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ABSTRACT Prion diseases are a group of rapidly progressive and always fatal neurodegenerative disorders caused by misfolded prion protein in the brain. Although
autopsy remains the gold-standard diagnostic tool, antemortem laboratory testing
can be performed to aid in the diagnosis of prion disease. This review is meant to
help laboratory directors and physicians in their interpretation of test results. Laboratory assays to detect both nonspeciﬁc biomarkers of prion disease and prion-speciﬁc
biomarkers can be used. The levels of nonspeciﬁc biomarkers in cerebrospinal ﬂuid
(CSF) are elevated when rapid neurodegeneration is occurring in the patient, and
these markers include 14-3-3, tau, neuron-speciﬁc enolase, S100B, and alpha-synuclein.
These markers have various sensitivities and speciﬁcities but are overall limited, as
the levels of any of these analytes can be elevated in nonprion disease that is causing rapid damage of brain tissue. Prion-speciﬁc assays used in clinical laboratory
testing are currently limited to two options. The ﬁrst option is second-generation
real-time quaking-induced conversion (RT-QuIC) performed on CSF, and the second
option is Western blotting of a brain biopsy specimen used to detect proteaseresistant prion protein. Although both tests have exquisite speciﬁcity, RT-QuIC has a
sensitivity of 92 to 97.2% in symptomatic individuals, compared to the brain biopsy
Western blot sensitivity of 20 to 60%. RT-QuIC was added to the Centers for Disease
Control and Prevention’s diagnostic criteria for prion disease in 2018. Other caveats
of laboratory testing need to be considered, as sporadic, genetic, and acquired
forms of prion disease have different clinical and laboratory presentations, and these
caveats are discussed. Laboratory testing plays an important role in the diagnosis of
prion disease, which is often challenging to diagnose.
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P

