, respectively. While there is some debate as to
whether all of the cases reported by the two doctors meet the modern CJD diagnostic criteria, they still
constitute the earliest reported cases [1]. CJD being caused by a unique pathogen, misfolded proteins, was
reported in 1982 by Stanley Prusiner, who won a Nobel Prize for the work [2]. Understanding of that unique
pathogen has developed since then but remains essentially true. CJD results from the presence and activity

of the pathogenic isoform of the normal cellular prion protein, PrP, known as either PrPS¢ (scrapie),

PrPdis (disease) [3], PrP™®S (resistant to proteases) [4], mfPrP (misfolded) [5], or PrPTSE (transmissible

spongiform encephalopathies) [6]. The specific PrPTSE responsible for CJD is notable for its protease

resistance and resulting clinical presentation. Misfolded proteins are also associated with non-prion
diseases including Alzheimer’s disease, Parkinson’s disease and chronic traumatic encephalopathy (CTE)
[7,8]. These are related to prion disease and, along with them, can be called amyloidogenic diseases. CJD is
invariably fatal, typically within a year after clinical signs develop, with disease durations varying between
subtypes [9]. CJD is estimated to affect 1-2 people per million annually and is more common later in life,
typically at ages 55-75 [10,11]. There is a notable lack of treatments for CJD, and while there are many efforts
underway, none have progressed past cautious and limited patient trials.

Considering the current progress in emerging therapies and the relationship CJD has with other
neurodegenerative diseases, breakthroughs in CJD research could prove to be both possible and incredibly
valuable. Several aspects of current knowledge of the nature of CJD, as well as emerging research
developments, will be explored here. This review seeks to provide a useful and accessible overview of several
aspects of current research into CJD to guide future research.

Review
Methods

Encouraged by recent developments in therapies and diagnostic tools for CJD, we opted to create a broad
picture of the current state of CJD research and its place relative to TSEs by analyzing a variety of peer-
reviewed sources with an emphasis on original research. Given the focus on qualitative synthesis of
information, no quantitative meta-analysis was conducted. The majority of sources were found using Google
Scholar along with works referenced therein. A focus was placed on research from 2022 to 2026, although
older resources were used to assist in informing the foundation and context of the newer research. Priority
was given to high-impact, relevant work, and sources were chosen so as to support our goal of creating an
interconnected and comprehensible presentation of the research.
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Subtypes

CJD is generally recognized in three categories: genetic, sporadic, and acquired, the latter of which includes
the subcategories of iatrogenic and variant.

Genetic CJD

Genetic CJD (gCJD or fC]D for familial) is similar to other genetic prion diseases, such as Gerstmann-
Straussler-Scheinker (GSS) disease and fatal familial insomnia (FFI). In fact, all of the genetic prion diseases
share the etiology of mutations in a single gene, the PRNP gene, although they have unique enough
characteristics to be separately categorized. GSS is an autosomal dominant condition found in a handful of
families, generally all with a mutation, possibly unique to that family, found somewhere in the PRNP gene

[12]. It is characterized by prpTSE plaques, p-tau deposits, and neurofibrillary tangles made of tau

aggregates, the latter two of which are also found in Alzheimer’s disease and CTE, earning them all the label
of tauopathies [13,14]. GSS mostly presents as ataxia, spastic paraparesis, and eventual cognitive decline
[12], but phenotypes vary among specific mutations. FFI is similar in genetic etiology but is noted for
presenting most often with persistent insomnia as an initial symptom. It then progresses into physical and
cognitive symptoms not unlike CJD, such as rapidly progressive dementia [15]. Sporadic fatal insomnia cases
that are not linked to genetics have also been reported, but they are very rare and may be considered the
thalamic version of the MM2 variant of sCJD [16]. Similar to other genetic prion diseases, gCJD varies in
presentation based on the specific mutation at hand. A variety of mutations have been reported, including
E200K, D178N (associated with FFI), P102L (associated with GSS), V2101, Q160K, and T188K (Table I).
However, the E200K mutation is most common and has the largest body of research [17,18]. With the
addition of the next most common D178N and P102L varieties, the three account for an estimated 53% of
genetic prion cases [19]. gCJD in its typical form is similar to classical CJD, with symptoms including
cognitive (e.g., dementia), cerebellar (e.g., ataxia), and sensory disturbances.

