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Clinically Unsuspected Prion Disease
Among Patients With Dementia Diagnoses
in an Alzheimer’s Disease Database

Ryan A. Maddox, PhD1, J. L. Blase, MPH1, N. D. Mercaldo, MS2,3,
A. R. Harvey, MSPH1, L. B. Schonberger, MD1,
W. A. Kukull, PhD3, and E. D. Belay, MD1

Abstract
Background: Brain tissue analysis is necessary to confirm prion diseases. Clinically unsuspected cases may be identified
through neuropathologic testing. Methods: National Alzheimer’s Coordinating Center (NACC) Minimum and Neuropathologic
Data Set for 1984 to 2005 were reviewed. Eligible patients had dementia, underwent autopsy, had available neuropathologic data,
belonged to a currently funded Alzheimer’s Disease Center (ADC), and were coded as having an Alzheimer’s disease clinical
diagnosis or a nonprion disease etiology. For the eligible patients with neuropathology indicating prion disease, further clinical
information, collected from the reporting ADC, determined whether prion disease was considered before autopsy. Results: Of
6000 eligible patients in the NACC database, 7 (0.12%) were clinically unsuspected but autopsy-confirmed prion disease cases.
Conclusion: The proportion of patients with dementia with clinically unrecognized but autopsy-confirmed prion disease was
small. Besides confirming clinically suspected cases, neuropathology is useful to identify unsuspected clinically atypical cases of
prion disease.
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Introduction

Prion diseases are rare, fatal, neurodegenerative disorders. The

most common prion disease, Creutzfeldt–Jakob disease (CJD),

is characterized by rapidly progressive dementia and has a

reported incidence of approximately 1 case per million popula-

tion per year.1 The illness often worsens rapidly, leading to

death within 1 year of onset in the majority of affected

patients.1,2 Although short disease duration may be a distin-

guishing characteristic of CJD,3 clinical signs, including

dementia and movement disorders, may overlap with much

more common diagnoses such as Alzheimer’s disease (AD).

The Centers for Disease Control and Prevention (CDC) con-

ducts surveillance for CJD and other prion diseases through

several mechanisms2; however, this surveillance may not iden-

tify patients with prion disease misdiagnosed with other neuro-

logic diseases such as AD. Furthermore, barriers to autopsy

exist that limit the number of suspected prion disease cases

with neuropathologic testing, although such analyses are neces-

sary to confirm the diagnosis.1 To assess the frequency of

occurrence of clinically unrecognized prion disease, data sets

from the National Alzheimer’s Coordinating Center (NACC)

were analyzed. The NACC was established in 1999 by the

National Institute on Aging (NIA) to facilitate collaborative

research among NIA-funded Alzheimer’s Disease Centers

(ADCs) across the United States. The center developed and

maintains a large relational database of standardized clinical

and neuropathologic research data collected from the ADCs.4

Methods

The NACC Minimum Data Set (MDS) and Neuropathologic

Data Set (NPDS) for 1984 to 2005 were extracted and

reviewed. The MDS includes demographic data of patients

reported to NACC as well as their clinical and neuropathologi-

cal diagnoses. The NPDS contains 1 record for each autopsied
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patient in the MDS with available autopsy data, and detailed

information is provided about neuropathologic findings and

resultant diagnoses.4 For patients with contradictory values

between the MDS and NPDS, values from the NPDS, which

relies on more specific criteria, were selected based on NACC’s

previous experience with the data sets.

To be included in the study, patients had to meet eligibility

criteria, and patients meeting these criteria had dementia, were

coded as having either a primary clinical diagnosis of AD or a

known suspected etiology other than a prion disease, underwent

autopsy, had available neuropathologic data, and belonged to a

currently funded ADC. For eligible patients who had neuro-

pathology indicative of prion disease but were coded as having

a nonprion disease clinical diagnosis, further information was

collected via a short form sent to the appropriate ADC asking

(1) whether a clinical diagnosis of prion disease was mentioned

in the patient’s medical records (excluding neuropathologic find-

ings) and the type of prion disease mentioned, if applicable and

(2) what the neuropathologically confirmed diagnosis was for

the patient. Space was also allotted for additional comments.