rion diseases are a group of invariably fatal, rapidly progressive neurodegenerative
disorders. All mammals have prion protein (PrP), but the conformation is typically
the normal cellular form of PrP (PrPC). The pathology and transmission of prion disease
are due to the misfolded prion protein, which is described as scrapie PrP (PrPSc) (1). In
humans, prion diseases can be divided into sporadic (85 to 90%), genetic (10 to 15%),
and acquired (⬍1%) etiologies. Sporadic Creutzfeldt-Jakob disease (sCJD), sporadic fatal
insomnia (sFI), and variably protease-sensitive prionopathy (VPSPr) make up the sporadic prion diseases. Genetic prion diseases include genetic CJD (gCJD), fatal familial
insomnia (FFI), and Gerstmann-Sträussler-Scheinker (GSS) disease. Acquired prion diseases occur by iatrogenic exposure (iatrogenic CJD [iCJD]) or ingestion (Kuru and
variant CJD [vCJD]) (2–4). Diagnosing prion disease can be challenging, and laboratory
testing can improve the clarity of the diagnostic picture. This review provides information to help laboratory directors and physicians accurately interpret laboratory test
results.
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TYPES OF PRION DISEASE
The annual incidence of sCJD in the United States and throughout the world is
about 1 to 2 cases per 1,000,000 individuals, but incidence increases with age. In the
United States, about 1 in 6,000 deaths is attributable to prion disease (5). No known
epidemiological link to a cause of sCJD has been identiﬁed, which is why it is described
as “sporadic,” and it is widely believed to be due to a posttranslational modiﬁcation of
PrPC. Increased age and homozygosity at prion protein gene (PRNP) codon 129 are the
only deﬁnitive risk factors. Typical symptomatology of sCJD includes dementia and
myoclonus with progression over weeks to months to akinetic mutism and death. Gait
disturbance and limb ataxia are the most common cerebellar signs, which are commonly present. However, not all sCJD cases yield a classic clinical presentation, and
there can be prodromal constitutional symptoms as well as extrapyramidal signs, pyramidal signs, and visual disturbances (6–8). The mean age of onset of sCJD is 63 years, and
the duration from the onset of symptoms until death is usually 4 to 6 months.
Genetic prion diseases are caused by mutations in PRNP. Approximately 40 different
mutations have been reported, and they vary, sometimes signiﬁcantly, in disease
phenotype (age at onset, penetrance, duration, clinical symptoms, diagnostic test
results, and neuropathology) (9). Familiarity with features of different genetic prion
diseases and routinely performing genetic testing in possible prion cases are keys to
obtaining an accurate diagnosis. Detection of PRNP gene mutations can be performed
by sequencing DNA from patients’ blood specimens or decedents’ unﬁxed autopsy
tissue. The characteristics of some common genetic prion diseases are summarized in
Table 1.
Acquired prion diseases can be due to iatrogenic exposure (iCJD), zoonotic exposure
(vCJD), or human exposure (kuru). iCJD has been primarily linked to cadaver-derived
human growth hormone and dura mater grafts (2). However, corneal transplants,
electroencephalogram (EEG) depth electrodes, and neurosurgical equipment have also
been causes of iatrogenic CJD (2). vCJD has been transmitted via blood transfusion, but
there is no epidemiological evidence of this route of transmission in sCJD or genetic
prion diseases (2). As of 2012, iCJD has been identiﬁed in 228 cases due to dura mater
grafts, 226 cases due to cadaveric human growth hormone, 4 cases due to contaminated neurosurgical equipment, 2 cases due to contaminated EEG depth electrodes, 2
cases due to corneal transplants, and 3 cases due to blood transfusion (vCJD only) (2).
The current strategy to minimize infection involves identifying people at high risk for
prion disease and preventing them from serving as tissue donors. Additionally, prionspeciﬁc sterilization techniques should be used on reusable neurosurgical equipment
after potential exposure to prions. Patients with a family history of prion disease or who
have received cadaveric dura mater grafts or human growth hormone are considered
to be at high risk, as are those who have spent time in areas affected by bovine
spongiform encephalopathy (BSE). Another method to limit the spread of secondary
transmission of vCJD is the implementation of embargoes of biological specimens from
areas where BSE is endemic (2). The iCJD incidence is currently very low due to
contemporary infection control measures.
vCJD is transmitted by ingestion of infected meat contaminated with BSE. As of
2016, there have been a total of 231 recognized cases of vCJD worldwide, mostly from
the United Kingdom and other European countries (10). There have been four reported
cases of vCJD in the United States (11), and all four patients were likely exposed to the
prions in another country: two in the United Kingdom, one Saudi Arabia, and one in
either a middle eastern or eastern European country. vCJD is characterized by young
age of onset and prolonged disease course. Typical EEG changes have not been found
in vCJD as in sCJD (4), and cerebral spinal ﬂuid (CSF) laboratory test results are typically
unremarkable. Speciﬁc to vCJD is the pulvinar sign on brain magnetic resonance
imaging (MRI), which is best visualized on ﬂuid-attenuated inversion recovery (FLAIR)
sequences as hyperintensity in the pulvinar nucleus of the thalamus.
The Kuru incidence has decreased to zero or near zero since the Fore-speaking
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onset (yr)
60

77

59

64

50

51

Mutation
E200K

V180I

V210I

M232R
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P102L

D178N-129M

93

100
18 mo

4.5 yr

8 mo

5 mo

⬃10

0.1

25 mo

Mean
duration
7 mo

Penetrance (%)
54–100 (age
dependent)
⬃1

TABLE 1 Characteristics of genetic prion disease

FFI phenotype, insomnia, dysautonomia, dementia

GSS phenotype, ataxia, leg weakness, areﬂexia

Dementia, akinetic mutism, myoclonus, dystonia

Dementia, myoclonus

Symptoms
Dementia, ataxia, vertical gaze palsy, peripheral
neuropathy
Dementia, akinetic mutism, parkinsonism, myoclonus

Diagnostic test sensitivities (%)
CSF 14-3-3, 57–100; CSF total tau, 80–100; CSF RT-QuIC,
87; brain MRI, 50–88
CSF 14-3-3, 87; CSF total tau, 79–91; CSF RT-QuIC, 0–
67.9; brain MRI, 99–100
CSF 14-3-3, 90–100; CSF total tau, 100; CSF RT-QuIC,
100; brain MRI, 15–100
CSF 14-3-3, 55–89; CSF total tau, 55–94; CSF RT-QuIC,
89; brain MRI, 85
CSF 14-3-3, 8–38; CSF total tau, 8–38; CSF RT-QuIC, 83–
100; brain MRI, 25–30
CSF 14-3-3, 13–50; CSF total tau, 7.1; CSF RT-QuIC, 0;
brain MRI, 0