Mutation Presentation and features Progression Sources

E200K Standard gCJD 2-41 months [17]

T188K Common in China, homozygous mutation 5 months [20,21]

V180! More likely abnormal (negative) results on 14-3-3, t-tau, EEG. Less clinical signs than Longer disease 22]
other forms duration

V210l Less penetrant than other forms, approximately 10% lifetime risk. Often involves visual Shorter disease [19.23]
symptoms duration '

TABLE 1: Mutations Associated With Genetic CJD and Their Presentations, Features, and
Progression

gCJD: Genetic Creutzfeldt-Jakob disease; t-tau: total tau; EEG: electroencephalogram; CJD: Creutzfeldt-Jakob disease.

Sporadic CJD

The majority of CJD cases are sporadic, meaning that the presence of PrP TSE i) the brain has a currently
unexplained cause. Genetics have an impact on sporadic (and iatrogenic) cases but do not serve as a
comprehensive explanation. The sequence at PRNP codon 129 has been shown to have major effects on the
presentation and progression of the disease. Generally, the presence of a methionine at codon 129 of PRNP

makes the structure of the resulting PrPTSE more stable, and so those who are homozygous for methionine

(129 MM) will see the most severe disease forms [24]. Further, it is somewhat rare for people who are
homozygous for valine (129 VV) to develop the disease [5]. The reasons for this are yet unclear, but a
significant factor may be the notable structural differences in the pathogenic protein isoform shown
between the genotypes [24].

Even within sporadic CJD, there are many subtypes, generally classified based on two factors. As mentioned,
one factor involves the amino acid present at codon 129 of the PRNP gene that codes for the prion protein,
which appears to affect how prion disease develops. The other factor used in classification is the reaction of
the protein to proteinase K cleavage and the resulting fragment sizes. This results in a core molecular mass
of either ~21 kDa or ~19 kDa, corresponding to type one or type two, respectively [5,16]. While this
subtyping system can be used with other forms such as genetic CJD, it is most often applied to the sporadic
form [17]. Thus, there are theoretically six subtypes of sCJD, each with slightly different presentations and
prognoses. Notably, the MM1 and MV1 genotypes are often grouped together, and the MM2 variant is
typically divided into cortical and thalamic versions, which still results in six versions. The thalamic version
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of MM2 can be considered sporadic fatal insomnia on the basis of presentation, despite the different
categories [6]. Overall, the number of subtypes and heterogeneity between them make diagnosis remarkably
challenging (Table 2).

Average clinical Frequency (% of

Type Presentation and features i Sources
duration sCJD cases)
MM(V)1 Classical CJD: spongiform, mostly in cortical layers ~4 months 60-70% [5]
Cortical variant. Large and coalescent vacuolations throughout the With MM2T, ~5% of
MM2C poatvar g _ 9 ~25 months °% 25
cortical regions, basal ganglia, and thalamus cases
Thalamic variant, also known as sporadic fatal insomnia. Mild spongiform With MM2C, ~5% of
MM2T TSE ~23 months [25]
change and patchy PrP accumulation cases
V1 Moderate to severe microvacuolation throughout the cerebral cortex ~21 months ~1%, rarest [5]
V2 Most severe vacuolation in cerebellum ~6 months 10-15% [5]

Kuru-type amyloid plaques, solid rounded structures composed of a

MV2(K)'!

PrPTSE core and radiating fibrils

17-18 months ~10% [5]

TABLE 2: Subtypes of sCJD and Their Presentations, Features, Average Clinical Durations, and

Frequencies

TAMV2 subtype with no kuru plaques exists and is often known as MV2(C), for its dominant cortical pathology.

sCJD: sporadic Creutzfeldt-Jakob disease.

Variant CJD

Acquired CJD comes in two forms: variant (vCJD) and iatrogenic (iCJD). Variant CJD occurs when bovine
spongiform encephalopathy (BSE), known more colloquially as “mad cow disease,” spreads to humans. The
outbreak of BSE in the UK during the 1980s and 1990s resulted in more publicity for prions, and ongoing
wariness has resulted in continued precautions despite the very low likelihood of a return of the epidemic
[26]. Most of these precautions were centered around the processing and consumption of beef products,
given that the majority of cases likely resulted from ingestion of infected beef. Concerningly, there have
been reported cases of CJD being acquired after a blood transfusion from someone with vCJD (such cases can
be designated vC]D or iC]D). However, this resulted in most of England putting blood products through
leukodepletion before transfusion, and no further cases have appeared via this transmission route since that
process began in 1999 [26]. The process of leukodepletion was likely successful due to the role of the
immune system in the transmission of vCJD. Many immune cells are capable of expressing the prion protein,

