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CONCURRENT NEOCORTICAL BORRELIOSIS AND ALZHEIMER'S DISEASE
ALax B, MacDosarn, MD.® anp Josern M, Mikanpa, MDY

Borrelta sperocheter were divectly viswalized in autofsy Srain i
Jrom o patient with Alcheimer's disease and were cultsred from
cevebral cortex tn artificial media, The authors propese that, as
occurr in feriiary newrosypinlis and gereeval paresis of the insane,
Borrelia species may invads the brar, remam m a lelent Hﬂkﬁlr
iy yeats, and cawe dementer in e absence of other focal neu-
rofagic deficits. An undetermined froction of patients with Al
henmer's disense ey be showm (0 haoe late tertiary neuroborrelions,
Housm PatioL 18:.758-761, 1987,

Liseases of the cemtral nervous system including cra-
nial neuropathies, meningoencephalitis, chronic menin-
gitis, and progressive encephalomyelitis have recently been
deseribed in patients showing seralogic cvidence of infec-
tion with the spirochete Borrelia burgdorfen '-% Months or
years of clinical lateney may pass between primary infection
with B, burgderferi and the onset of central nervous system
disease, The possibility that late teriary borreliosis might
be manifest as dementia withour other associated neuro-
logic abnormalities led the authors to undertake this clini-
copathologic investigation.

REPORT OF A CASE

A Tdyear-old white woman died suddenly at home.
Approximately one week previously, she had been evalu-
ated in the hospial for a mild organic mental syndrome of
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recent onset. After a detailed neuropsychiatric evalwation
by an internist, a neurologist, and a psychiacrist, a com-
puted tomogram of the beain was obtained, and a batery
af tests excluded biochemical, metabolic, and infectious
causes for mental impairment. She was discharged from
the hospital with a diagnoss of probable early Aleheimer's
disgase, Alter her death, an auttpsy was requested by the
family and her physicians 1o determine the neuropatho-
bogic basis For her memory disorder. The autopsy was per-
formed by the medical examiner 24 hours alter her death
to determine that trauma or accident was not a proximaie
contributing factor in her sudden death,

METHODS

The previous complete neurolagic examination had
disclosed no deficits in the cranial nerves, sensory or motor
function, reflexes, or cerebellar function. Tests of the pa-
tient's mental statns revealed that she was disoriented as o
place and date. Deficits in absiract reasoning were ap-
parent on testing. Her thoughts were vague, and she was
unable to concentrate on reading or while watching televi-
sion,

Laboratory evaluation showed the serum vitamin By
level was 321 ng/l (normal, 200 to 900); thyroxine, 6.0 wgidl
(5 1o 12); and thiodathyronine, 2.4 pg/dl (1.5 to 4 8). The
VDRL serology was nonreactive.

A standard autopsy disclosed the cause of death was a
ruptured abdominal aortic aneurysm. At the request of one
of us (ABM), a portion of fresh cerchral cortex (frontal
lobe} was placed in sterile phosphate-buffered saline salu-
tion and stored at 4°C for spedial swudies.

Under sterile conditions, cubes of fresh washed cere-
bral cortex gray matter were trimmed to approximately 0.5
em in size, and these were transferved to sierile Barbour-
Stonner-Kelly medium. The cultures were maintained at

759

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

HUBAAM PATHOLOSY

Vodlrme 18, MNa

£ [aly 1987

FIGURE 1.

Bomeia spirochetes Left, Subcubure of fonlal Iobe of brain in Borbour-Stonmar-Kelly madium, (Dorklield microscope imoge

x B00) Right, Cytologic preparotions fron fresh fromiol I0be comex louch preponaiors] Saingd with mouse manocional anbibocy HEXAZ,
g5 [outer envelope epitope). (Inarect imimu nofluoiescence microscope Inoge. = 1000}

247, Subculrures were prepared from .|.|i1p|.l.|l‘- of the orig
inal material two months laver,

Ihe Krajian, Warthin-Strry, and Dieterle silver stains
WiETE |a-r_'|‘.|l|:'||1'|| 0N Hssee imprings amd |b.||.||h|| 0TGN,

Contml materials consisted ol mutopsy Dssues from a pa-
nent with beral boorelioss (positve conirali, awlopsy bram
fromm i 74-vear-old man with no evidence of dementa (neg-
ative controly, and the B 31 strain of 8, bargaerfen obtained
from the Americn Type Culture Collection

