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Abstract

BACKGROUND—Definite diagnosis of sporadic Creutzfeldt—Jakob disease in living patients
remains a challenge. A test that detects the specific marker for Creutzfeldt-Jakob disease, the
prion protein (PrPSIP), by means of real-time quaking-induced conversion (RT-QuIC) testing of
cerebrospinal fluid has a sensitivity of 80 to 90% for the diagnosis of sporadic Creutzfeldt—Jakob
disease. We have assessed the accuracy of RT-QuIC analysis of nasal brushings from olfactory
epithelium in diagnosing sporadic Creutzfeldt— Jakob disease in living patients.

METHODS—We collected olfactory epithelium brushings and cerebrospinal fluid samples from
patients with and patients without sporadic Creutzfeldt—-Jakob disease and tested them using RT-
QuIC, an ultrasensitive, multiwell plate—based fluorescence assay involving PrP¢IP-seeded
polymerization of recombinant PrP into amyloid fibrils.

RESULTS—The RT-QuIC assays seeded with nasal brushings were positive in 30 of 31 patients
with Creutzfeldt—Jakob disease (15 of 15 with definite sporadic Creutzfeldt—Jakob disease, 13 of
14 with probable sporadic Creutzfeldt-Jakob disease, and 2 of 2 with inherited Creutzfeldt-Jakob
disease) but were negative in 43 of 43 patients without Creutzfeldt—Jakob disease, indicating a
sensitivity of 97% (95% confidence interval [Cl], 82 to 100) and specificity of 100% (95% CI, 90
to 100) for the detection of Creutzfeldt-Jakob disease. By comparison, testing of cerebrospinal
fluid samples from the same group of patients had a sensitivity of 77% (95% CI, 57 to 89) and a
specificity of 100% (95% CI, 90 to 100). Nasal brushings elicited stronger and faster RT-QuIC
responses than cerebrospinal fluid (P<0.001 for the between-group comparison of strength of
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response). Individual brushings contained approximately 10° to 107 prion seeds, at concentrations
several logsyg greater than in cerebrospinal fluid.

CONCLUSIONS—In this preliminary study, RT-QuIC testing of olfactory epithelium samples
obtained from nasal brushings was accurate in diagnosing Creutzfeldt-Jakob disease and indicated
substantial prion seeding activity lining the nasal vault. (Funded by the Intramural Research
Program of the National Institute of Allergy and Infectious Diseases and others.)

Prion diseases, or transmissible spongiform encephalopathies, are fatal neurodegenerative
disorders in humans and animals.12 Prion diseases include Creutzfeldt— Jakob disease, the
Gerstmann-Straussler—Scheinker syndrome, and fatal familial insomnia in humans. The
most common form of human prion disease is sporadic Creutzfeldt—Jakob disease, with an
incidence of approximately 1 case per million persons per year worldwide.® Sporadic
Creutzfeldt-Jakob disease is clinically heterogeneous and includes forms characterized by
psychotic symptoms, depression, and behavioral and personality changes.*° Possible or
probable sporadic Creutzfeldt—Jakob disease is defined on the basis of clinical features, as
well as periodic sharp and slow wave complexes on electroencephalograms, a positive
14-3-3 protein assay of cerebrospinal fluid samples, and altered signals on brain magnetic
resonance images (MRI).® Definite diagnosis of sporadic Creutzfeldt-Jakob disease requires
neuropathological or immunochemical detection of the prion protein (PrPCIP) in brain
tissue.” The heterogeneity of sporadic Creutzfeldt-Jakob disease phenotypes is influenced
by the methionine (M)-valine (V) polymorphism at codon 129 of the prion protein gene
(PRNP)8 and the glycoform type (1 or 2) of PrPCIP. prPCID arises through the post-
translational conformational conversion of the normal endogenous PrP (PrPC or PrPSen) and
accumulates preferentially in nervous tissue. PrPSID is also the main component of the
infectious Creutzfeldt— Jakob disease agent (prion)12:2-13 and propagates itself by seeding
or templating the assembly of PrPC into misfolded multimers that can take the form of
amyloid fibrils.2:10.11,13-15