and so exposure to leukocytes containing PrPTSE has been suggested to transmit vCJD into the host’s
immune system and from there into the brain [27]. This is supported by findings that even preclinical vCJD

cases saw buildup of PrPTSE in immune tissue such as the spleen, appendix, and lymph nodes [28,29]. It is

worth noting that there were only ever about five cases of vC]JD secondary to transfusion with vCJD-
implicated blood products, and thus, given the time elapsed and lack of further cases, some precautions are
being reduced. This includes discontinuing donor deferral for those potentially exposed (by geographical
location during a certain time period) to help avoid unduly reducing the blood supply [30]. Further, two
atypical forms of BSE have been noted without transmission to humans but have been shown to be
potentially infectious in animal experiments. These are L-BSE and H-BSE, named for the lower and higher

molecular weights of the prpTSE respectively, as compared to classic BSE. While H-BSE has been shown to
have longer disease durations and to be generally less transmissible, L-BSE has been shown to be more
transmissible than classic BSE, further recommending continued caution around prions in livestock [4,31].
Additionally, it is hypothesized that L-BSE could be the origin of several transmissible mink encephalopathy
outbreaks [31].

Iatrogenic CJD

ITatrogenic CJD is the rarest subtype of CJD. It is associated with cases in which the physical prion protein
entered an individual’s brain and resulted in the pathology. This route of transmission can result from direct
contact with the brain via transplants or surgical materials or, less directly, via the immune system [27].
However, due to the rarity of CJD, there are very few of these cases. Some examples include the use of
cadaver-derived CJD-contaminated hormones: human growth hormone (c-hGH) or gonadotropin.
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Additionally implicated in the transmission of iCJD are dura mater transplants, corneal transplants, depth
electrodes (for stereotactic EEGs), and the use of contaminated surgical equipment in neurosurgery [32].
Further, the c-hGH implicated in spreading iCJD has also been associated with iatrogenic Alzheimer's
disease. The pooling methods used with the hormones before their use in patients mean that the proteins
capable of seeding both diseases were present, albeit at low concentrations, in significant portions of the
utilized hormone [33,34]. These results in relation to Alzheimer's disease have been criticized on the basis of
insufficient evidence of tau pathology in the affected patients, preventing a convincing diagnosis of clinical
Alzheimer’s disease [35]. However, this could be due to iatrogenic Alzheimer’s disease having a distinct
phenotype from the classic sporadic or inherited forms [36].

The primary reason that iCJD was transmitted via neurosurgery and EEG is that prions are not effectively
denatured by standard decontamination procedures. In fact, allowing contaminated equipment to dry, as
occurs during heating, increases prion stability [37]. To inactivate prions, current recommendations include
the use of either sodium hydroxide or sodium hypochlorite in addition to an autoclave with temperature
settings above typical heat standards, although it is ideal to avoid the need for such extreme inactivation
measures through the use of disposable tools and coverings that can be incinerated after use [38]. Iatrogenic
CJD generally has a comparatively short incubation time and therefore an earlier age of onset than other
types, with average incubation periods as low as 1.5 years in the case of depth electrodes and up to 17 years
in the case of c-hGH [37].

Epidemiology

While a rarity when placed among all diseases, CJD is one of the most common of the group of prion
diseases, allowing sufficient investigation of its epidemiological characteristics. The occurrence of CJD is
even between sexes, and typical onset is from 55-75 years of age, although some subtypes, such as vC]D, are
seen earlier in life on average [10,39]. Sporadic CJD is the most common form of not only CJD but prion
diseases as a whole, accounting for about 88% of cases [11]. Genetic prion diseases of all kinds, including
gCJD as well as GSS and FFI, together account for around 10-15% of cases. In contrast, acquired cases
represent remarkably small percentages. There are some countries in which the genetic percentages are
much higher, which stands to reason given the likelihood of common genetics among people in a shared
area. For example, Israel and Slovakia both have percentages of genetic prion disease (as compared to prion
disease as a whole) around 60% as well as overall higher incidences of prion disease, so the greater genetic
proportion does not solely indicate a lower incidence of other forms [11]. Worldwide, CJD typically affects
around 1-2 people per million per year. This number must be considered in light of the fact that CJD is often
underdiagnosed and underreported. There are not many specific tests for CJD, and those that exist are not
widely available or implemented. In many cases, the only real way to gain confirmation is a brain biopsy,
which is unlikely to be widely performed. Additionally, there are many more common disorders for which
CJD may be mistaken. The lack of treatments for CJD also means that more treatable disorders will be ruled
out first, thus delaying and, given the typical prognosis, preventing premortem CJD diagnosis. There are
reports from several countries specifically discussing the likelihood of underdiagnosis of CJD in their area;
these include Thailand and Vietnam [40,41].