Cases of clinically unrecognized prion disease were defined as

cases with a neuropathology-confirmed prion disease in the

absence of a clinical diagnosis of prion disease indicated in

the patient’s medical records. The percentages of these cases

in the database were calculated, with their 95% Wilson-

corrected confidence intervals (CIs) determined using Stata

version 13 (StataCorp, College Station, Texas).

Results

During 1984 to 2005, 6000 patients, representing 30 ADCs,

met the eligibility criteria (Figure 1). The median age of the

patients was 80 years (interquartile range: 73-86 years), and

53.3% were female. Of the 6000 patients, 4642 (77.4%)

patients had a clinical diagnosis of AD. The remaining patients

had clinical diagnoses of other nonprion disease dementing

6000 eligible cases

(4642 with clinical diagnosis code 
for Alzheimer’s disease (AD) 

+ 
1358 with code for non-AD, non-
prion disease demen�ng illness)

24 cases with 
neuropathology code 

indica�ng prion disease 

21 cases with form 
completed by 

Alzheimer’s Disease 
Center and submi�ed 

to CDC 

19 cases with confirmed 
prion disease

12 cases with prion 
disease clinically 

considered 

7 cases with prion disease 
poten�ally unsuspected before 
neuropathologic confirma�on 

2 cases miscoded  

(neuropathology did not 
indicate prion disease) 

3 cases with no form 
submi�ed to CDC 

(possible clinically unsuspected
prion disease cases – data 

could not be verified) 

Figure 1. Flow chart of the evaluation of clinically unsuspected prion disease among patients with dementia diagnoses in the National
Alzheimer’s Coordinating Center database, 1984 to 2005.
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illnesses including frontal lobe dementia (5.1%), vascular

dementia (3.6%), Parkinson’s disease dementia (2.2%), non-

Parkinson’s dementia with Lewy bodies (1.9%), progressive

supranuclear palsy (1.2%), and other dementing illnesses or

conditions.

Twenty-four (0.4%) patients were identified with a neuro-

pathology code of prion disease. For these 24 patients, further

clinical and/or neuropathological information was collected

for 21, and attempts to gather information on the remaining

3 patients were unsuccessful. Two of the 21 patients were sub-

sequently reclassified as not autopsy-confirmed prion disease

cases based on information provided by the reporting ADCs

indicating that the prion disease diagnosis had been miscoded

due to misinterpretation of neuropathologic information. In the

remaining 19 patients, representing 7 ADCs, 12 patients were

included for whom a premortem prion disease diagnosis based

on clinical assessment had been considered. No mention of

a prion disease diagnosis was found for the other 7 patients

(Table 1). The percentage of clinically unrecognized prion dis-

ease cases in the NACC database was therefore 0.12% (95%
CI: 0.06-0.24, 7 cases of the 6000 patients); among patients

with a clinical diagnosis of AD, the percentage was 0.11%
(95% CI: 0.05-0.25, 5 cases of the 4642 patients).

