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INTRODUCTION — Prion diseases are neurodegenerative diseases that have long 

incubation periods and progress inexorably once clinical symptoms appear. Five human 

prion diseases are currently recognized: kuru, Creutzfeldt-Jakob disease (CJD), variant 

Creutzfeldt-Jakob disease (vCJD also known as new variant CJD), Gerstmann-Straüssler-

Scheinker syndrome (GSS), and fatal familial insomnia (FFI) [1,2]. Bovine spongiform 

encephalopathy (BSE), one of a number of prion infections affecting animals, was 

responsible for bringing these agents to more widespread public attention with its possible 

link to vCJD [3,4]. 

These human prion diseases share certain common neuropathologic features including 

neuronal loss, proliferation of glial cells, absence of an inflammatory response, and the 

presence of small vacuoles within the neuropil, which produces a spongiform appearance. 

The current theory is that prion diseases are associated with the accumulation of an 

abnormal form of a host cell protein, designated the prion protein (PrP) [5]. 

The clinical manifestations and diagnosis of the prion diseases Kuru, GSS, and FFI will be 

reviewed here. CJD and variant CJD are discussed separately. (See "Creutzfeldt-Jakob 
disease" and see "Variant Creutzfeldt-Jakob disease"). 

The biology of prions and the genetics of prion diseases are discussed separately. (See 
"Biology and genetics of prions"). 

KURU — Kuru was the first transmissible neurodegenerative disease to be identified and 

well studied; it has served as the prototype of human prion diseases [6,7]. 

Epidemiology — Kuru, which was endemic in Papua New Guinea among the Fore tribes, 

was felt to be transmitted from person to person by ritual cannibalism [8]. The cessation 
of these practices in the 1950's had been thought to end incident cases of kuru; however, 

increased active surveillance in Papua New Guinea led to the identification of 11 new cases 

of kuru between July 1996 and June 2004, with a likely incubation period of more than 50 

years in some cases [9]. Kuru also remains important because of some overlapping 

clinical and pathologic features with iatrogenic CJD, vCJD, and GSS. Hence, it provides 

clues to the pathogenesis of other human prion diseases. 

Clinical features — Unlike some of the other prion diseases such as CJD, kuru occurs in 

predictable stages [8]. The early or ambulatory phase is characterized by tremors, ataxia, 

and postural instability. The tremors resemble shivering, which accounts for the name of 

the disease (kuru = shivering). The sedentary stage follows as the disease progresses 

with loss of ambulation resulting from increased tremors and ataxia. Involuntary 
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movements, including myoclonus, choreoathetosis, and fasciculations, also appear. 

Dementia, which usually begins as slowing of the mental processes, progresses in the late 

stages of the disease. Patients may exhibit indifference or seem unconcerned with their 

disease. Frontal release signs, cerebellar type dysarthria, and inability to get out of bed 

mark the terminal stage, with death typically due to pneumonia occurring within 9 to 24 

months from the onset of the disease. 

Diagnosis — Few laboratory studies have been performed on patients with kuru, and 

neuroimaging has not been reported. The cerebrospinal fluid (CSF) is unremarkable. The 

electroencephalogram (EEG) is abnormal, but it is not characterized by the periodic sharp 

wave complexes found in some of the other human prion diseases [10]. 

Genetics — While limited molecular genetic studies of patients with kuru have been 

undertaken, no mutations in the prion protein (PRNP) gene have been reported. However, 

homozygosity at the polymorphic codon 129 of the PRNP gene has been detected at a 

higher than expected frequency in kuru and also in patients with iatrogenic CJD, sporadic 

CJD, and vCJD [11]. (See "Biology and genetics of prions"). 

Pathology — The pathologic hallmark of kuru is PrPSc-reactive plaques occurring with the 

greatest frequency in the cerebellum [11]. Kuru plaques are unicentric and round with 
radiating spicules and are periodic acid-Schiff (PAS) positive. Neuronal loss and 

hypertrophy of astrocytes is also observed 

GERSTMANN STRAÜSSLER SCHEINKER SYNDROME — Gerstmann-Straüssler-

Scheinker syndrome (GSS) is a rare human prion disease with an incidence of 1 to 10 

cases per 100 million population per year. 

Epidemiology and clinical features — GSS is inherited in an autosomal dominant 

pattern with virtual complete penetrance. At least 24 separate kindreds have been 

identified throughout the world. 

The hallmark of the clinical disease is progressive cerebellar degeneration accompanied by 

differing degrees of dementia in patients entering midlife (mean age 43 to 48 years), 

although the onset of symptoms in older patients has been reported [12-14]. The course 
of the illness typically advances for approximately five years before culminating in death. 

