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Abstract

Prion real-time quaking-induced conversion (RT-QulC) is emerging as the most potent assay for the in vivo diagnosis of
Creutzfeldt—Jakob disease (CJD), but its full application, especially as a screening test, is limited by suboptimal substrate
availability, reagent costs, and incomplete assay standardization. Therefore, the search for the most informative cerebrospinal
fluid (CSF) surrogate biomarker is still of primary importance. We compared the diagnostic accuracy of CSF protein 14-3-3,
measured with both western blot (WB) and enzyme-linked immunosorbent assay (ELISA), total (t)-tau and neurofilament
light chain protein (NfL) alone or in combination with RT-QulC in 212 subjects with rapidly progressive dementia in which
we reached a highly probable clinical diagnosis at follow-up or a definite neuropathological diagnosis. T-tau performed
best as surrogate CSF biomarker for the diagnosis of CJD (91.3% sensitivity and 78.9% specificity). The 14-3-3 ELISA
assay demonstrated a slightly higher diagnostic value compared to the WB analysis (76.9% vs. 72.2%), but both methods
performed worse than the t-tau assay. NfL. was the most sensitive biomarker for all sCJD subtypes (> 95%), including those
with low values of t-tau or 14-3-3, but showed the lowest specificity (43.1%). When ELISA-based biomarkers were adopted
as screening tests followed by RT-QulIC, t-tau correctly excluded a higher number of non-CJD cases compared to NfL and
14-3-3 ELISA. Our study showed that among the CSF surrogate biomarkers of potential application for the clinical diagno-
sis of CJD, t-tau performs best either alone or as screening test followed by RT-QulC as a second-level confirmatory test.
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Introduction

Prion diseases encompass four major phenotypic entities,
namely, Creutzfeldt—Jakob disease (CJD), Gerstmann—Striu-
ssler—Scheinker disease (GSS), fatal insomnia, and variably
protease-sensitive prionopathy (VPSPr) [1]. CJD, by far the
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Over the past two decades, cerebrospinal fluid (CSF) sur-
rogate markers for neuronal damage, such as proteins 14-3-3
and total-tau (t-tau), and magnetic resonance imaging (MRI)
with higher resolution, have significantly contributed to
improving CJD clinical recognition. Nevertheless, the diag-
nostic accuracy of these investigations remains suboptimal
[6-10].

More recently, CSF prion real-time quaking-induced con-
version (RT-QulC) demonstrated a higher diagnostic value
given the virtually full specificity (99-100%) combined with
a good to optimal (80-96%) sensitivity [9-14]. However,
the strict dependence on both availability and batch to batch
performance of the recombinant prion protein used in the
test, along with its relatively high cost, still represents a limit
to the use of RT-QuIC as a routine diagnostic test in many
laboratories as well as its application as a screening test to a
broader patient population.

As a consequence, the search for the best performing
surrogate biomarkers to be used as a screening test is still
of importance for reference laboratories worldwide. In this
regard, recent studies tested the value of an enzyme-linked
immunosorbent assay (ELISA)-based detection of the
gamma isoform of protein 14-3-3 in comparison to western
blot (WB) [15, 16] and investigated the neurofilament light
chain protein (NfL) as a novel marker [17-20] providing
promising results. However, neither NfL nor 14-3-3 ELISA
has yet been studied and compared to other CSF assays in a
cohort of patients with RPDs in which a highly probable or
definite diagnosis was reached at follow-up or post-mortem,
respectively.

Here, we compared for the first time the diagnostic value
of CSF 14-3-3 WB, 14-3-3 ELISA, t-tau and NfL when
tested alone or in combination with RT-QulC in a large
patient series with RPD. Furthermore, we explored the accu-
racy of CSF assays in the diagnosis of prion disease accord-
ing to molecular subtypes and different clinical scenarios.

Methods
Inclusion criteria

We retrospectively studied patients affected by a rapidly
progressive neurological syndrome which prompted the
inclusion of CJD in the differential diagnosis at the time of
lumbar puncture. All cases were submitted to the Neuro-
pathology Laboratory at the Institute of Neurological Sci-
ences of Bologna (Italy). Only cases with a highly probable
clinical diagnosis of non-CJD at follow-up or with a defi-
nite neuropathological diagnosis (either CJD or non-CID),
and with a CSF sample of sufficient volume to complete the
ELISA-based assays were selected. The screening of our
database yielded a total of 212 cases, including 103 CJD and

109 non-CJD subjects, well representative of the three main
definite etiologies of RPD reported in the literature, namely
CJD, inflammatory and non-prion neurodegenerative disor-
ders [21-23]. To exclude any potential selection bias due to
CSF unavailability in the older samples, we also analyzed
the results in a group of 127 consecutive and unselected
cases with a neuropathological or clinical diagnosis (either
CJD or non-CJD), which were submitted to our laboratory
between January 2011 and December 2018 (65 CJD and 62
non-CJD).