Although PrPCIP s the only specific marker for Creutzfeldt-Jakob disease, it has been
difficult to identify a PrPCID assay and a procedure for obtaining a tissue specimen that
together are sufficiently sensitive, noninvasive, and practical for use in living patients.
Recently, testing of cerebrospinal fluid with a new in vitro PrP<IP amplification technology,
designated real-time quaking-induced conversion (RT-QulC), has shown considerable
promise as a highly specific diagnostic test for sporadic Creutzfeldt-Jakob disease.16:17 In
the RT-QuIC assay, recombinant prion protein (rPrPSe") is mixed, or seeded, with a small
amount of PrPCID | resulting in the formation of amyloid fibrils that are detected by
thioflavin T (ThT) fluorescence.1”:18 This quantitative assay detects seeding activity in brain
homogenate from humans with sporadic Creutzfeldt-Jakob disease that is diluted by a factor
of more than 1081819 Sych diluted samples contain femtogram levels of protease-resistant
PrPCID. Applications of RT-QuIC to panels of cerebrospinal fluid samples from patients
with and patients without sporadic Creutzfeldt—Jakob disease have shown sensitivities for
the detection of sporadic Creutzfeldt—Jakob disease (percent positive of the total number of
patients with the disease) of 80 to 90% and specificities (percent negative of total number of
controls without the disease) of 99 to 100%.16:17 These studies suggest that RT-QuIC can
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achieve greater diagnostic performance than tests for surrogate markers of sporadic
Creutzfeldt-Jakob disease in the cerebrospinal fluid.

Because RT-QuIC analysis of cerebrospinal fluid failed to identify 10 to 20% of patients
with sporadic Creutzfeldt-Jakob disease, we sought to improve the sensitivity and
practicality of diagnostic testing by applying the RT-QuIC technology to olfactory
epithelium samples. PrPSIP accumulates in the olfactory epithelium of patients with
sporadic Creutzfeldt-Jakob disease, which suggests that analyses of olfactory mucosa—
biopsy specimens might be diagnostic for patients with sporadic Creutzfeldt—Jakob
disease.20-21 However, only small, discrete units of tissue are obtained in olfactory mucosa
biopsies, and, given the fact that the olfactory epithelium in the nasal vault is interspersed
with PrPCIP-negative respiratory mucosa, 20 analyses of olfactory mucosa for markers of
Creutzfeldt-Jakob disease might provide false negative results if the biopsy misses the
olfactory epithelium. In addition, surgical complications such as bleeding, infections, or
traumatic injury can occur. Here we describe a much safer and less invasive nasal-brushing
procedure that allows a gentle collection of olfactory mucosa from a wide surface area of
olfactory epithelium. In this study, we assessed how well RT-QulC analysis of olfactory
mucosa brushings could discriminate patients with sporadic Creutzfeldt— Jakob disease from
controls who did not have the disease.

METHODS
PATIENTS WITH CREUTZFELDT-JAKOB DISEASE AND CONTROLS

We used a variety of tests (Table 1) to classify 31 patients with rapidly progressive dementia
who were referred to our institutions by their treating physicians from various regions of
Italy because of possible or probable Creutzfeldt—Jakob disease. Two of the patients were
subsequently found to have inherited Creutzfeldt—Jakob disease resulting from E200K
PRNP mutations. At the time of referral and during follow-up, all the patients were
classified according to updated clinical diagnostic criteria.? Olfactory mucosa controls
included 12 patients with other neurodegenerative disorders such as Alzheimer’s disease or
Parkinson’s disease (8 women and 4 men; mean [£SD] age, 70.8+8.8 years; range, 48 to 82)
and 31 persons without neurologic disorders (11 women and 20 men; mean age, 52.1+15.0
years; range, 24 to 81), who were, in most cases, referred to the ear, nose, and throat clinic
for other purposes (Table 2).

STUDY OVERSIGHT

The study was approved by the ethics committee at Istituto Superiore di Sanita (Italy), which
is recognized by the Office for Human Research Protections of the U.S. Department of
Health and Human Services. Informed consent for participation in research was obtained in
accordance with the Declaration of Helsinki and the Additional Protocol to the Convention
on Human Rights and Biomedicine, concerning Biomedical Research. All the sampling of
olfactory mucosa was performed after written informed consent was obtained from each
patient or the patient’s representative. The analyses of human specimens that were
performed at the National Institute of Allergy and Infectious Diseases were performed under
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Exemption 11517 for the use of encoded samples from the National Institutes of Health
Office of Human Subjects Research Protections.
BRAIN TISSUE

Brain-tissue specimens were obtained at autopsy from 15 patients with sporadic Creutzfeldt—
Jakob disease and were processed for neuropathological examination and biochemical
analyses. Control brain samples were provided by the National Institute for Biological
Standards and Control, United Kingdom. Brain homogenate samples, 10% (weight:volume),
were prepared?? and serially diluted in 0.1% sodium dodecyl sulfate (SDS) in phosphate-
buffered saline (PBS) containing 1x N2 medium supplement (GIBCO) (SDS-PBS-N2)
before RT-QuIC analysis.