52, 54, 64,
68
27, 35, 52,
69–71

50, 52, 59,
62, 63
58, 64–67

57–61

References
50–56
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peoples of Papua New Guinea ceased the practice of endocannibalism over a halfcentury ago. However, much has been learned from studying kuru, including the
ﬁnding that acquired prions can persist asymptomatically after prion exposure for more
than 5 decades before manifesting disease.
DIAGNOSTIC CRITERIA FOR PRION DISEASE
In 2018, the Centers for Disease Control and Prevention (CDC) modiﬁed its diagnostic criteria for sCJD, which is the most common form of prion disease (12). Deﬁnite
sCJD requires neuropathological diagnosis, immunohistochemical conﬁrmation, tissue
Western blotting for proteinase-resistant PrP, or the presence of scrapie-associated
ﬁbrils. Probable sCJD criteria are fulﬁlled by (i) a neuropsychiatric disorder plus a
positive real-time quaking-induced conversion (RT-QuIC) test or (ii) a rapidly progressive dementia with at least 2 of 4 of the following criteria: (i) myoclonus, (ii) visual or
cerebellar signs, (iii) pyramidal or extrapyramidal signs, and (iv) akinetic mutism plus (i)
periodic sharp-wave complexes (PSWCs) on EEG, (ii) a positive 14-3-3 test for the CSF
in a patient with disease for less than 2 years, or (iii) diffusion-weighted imaging (DWI)
or FLAIR abnormalities of the caudate and putamen and/or at least two cortical regions
(excluding the frontal cortex), without evidence of an alternative diagnosis. Possible
sCJD is deﬁned as a progressive dementia with at least 2 of 4 of the following criteria:
(i) myoclonus, (ii) visual or cerebellar signs, (iii) pyramidal/extrapyramidal signs, and (iv)
akinetic mutism plus a duration of less than 2 years. Iatrogenic CJD is deﬁned as a
progressive cerebellar syndrome in a patient who received human cadaver-derived
pituitary hormone or sCJD with a known high-risk exposure (see above). Genetic CJD is
classiﬁed as deﬁnite/probable CJD plus a ﬁrst-degree relative with deﬁnite/probable
CJD or a neuropsychiatric disorder with a disease-speciﬁc PRNP mutation.
As described in the CDC’s diagnostic criteria, the gold standard for deﬁnitive
diagnosis of prion disease is histology of autopsy specimens; however, this review
focuses on the utility of antemortem diagnosis of prion disease using laboratory
testing, which ﬁts the CDC’s deﬁnition of “probable” prion disease. Obtaining a conﬁdent antemortem diagnosis of prion disease is important for infection control purposes,
for excluding other difﬁcult-to-diagnose but potentially treatable neurological diseases,
and for helping to prepare the patient and loved ones for end-of-life care.
ANTEMORTEM DIAGNOSTIC TESTING
Antemortem clinical laboratory testing for the detection of markers of prion disease
is currently limited to the use of CSF and brain biopsy specimens in symptomatic
individuals. Heightened decontamination protocols are employed by clinical laboratories performing prion testing because prions are not inactivated completely using
standard disinfection methods (13, 14). Blood testing, nasal brushings, and skin biopsy
specimens have been used in research settings to identify prions, but these methods
have not yet been validated for clinical use. Laboratory testing can be performed to
identify nonspeciﬁc markers of rapid neurodegeneration that are typically present in
prion diseases, and testing can be performed to speciﬁcally identify the presence of
prions. The sensitivity, speciﬁcity, and potential utility of these assays depend on the
assay itself (Table 2) and the type of prion disease being considered (Table 3). Currently,
there is no clinical role for screening CSF of asymptomatic individuals for markers of
prion disease. PRNP germ line sequencing can also be performed when considering
genetic prion diseases. Nonlaboratory testing can also be useful in the diagnostic
workup for suspected prion disease.
Laboratory testing for nonspeciﬁc biomarkers. Routine CSF laboratory analyses,
including total protein, glucose, and cell counts, are typically within normal limits in
cases of prion disease. Tests for nonspeciﬁc biomarkers of prion disease do not detect
PrPSc, but these tests identify evidence of rapid neurodegeneration. Although rapid
neurodegeneration is a hallmark of prion diseases, many other processes can also cause
rapid neurodegeneration. Due to the low prevalence of prion disease and the accompanying low pretest probability, the positive predictive value for nonspeciﬁc biomarkOctober 2019 Volume 57 Issue 10 e00769-19
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TABLE 2 Sensitivities and speciﬁcities of clinical laboratory tests
Test
Nonspeciﬁc CSF biomarkers
14-3-3
t-tau
t-tau/p-tau ratio
NSE
S100B
sCJD
vCJD
gCJD
Alpha-synuclein
Speciﬁc biomarkers
CSF RT-QuIC (2nd generation)
Brain biopsy PrPSc Western blotting