Discussion

Generally, CJD and other prion diseases can be recognized

by typical clinical manifestations and a rapid progression from

illness onset to death.1,2 Although details on clinical course

were not collected in the present study, at least 3 of the

7 patients with prion disease who were not recognized clini-

cally had an illness duration exceeding 2 years, and 3 patients

were younger than 50 years; these characteristics, along with

other atypical manifestations, may have made correct diagnosis

more difficult. The lack of a reliable antemortem clinical test

for prion diseases may have also contributed to the difficulty

in diagnosis.6

The authors of a 1989 study reported that 13% of patients

with clinically diagnosed AD were found upon autopsy to actu-

ally have CJD.7 Although the sample was small (n ¼ 46) and

the proportion of these patients for whom clinical consideration

of a prion disease diagnosis may have led to an autopsy was not

reported, this finding has repeatedly fueled speculation that a

substantial proportion of CJD cases are potentially being

missed. By comparison, in the present study, the proportion

of patients with dementia with clinically unsuspected but

autopsy-confirmed prion disease was much less; for most

years, no such prion disease cases were identified. Even if the

3 cases with a neuropathology code of prion disease for whom

further information could not be obtained were assumed to be

additional unrecognized prion disease cases, the percentage

of such cases in the database would only increase minimally,

from 0.12% to 0.17% (95% CI: 0.09-0.31, 10 cases of the

6000 patients); among patients with a clinical diagnosis of

AD, the percentage would also increase to 0.17% (95% CI:

0.09-0.34, 8 cases of the 4642 patients).

The findings of this study are consistent with a much smaller

study (n ¼ 22) that did not find any prion disease cases upon

neuropathological analysis of patients initially diagnosed with

other disorders.3 On the other hand, authors of other studies

have reported that AD and additional neurological disorders

may be misdiagnosed as prion diseases6,8,9; this is not sur-

prising given the findings of one study that found while

most AD cases (90%) met AD clinical classification criteria,

a high proportion also fulfilled clinical criteria for CJD

(58%).8 Chitravas et al retrospectively reviewed pathologi-

cal findings of cases clinically suspected to have prion dis-

ease that were negative upon autopsy from the National

Prion Disease Pathology Surveillance Center (NPDPSC) and

reported that many patients who were suspected to have

prion disease actually had potentially treatable neurologic

diseases such as immune-mediated disorders, neoplasms, infec-

tions, and metabolic or toxic encephalopathies.6

A limitation of the present study is that the NACC data sets

may not be a representative sample of patients diagnosed with

AD in the United States. The NACC collects data from various

centers around the country, each with its own criteria for the

inclusion of cases, and these specialized centers may be better

equipped to provide accurate diagnoses compared to other

institutions. However, if misdiagnosis of prion disease cases

prior to autopsy was occurring at a substantial rate, the data sets

could potentially reflect that. Furthermore, because neuro-

pathologic analyses would be expected to be more commonly

performed among patients with clinically atypical AD, this

Table 1. Neuropathology-Confirmed Prion Disease Cases in the National Alzheimer’s Coordinating Center Database With No Mention of a
Clinical Diagnosis of Prion Disease in Medical Records, 1984 to 2005.

Year of Death Age Sex Clinical Diagnosis Final Diagnosis Illness Duration

Case 1 1999 47 F AD GSS NA
Case 2 2000 47 F Dementia NOS CJD 15þ years
Case 35 1994 49 M AD fCJD 8 years
Case 4 2000 72 M PSP CJD NA
Case 5 1996 78 F AD CJD/AD/Wernicke–Korsakoff syndrome NA
Case 6 1995 81 M AD GSS; or CJD with concomitant AD 7 years
Case 7 2000 88 M AD CJD/AD NA

Abbreviations: AD, Alzheimer’s disease; CJD, Creutzfeldt–Jakob disease; fCJD, familial CJD; GSS, Gerstmann–Sträussler–Scheinker syndrome; NA, not available;
NOS, not otherwise specified; PSP, progressive supranuclear palsy.
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study, which only included autopsied cases, likely overesti-

mates the percentage of clinically unsuspected prion disease

cases that would be found among the overall AD population.

Further limitations of the present study are that descriptions

of neuropathological diagnoses for patients with a neuropathol-

ogy code indicating prion disease were restricted to what was

provided on the short form submitted by the ADC, and infor-

mation on the precise diagnostic techniques applied by the

pathologists who conducted the brain autopsies in the different

ADCs over the 20þ years of the study was not available for

review. Thus, although brain autopsy results are generally

recognized as the gold standard for diagnosing prion diseases,

it is possible that not all autopsied cases of these diseases were

ascertained.