OLFACTORY MUCOSA AND CEREBROSPINAL FLUID SAMPLES

Olfactory mucosa or cerebrospinal fluid samples (>0.5 ml) were obtained from the patients
with possible or probable Creutzfeldt-Jakob disease at the time of sampling, as well as from
the patients with other neurologic disorders, including probable Alzheimer’s disease?3 (5
olfactory mucosa and 13 cerebrospinal fluid samples), probable Parkinson’s disease?* (4
olfactory mucosa and 4 cerebrospinal fluid samples), probable progressive supranuclear
palsy (1 olfactory mucosa and 1 cerebrospinal fluid sample), definite progressive
supranuclear palsy 25 (1 olfactory mucosa and 1 cerebrospinal fluid sample), and
paraneoplastic limbic encephalitis (1 olfactory mucosa and 1 cerebrospinal fluid sample)
(Table 2). In five of these patients with other neurologic disorders, both olfactory mucosa
and cerebrospinal fluid samples were obtained. Additional olfactory mucosa control samples
were obtained from the 31 persons without neurologic disorders who had been admitted to
the ear, nose, and throat clinic for other purposes. Cerebrospinal fluid control samples were
purchased from Innovative Research or obtained from the Neuropathology Laboratory at
Verona University Hospital. Two separate cerebrospinal fluid samples were obtained from 4
of the patients with Creutzfeldt—Jakob disease. All cerebrospinal fluid and olfactory mucosa
samples were stored at —80°C from a time shortly after harvest until use in this assay.

PREPARATION OF OLFACTORY MUCOSA SAMPLES

Patients were not sedated when the olfactory mucosa samples were obtained. After
administration of a local vasoconstrictor (1% epinephrine) with the use of a nasal tampon, a
rigid fiberoptic rhinoscope, enveloped with a disposable sheath (Slide-On EndoSheath
System, Medtronic Xomed) to prevent contamination, was inserted into the nasal cavity of
the patient to locate the olfactory mucosa lining the nasal vault (Fig. S1A in the
Supplementary Appendix, available with the full text of this article at NEJM.org). A sterile,
disposable brush (Kito-Brush, Kaltek or Hobbs Medical) was then inserted alongside the
fibroscope, gently rolled on the mucosal surface, withdrawn, and immersed in saline
solution in a 15-ml conical centrifuge tube. Cellular material was dissociated from the brush
by means of vortexing. The brush was withdrawn, and particulate matter was pelleted for 20
minutes at 2000xg at 4°C and frozen at —80°C. The olfactory mucosa pellet samples were
thawed and centrifuged for 10 minutes at 3220xg at 4°C. The residual supernatant was
removed, and a disposable inoculating loop (Fisherbrand) was dipped into the pellet to

N Engl J Med. Author manuscript; available in PMC 2015 February 07.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Orru et al. Page 5

transfer approximately 1 to 2 pl of the pellet into a tube containing 25 ul PBS. The latter
tube was sonicated until the pellet was dispersed and further diluted, as specified, in SDS-
PBS-N2.

RT-QUIC ANALYSIS

For spiking experiments, 2 ul of brain homogenate dilutions in SDS-PBS-N2 were added to
48 ul of olfactory mucosa pellet after the latter had been diluted, as described above, in
SDS- PBS-N2. RT-QuIC reactions were performed as described previously8 with 2 pl of
the spiked olfactory mucosa dilution as a seed and full-length hamster PrP residues 23 to
231 as the rPrPSeN substrate. The total reaction volume was 100 pl. For analysis of
endogenous seeding activities, 2 pl of diluted olfactory mucosa or brain homogenate or 20 pl
of undiluted cerebrospinal fluid was used to seed the reactions. RT-QuIC reactions were
subjected to cycles of shaking and rest at 42°C for 55 to 90 hours as described previously.18
The criteria for discriminating positive versus negative RT-QuIC tests of cerebrospinal fluid
and olfactory mucosa samples are explained in the Methods section in the Supplementary
Appendix.

STATISTICAL ANALYSIS

Statistical comparisons of mean relative ThT fluorescence responses in samples from
patients with and patients without Creutzfeldt—Jakob disease were performed with unpaired
t-tests. Calculations of 95% confidence intervals for sensitivities and specificities were
performed with the use of the Wilson procedure.26