Sensitivity (%)

Speciﬁcity (%)

Reference(s)

61–95
87–90
94
80

40–92
67–75
86
83–92

16–18
16, 18
18
18, 20–22

94
78
20–92
93–98

85
76

22
26
27
28–30

92–97.2
20–60

98.5–100

96–97

34, 35
39

ers is generally low. Markers of rapid neurodegeneration that are often elevated in
prion diseases include the following: 14-3-3, tau, neuron-speciﬁc enolase (NSE), and
S100B. Measurement of these analytes is performed using routine immunoassays, but
different laboratories can use different methods to interrogate the same analyte. Commonly, enzyme-linked immunosorbent assays (ELISAs) are used to obtain a quantitative
measurement of an analyte, and Western blotting can be used for qualitative analyses.
(i) 14-3-3. Measurement of protein 14-3-3 from CSF provides an indication of
neuronal injury. Therefore, the level of 14-3-3 is elevated in many other diseases besides
prion disease. 14-3-3 was the ﬁrst CJD marker that was well described and popularized,
and it remains a well-known marker of disease despite more newly described analytes
having higher diagnostic utility than 14-3-3 (15). Hamlin et al. measured a 90%
sensitivity and a 40% speciﬁcity for 14-3-3 (16). A limitation of 14-3-3 testing is that
bloody CSF can lead to false-positive results (16).
Excluding patients with CJD, 14-3-3 testing was negative in 93% of patients with
neurodegenerative disorders in one study; however, it was positive in some patients
within inﬂammation, paraneoplastic/central nervous system (CNS) tumor, stroke, epileptic ﬁt, psychiatric, and metabolic groups. 14-3-3 testing was also positive in 10.7% of
patients with vascular dementia, 5.3% of patients with Lewy body dementia, and 5.8%
of patients with Alzheimer’s disease (AD) (17). A longitudinal multicenter study of
29,002 CSF samples collected over 10 years revealed a speciﬁcity of 92% and a
sensitivity of 61 to 83% for 14-3-3 testing in detecting prion disease, but the positive
predictive value was 47 to 83% (17). A comparative study of CSF biomarkers in CJD
versus AD produced a sensitivity of 95% and a speciﬁcity of 78% for 14-3-3 (18). The
pretest probability of diseases like AD is much higher than that of prion disease, and AD
can present with a clinical picture that overlaps that of prion disease. Because of these
reasons, the positive predictive value of 14-3-3 is limited.
(ii) Tau. Tau is involved in microtubule stabilization within neurons (19), and
elevated levels of total tau (t-tau) have been found in the CSF of patients with AD,
frontotemporal dementia, vascular dementia, dementia with Lewy bodies, traumatic
brain injury, and stroke. However, t-tau elevation tends to be much greater in sCJD than
in these other diseases. Furthermore, sCJD can be differentiated from other conditions
based upon the phosphorylated tau (p-tau)-to-total tau (t-tau) ratio. In a study examining several neurodegenerative CSF biomarkers comparing CJD to AD, a low p-tau/ttau ratio was the best biomarker for sCJD, with a speciﬁcity of 94% and a sensitivity of
86%. t-tau levels by themselves demonstrated a sensitivity of 90% and a speciﬁcity of
75% (18). Hamlin et al. measured a sensitivity of 87% and a speciﬁcity of 67% for t-tau
(16). Limitations to consider include the ﬁnding that tau levels in the CSF may decrease
with disease progression (16).
(iii) Neuron-speciﬁc enolase. Neuron-speciﬁc enolase (NSE) is found in neuronal
cell bodies and axons as well as neuroendocrine cells. NSE is another maker of
October 2019 Volume 57 Issue 10 e00769-19
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FLAIR MRI with characteristic pulvinar sign

FFI, GSS (⬍5% of prion disease)

vCJD (rare form of prion disease)

gCJD (⬃10% of prion disease)

