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Dementia developed in a patient with widespread neu-
rologic manifestations; she died within 5 months.
Pathologic findings showed granulomatous inflammation
with caseation necrosis, foreign body–type giant cells, and
proliferative endarteritis with vascular occlusions. Broad-
range polymerase chain reaction identified Mycobacterium
neoaurum as the possible pathogen. Central nervous sys-
tem infection by M. neoaurum may result in rapidly progres-
sive dementia.

Afew dementing illnesses are characterized by rapid
cognitive decline and early emergence of neurologic

signs. Causes include malignancy, vascular disorders,
autoimmune disorders, and infections. We describe a
patient in whom dementia associated with cerebellar,
pyramidal, extrapyramidal, and bulbar manifestations
developed; the patient died within 5 months. Postmortem
examination showed chronic granulomatous meningitis
and arteritis. Broadband polymerase chain reaction (PCR)
identified the presence of DNA from Mycobacterium
neoaurum.

The Case
A 63-year-old woman was assessed for rapid function-

al decline over 2 months, with cognitive impairment, mul-
tiple falls, incontinence, and dependence for most basic
daily activities. She could ambulate no further than a few
meters despite assistance. Medical history included stroke
10 months previously with mild residual left-sided weak-
ness, depression, rheumatoid arthritis, and hypertension.
She smoked heavily, did not abuse alcohol or injection
drugs, and had never received blood products. Medications
included prednisone 5 mg daily, paroxetine, amlodipine,

clopidogrel, estrogen, calcium, vitamin D, bromazepam,
and acetaminophen. She was white and had spent all her
life within the Great Lakes area of southern Ontario. She
had once worked in a plant manufacturing leather compo-
nents for automobiles, and her husband worked briefly as
a meat packer. She had no family history of neurologic ill-
ness. She did not consume raw meat and had no contact
with livestock but used sheep manure in her garden.

Cognitive testing showed impaired abstract thinking,
memory, and attention but no affective or psychotic distur-
bance. She was afebrile with no nuchal rigidity. Speech
production was reduced, aprosodic, and dysarthric. Cranial
nerves were otherwise unremarkable. She exhibited
hypomimia, limb rigidity with intermittent cogwheeling,
and left arm dysmetria. No tremor or startle myoclonus
was noted. Power was moderately reduced in all limbs.
Reflexes were brisk with bilateral spontaneous ankle
clonus of both ankles. Bilateral plantar responses were
extensor. She could not walk unaided.

The patient was referred to a consultant and hospital-
ized. Complete blood count, blood urea nitrogen, creati-
nine, electrolytes, calcium, alkaline phosphatase, bilirubin,
thyroid-stimulating hormone, and serum B12 were normal.
Serum albumin was 28 g/L (normal 33–48 g/L), serum glu-
tamic oxaloacetic transaminase 54 U/L (normal 5–40 U/L),
serum glutamic pyruvate transaminase 58 U/L (normal
5–40 U/L), and erythrocyte sedimentation rate 74 mm/h.
Serum antinuclear antibodies, extractible nuclear antibod-
ies, antineutrophil cytoplasmic antibodies, Venereal
Disease Research Laboratory test, and complement levels
were unremarkable. Serologic tests for hepatitis B and C
and enzyme-linked immunosorbent assay for HIV were
negative. Electroencephalograph (EEG) demonstrated
intermittent irregular slow delta waves in the right frontal
and left temporal regions but no biphasic or triphasic
waves. Magnetic resonance scan of the brain showed mul-
tiple areas of remote and recent infarction involving right
frontal cortical and subcortical regions, pons and cerebel-
lum, and right parasagittal frontal cortex. A diagnosis of
recurrent strokes was made, but she continued to decline
after discharge to a rehabilitation hospital. She became
mute, immobile, and in need of complete assistance. She
freely aspirated and was hypoxic. A lumbar puncture
obtained shortly before her death showed cerebrospinal
fluid (CSF) glucose of 4.8 mmol/L (normal 2.5–4.4
mmol/L), total protein of 0.33 g/L (0.15–0.60 g/L), and 8
x 106 lymphocytes/L with no malignant cells. Bacterial,
mycobacterial, and fungal stains and cultures and viral cul-
tures were negative. Protein 14-3-3 (Centre for Research in
Neurodegenerative Disease at the University of Toronto)
was present in the CSF.