RESULTS

RT-QUIC ANALYSIS OF OLFACTORY MUCOSA SAMPLES SPIKED WITH BRAIN TISSUE

Brushings of the nasal vault (Fig. S1A in the Supplementary Appendix) yielded samples
containing clusters of olfactory neurons (Fig. S1B and S1C in the Supplementary Appendix)
in addition to respiratory ciliated cells and a few granulocytes and monocytes (data not
shown). Spiking of an olfactory mucosa sample from a patient without Creutzfeldt—Jakob
disease with brain homogenate from a patient with sporadic Creutzfeldt-Jakob disease that
was diluted by a factor of 4x10~7 and 4x1078 (containing approximately 20 femtograms and
approximately 2 femtograms of protease-resistant PrPCIP, respectively) induced strong ThT
fluorescence, with the more concentrated brain homogenate giving more rapid amplification
kinetics (Fig. S2 in the Supplementary Appendix). The increased fluorescence indicated
formation of amyloid fibrils by the initially monomeric rPrPSEM, In the case of both of the
brain homogenate dilutions, similar kinetics were also observed when the brain
homogenates were diluted into the same buffer without any olfactory mucosa, indicating that
olfactory mucosa components (diluted 1:250 overall) did not inhibit RT-QuIC.

ENDOGENOUS OLFACTORY MUCOSA SEEDING ACTIVITY

RT-QuIC dilution analysis of an olfactory mucosa brushing sample from a patient with
sporadic Creutzfeldt—-Jakob disease showed that all four replicate reactions that were seeded
with 1:250 and 1:2500 dilutions of the olfactory mucosa pellet gave strong ThT positivity
within 30 hours (Fig. S3 in the Supplementary Appendix). The 1:25,000 dilution was ThT-
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positive in two of four replicate wells within approximately 50 hours. In contrast, none of
the same dilutions of an olfactory mucosa sample from patients without Creutzfeldt-Jakob
disease gave positive reactions within 60 hours. These data indicated that the olfactory
mucosa pellets from the patient with sporadic Creutzfeldt-Jakob disease had several logs'?
of RT-QuIC seeding activity (see also below).

We then tested blinded sets of samples comprising 74 olfactory mucosa samples from
patients with definite sporadic Creutzfeldt—Jakob disease (15 samples), probable sporadic
Creutzfeldt-Jakob disease (14), or inherited (E200K PRNP mutation) Creutzfeldt-Jakob
disease (2) and from negative controls without Creutzfeldt—Jakob disease (43). Table 1
summarizes the demographic and clinical features of the patients with sporadic Creutzfeldt—
Jakob disease, as well as the results of MRI, electroencephalography, and cerebrospinal fluid
analyses. The patients with sporadic Creutzfeldt— Jakob disease had MM, MV, or VV at
residue 129 of the PrP sequence and either the type 1 or type 2 PrPCIP, according to
subsequent assessment of brain tissue.®

As evaluated according to the criteria described in the Methods section in the Supplementary
Appendix, positive RT-QuIC reactions were observed in 1:250 dilutions of olfactory mucosa
samples from 15 of 15 patients with definite sporadic Creutzfeldt-Jakob disease, 13 of 14
with probable sporadic Creutzfeldt—Jakob disease, and 2 of 2 with inherited (E200K)
Creutzfeldt-Jakob disease (Table 2). Individual RT-QuIC traces from the first 14 patients
with sporadic Creutzfeldt— Jakob disease are shown in Figures S4A through S4N in the
Supplementary Appendix, and traces averaged from all the sporadic and inherited (E200K)
cases of Creutzfeldt—Jakob disease are shown in Figure 1A. In contrast, olfactory mucosa
samples from all 43 control patients without Creutzfeldt-Jakob disease were RT-QulC-
negative at the same dilution (Fig. 1A and 1B and Table 2, and Fig. S40 and S4P in the
Supplementary Appendix). The final average normalized ThT fluorescence readings at 50
hours from four replicate reactions in specimens from all the patients with sporadic
Creutzfeldt-Jakob disease and the controls without Creutzfeldt—Jakob disease are shown in
Figure 1B. The single patient with apparent Creutzfeldt-Jakob disease (Patient 29) for
whom neither olfactory mucosa nor cerebrospinal fluid samples showed a positive RT-QuIC
reaction (Fig. 1B and Table 1) received a diagnosis of probable Creutzfeldt—Jakob disease
on the basis of established criteria and had tau and 14- 3-3 protein levels that were typical of
sporadic Creutzfeldt—-Jakob disease. Overall, we obtained 30 positive RT-QuIC tests from 31
patients with apparent Creutzfeldt—Jakob disease, representing an estimated sensitivity of
97% (95% confidence interval [CI], 82 to 100) for distinguishing patients with Creutzfeldt—
Jakob disease from those without the disease. If we considered only the definite cases of
sporadic Creutzfeldt-Jakob disease, the estimated sensitivity would be 100% (95% ClI, 75 to
100). The negative tests from all 43 control patients without Creutzfeldt-Jakob disease
yielded a specificity of 100% (95% CI, 90 to 100).