Most helpful premortem testing
DWI, MRI, and RT-QuIC have high sensitivity and speciﬁcity; MRI accuracy is best when
interpreted by somebody with extensive expertise in prion MRI
PRNP gene sequencing is diagnostic; MRI and RT-QuIC have high overall sensitivity and
speciﬁcity, but accuracy may depend on speciﬁc mutation
PRNP gene sequencing is diagnostic in the setting of the appropriate clinical syndrome

Disease(s)
sCJD (⬃90% of prion disease)

TABLE 3 Utility of testing by type of prion disease suspected
Least helpful premortem testing
EEG is often not abnormal until late in disease, if at all; 14-3-3
sensitivity and speciﬁcity are poor
EEG is often not abnormal until late in disease, if at all; 14-3-3
sensitivity and speciﬁcity are poor
CSF laboratory tests (RT-QuIC, 14-3-3, tau), EEG, and MRI are
often within normal limits
EEG, 14-3-3, and RT-QuIC are frequently negative in vCJD
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neurodegeneration and is elevated in patients with CJD compared to controls (20). The
reported sensitivity is about 80%, with speciﬁcities ranging from 83 to 92% (18, 20–22).
Both serum and CSF results have been studied, and some have found elevation in both
CSF and serum, and others observed elevation only in the CSF (20, 23, 24). Due to the
fact that NSE is a nonspeciﬁc marker of neurodegeneration, it is also elevated in the
serum and CSF of patients with acute stroke (24), but NSE levels should return to
normal levels with time after a stroke (25).
(iv) S100B. S100B is an astroglial protein. Increased S100B levels, reﬂecting increasing astrocytic activity, have been reported in sCJD cases, with a reported sensitivity of
94% and a speciﬁcity of 85% (22). The sensitivity and speciﬁcity of S100B in vCJD cases
were 78% and 76%, respectively (26). Sensitivities in genetic prion diseases were more
variable, ranging from 20% in FFI and 50% in GSS to 92% in gCJD cases (27).
(v) Alpha-synuclein. The exact reason for increased alpha-synuclein levels in sCJD
is unclear, and some suggest that it is a marker of synaptic damage, while others
suggest increased secretion of alpha-synuclein from sCJD-affected neurons (28). A
chemiluminescence-based ELISA to detect alpha-synuclein has a reported sensitivity of
93 to 98% and a speciﬁcity of 96 to 97% in identifying sCJD (28–30). Good interlaboratory reproducibility has been reported (28). Limitations of CSF alpha-synuclein quantiﬁcation includes potential false positivity in the presence of peripheral blood (28) and
poor performance in FFI and GSS cases (30). Alpha-synuclein testing is not currently
available for clinical diagnostic use in the United States.
(vi) Multianalyte analysis. The results of nonspeciﬁc analytes tend to trend together, but creating a singular interpretation using the results of multiple nonspeciﬁc
analytes has the potential to improve diagnostic accuracy. Bahl et al. found that combined
14-3-3 and t-tau testing produced a speciﬁcity of 96% and a sensitivity of 84% in
differentiating patients with sCJD from those with other neurological conditions. When
combining a low p-tau/t-tau ratio and the presence of 14-3-3, the speciﬁcity was 96%
and the sensitivity was 79%. Combining NSE and t-tau or the p-tau/t-tau ratio increased
the speciﬁcity but decreased the sensitivity (18). Comparing 14-3-3 and t-tau testing,
Hamlin et al. found t-tau to be the better test even if the results of the two tests were
combined (16). In one study, the combination of the presence of 14-3-3 and either
elevated t-tau levels or a low p-tau/t-tau ratio was most accurate for diagnosing sCJD
(18). There is no generally accepted multianalyte panel of nonspeciﬁc markers that is
used in the diagnostic workup of a case of suspected prion disease.
Laboratory testing using prion-speciﬁc assays. Laboratory tests that are speciﬁc
for prion disease identify PrPSc in tissue either by demonstrating the inability of PrPSc
to be degraded by proteolytic enzymes (e.g., proteinase K) or by propagating the
misfolded conformation of PrPSc using PrPC as the reagent substrate.
(i) Real-time quaking-induced conversion. Real-time quaking-induced conversion
(RT-QuIC) is the ﬁrst clinically available assay that speciﬁcally detects prions without
requiring analysis of brain tissue. Because of the test’s high speciﬁcity and because a
lumbar puncture is much easier to perform than a brain biopsy, RT-QuIC has rapidly
been adopted in clinical practice and diagnostic guidelines. This test was ﬁrst offered
clinically in the United States in 2015, and it was added to the CDC’s diagnostic criteria
in 2018.
RT-QuIC is a novel clinical assay that is unlike any other diagnostic test developed
to date. The method leverages the autocatalytic nature of prions to aid in their