One concern with regard to the epidemiology of CJD is that the number of cases increased over time, at least
across the period from 1993 to 2020 [11]. The effect of increased reporting and diagnostic ability, as well as a
generally aging population (considering the long incubation periods), on this trend cannot be discounted.
There is, however, a possibility that as time passes, there will be an increase in mutations with the potential
to cause CJD (and other prion diseases, such as GSS) due merely to random chance. These will subsequently
be passed down, slowly but significantly increasing the total number of CJD cases. Regardless of cause, the
increasing number of CJD cases does represent an area of concern.

Pathophysiology

The gene for the prion protein, PRNP, is expressed in many parts of the body, predominantly in the neurons
and glial cells of the brain, but also in some parts of the immune system. The role of this protein in its
typical cellular function is not entirely clear. It has been suggested that it may play roles in cell adhesion,
copper metabolism, or nucleic acid transport, as well as having interactions with many membrane receptors

[39]. PrPC, however, is likely not essential enough for the loss of that function to be a major contributing
factor to the disease [42]. PrPC is membrane-bound with a structured globular domain and an unstructured
flexible tail and so can be exposed to PrPTSE without the misfolded protein needing to enter the cell [43].

Once that PrP¢ protein has been exposed to PrPTSE, its form undergoes structural modification, primarily
including a greater proportion of beta-pleated sheets, but there are subtler structural changes, such as the
induction of an H-latch formation, which has a role in prion toxicity [43]. CJD has several pathogenic effects
in the brain. The most distinctive are neuronal death and spongiform patterning that occur due to the
disruption of intracellular proteins via alteration to their folding, ubiquitination, and trafficking within
neurons, primarily in the gray matter [44]. Causes of neuronal death, such as apoptosis via multiple
mechanisms, including disulfidoptosis, have also been noted [45]. Additionally, it has been suggested that

an anti-PrpTSE antibody, specifically POM1, may have neurotoxic effects in and of itself [43]. Other

pathogenic effects include an increased presence of highly reactive astrocytes and microglia [39,45].
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Astrocytes, despite their increased protective role in clearing both cellular debris and apoptotic bodies
during the CJD course, nevertheless are seen to have a net negative effect via their role in damaging synaptic
integrity and lowering dendritic spine size and density [46].

Presentation and diagnosis of CJD

CJD, in any given form, has a variable and remarkably nonspecific presentation. Most of even the classic
symptoms are shared with many other neurodegenerative diseases. The standard presentation includes
rapidly progressive dementia, myoclonus, parkinsonism, aphasia, pyramidal and extrapyramidal signs, and
even akinetic mutism toward the end of the disease progression [47]. It is difficult to distinguish CJD from
conditions such as Alzheimer’s and Parkinson’s, which are related in mechanism as well as similar in
presentation. Historically, it was difficult, if not impossible, to diagnose CJD before death, resulting in many
diagnoses of possible or probable CJD (Figure I).

Progressive neurological
syndrome?
Immunohistochemically 4
confirmed?

Neuropathologically Yes No
Definite sCJD Y Confirmed?

Biochemically
confirmed?
Rapidly progressive cognitive

impairment?
Positive RT-QuIC? P

Myoclonus, Visual/cerebellar
problems, pyramidal/extrapyramidal
features, akinetic mutism (2 of)?

CJD typical EEG?

CJD typical MRI?

Duration of 2 years or less?

Positive CSF 14-3-3?

FIGURE 1: Representation of Diagnostic Criteria for sCJD

Criteria from the International CJD Surveillance Network[48].

sCJD: sporadic Creutzfeldt-Jakob disease; RT-QuIC: real-time quaking-induced conversion;
EEG: electroencephalogram; MRI: magnetic resonance imaging.