RT-QUIC ANALYSIS OF CEREBROSPINAL FLUID

In contrast to the results of RT-QuIC analysis of olfactory mucosa samples, RT-QuIC
analysis of cerebrospinal fluid samples had a sensitivity of 77% (95% Cl, 57 to 89), with 23
RT-QulC—positive reactions in 30 samples from patients with sporadic Creutzfeldt-Jakob
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disease, and a specificity of 100% (95% ClI, 90 to 100), with 46 RT-QulC- negative
reactions in 46 samples from patients without Creutzfeldt—Jakob disease (Fig. 1 and Tables
1 and 2, and Fig. S4 in the Supplementary Appendix); these results were similar to those in
previous studies.16:17 For four of the patients with Creutzfeldt—Jakob disease, cerebrospinal
fluid was obtained twice, as indicated in Table 1 and Figure 1; however, only the RT-QuIC
results from the cerebrospinal fluid sample that was obtained closest in time to the olfactory
mucosa collection are included in Table 2 and were used to calculate the RT-QuIC
sensitivity. The olfactory mucosa pellets in 1:250 dilutions became positive much more
rapidly than all but one of the undiluted cerebrospinal fluid samples from the same patients
(Fig. 1A, and Fig. S4A through S4N in the Supplementary Appendix). In addition, the mean
relative ThT fluorescence at our designated cutoff time (50 hours for olfactory mucosa and
90 hours for cerebrospinal fluid) was significantly higher in the olfactory mucosa samples
than in the cerebrospinal fluid samples (P<0.001 with the use of an unpaired t-test) (Fig.
1B).

SEED CONCENTRATIONS IN SAMPLES FROM PATIENTS WITH SPORADIC
CREUTZFELDT-JAKOB DISEASE

End-point dilution RT-QuIC analysis!® of olfactory mucosa pellets (7 samples), brain-tissue
samples (12), and cerebrospinal fluid samples (2) indicated that the concentrations of
seeding doses resulting in 50% ThT-positive replicate reactions (SDsgg) for these samples
were 3.4 to 4.1 log1g SDsq per microliter of packed olfactory mucosa pellets, 7.2 to 8.95
logqg SD5q per milligram of brain tissue, and 0.2 to 0.5 (i.e., <0.1 logy) SDsgq per microliter
of cerebrospinal fluid. Thus, the seeding concentrations for olfactory mucosa were
intermediate between those for cerebrospinal fluid and those for brain tissue. Considering
that the olfactory mucosa brush specimens yielded packed pellets of more than 50 pl, the
total number of Creutzfeldt—Jakob disease prion seeds captured by individual brushings
ranged from approximately 10° to 107,

DISCUSSION

The high sensitivity and specificity of RT-QuIC testing of nasal brushings in identifying
patients with Creutzfeldt—Jakob disease indicate that this procedure has the potential to be
useful for establishing a definitive diagnosis of Creutzfeldt— Jakob disease in living patients.
Olfactory mucosa samples gave significantly stronger RT-QuIC responses than
cerebrospinal fluid samples obtained from the same patients, and the RT-QuIC responses
were obtained in less time (50 hours vs. 90 hours) (Fig. 1, and Fig. S4 in the Supplementary
Appendix). Moreover, to date, the overall sensitivity of the olfactory mucosa—based RT-
QuIC test for the diagnosis of sporadic Creutzfeldt—Jakob disease appears to be higher than
that of the cerebrospinal fluid—based RT-QuIC test in the same patients. However, other
studies have shown somewhat higher sensitivities for the RT-QuIC test of cerebrospinal
fluid16:17 than those obtained in this study. In any case, further validation of both the
olfactory mucosa—based test and the cerebrospinal fluid—based test is needed to fully
establish their relative diagnostic sensitivities and specificities in clinical settings and to
determine how early seeding activity can be detected in the course of Creutzfeldt—Jakob
disease. Furthermore, in six of seven patients with sporadic Creutzfeldt— Jakob disease in
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whom the RT-QuIC test of cerebrospinal fluid was negative but the RT-QuIC test of
olfactory mucosa was positive, the lumbar puncture and olfactory mucosa brushing were
performed at almost the same interval after disease onset, suggesting that the observed
differences in prion seeding activity between these specimens were not due to differences in
sampling time.

Although cerebrospinal fluid samples are likely to be obtained from most patients with
rapidly progressing dementia to rule out other treatable disorders, RT-QuIC testing of
olfactory mucosa may prove to be more accurate than RT-QuIC testing of cerebrospinal
fluid for the detection of Creutzfeldt—-Jakob disease. In our study, all the patients with
suspected sporadic Creutzfeldt—Jakob disease fulfilled the diagnostic criteria for probable or
possible sporadic Creutzfeldt—Jakob disease at the time of olfactory mucosa brushing,
including the two patients with a negative family history of dementia who subsequently
received a diagnosis of inherited (E200K) Creutzfeldt-Jakob disease.