The study was conducted according to the revised Dec-
laration of Helsinki and Good Clinical Practice guidelines
and approved by the “Area Vasta Emilia Centro” ethics com-
mittee. Informed consent was given by study participants or
the next of kin.

All clinical data, including follow-up information, were
acquired for each patient. When available, the results of EEG
recordings and brain MRI studies, inclusive of fluid-attenu-
ated inversion recovery (FLAIR) and/or diffusion-weighted
(DW) sequences, were also obtained.

Molecular analysis of the PRNP gene was carried out in
all subjects, as previously described [24]. Moreover, PrPSc
typing and histotype classification were performed in all
pathologically confirmed (i.e., definite) CJD cases according
to established methodologies and consensus criteria [4, 9].

CSF biochemical analysis

CSF samples were obtained by lumbar puncture (LP) at
the L3/L4 or L4/L5 level following a standard procedure,
centrifuged in case of blood contamination, divided into
aliquots and stored in polypropylene tubes at —80 °C until
analysis. Protein 14-3-3 detection by WB was performed as
previously described [9]. The 14-3-3 gamma isoform was
measured using a commercially available ELISA assay kit
(Circulex 14-3-3 gamma ELISA kit, MBL, Woburn, MA)
according to the manufacturer’s instructions. CSF t-tau
and NfL levels were analyzed as previously described [18].
PrPSc seeding activity was detected by RT-QulC using
full-length (first generation assay or PQ-CSF) or truncated
(second generation assay or IQ-CSF) hamster recombinant
prion protein as a substrate, as previously described [9, 14].

14-3-3 WB and ELISA, t-tau, NfL and PQ-CSF were per-
formed in all subjects, whereas IQ-CSF data were available
for 78 CJD and 53 non-CJD cases [14]. The effects of pre-
and analytical variables were also explored (supplementary
methods).

Patient classification
Patients with prion disease were classified into diagnostic

categories according to the new European criteria for CJID
and related disorders [25]. Specifically, the group of prion
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disease (simplified as “CJD group”) consisted of 83 definite
cases (80 sporadic CJD [sCJD], 2 genetic CID, 1 VPSPr)
and 20 cases carrying a pathogenic PRNP mutation. Prob-
able sCJD cases were excluded from the study due to poten-
tial sampling bias.

The “non-CJD” group included: (1) patients in whom
post-mortem examination excluded a prion disease (n=33);
(2) those showing a clinical evolution incompatible with a
prion disease (e.g., improvement or stabilization at follow-
up) (n=7); and (3) those with an alternative definite clini-
cal diagnosis that was strongly supported by neuroradio-
logical and/or laboratory findings (n=69) (Supplementary
methods).

To focus on the problematic scenarios which still occur
in clinical practice, we also compared the accuracy of each
ELISA-based surrogate biomarker in cases with conflicting
results at PQ-CSF and brain MRI (14 CJD and 13 non-CJD
cases with negative PQ-CSF and positive brain MRI, 20 CJD
cases with positive PQ-CSF and negative brain MRI results).

Statistical analyses

Statistical analysis was performed using IBM SPSS Statis-
tics version 21 (IBM, Armonk, NY, USA). The sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) and accuracy of each diagnostic
investigation were obtained. Receiver operating charac-
teristic (ROC) analyses were performed to establish the
sensitivity, specificity and cut-off value of 14-3-3 ELISA,
t-tau and NfL assays. The optimal cut-off value for each
biomarker was chosen using the maximized Youden index.
Based on the distribution of values, data were expressed as
mean =+ standard deviation (SD) or median and interquartile
range (IQR). For continuous variables, the Mann—Whitney
U test or the ¢ test was used to test differences between two
groups, while the Chi-square test was adopted for categorical
variables. Differences were considered statistically signifi-
cant at p<0.05.