Cerebellar manifestations include clumsiness, incoordination, and gait ataxia. Dysesthesia, 

hyporeflexia, and proximal weakness in the legs are also early signs [15]. Myoclonus is 
typically absent in GSS. Whether and to what degree dementia ensues varies among 

affected families and individuals within the same family [16,17]. Part of the variability of 
expression of this illness may be due to differences in the underlying PRNP mutation or 

the associated polymorphisms in codon 129. (See "Biology and genetics of prions"). 

Diagnosis — A diagnosis of GSS cannot be made from laboratory or imaging studies. The 

cerebrospinal fluid (CSF) is normal in GSS. The electroencephalogram (EEG) may show 

slowing, but does not typically show the periodic sharp wave complexes characteristic of 

sCJD. (See "Creutzfeldt-Jakob disease", section on Electroencephalogram). The 

magnetic resonance imaging (MRI) is not specific or sensitive but may show areas of 
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decreased T2 signal in the striatum and midbrain in some patients [18]. Single photon 
emission computed tomography (SPECT) may demonstrate diffusely decreased blood flow; 

in one study, findings on SPECT that were very sensitive for GSS early in the disease 

course included decreased flow in the occipital lobe and spinal cord [15]. 

Demonstration of PRNP gene mutations appears to be a sensitive and highly specific way 

to diagnose GSS since the vast majority of cases are familial, and all patients with definite 

GSS have been found to have PRNP mutations. (See "Biology and genetics of 
prions"). Neuropathology can be useful, and immunostaining of brain tissue for PrPSc is 

positive. 

Neuropathology — GSS displays neuropathologic features consistent with other forms of 

human prion diseases. However, the presence of kuru-like plaques in highest density in 

the cerebellum but also elsewhere in the brain is a common finding [19]. These plaques 
are often multicentric with radiating spicules and are accompanied by microglial changes; 

they stain for PrPSc and are PAS (periodic acid-Schiff) positive. Neurofibrillary tangles and 

neuropil threads, identical to those seen in Alzheimer's disease, have been seen in brains 

from several kindreds [20]. 

FATAL FAMILIAL INSOMNIA — Fatal familial insomnia (FFI) was first identified in 

Italian families, but kindreds have now been reported throughout the world. 

Epidemiology and clinical features — FFI is a rapidly fatal disease with a mean 

duration of 13 months, which generally occurs in midlife, median age at onset 56 years 

(range 23 to 73 years) [21,22]. Disease onset is earlier and duration is shorter in those 
who are homozygous for methionine at codon 129. (See "Biology and genetics of 
prions"). 

Patients characteristically develop progressive insomnia with loss of the normal circadian 

sleep-activity pattern, which may manifest as a dream-like confusional state during 

waking hours [23]. Mental status and behavioral changes include inattention, impaired 

concentration and memory, confusion, and hallucinations, but overt dementia is rare [24]. 
As the disease progresses, motor disturbances such as myoclonus, ataxia, and spasticity 

can occur [24,25]. Methionine-homozygous patients are more likely to have hallucinations 

and myoclonus as prominent disease features, while methionine-heterozygous patients 

are more likely to develop early problems with ataxia, bulbar signs, and nystagmus [22]. 

FFI is the only prion disease to produce dysautonomia and endocrine disturbances 

[21,25,26]. Dysautonomia may induce hyperhidrosis, hyperthermia, tachycardia, and 

hypertension. Endocrine disturbances include decreases in ACTH secretion, increases in 

cortisol secretion, and loss of the normal diurnal variations in levels of growth hormone, 

melatonin, and prolactin. 

Diagnosis — Laboratory testing and routine imaging with CT or MRI are not helpful in 

making the diagnosis of FFI. The CSF is unremarkable, and 14-3-3 protein is usually not 

detectable in the CSF [27]. EEGs do not show periodic sharp wave complexes, and MRI 

shows no distinctive abnormalities. Fluorodeoxyglucose PET has been reported to show 
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decreased glucose utilization in the thalamus, which may be detectable even before the 

development of clinical symptoms [28-30]. Sleep studies demonstrate a dramatic 

reduction in total sleep time and disruption of the normal sleep architecture [22]. 

While FFI like other prion diseases has been transmitted to experimental animals, genetic 

studies are now the diagnostic procedure of choice. Most cases are associated with the 

D178N PRNP gene mutation. (See "Biology and genetics of prions"). 

Pathology — Spongiform degeneration, which is a characteristic feature of most of the 

human prion diseases, is rarely detected in FFI, particularly in those with the methionine-

homozygous genotype [22]. Neuronal loss and gliosis that is maximal within the thalamus 

are consistent findings [21,22,25]. These changes can also occur in the cerebellar cortex, 
cerebellar nuclei, and olivary nuclei. Brain tissue stains for PrPSc, but the intensity of 

staining, which correlates with the amount of protein present, appears to be reduced 

compared with most other human prion diseases [22,25,31]. 