In sporadic Creutzfeldt-Jakob disease, clinical variants are linked to the M/V polymorphism
at PrP residue 129, combined with the PrPCIP type 1 or 2. These molecular factors appear to
influence PrP conversion and accumulation kinetics in vivo and in some in vitro reactions,
such as protein misfolding cyclic amplification (PMCA).2” However, with RT-QuIC
reactions that use the hamster rPrPSen substrate, each of the subtypes of sporadic
Creutzfeldt-Jakob disease is readily detectable, as observed with RT-QulC analysis of
cerebrospinal fluid samples.1® Although the molecular basis for the broad convertibility of
this substrate is not yet clear, if it can be widely replicated it will provide the practical
advantage of requiring only a single test with a single substrate to screen for the full
spectrum of sporadic Creutzfeldt—Jakob disease phenotypes.

The high seeding activity of sporadic Creutzfeldt-Jakob disease in olfactory mucosa
suggests that infectivity may be present as well, posing biosafety implications. The multiple
logsyg of prion seeds that we have detected in the nasal vault lining of patients with sporadic
Creutzfeldt— Jakob disease raise the possibility that sporadic Creutzfeldt-Jakob disease
prions could contaminate nasal discharges. Nasal and aerosol-borne transmission of prion
diseases have been documented in animal models,28-32 but there is no epidemiologic
evidence for aerosol-borne transmission of sporadic Creutzfeldt-Jakob disease. Moreover,
although prion infectivity and RT-QulC seeding activity have been detected in nasal lavages
from prion-infected hamsters,33:34 no transmission was apparent in nonhuman primates
injected with human spongiform encephalopathy nasal mucus.3> However, medical
instruments that come into contact with the olfactory mucosa of humans with Creutzfeldt—
Jakob disease might become contaminated with prions, which poses the question of whether
iatrogenic transmission is possible.36:37 Therefore, further study of possible biohazards
posed by prions in the olfactory mucosa is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Results of Real-Time Quaking-Induced Conversion (RT-Qul C) Assays of Olfactory
Mucosa (OM) and Cerebrospinal Fluid (CSF) Samples

Panel A shows the average percent thioflavin T (ThT) fluorescence readings from four
replicate reactions (normalized as described in the Methods section), determined in samples
of OM and CSF from patients with possible, probable, or definite Creutzfeldt—Jakob disease
and from controls without Creutzfeldt-Jakob disease. The means (thick lines) with standard
deviations (thin lines) of those averages are shown as a function of RT-QuIC reaction time.
Panel B shows the final average relative ThT fluorescence readings for each person with
Creutzfeldt-Jakob disease (CJD) and for each control with either a neurologic disease other
than Creutzfeldt—Jakob disease (other neurologic disease [OND]) or no neurologic disease
(NND) at either 50 hours (OM samples) or 90 hours (CSF samples). Inherited CJD refers to
patients with the E200K PRNP genetic mutation causing CJD. All OM and CSF samples
obtained from patients with CJD and from controls are reflected in these data. The total
number of CSF samples from patients with CJD (34) does not include a sample from one
patient (Patient 31; CSF not tested) and includes results from two lumbar punctures each in
four patients with CJD.

N Engl J Med. Author manuscript; available in PMC 2015 February 07.



Page 12

+ + aros a|9eqold aros s|qegoid Bov SOA SOA 0C 0 + 00¥z< enusWweQ AN 3leN €8 44
+ + aros s|geqold arosejqeqoid 09T ON SIA 0€T 0Tl + 00vz< suoljeuIoN| ey ‘BIXENY AN alewed ¥/ 12
+ + (00z3) @ro paudayul  Aros 9|qeqold 1409 SOA SOA o€ 02 + 00¥z< eIxeje ‘sabueyd [elolneysg AN 3leN  T9 0z
- + aros a|qeqold aros a|qeqold 0'8¢ ON SOA 022 0'g + 0ovz< eIxeje piw ‘oissaidag AN 8B oY 6T
+ + aros a|9eqold arosajqeqord  JOTT ON ON 0L 09 + 00¥z< BHUSWSP ‘BIXEIY VN 8N €L 81
+ + T 8dA AN ‘aros aros 8|qeqoid (04 SOA SOA ge o€ + 00¥zZ< eIxeje ‘sabueyd [elolneysg AN sewad 9/ LT
+ + T adA WN'ArOS aros a|qeqoud 02 SOA SOA [~ 0¢ + 00¥2< BIXEJR ‘SUOIIRUIdN|[eY [eNSIA NN dlewa 89 9T
+ + T 8dA 'aros aros 8|qeqoid 0y ON SOA (187 G + 00¥z< elUSWISP ‘BIXely VN 8leN 89 G1
+ + aros s|qeqold aros 8|qeqoid 06 SOA SOA 0C 02 + 00¥z< ssaupUI|g [B9110D ‘eIXelY AN 3N T9 1