Biomarkers

The most reliable diagnostic method remains direct analysis of brain tissue, but recent improvements in
biomarker research have made earlier diagnosis possible. Some examples of biomarkers include real-time
quaking-induced conversion (RT-QuIC) and 14-3-3 proteins, both of which can be observed in cerebrospinal

fluid after a spinal tap. RT-QuIC takes advantage of PrPTSEg ability to form PrP € into fibrils that can bind to
a fluorescent dye, making them identifiable. RT-QuIC is one of the most specific tests available and can

detect trace amounts of PrPTSE in CSF [49]. The addition of RT-QuIC greatly improved the sensitivity of
diagnostic criteria [50]. There is also the theoretical ability to identify RT-QuIC in blood; however, this
generally has less specific and sensitive results than CSF analysis. Additionally, most of these tests are
specific to variant CJD [51]. Detection of 14-3-3 proteins is generally done with western blots or enzyme-
linked immunosorbent assay (ELISA) technology, with 14-3-3y ELISA having sensitivity between 80% and
90% and specificity between 70% and 92% [52]. 14-3-3 proteins are present in response to rapid neuronal
death in general, and so the specificity is necessarily imperfect. An additional biomarker used is tau protein,
and tau/p-tau ratios are used to distinguish CJD from Alzheimer’s disease. In C]D, the tau/p-tau ratio is much
higher than in Alzheimer’s disease due to the higher quantities of p-tau present with Alzheimer’s disease.
The proposed cutoff for CJD is a ratio of tau to p-tau of either 18:1 or 20:1 depending on the testing method
[53].

Imaging
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Imaging is also a valuable addition to diagnostic methods. MRI and EEG are both often utilized and are
useful for both identifying CJD and ruling out other possible explanations for symptoms.

Diffusion-weighted MRI (DWT) and fluid-attenuated inversion recovery (FLAIR) techniques are both often
used to reveal CJD-associated abnormalities, although DWI tends to be slightly more sensitive. A common
MRI finding is signal abnormalities in many cortical regions, including the frontal lobe. The cerebellum is
only occasionally implicated, showing signal hyperintensities typically in sCJD cases with the VV2 type [54].
Additionally associated with CJD are hyperintensities and associated restricted diffusion in the bilateral
caudate heads and putamen [40,55,56]. The pulvinar and “hockey-stick” signs are more common in vC]D but
have been observed in other forms [54]. Cortical ribboning is also a common sign and is typically more
visible on DWI than FLAIR [57]. Cortical ribboning has also been noted to be more apparent early in disease
progression than other signs [51]. There have been some instances of patients with confirmed (e.g., via brain
biopsy) CJD who had unremarkable MRI results during the course of their illness [54,55]. While this could be
due to some degree of error in noting subtle signs, the sensitivity and specificity of MRI for CJD remain
imperfect [55]. MRI does have a better ability to detect early CJD indications, however, as compared to EEG
and CSF markers, which often only return significant results later in the course of the illness [39,51].

The distinctive electroencephalography (EEG) sign is periodic sharp wave complex (PSWC) patterns [17]. The
PSWC is markedly indicative of CJD cases, but not all CJD cases will display them, especially early in disease
progression. For sCJD, PSWC can be simple or complex and generally recurs every 0.5-2 seconds with a
duration of 100-600 ms. The PSWC is typically entirely missing in vCJD cases [51].

Emerging therapies

In the past few years, there have been a number of ongoing research efforts for CJD treatments. Few of these
include clinical trials, limited significantly by the rarity and rapid progression of the illness; however, animal
and in vivo studies are not uncommon. Given that the cellular form of the prion protein does not contribute
to neurodegeneration by its absence alone, there are some treatments that target the normal cellular protein
before it has had the chance to become harmful. One example of this is a trial with six CJD patients to test a
monoclonal antibody, PRN100, targeting the normal cellular prion protein. Disease progression was halted
for the duration of treatment in 75% of the patients in whom the therapeutic dose was reached, but
neurodegeneration was not reversed in any of the cases. Further, the researchers noted no adverse side
effects from the treatment [58]. This is not the only immunotherapy currently used in CJD trials; strategies
generally consist of antibodies and vaccines via passive and active immunotherapy. Three CJD-specific
epitopes have been used to prevent and control prion protein growth in conjunction with PRNP knockout
[59].