detection. An elementary description of the method is as follows. A patient’s specimen
(e.g., CSF) that contains prions is used to seed reaction wells. The reaction wells contain
reagents, including recombinant prion protein and thioﬂavin T (31). The mixture of the
patient specimen and reagents is incubated and periodically shaken over the course of
60 h. During this time, the prion(s) in the original specimen can invoke a conformational
change of the reagent prion protein in vitro, resulting in amyloid formation. The
generation of amyloid during the reaction is identiﬁed by detecting an increase in the
ﬂuorescence of thioﬂavin T, followed by a characteristic decline in ﬂuorescence, which
October 2019 Volume 57 Issue 10 e00769-19
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may be due to self-quenching (32). A characteristic ﬂuorescence-time curve is interpreted as a positive result, which indicates that prions were present in the original
specimen.
Currently, second-generation RT-QuIC is being used in clinical practice. The secondgeneration assay has been optimized by modifying reagents and incubation conditions
(31). Direct comparison of ﬁrst- and second-generation RT-QuIC showed an increase in
sensitivity of 21% and a shortening of detection time of 2 days (33). A 2017 retrospective study of individuals from the United States showed that second-generation CSF
RT-QuIC testing had a sensitivity of 92% and a speciﬁcity of 98.5%. A prospective study
performed by the same group in 2017 showed a sensitivity of 95% and a speciﬁcity of
100% (34). Franceschini et al. reported a sensitivity of 97.2% and a speciﬁcity of 100%
(35). Specimen types other than CSF have been used in research, but CSF is the only
specimen type that is currently used for RT-QuIC diagnostic testing. RT-QuIC may also
be able to differentiate the molecular subtypes of sCJD, but this is not yet used in
clinical diagnostic testing (34, 36).
There are several sample qualities that may affect RT-QuIC test results. Samples
remained stable over time and with repeated freezing and thawing (37). However, high
CSF protein levels or white blood cell counts were found to lead to false-positive
RT-QuIC results (36). Bloody CSF samples also interfere with the RT-QuIC assay, resulting
in potentially false-negative results (34). It is recommended that the CSF sample to be
tested contain fewer than 1,250 erythrocytes per l (37). RT-QuIC’s sensitivity is related
to the type of prion strain that is causing disease, so not all prion diseases can be
detected with high sensitivity (34). Also, very small amounts of prion may go undetected by RT-QuIC, but the validation of enrichment methods could potentially improve
the limit of detection in the future (38).
(ii) Western blotting for PrPSc. Before RT-QuIC testing was available, the only
prion-speciﬁc test for the antemortem diagnosis of prion disease was the use of a brain
biopsy specimen, which was then analyzed for PrPSc by proteinase K treatment and
subsequent Western blotting for prion protein. PrPC is degraded by proteinase K
treatment, but PrPSc remains intact and detectable by blotting. Although the test is
speciﬁc for prion disease, the sensitivity can be low (20 to 60%) due to the spatial
variability of prion deposition within the brain and the associated variability in obtaining a diagnostic specimen during collection. Additionally, identifying prion disease by
brain biopsy creates exposure risks, and most importantly, it rarely changes the
treatment plans (39). Therefore, brain biopsy is generally performed only for pathological characterization of suspected non-prion-related diseases. Although Western blotting is rarely used in antemortem diagnosis of prion disease, it is still commonly
employed during autopsy to conﬁrm the diagnosis and to characterize the molecular
subtype of the prion strain (40).
Nucleic acid sequencing of the PRNP gene. Mutations and variations in the PRNP
gene impact the predilection of an individual to develop prion disease. A common
variant in PRNP is found at codon 129, which can encode methionine or valine. Codon
129 heterozygosity has been found to lower the risk of developing sCJD and some
forms of acquired CJD, and although epidemiologically interesting, codon 129 polymorphism determination does not currently play any role in the diagnostic workup of
a suspected case of prion disease. Full-gene sequencing of PRNP plays an important
role in the identiﬁcation of the etiology of individual cases of prion disease. Some cases
of gCJD are clinically and histopathologically similar enough to sCJD in that differentiation between the two entities cannot be conﬁdently discerned without sequencing