00Z< ‘[ensaul
+ = + aros a|qeqoid aros a|qeqoud 0°€C ON SOA 0vT 0'ST ‘00T + ‘[eAJ8IUI OW-G JaYe '+ ow-G Ja)e /622 subis |epiwelAdesxs ‘eixee ‘uoissaidag AN ENEN q9 1
- + aros s|qeqold aros 8|qeqoid (14 ON SOA o€ 02 + 00¥z< S)UBLUBAOLU d1210Y9 ‘Uolssaldag AN slewsd 62 4
+ + T 8d) WA ‘aros aros 8|qeqoid 0C ON SOA 0C 0¢ - an eIxXey AN slewsd G/ 1
- + T adAY WA ‘aros aros a|qeqoid 0¢ ON ON S0 S0 + 00vZ< sainzias ondsjida ‘eixesdy WIN ENEN 69 0T
+ + T 8dA NI ‘aros aros 8|qeqoid Sz ON ON ST 01 + an eIxey AN sleN 1L 6
+ + T adAl WA ‘@ros aros 9|qeqo.d (157 SOA SOA [ 0¢ + 00¥2< suoljeuldn|ey [ensiA ‘eIxely NN dlewa 89 8
- + T 8dA NN ‘aros aros 8|qeqoid 02 SOA SOA ST 01 + 00¥z< suoleuloN|[ey [ensIA AN 8leN 99 L

+ 00¥Z< ‘fensaiul
+ i+ + 2 9dAy AIN ‘aros aros 9|qeqo.d 0.1 ON SOA 06 G/ 09 ‘[eAJBIUI OW-G'Z JaYe + 0W-G'Z J9e 1268 eIXelR ‘UoIssaldag AN 9lews 9 9
+ + z A AN'QrOs aros 8|qeqoid 0y SOA SOA 0T 01 + 00¥z< eIxely AA slewsd 9 g
+ + T 8dA NI ‘aros aros 8|qeqoid 08 SOA SOA 0's o€ + 00¥z< uoissaidaQ AN SleN €L 14
+ + T 8dA AW ‘aros aros a|qeqoid 09T ON SOA 0T 0T + 00vz< euawap ‘eIxery AN slewed 89 €
+ + T adAY WA ‘aros aros a|qeqoid 09 SOA SOA 0 02 + 00e< sabueyd [eloineyaq ‘eixery WIN dlewa 0S 4

+ 00¥Z< ‘fenaiul
+ i+ + T adAl WA ‘@ros aros 9|qeqo.id oY SOA SOA g'e 0¢ ‘lensaul Aep-QT Joue ‘+ Aep-QT Joye {/62T suoljeuldn|ey [ensiA ‘eIxely NN ENEN 1/ T

ow owl |w/6d 1K
950 05¢T proe-e-vT preneL
WO
s1nsey ssouBelq Buiysnig uopesng 9IFU0  gIHIN Buiysnig 8.njpund 1S8ARUY 45D BSUQ e 621 s  eby ‘ON
2Ind-1Y feutd NO jo ssessid  SOMSd  jeaidAL INO pue fequin- pue subis [eolulD uopoD e e lted
awlL e BSUQ [e2IUI[D  18SUQ 21Ul adAjoues
sisoubelq usampgawil]  Usamiagawl |

Orra et al.

. 95easIQ qoMer-Ip[3JzINal) YUM siuslled Jo sasAfeuy (OInO- 1Y) UoisIsAuo) paonpul-Bunend awil-[eay pue ‘siojoe4 ansoubelq ‘ss|1joid [ea1ul]d ‘sonsusloesey olydelbowsq

T alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2015 February 07.




Page 13

Orra et al.