Results

Demographics and results of RT-QuIC, brain MRI
and EEG in the diagnostic groups

There were no differences regarding age, sex and disease
duration between CJD and non-CJD cases (Table 1). In line
with our previous studies [9, 14], PQ-CSF demonstrated an
overall sensitivity of 82.5%, even though with lower values
in the rarest subtypes (MV2K, MM2C and MM2T) than
in the most common ones (MM(V)1 and VV2) (Table 1).
Moreover, IQ-CSF demonstrated a higher diagnostic per-
formance than PQ-CSF, reaching a 97.4% overall sensitivity
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and a full sensitivity for all definite SCJD subtypes (100%)
except for the MM(V)1 group (Table 1). There were only
two confirmed sCJD MMI cases that tested negative with
both PQ-CSF and 1Q-CSF, although both showed a posi-
tive brain MRI. In the present cohort, both PQ-CSF and
1Q-CSF gave no false-positive results among non-CJD sub-
jects. More details about EEG and brain MRI findings are
provided in the supplementary results.

Diagnostic accuracy of CSF surrogate biomarkers
alone and in combination with RT-QuIC

At the cutoff value of 1147 pg/ml, t-tau yielded the highest
diagnostic value among the tested assays in terms of both
sensitivity (91.3%) and specificity (78.9%) (Table 2).

The comparison of 14-3-3 measurement by ELISA and
WB demonstrated that the former approach performed
slightly better (Table 2). At the cut-off value of 23,400 AU/
ml, the 14-3-3 positivity by ELISA matched the WB-positive
results (91.5%. 108/118 of cases), but also correctly classi-
fied as positive 45.5% (10/22) of CJD cases that showed only
a weakly positive or negative result by WB, while it only
misclassified 5.6% (4/72) of the non-CJD cases that were
correctly recognized as negative by WB.

At the cutoff point of 1847 pg/ml, NfL showed a higher
sensitivity (97.1%) but a lower specificity (43.1%) than the
other surrogate biomarkers (Table 2).

Other possible decision points for ELISA-based biomark-
ers with the respective statistics are shown in Supplementary
Table 1.

We then built three clinically adapted algorithms in which
we compared 14-3-3 ELISA, t-tau or NfL as fast first-step
screening tests, followed by the RT-QulC assay (IQ-CSF
or PQ-CSF) as a second-step investigation. The results
(Fig. 1 and Supplementary Fig. 1) showed that, at cut-off
values favoring sensitivity over specificity (14-3-3 ELISA:
11,050 AU/ml; t-tau: 757 pg/ml; NfL: 1847 pg/ml), which
is imposed by the need to select the vast majority of CJID
cases during the pre-screening, t-tau maintained a higher
specificity than NfL or 14-3-3 ELISA. The same findings
were confirmed when the Youden Index calculated cut-offs
were adopted (supplementary results).

The data regarding the performance of CSF surrogate
biomarkers according to prion disease molecular subtypes
and non-CJD etiologies are shown in Supplementary results.

Comparison of the accuracy of diagnostic
investigations in different clinical scenarios

Detailed sensitivity and specificity for each surrogate bio-
marker and other diagnostic investigations are reported in
Table 3. In the consecutive case cohort (2011-2018), we
confirmed the results obtained in the overall cohort. As
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Table 1 Demographic data and results of RT-QuIC, brain MRI and EEG in the diagnostic groups

Subtype N Age atLP Female  Disease duration at RT-QuIC DW/FLAIR MRI°  EEG PSWC!
(years£SD) (%) death or last follow-up " o Positive/ Positive/tested (%)
(months + SD) PQ'.C.SF IQ',C,SF tested (%)
Positive/ Positive/
tested (%) tested (%)
All CJD 103 66.3+99 57.3 11.4+9.3 85/103 76/78 58/82 (70.7) 39/92 (42.4)
(82.5) 97.4)
Sporadic CJD 80  68.0+9.1 55.0 9.5+9.1 66/80 60/62 48/65 (73.8) 30/72 (41.7)
(82.5) (96.8)
MM(V)1 39 68.4+92 48.7 4.8+2.6 32/39 22/24 22/32 25/33
(82.1) 91.7) (68.8) (75.8)
VV2 19 69.2+10.0 57.9 6.5+2.1 18/19 (94.7) 18/18 13/15 1/18
(100) (86.7) (5.6)
MV2K 16  66.2+8.8 68.7 13.7+12.9 12/16 (75.0) 16/16 9/12 2/15
(100) (75.0) (13.3)
MM2C 4 68.7+5.4 75.0 22.0+13.6 3/4 (75.0) 2/2 (100)  3/4(75.0) 2/4 (50.0)
MM2T 1 57 0 21 0/1 (0) 171 (100)  0/1 (0) 0/1 (0)
VVi 1 64 0 13.5 1/1 (100) 1/1 (100)  1/1 (100) 0/1 (0)
VPSPr 1 72 100 34 0/1 (0) 1/1 (100)  0/1 (0) 0/1 (0)
GeneticCJD 22 59.7+10.1 63.6 124+11.6 19/22 (86.4) 15/15 10/16 (62.5) 9/19 (47.4)
(100)
E200K 11 57.4+10.7 54.5 124+11.2 11/11 (100)  9/9 4/9 (44.4) 5/11 (45.5)
(100)
V210I 8 64.4+9.1 62.5 35+34 8/8 (100) 3/3(100)  3/4 (75.0) 4/6 (66.7)
DI178N 1 49 100 59 0/1 (0) 1/1 (100)  1/1 (100) 0/1 (0)
R208H 1 65 100 7 11/11 (100)  1/1 (100)  1/1 (100) 0/1 (0)
E219G 1 52 100 25 0/1 (0) 1/1 (100)  1/1 (100) NA
Non-CJD 109 67.1+134 53.2 15.7+14.0 0/109 (0) 0/53 (0) 13/75 (17.3) 17/88 (19.3)