The brain weighed 1,530 g. The circle of Willis was
normal with no atheroma or occlusions. External examina-
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tion showed focal areas of yellow exudate on the convexi-
ties and multiple bilateral infarcts affecting the cortices,
pons, thalamus, middle temporal gyrus, and putamen.
Histologically, some infarcts were bland while others were
associated with a thick exudate characterized by granulo-
matous inflammation with caseation necrosis and foreign
body–type giant cells (Figure 1). Numerous vascular
occlusions with no atheroma were noted (Figure 2). A pro-
liferative endarteritis was observed. In some areas, the
process appeared resolved with extensive leptomeningeal
fibrosis. Ziehl-Nielsen and auramine rhodamine stains
failed to demonstrate mycobacteria. Gram stains, fungus
stains, and prion protein immunostains (3H4, Prionics,
Zurich, Switzerland) were negative. A moderate degree of
diffuse arteriolosclerosis was observed. An occluded
Charcot-Bouchard aneurysm was identified in the right
temporal cortex. 

Broad-range PCR identification was performed on
frozen brain tissue by using the modified method of Heritz
et al. (1). PCR (PerkinElmer, Foster City, CA) and lysis
buffers were pretreated with 8-methoxypsoralen at a final
concentration of 25 µg/mL and exposed to long-wave (360
nm) UV light for 15 min to destroy preexisting DNA con-
taminants. Tissue samples (approximately 2 mm3) were
lysed in 50 µL 1x PCR buffer containing 1% polyoxyeth-
ylene 10 lauryl ether and 200 µg/mL proteinase K at 56°C
overnight. Lysate, in 1- and 5-µL aliquots, was used as
template for PCR amplification with universal primers for
bacterial 16S rDNA (515FPL and 13B [2]). PCR mixture
without lysate was used as a negative control, and a cloned
16S rDNA amplification product was used as a positive
control (20 ng DNA). The PCR protocol involved a 3-min
hot start at 95°C, followed by addition of primers at 50
pmol per 50-µL mixture. Thirty cycles of PCR were per-
formed (94°C, 45s; 55°C, 45s; 72°C, 1 min) followed by a

final extension step at 72°C for 10 min, and the amplifica-
tion products were stored at 4°C. The PCR products were
separated on a 1.5% agarose gel and visualized on a UV
transilluminator after being stained with ethidium bromide
(0.5 g/mL) for 15 min at room temperature. Amplification
products were cloned into the plasmid vector
pCR2.1TOPO (Invitrogen, Burlington, Ontario). Cloned
products were fingerprinted by endonuclease digestion
with TaqI or RsaI, and unique clones were sequenced by
using dye terminator methods (ABI PRISM BigDye
Terminator Cycle Sequencing Kit, Applied Biosystems,
Foster City, CA). The resulting DNA sequences were iden-
tified by comparison with the nonredundant database at the
National Center for Biotechnology Information (3) and
showed a match of 577 of 581 nt (99%) to M. neoaurum
(GenBank accession no. AF268445).

Conclusions
M. neoaurum, first described in 1972, belongs to the M.

parafortuitum complex of the genus Mycobacterium (4).
M. neoaurum is a rapidly growing scotochromogen that is
found in soil. Eight cases of human infection from M.
neoaurum have been described in the English-language lit-
erature (5–11). Six of these cases were associated with
central venous catheters, one was associated with intra-
venous drug use, and another involved urinary isolation of
M. neoaurum during an investigation of a catheter-associ-
ated urinary tract infection. None of these cases was fatal.
CNS infection has not been previously described.

Several features of this case suggest that infection
caused by M. neoaurum was responsible. First, the patient
declined rapidly, which is unusual in common dementias.
Second, a mild CSF lymphocytic pleocytosis is consistent
with an infectious or inflammatory CNS disorder, though
rare occurrences have been reported in pathologically   con-
firmed Creutzfeldt-Jakob Disease (CJD) (12). Third, histo-
logic examination demonstrated a caseating granulomatous
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Figure 1. Meningeal infiltrate with caseation necrosis surrounded
by giant cells. A nearby vessel is surrounded by a mononuclear
cell infiltrate (occipital lobe, x250, stained with hematoxylin and
eosin–Luxol-fast blue).

Figure 2. Proliferative endarteritis. The artery is stenotic and par-
tially occluded by fibrous tissue. The residual lumen is almost com-
pletely occupied by recent thrombus (frontal lobe, x160, stained
with hematoxylin and eosin–Luxol-fast blue).



process with accompanying endarteritis, consistent with
mycobacterial infection. M. neoaurum is relatively difficult
to culture; therefore, inability to cultivate the organism or
visualize it on Ziehl-Nielsen and auramine rhodamine
stains is not unexpected.