One further treatment is the class of antisense oligonucleotides (ASOs), which are utilized for PRNP
knockdown and the reduction of the quantity of PrPC. A particular ASO known as ION717 is currently in

clinical trials and works to support PRNP mRNA degradation to reduce the expression of PrPC and therefore
the prion pathology [60,61]. It has seen tentative early successes in terms of the interaction with the target
protein as well as in safety and tolerability [62]. These trials come after other effective ASO treatments for
non-prion neurodegenerative conditions [61].

Other potential treatments include a variety of chemicals, including Congo red, dimethyl sulfoxide,
ethanolamine, dextran sulfate, and doxycycline [59]. Beyond that, RNA treatments using shRNA and siRNA

have been shown in animal models to reduce the activation of PrP® mRNA and therefore the expression of
PrPC and accumulation of PrP TS, Additionally, using lentivirally mediated RNAi, PrPC knockdown was
shown to reduce PrPTSE accumulation [63]. Given the beta-sheet-heavy structure of PrPTSE a5 opposed to

PrPC, some treatments have been based on interference with beta sheets. One of the more prominent
advances here is a family of peptides known as beta-sheet breakers. Specifically, a modified cyclic B-sheet
peptide has been shown to have anti-amyloidogenic effects, both in inhibiting aggregation and disrupting
existing aggregations [64].

Additionally, there are methods that use stem cells. Mesenchymal stem cells have been shown to be
protective against prions by releasing neurotrophic factors near lesions. Additionally, neural stem cells can
potentially replace damaged or killed neurons and glia. Overall, some of these have made it into clinical
trials, although blood-brain barrier penetration and challenges with early diagnosis were significant enough
problems to prevent tangible results in most attempts [59]. Clinical trials with CJD are difficult, given the
limited patient pools and time restrictions. However, many treatments have seen success in animal models,
and therefore human treatments may be within reach.

One additional consideration is that prions do seem to have the ability to develop drug resistance via strain

selection. That is, a given group of PrP™SE has a variety of specific forms of PrPTSE which means that if a
drug is more effective against one variety than another, then it is possible that the unaffected strains will
propagate further. This means that a variety of drugs may eventually be required to provide effective
treatment, which is a concern when we currently lack a single genuinely effective drug [65]. This is not an
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area with much research as of now, but it may be worth considering.

Connections with other diseases

Further, despite the uncommon pathology of CJD, it has commonalities and connections with a number of
other conditions.

Related Prion Diseases

While CJD is the most common prion disease, it is not the only one. Kuru is another human TSE. Kuru was
one of the first human prion diseases to be recognized and is currently regarded as extinct. It was first
reported in the 1950s among the Fore people of Papua New Guinea, although it appeared to have existed for
a significant period previously. It is generally attributed to the practice of ritual cannibalism, which was
conducted as a gesture of respect for the dead and involved consumption of human brain tissue, which
turned out to be infected with prion protein. Kuru presented with a variety of symptoms, ataxia primarily
among them, but vision disturbances, photophobia, abnormal or absent reflexes, hypotonia, and emotional
instability (e.g., uncontrolled laughter) were also common. The general life expectancy was about 8 months
after the beginning of clinical signs, though the incubation period could be up to 56 years [66].

VPSPr is another sporadic human prion disease, recently reported in 2008. It differs from sCJD in disease

PTSE

presentation, the form of the Pr! and the resistance of the PrP TSE to proteinases. Typical CJD-associated

PrPTSE are resistant to cleavage by proteinases, but when proteolysis by PK occurs on VPSPr-associated

isoforms, at least three fragments of PrPTSE result, indicating VPSPr’s distinction from sCJD [67]. VPSPr has
less resistance overall; however, there is still phenotypic variation. It shares sCJD’s variability based on the
gene at codon 129, but is somewhat inverted, appearing to be most common in those with the 129VV
genotype. Further, in many aspects, VPSPr more closely resembles GSS than CJD [3,68].