CJD AND VARIANT CJD — Creutzfeldt Jakob Disease (CJD) and variant CJD are 

discussed separately. (See "Creutzfeldt-Jakob disease" and see "Variant 
Creutzfeldt-Jakob disease"). 

TREATMENT OF PRION DISEASES — No effective treatment has been identified for 

human prion diseases, which are universally fatal [32]. Care for patients with prion 
disease is supportive. Isolated case reports of stabilization or improvement following 

treatment with amantadine [33], vidarabine [34], and methisoprinol [35] have not been 
confirmed. Reports of treatment with acyclovir, interferons, polyanions, and 
amphotericin B have also failed to show benefit in human cases [36-38]. 

Animal models and cell culture systems that are used for studying prion diseases may 

assist in the testing of new agents for the treatment of prion diseases. The dye Congo red, 

anthracyclines, DMSO, glycerol, polyene antibiotics, and copper chelation with 

penicillamine have all shown efficacy in delaying PrPSc accumulation or disease 

development in cell culture or animal models, but none have been tried in human disease 

[39-42]. 

Flupirtine — Flupirtine maleate is a centrally acting, nonopioid analgesic that has 

displayed cytoprotective activity in vitro in neurons inoculated with a prion protein 

fragment [43]. The mechanism of neuroprotective action is unknown, but it may involve 

up-regulation of the anti-apoptotic protein bcl-2 [43,44]. Alternatively, its N-methyl-D-

aspartate antagonist properties might limit glutamate-mediated neurotoxicity [45]. 

Flupirtine is not currently available in the United States. In a European study, 28 patients 

with CJD were randomly assigned to treatment with flupirtine (n=13) or placebo (n=15) 

[46]. One patient in each group had familial CJD, the remainder were sporadic cases. 

Diagnosis was based upon the World Health Organization (WHO) criteria for "probable" 

CJD. Flupirtine treatment was initiated at 100 mg per day, and increased over three days 

to a maintenance dose of 300 to 400 mg per day, which was continued for a median 

treatment duration of 29 days. There was no significant effect of flupirtine treatment on 
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survival time compared with placebo. However, the patients treated with flupirtine 

performed significantly better on the cognitive part of the Alzheimer Disease Assessment 

Scale (ADAS-Cog). Flupirtine-treated patients also did better on the Mini Mental Status 

Examination, but the difference did not reach statistical significance. Caregiver's 

impressions were also significantly better in the flupirtine-treated group. 

Chlorpromazine and quinacrine — Specific derivatives of acridine and phenothiazine 

were found to inhibit PrPSc formation in a cultured neuroblastoma cell line (ScN2a) 

chronically infected with prions [47]. Effective compounds included chlorpromazine and 
quinacrine. Quinacrine was approximately 10 times more potent than chlorpromazine in 

inhibiting scrapie formation in culture. 

Despite the promise of quinacrine in cell models of infection, subsequent studies did not 

show benefit in animal models of CJD [48,49]. Similarly, early results in humans have 

been disappointing. In an uncontrolled observational study of 32 patients with either 

sporadic CJD or variant CJD, treatment with quinacrine resulted in no significant benefit 

[50]. 

Three groups are investigating quinacrine in the treatment of CJD in clinical trials [45]. 

New targets — The scientific advances in the understanding of the molecular 

pathogenesis of prion diseases have led to the identification of new targets for therapy. 

Some of these potential targets include the steps in the conversion of PrPC to PrPSc, 

binding of PrPSc with PrPC, binding of protein X, removal of PrPC, or the steps in the 

transport of PrPSc to the nervous system [45,51]. Immunotherapeutic approaches have 

also shown promise. As examples: 

� iPrP13, a peptide that can break a beta-sheet conformation, was 

shown to reduce the protease resistance of PrPSc and to delay the 

onset of symptoms in transmission experiments in mice [52].  

� Depletion of endogenous PrPC in mice with established prion 

infection reversed spongiform change, prevented neuronal loss, and 

prevented progression to clinical disease [53].  

� Another study reported a prion protein epitope that is selectively 

exposed in the pathologic conformation (tyr-tyr-arg), opening the 

possibility that antibodies could be used as therapeutic agents [54].  

� In a murine scrapie model, anti-PrP monoclonal antibodies reduced 

PrPSc levels and prion infectivity [55].  

� High throughput drug screening to isolate small molecules with 
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potential therapeutic action is also ongoing [56]. (See "Biology and 
genetics of prions").  

Passive immunization with monoclonal antibodies 
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