Seven decedents, who were identified in the database as

having clinically unsuspected prion disease, were eventually

appropriately classified as having prion disease due to positive

autopsy findings. The present study therefore underscores the

importance of neuropathologic testing for all possible prion

disease cases, at least until a definitive antemortem, non brain

tissue based, diagnostic test becomes established. In addition to

confirming clinically suspected cases, testing is useful to iden-

tify unsuspected clinically atypical cases. To augment national

prion disease surveillance, the CDC, in collaboration with the

American Association of Neuropathologists, established the

NPDPSC.10 Personnel at the center perform diagnostic testing

of suspected prion disease cases in the United States. Neurolo-

gists treating patients with possible prion disease are encour-

aged to use the services of the NPDPSC for disease

confirmation.

Acknowledgments

The authors thank Woodrow Deitrich and Sarah Monsell for their

assistance in providing and interpreting the NACC data and also

express gratitude to the ADC staff who shared additional information

for cases of interest.

Authors’ Note

Contributions by Blase and Harvey were made while they were

affiliated with the National Center for Emerging and Zoonotic Infec-

tious Diseases, Centers for Disease Control and Prevention. They are

now with different organizations. Contributions by Mercaldo were

largely made while he was with the National Alzheimer’s Coordinat-

ing Center, University of Washington, but continued after he relocated

to Vanderbilt University. A portion of this work was presented as an

abstract/poster at the Prion 2008 Conference, October 8-10, 2008,

Madrid, Spain. The findings and conclusions in this report are those

of the authors and do not necessarily represent the official position

of the Centers for Disease Control and Prevention.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This study

is supported in part by National Institute on Aging Grant U01

AG016976 to the National Alzheimer’s Coordinating Center.

References

1. Belay ED, Holman RC, Schonberger LB. Creutzfeldt-Jakob

disease surveillance and diagnosis. Clin Infect Dis. 2005;41(6):

834-836.

2. Belay ED, Maddox RA, Gambetti P, Schonberger LB. Monitoring

the occurrence of emerging forms of Creutzfeldt-Jakob disease in

the United States. Neurology. 2003;60(2):176-181.

3. Josephs KA, Ahlskog JE, Parisi JE, et al. Rapidly progressive neu-

rodegenerative dementias. Arch Neurol. 2009;66(2):201-207.

4. Beekly DL, Ramos EM, van Belle G, et al. The national Alzhei-

mer’s coordinating center (NACC) database—an Alzheimer dis-

ease database. Alzheimer Dis Assoc Disord. 2004;18(4):270-277.

5. Cochran EJ, Bennett DA, Cervenakova L, et al. Familial

Creutzfeldt-Jakob disease with a five-repeat octapeptide insert

mutation. Neurology. 1996;47(3):727-733.

6. Chitravas N, Jung RS, Kofskey DM, et al. Treatable neurological

disorders misdiagnosed as Creutzfeldt-Jakob disease. Ann Neurol.

2011;70(3):437-444.

7. Manuelidis E, Manuelidis L. Suggested links between different

types of dementias: Creutzfeldt-Jakob disease, Alzheimer’s dis-

ease, and retroviral CNS infections. Alzheimer Dis Assoc Disord.

1989;3(1-2):100-109.

8. Tschampa HJ, Neumann M, Zerr I, et al. Patients with Alzheimer’s

disease and dementia with Lewy bodies mistaken for Creutzfeldt-

Jakob disease. J Neurol Neurosurg Psychiatry. 2001;71(1):33-39.

9. Poser S, Mollenhauer B, Krauss A, et al. How to improve the clin-

ical diagnosis of Creutzfeldt-Jakob disease. Brain. 1999;122

(pt 12):2345-2351.

10. National Prion Disease Pathology Surveillance Center. http://

www.cjdsurveillance.com/. Accessed August 14, 2015.

Maddox et al 755

http://www.cjdsurveillance.com/
http://www.cjdsurveillance.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