Among animals, there have been many reported cases of prion diseases. The earliest is scrapie, first
described in England in 1732. Scrapie is found in sheep and goats and it is possible that BSE originated due
to scrapie jumping into cows and from there into humans, then being known as vCJD (as previously
discussed) [69]. Scrapie has both a classic and atypical form, the former being generally iatrogenic and the
latter sporadic. Classic scrapie is transmitted mostly orally, although many other routes have been shown to

result in transmission. There is greater involvement of the immune system with scrapie; PrPS¢ accumulation
is seen in lymphoid tissues, especially gut-associated lymphoid tissues (GALTSs). This means that pre-
symptomatic diagnosis of scrapie is possible [70].

Cervids, such as deer, moose, and elk, have been seen to experience Chronic Wasting Disease (CWD). CWD
has not been shown to be transmissible to humans, but has been transmitted experimentally in non-human

primates [2], and in vitro experiments have shown that PrPWD does have the capability to convert human

prpC [71]. Therefore, precautions are nonetheless in order. One significant concern with CWD is that the
associated prions have been shown to be able to bind to soil and be taken into plants. That fact, in

combination with the frequent shedding of PrPWD into the environment by infected animals, means that

large portions of a given population will likely develop CWD [2]. This further increases the likelihood of
human exposure and thus it would be valuable to have a better understanding of what has prevented
confirmed human cases, along with the potential ability to recreate that effect with other prion diseases or
among uninfected cervids.

Other Neurodegenerative Diseases

The pathology of both Alzheimer’s disease and Parkinson’s disease is often considered to be associated with
particular forms of misfolded proteins, a somewhat similar etiology to prions. The protein in question
differs, as these are associated with amyloid-beta plaques and the deposition of neurofibrillary tangles of
phosphorylated tau for Alzheimer's and a-synuclein aggregates, pale bodies, and Lewy bodies for
Parkinson’s. Like CJD, Parkinson’s disease has both genetic and sporadic forms, though genetics influence
the qualities of the sporadic form [72]. Both of these other neurodegenerative diseases have been shown in
animal models to be potentially transmissible, and there have been reports of iatrogenic Alzheimer’s
disease, particularly due to some of the same modes of infection as vC]D. As previously discussed, this
primarily includes cadaver-derived pituitary growth hormone (c-hGH) [33]. While not strictly the same as
CJD, a certain type of the related prion disease, GSS, has been found to show p-tau fibrils that are apparently
identical to those found in Alzheimer’s disease [13].

These connections provide further reasoning for investing resources into researching CJD and prion diseases
in general, given that any advances here could reasonably be expected to offer insights into conditions like
Alzheimer’s disease and Parkinson’s disease, both of which are dramatically more common and typically
considered more impactful than the ultimately rare CJD.
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Potential COVID-19 Association

The neurological alterations accompanying coronavirus disease 2019 (COVID-19), as caused by SARS-CoV-2,
have been a point of interest, especially given its extremely long-lasting variations. There have been at least
20 case studies in recent years of CJD developing after or during an infection with COVID-19 [10,73-92].
Evidence is limited as to causality, but a plausible interaction between the pathogens seems supported by
other neurological symptoms of “long COVID.” The theory is that COVID-19 may not specifically create CJD,
but accelerate the progression of a disease already in its early stages [73]. The connection is compelling
given the unusual features of CJD following COVID-19 infection (a high age of onset and especially rapid
progression), but nothing beyond a temporal association can be confidently stated [10,74].

Conclusions

Despite the condition’s rarity, CJD is a condition for which progress towards a treatment could be pointedly
valuable. The overall lack of scientific understanding of the wide varieties of TSEs, exemplified by the
uncertain etiology of sCJD, indicates that there is much research left to do. Further, the presence of
promising, if not perfect, experimental treatments indicates the existence of a forward path. Not merely
forward for CJD, or even prion diseases as a collective, but neurodegenerative diseases on the whole. The
close relationship that CJD shares with other amyloidogenic conditions of the brain means that progress in
one could offer progress in others. The similar etiologies and, at times, methods of transmission suggest
similarities that could readily translate into shared research goals and achievements. With that, the effects
of progress in CJD treatments could be as wide-reaching as the hundreds of millions of people affected by
Alzheimer's disease. Further, recent progress in identifying CJD pre-mortem, via biomarkers and imaging,
and the continual discovery of genetic indicators both mean that the identification of patients before onset
or early in disease progression is more possible than it once was. This both allows for better patient care and
gives clinical trials and treatments more time to be effective, bolstering research efforts. Therefore, it is both
crucial and possible that progress continues.
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