The patient had no known risk for parenteral exposure
to bloodborne pathogens and was not apparently immuno-
compromised. Although the epidemiology of her case sug-
gests mycobacterial infection through direct exposure, the
mode of acquisition is speculative. 

The patient was diagnosed with CJD. In patients with
rapidly progressive dementia, probable CJD may be diag-
nosed if myoclonus or typical EEG tracings are present,
according to Brown et al. (13). Possible CJD is diagnosed
when rapidly progressive dementia is associated with a
movement disorder or periodic EEG activity. Masters pro-
posed that probable CJD may be diagnosed in patients with
rapidly progressive dementia, biphasic or triphasic waves
on EEG, and at least two of myoclonus, visual or cerebel-
lar symptoms, pyramidal or extrapyramidal signs, and aki-
netic mutism (14). Possible CJD is diagnosed when typical
EEG findings are absent. Recent efforts to improve diag-
nostic accuracy for CJD have focused on measuring CSF
protein 14-3-3. Thought to reflect neuronal injury, report-
ed sensitivities and specificities of CSF protein 14-3-3 for
CJD in patients with rapidly progressive dementia are
84%–96% and 87%–100%, respectively (15–21). The
Masters’ criteria have been revised to reclassify possible
CJD as probable if CSF protein 14-3-3 is present (18). In
the case described, revised Masters’ criteria for probable
CJD and Brown criteria for possible CJD were met. The
false-positive rate of CSF protein 14-3-3 for CJD can be as
high as 12%, however, with other causes including vascu-
lar disorders, infectious encephalitis, anoxia, malignancy,
and even Alzheimer’s, Lewy body, and frontotemporal
dementias (15,17–21). In this patient, the presence of CSF
protein 14-3-3 likely reflected ischemic injury mediated by
the proliferative arteritis.

In summary, we have described a case of rapidly pro-
gressive dementia with prominent neurologic features
attributable to chronic granulomatous meningitis and
arteritis. Despite negative stains and cultures, the identifi-
cation of DNA from M. neoaurum suggests that this case
may represent the first reported CNS infection from this
organism, as well as the first documented fatality. The
absence of any clear mode of infection or predisposing risk
factors for developing such a devastating infection is
unusual. This case highlights the difficulties in achieving a
causative diagnosis in patients with rapidly progressive
dementia. CSF protein 14-3-3 does not entirely rule out
potentially treatable causes, and in this case an angiogram
would likely not have been able to differentiate inflamma-
tory from infectious vasculitis. More definitive diagnostic

methods are required, including a possible role for PCR
analysis of CSF samples, as well as earlier consideration of
biopsy.

Acknowledgements
We thank the Canadian CJD Surveillance System, Division

of Health Care Acquired Infections, Health Canada, for its sup-
port; R. Tersigni for her administrative assistance; I. Frohn and
Bryan Korithoski for their technical support; and the family of
Isabel Loth for their contribution towards the completion of this
report.

Dr. Heckman, an internist and geriatrician, is currently a
clinical scholar at McMaster University. His primary research
interests are in cognitive and functional outcomes of cardiovas-
cular disease in the frail elderly. 

References

1. Heritz DM, Lacroix JM, Batra SD, Jarvi KA, Beheshti B, Mittelman
MW. Detection of eubacteria in interstitial cystitis by 16S rDNA
amplification. J Urol 1997;158:2291–5.

2. Schmidt TM, Relman DA. Phylogenetic identification of uncultured
pathogens using ribosomal RNA sequences. Methods Enzymol
1994;235:205–22.

3. Altschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z, Miller W,
et al. Gapped BLAST and PSI-BLAST: a new generation of protein
database search programs. Nucleic Acids Res 1997;25:3389–402.

4. Tsukumura M, Mizuno S. A new species of rapidly growing sco-
tochromogenic mycobacteria, Mycobacterium neoaurum. Med Biol
(Tokyo) 1972;85:229–33.

5. Zanetti S, Faedda R, Fadda G, Dupre I, Molicotti P, Ortu S, et al.
Isolation and identification of Mycobacterium neoaurum from a
patient with urinary infection. New Microbiol 2001;24:189–92.