CJD Creutzfeldt-Jakob disease, EEG electroencephalogram, DW/FLAIR MRI diffusion-weighted/flair attenuated inversion recovery magnetic
resonance imaging, /Q-CSF second-generation RT-QulC, LP lumbar puncture, N number, NA not available, PQ-CSF first generation RT-QulC,
PSWC periodic sharp-wave complexes, RT-QulC real-time quaking-induced conversion, sCJD sporadic Creutzfeldt—Jakob disease, VPSPr vari-
ably protease-sensitive prionopathy

#sCID vs genetic CID p=0.666; MM(V)1 vs VV2 p=0.252; MM(V)1 vs MV2K p=0.401; VV2 vs MV2K p=0.156; CJD E200K vs V210I
p=1.000. °sCJD vs genetic CJD p=0.646; MM(V)1 vs VV2 p=0.498; MM(V)1 vs MV2K p=0.508; VV2 vs MV2K p=1.000; CJD E200K
vs V210I p=1.000. °sCID vs genetic CID p=0.371; MM(V)1 vs VV2 p=0.288; MM(V)1 vs MV2K p=0.496; VV2 vs MV2K p=0.628;
CJD E200K vs V210I p=0.559. 9CID vs genetic CID p=0.795; MM(V)1 vs VV2 p<0.001; MM(V)1 vs MV2K p<0.001; VV2 vs MV2K
p=0.579; CID E200K vs V2101 p=0.620

Table 2 Comparison of
accuracy of surrogate

biomarkers in the diagnosis of

CID

CID Non-CJD Sensitivity ~ Specificity PPV NPV  Accuracy
Positive/tested  Positive/tested (%) (%) (%)
14-3-3 WB 81/103 37/109 78.6 66.1 68.6 76.6 722
14-3-3 ELISA  88/103 34/109 85.4 68.8 72.1 833 769
t-tau 94/103 23/109 91.3 78.9 80.3 90.5 849
NfL 100/103 62/109 97.1 43.1 61.7 94 69.3

CJD Creutzfeldt-Jakob disease, ELISA enzyme-linked immunosorbent assay, NfL neurofilament light chain
protein, NPV negative predictive value, PPV positive predictive value, t-fau total tau protein, WB western

blot

expected, RT-QulC (in particular IQ-CSF) was the best diag-
nostic investigation overall, whereas among surrogate bio-
markers t-tau showed the higher diagnostic value in terms of
both sensitivity and specificity, although NfL remained the
most sensitive surrogate biomarker. In cases with positive

MRI and negative PQ-CSF, once again, t-tau yielded the best
accuracy in terms of both sensitivity (85.7%) and specificity
(61.5%). At variance, in subjects with a negative MRI and a
positive PQ-CSF, only NfL demonstrated 100% sensitivity
and 100% specificity.