"62T Uopod e swsiydiowAjod (A) aulfer—(|N) auluolylaw 10} 158} 01 S||82 POO|Q WOJ4 PaldeIXe WYNQ d1wouah uo pawiogiad sem sisAjeue Buiouanbas (dNYd) ausb uisiold uold

¢ BLIILID PAZIPIEPUES JO SISeq SUL UO [edIdAY Se PalyIsse|d sem 1INsal Il UTelq v/

"paisal ajdwies 45D ou pey jusied auo pue ‘yoes saanjound Jequin| omy pey siuaiied Ino-

“aMI[E ||1S S1 JuBIed

b

§

1

I

"ar) d1pesods Aros pue ‘xa|duwiod anem mojs pue dieys aiporiad DANS “Bs0INW A10108410 INO ‘PaUILLIBISP 10U N ‘B]qe|ieA. 10U N ‘WelBofeydaousonds|s 933 ‘pinyy [euldsoiqalad 4SD ‘asessip qoxer-1p|aszinal) salousp ard
¥

VN + aros 91qeqoid
- + aros 81qeqoid
- - aros 9|qeqoid
+ + T adA ‘aros
+ + aros a|qeqold
- + (>0023) @ro pawayul
+ + aros a|qeqoid
+ + aros a|qeqold

+ 44 + aros 8|qeqoid

$3SO  0S¢T
‘O
S1INsey ssoubelq
2Ind- 1 euld

aras 8[qissod
aras 3|qeqold
aras 8|qeqold
aras 3|qeqold
aras 3|qeqold

aras 3|qeqold

aras 3|qissod
aras 3|qeqold

aras 3|qeqold

Buiysnig
WO o

awiL e

sisoubelq

OTT
1,0
1,087
0¢
0¢
,0€T
oY
08

0°TE

uolre.ing
asessIg

ON
SBA
ON
SBA
ON

ON

ON
SOA

ON

o33 uo
SOMSd

ON

SOA

SOA
SOA
ON

SOA

ON
SOA

SOA

glan
feotdA |

00T
0¢
09T
0¢
0¢

Buiysnig
NO pue
BSUQ [eIIUID
usaMPBg Wi |

06
0¢
0€T
ST
0¢c
09
0T
oy

09

a.npund

fequinT pue
1BSUQ 211D
usaMBq aW |

- aN
+ [0[0] 248
+ 00€T<

+ 00ve<
+ aN

+ anN

- aN
+ 00ve<

GY8T ‘[enlaiul
+ ‘[eAJ3IUI OW-Z JaYe '+ ow-z Jaye ‘0e9T

pre1EEYT pre ne |

$S5ARUY 450

subis [epiwelAdenxs ‘enuswag
uoissaidag
subis [epiwelAdenxs ‘enuswag
BIUBWAP ‘BIXE]Y
eixeide ‘subis jepiwresAdenxy
enuawap ‘sublis Jejjagalad

SNUOJo0AW
‘elyuesAp ‘sisasediway ybry

eixele ‘uoissaidag

subis |epiweiAdenxa
‘enuawap ‘sebueyd |eloireyag

BSUQ T
subis [eaul|o

AN

VN

AN
VN
NN

NN

AN
AN

AN

16T
uopo) e
adAoue

alen

alewaS
alen
alen
alen

alewaS

alewaS

alewaS

alewaS

XS

99
99

4
¥S
19

19

72
€L

89

aby

T€
0€

6¢
8¢
Le

9¢

514
ve

€

‘ON
alred

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2015 February 07.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

Orra et al.

Table 2

Results of RT-QuIC Assays of Olfactory Mucosa and Cerebrospinal Fluid Samples.”
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Patients and Controls

Patients with CID
MM genotype
MV genotype
VV genotype

PRNP genetic analysis not
performed

Inherited CJD, E200K mutation
Controls

Patients with other neurologic
disordersT

Persons with no neurologic
disorder?

Olfactory Mucosa

Cerebrospinal Fluid

Positive RT-QuIC Assay  Positive RT-QuIC Assay  Positive 14-3-3 Assay

30/31
14/14
8/9
212
414

212

0/12

0/31

number/total number
23/30
11/14

6/8
212
3/4

172

0/20

0/26

28/31
12/14
8/9
212
414

212

3/17

NA

Positive for
Tau >2400

pg/ml

23/25
10/10
6/8
212
414

171

0/17

NA

*

Olfactory mucosa samples from 31 patients with CID were tested with an RT-QulC assay; cerebrospinal fluid samples were tested with an RT-
QuIC assay (30 patients), 14-3-3 assay (31 patients), and tau assay (25 patients). Although 2 of the 31 patients had been categorized only as having
“possible” sporadic CJD at the time of olfactory mucosa sampling, all these patients have since been designated as having “probable” or “definite”
sporadic CJD. In the case of some patients, two cerebrospinal fluid samples were tested; however, only data from the sample obtained nearest in
time to the olfactory mucosa collection are reflected in the numbers shown here. NA denotes not available.

TIn the case of 5 patients with other neurologic disorders, both olfactory mucosa samples and cerebrospinal fluid samples were obtained.

iThese persons were referred to the ear, nose, and throat clinic for other purposes.
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