of PRNP. Dozens of variants within PRNP have been identiﬁed and associated with
mutated PrP, which is predisposed to misfolding and the development of gCJD, FFI, or
GSS (9). Sequencing of PRNP of the proband can be performed using peripheral blood
of the patient, or it can be performed on tissue from the decedent during autopsy as
part of the full characterization of the prion disease. As with any genetic test, consultation with a genetic counselor before ordering the test should be considered.
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Nonlaboratory testing. (i) Brain magnetic resonance imaging. Magnetic resonance imaging (MRI) is a helpful diagnostic tool when evaluating possible prion
disease. Classic ﬁndings in sCJD include hyperintensity in both the caudate and
putamen and/or at least two cortical regions (temporal, parietal, or occipital) on
diffusion-weighted imaging (DWI) or ﬂuid-attenuated inversion recovery (FLAIR) sequences (41), while in vCJD, hyperintensity in bilateral posterior thalami on FLAIR
sequences is commonly seen (42). The utility of MRI in genetic prion diseases is more
variable depending on the speciﬁc genetic mutations (Table 1). In many genetic prion
diseases, only nonspeciﬁc ﬁndings such as atrophy are seen.
(ii) Electroencephalogram. Periodic sharp-wave complexes (PSWCs) seen upon
electroencephalogram (EEG) were initially reported to be a typical ﬁnding in sCJD.
However, it has been shown that PSWCs occur only during speciﬁc stages of sCJD and
are of limited use in vCJD and gCJD, which limits their sensitivity (42). Moreover, PSWCs
can also be seen in other neurodegenerative disorders as well as toxic/metabolic
encephalopathies. Limited sensitivity and speciﬁcity as well as the increasing availability
of other reliable testing methods make EEG less useful in diagnosing prion disease, but
EEG remains crucial for ruling out other etiologies (e.g., seizures) of the presenting
disease.
Timing of testing and utility of repeat testing. Through autopsy and surveillance
studies, it is evident that the accuracy of diagnostic test results is impacted by the prion
disease etiology, subtype, and time point of collection within the disease course.
However, these variables are typically unknown in the midst of the diagnostic workup.
Generally, CSF laboratory testing should be performed as soon as prion disease is
suspected, and repeat testing is often not needed.
(i) Laboratory testing. In one study, CSF 14-3-3 levels were highest in cases with
the shortest disease duration and reach maximum concentrations in the CSF midway
through the disease course, followed by decreasing levels (43). Total tau concentrations
in CSF showed a similar peak midway through the illness in another study (44).
However, other studies have shown that total tau, S100B, and NSE increase with disease
progression, with levels affected by codon 129 polymorphism (45). In our experience
(our unpublished data), RT-QuIC sensitivity is mostly stable throughout the symptomatic course of disease, but in rare cases, retesting by RT-QuIC increases the diagnostic
clarity.
CSF biomarkers of neurodegeneration must be interpreted in the context of the
disease subtype, as factors besides disease progression affect results (Tables 1 to 3). The
value of repeated CSF testing is largely unproven in the workup of possible prion
disease, but if the clinical ﬁndings and laboratory ﬁndings are disparate, it is prudent to
repeat testing.
(ii) Nonlaboratory testing. Diffusion restriction abnormalities occur on brain MRI
early in the course of prion disease, but the abnormalities may be overlooked during
routine interpretation (46). It may be useful to have a prion specialist interpret an MRI
in cases of suspected prion disease (46). Diffusion restriction persists throughout the
disease course and may progress to different brain areas over time (47). EEG ﬁndings
change over the course of the disease, with classic PSWCs occurring in the middle to
later stages of the illness, if present at all (48, 49).
CONCLUSION
Diagnosing prion disease can be clinically challenging, and the laboratory can play
an important role in aiding in the diagnosis. Nonspeciﬁc markers of neurodegeneration
that can be found in the CSF had been the mainstay of the diagnostic workup for
decades, but recently, RT-QuIC has been implemented for clinical use, which is the ﬁrst
highly speciﬁc antemortem laboratory test than can be performed without a brain
biopsy. Combining CSF laboratory ﬁndings and MRI ﬁndings is currently the best means
to obtain an antemortem diagnosis of prion disease. Making an early and conﬁdent
diagnosis of prion disease is helpful for infection control purposes and for patient care
decision planning.
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