@ Springer



Journal of Neurology (2019) 266:3136-3143

3140
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Non-CJD 14-3-3 + 1Q-CSF: Sens 93.6% Spec 100%

b t-tau: Sens 96.2% Spec 54.7% N=73
ClD
| N=73
Positive
N=0
N=75 Non-CJD
N=99 cID N=99
— t-tau > 757 tested for |—
pg/ml N=24 1Q-CSF
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N=24
N=3 Non-CID
N=32 CID
—1 t-tau<757
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Non-CJD t-tau + IQ-CSF: Sens 93.6% Spec 100%

9 NfL: Sens 97.4% Spec 32.1% N=74
CJD
| N=74
Positive
N=0
N=76 Non-CJD
N=112 cID N=112
— NfL > 1847 tested for |—
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N=131 || N=38 d
tested for NfL Negative
N=36
N=2 Non-CID
N=19 cID
—{ NfL < 1847
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Fig. 1 Diagnostic algorithms based on CSF surrogate biomarkers Jakob disease, ELISA enzyme-linked immunosorbent assay, /Q-CSF
followed by 1Q-CSF. 14-3-3 ELISA (a), t-tau (b) or NfL (c¢) screen- second-generation RT-QulIC, NfL neurofilament light chain protein,
ing and confirmatory test by means of IQ-CSF. CJD Creutzfeldt— Sens sensitivity, Spec specificity, ¢-tau total tau protein
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Table 3 Accuracies of diagnostic investigations in a prospective cohort and in difficult clinical scenarios
Clinical N 14-3-3WB 14-3-3 t-tau NfL RT-QuIC DW/FLAIR EEG PSWC
scenario Positive/ ELISA Positive/ Positive/ MRI Positive/tested
tested Positive/ tested tested PQ',(?SF IQ'CSF Positive/ (sens or spec
(sens or spec  tested (sens or spec  (sens or spec Positive/ Positive/ tested %)
%) (sens or spec %) %) tested tested (sens or
%) (sens or spec  (sens or spec spec)
%) %)
Prospective 65 51/65(78.4) 54/65(83.1) 58/65(89.2) 63/65(96.9) 53/65(81.5) 50/52(96.2) 42/55(76.4) 26/58 (44.8)
CIJD cohort
Prospective 62 19/62 (69.4)  18/62 (71) 13/62 (79) 32/62 (48.4) 0/62 (100) 0/24 (100) 8/46 (82.6) 9/53 (83)
non-CJD
cohort
N 14-3-3 WB 14-3-3 ELISA t-tau NfL
Positive/tested Positive/tested Positive/tested Positive/tested

(sens or spec %) (sens or spec %) (sens or spec %) (sens or spec %)

Difficult clinical scenarios

Positive MRIand 14 CJD 8/14 (57.1) 10/14 (71.4) 12/14 (85.7) 12/14 (85.7)
negative PQ-CSF 13 Non-CJD 9/13 (30.8) 8/13 (38.5) 5/13 (61.5) 11/13 (15.4)

Negative MRI and 20 CJD 18/20 (90.0) 18/20 (90.0) 1720 (85) 20/20 (100)
positive PQ-CSF 9 Non-CJD 0 (100) 0 (100) 0 (100) 0 (100)

CJD Creutzfeldt-Jakob disease, EEG electroencephalogram, ELISA enzyme-linked immunosorbent assay, DW/FLAIR MRI diffusion-weighted/
flair attenuated inversion recovery magnetic resonance imaging, /Q-CSF second-generation RT-QulC, N number, NfL neurofilament light chain
protein, PQ-CSF first generation RT-QulC, PSWC periodic sharp-wave complexes, RT-QulC real-time quaking-induced conversion, sens sensi-

tivity, spec specificity, ¢-tau total tau protein, WB western blot

Discussion

Prion RT-QuIC, especially the improved second-generation
assay (IQ-CSF), is emerging as the most powerful test for the
in vivo diagnosis of CJD, given its virtually full specificity
and relatively high sensitivity [9-14]. However, a limited
number of laboratories currently perform this test, and most
of them rely on the external supply of the recombinant prion
protein substrate, which is a significant limit to its applica-
tion on a larger scale. Moreover, only the interlaboratory
reproducibility of PQ-CSF using a single source and batch
of substrate assay has been tested to date [26], while no data
are available for IQ-CSF and the use of different batches or
sources of recombinant prion protein. Altogether, all these
factors justify continuing the use of CSF surrogate markers
in the diagnostic assessment of RPDs.

In the present study, we compared the diagnostic value
of established and emerging surrogate CSF biomarkers in a
large cohort of RPDs, well representative of the heteroge-
neous patient population that is submitted to CJD reference
laboratories worldwide. Notably, we investigated for the first
time the accuracy of CSF NfL in a large cohort of RPD cases
with a definite or highly probable diagnosis.