6. Woo PCY, Tsoi H-W, Leung K-W, Lum PNL, Leung ASP, Ma C-H,
et al. Identification of Mycobacterium neoaurum isolated from a neu-
tropenic patient with catheter-related bacteremia by 16S rRNA
sequencing. J Clin Microbiol 2000;38:3515–7.

7. George SL, Schlesinger LS. Mycobacterium neoaurum—an unusual
cause of infection of vascular catheters: case report and review. Clin
Infect Dis 1999;28:682–3.

8. Holland DJ, Chen SC, Chew WW, Gilbert GL. Mycobacterium
neoaurum infection of a Hickman catheter in an immunosuppressed
patient. Clin Infect Dis 1994;18:1002–3.

9. Davison MB, McCormack JG, Blacklock ZM, Dawson DJ, Tilse MH,
Crimmins FB. Bacteremia caused by Mycobacterium neoaurum. J
Clin Microbiol 1988;26:762–4.

10. McNally CF, Mangino JE. Mycobacterium neoaurum: a case report
and review of the literature. Infect Dis Clin Prac 2000;9:273–5.

11. Becker ML, Suchak AA, Wolfe JN, Zarychanski R, Kabani A, Nicolle
LE. Mycobacterium neoaurum bacteremia in a hemodialysis patient.
Can J Infect Dis 2003;14:45–8.

12. Will RG, Matthews WB. A retrospective study of Creutzfeldt-Jakob
disease in England and Wales 1970–79 1: clinical features. J Neurol
Neurosurg Psychiatry 1984;47:134–40.

13. Brown P, Cathala F, Castaigne P, Gajdusek DC. Creutzfeldt-Jakob
disease: clinical analysis of a consecutive series of 230 neuropatho-
logically verified cases. Ann Neurol 1986:20;597–602.

14. Masters CL, Harris JO, Gajdusek DC, Gibbs CJ, Bernouilli C, Asher
DM. Creutzfeldt-Jakob disease: patterns of worldwide occurrence
and the significance of familial and sporadic clustering. Ann Neurol
1979;5:177–88.

DISPATCHES

926 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 10, No. 5, May 2004



15. Hsich G, Kenney K, Gibbs CJ, Lee KH, Harrington MG. The 14-3-3
brain protein in cerebrospinal fluid as a marker for transmissible
spongiform encephalopathies. N Engl J Med 1996;335:924–30.

16. Zerr I, Bodemer M, Otto M, Poser S, Windl O, Kretzschmar, et al.
Diagnosis of Creutzfeldt-Jakob disease by two-dimensional gel elec-
trophoresis of cerebrospinal fluid. Lancet 1996;348:846–9.

17. Zerr I, Bodemer M, Gefeller O, Otto M, Poser S, Wiltfang J, et al.
Detection of 14-3-3 protein in the cerebrospinal fluid supports the
diagnosis of Creutzfeldt-Jakob disease. Ann Neurol 1998;43:32–40.

18. Poser S, Mollenhauer B, Krauβ A, Zerr I, Steinhoff BJ, Schroeter A,
et al. How to improve the clinical diagnosis of Creutzfeldt-Jakob dis-
ease. Brain 1999;122:2345–51.

19. Lemstra AW, van Meegen MT, Vreyling JP, Meijerink PHS, Jansen
GH, Bulk S, et al. 14-3-3 testing in diagnosing Creutzfeldt-Jakob dis-
ease. Neurology 2000;55:514–6.

20. Burkhard PR, Sanchez J-C, Landis T, Hochstrasser DF. CSF detection
of the 14-3-3 protein in unselected patients with dementia. Neurology
2001;56:1528–33.

21. Otto M, Wiltfang J, Cepek L, Neumann M, Mollenhauer B,
Steinacker P, et al. Tau protein and 14-3-3 protein in the differential
diagnosis of Creutzfeldt-Jakob disease. Neurology 2002;58:192–7.

Address for correspondence: George A. Heckman, Department of
Medicine, Hamilton Health Sciences, Chedoke Campus and Freeport
Health Centre, 3570 King Street East, Kitchener, Ontario, Canada N2C
2W1; fax: 519-894-8326; email: heck0@sympatico.ca

Atypical Mycobacterial Meningoencephalitis

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 10, No. 5, May 2004 927

SSeeaarrcchh  ppaasstt  iissssuueess  ooff  EEIIDD  aatt  wwwwww..ccddcc..ggoovv//eeiidd