The results confirmed that t-tau is the most accurate sur-
rogate CSF biomarker for the diagnosis of CJD in terms of
both sensitivity and specificity [8, 9, 13, 27, 28], a finding
which we also reproduced in a prospective cohort. Given

that previous comparison between t-tau and 14-3-3 perfor-
mance used WB data for 14-3-3, we extended the analysis
to the 14-3-3 ELISA assay. In comparison to western blot,
ELISA demonstrated a slightly higher diagnostic accuracy,
which is in addition to the advantage of the quantitation
over the densitometric semiquantitative assessment. How-
ever, even the 14-3-3 ELISA showed a lower accuracy than
the t-tau assay. Thus, the inclusion of 14-3-3 as the only
surrogate CSF biomarker in current diagnostic criteria for
probable CJID is unjustified [25]. Indeed, t-tau should be
recommended over 14-3-3 or at least both t-tau and 14-3-3
be included. The lower performance of the 14-3-3 ELISA
in the present cohort in comparison to previous studies [15,
16] is primarily explained by the inclusion in the latters of
a relatively high percentage of typical CJD (MM(V)1 sub-
type) and non-CJD cases of neurodegenerative etiologies,
which are notoriously associated with positive and negative
14-3-3 results, respectively. At variance, we analyzed the
whole spectrum of CJD subtypes, as well as many patients
with non-CJD RPDs etiologies that often test positive at the
14-3-3 assay (e.g., encephalitis/paraneoplastic syndromes
and CNS malignancy).

NfL is an emerging surrogate biomarker of neurode-
generation [29]. While the CSF concentration of both t-tau
and NfL biomarkers positively correlate with the extent of
neuronal degeneration in a given period, NfL levels seem
also significantly influenced by the degree of subcortical
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pathology (i.e., deep nuclei, brainstem and cerebellum) [18].
The latter feature may be one of the reasons of the very high
sensitivity of NfL for the sCJD subtypes, including those
which typically show low values of t-tau and negative pro-
tein 14-3-3 (e.g., sCID MV2K, MM2C and gCJD E200K).
Unfortunately, the low specificity of NfL significantly limits
its role as an isolated test in the differential diagnosis of
RPDs. Nevertheless, according to the present study, NfL
may represent an alternative to t-tau as first-step assay for
suspected CJD cases in the early phase of symptoms, when
followed by specific tests such as RT-QulC. Moreover, given
the high NPV, a low concentration of CSF NfL in a patient
with RPD would exclude with very high certainty the diag-
nosis of prion disease and induce the clinicians to consider
other etiologies and the introduction of an ex-adiuvantibus
therapy. Since current ultrasensitive immunoassay platforms
also allow to reliably measure NfL levels in blood, with a
good correlation with the concentration of the analyte in the
CSF [17, 30], blood NfL. may also provide a minimally inva-
sive screening assay to estimate the degree of neural tissue
damage with relatively low cost and a possible application
to a broader population.

The inclusion of several etiologies of non-CJD RPDs,
including a significant proportion of non-neurodegenera-
tive cases, reflects our long-lasting experience as reference
laboratory for the diagnosis of prion disease and represents
another strength of our study [8, 15, 16, 18-20]. This choice
probably affected the specificity of surrogate biomarkers,
especially that of NfL and 14-3-3, but added more clinical
reliability to the results.

One possible limit, instead, concerns the lack of brain
MRI data, especially of DW/FLAIR sequences, in a signifi-
cant proportion of cases, which may partially explain the
apparent lower accuracy of brain MRI in our cohort in com-
parison with previous studies [6, 10]. Two additional factors
may also have contributed to the relatively high number of
false positive MRIs in our case series: (1) the inclusion of
a few cases in which the suspicion of CJID was raised by
the MRI findings despite the unspecific clinical picture, a
scenario which has become more frequent in recent years
because of the improved sensitivity of DW/FLAIR tech-
niques and the higher awareness among neuroradiologists
of CJD being associated with signal hyperintensities, and (2)
the fact that, at variance with Zerr et al. [6], we did not revise
the MRI scans, but relied on the actual reports from the local
neuroradiologist, which might have increased the chance of
false-positive findings due to limited operator experience
with a rare disease such as CJD.

In conclusion, based on the present and previous studies,
we recommend the use of CSF t-tau assay for those labora-
tories dealing with RPDs not performing RT-QuIC or still
considering it a second-level confirmatory test due to rela-
tively high costs or limited substrate availability. The single
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RT-QulIC assay would, instead, represent the best choice in
laboratories in which the substrate for PQ-CSF or 1Q-CSF
is largely available and has been positively tested for high
reproducibility.
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