Am o indirect oiem onod luoresece il 1oany il
5. Il.ll.I?HlllllJrlln"ll 1N nssae seciions and |r|1F:|1i||I P l"|,|.||.||'i|l||'\1
used senal incubations of the monoclonal antbody H5332
followed by incubations with staphylecocaal protein A con

assay bor deteqt

jugated tluorescein sothionate (Cappel Laboratones,
Cochranville, Penmsvlvamal, Tissue conicols For ihese
studies were the same martenials as wsed in the silver

SLALIE pro ecdures

RESULTS

Hl:-:llu hertes -.-\.|'|1'1|¢'r||-||':1|I|.|I1,'l| with the H335%2 mong-
clonal antibody in the rissue ImMpPrints i a handlike disiri
butkon that corvesponded o the gray maiter region of the
cortex. More than 100 spirochetes were photographed in
agevegates, small cluseers, and solitanly i varous mgro-
scopic lields i the cortex imprints. Fragments of spiro-
||:|n|t|.lgl.|.|:-|!|r|1 i irocen Lssie -rl.llml\. train
the cortex usaing the H5332 monoclonal anuboady— fluores-
cent method. Spirochetes were also demonsirated with the
Rrajian silver staim in tissue sectons,

Cuftures of brain tssue yvielded spirochetes afier two
months of mcubaton ar room emperiure, b excessive
contaminatin with other bacterial flora has so far pre-
vented us from obtaining a pure eulwre of the *-FI|1¢1:]l-;-rt'
I'he subcultures have vielded corkscrew-shaped spiro

chetes that react with the monockanal antibody H3852 on

chetes were

indirecy immunof luorescence (fg. 1). Silver impregnation
of the frontl lobe cortex demonstrated newrofibrillary
change 1 peurons apd an excess of argyvrophibc plagues
consisient with a ||:i|§|lr|1r;_-||i s al Aleheimers dis-
LAt

DISCUSSION

his report describses the discovery ol Horreliae ki
Jerioan braim Lissiee |:|||:'}|.|:|.|II1.-t:1. from a pil[i-:'ll'. with de
mentii. Although previous clinical stodies using serologic
iesis have lmked K. odarfer with varnous Gitegories of
neurolngic illness, this is the firse report of direct viswaliza-
ton of the spirocheie n the bran, The immuanof liorescen
method is more specbic than rradi
methads wsing silver staing o demonstrae spirochetes in
Al aof the previous reports thir have demonsusied
B nprgdorfen o vartous human tissues have relied on silver
impregnanon methods (Dheterle stamn or Warthin-Starry
stain b In ondy rare instances have Borrelie spirochetes been
I||I|||'||_"|| ||||||| 'I‘ll' Tissibes i whh 1||r 'FIJI"H.I.I.'!E" il-‘l\ III"fEI.
SEe11 N LSsUe SeCihons

Dr. Hidevo Moguchi established the link between the
presence of the spirochete Treponema palfidum in the brain
anel the climical illness general paresis of the insane, No-
guchi's 1903 report described spirochetes in 12 of 70 cases
-|| e |.|| parcsis and ended the tl:'i|:l|.[||. between those
who believed thar Brner al pat s Was @l type ol kale terisnry
neurosyphilis and those who asserted that the association
hetween the two diseases was only coincidental, A pro-
longed pericd of dinical lency and the gradual develop-
et of ||1:[:|;||r|r||,'1|.l [R1! I”H'""' II:I:;"'I'IiII'l.i,' funciions in the
paticnt with general paresis parallel the developmental
stages of pathologic processes in other organ sytems in ter-
ary syphilis and fate tertiary boreelia inlection,

Evidence accumulaied brom a novel .Il.lillll.li.h tir Lhe

amal histowhemical

Lisnki,
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CASE STUDIES

pathologic examination of the fronal lobe cortex from one
extremely carefully documented case ol senile dementia of
the Alrheimers type has provided cireumszancial evidence
that the spirochete 8, burpdorfen was present in the neo-
cortex, where higher cognitive functions are resident and
where neuropathologic evidence of Alzheimer’s disease 15
virtsally always present. Further work is needed 1o deter-
mine whether the presence of ihe Borrelin spirochene in ihe
neocortex and the development of dementa o the human
host are linked.
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Concurrent Neocortical Borreliosis and
Alzheimer's Disease
Demonstration of a Spirochetal Cyst Form

ALAN B. MacDONALD

Soutkampeon Fospiral
Sourhampran, New FYork 11968

A 7l-year-old man died in Arizona 3 years after the onsel of progressive dementia. A
diagnosis of probable Alzhsimet’s disease was based on clinical eriteria. The brain was
removed at autopsy, rogen (unfixed ), and transporied 1o the Department of Pathalo-
gy, University of California, San Diego, School af Medicing where it was stored ai
— 10 for Turther study, The author received the frozen brain and utilized methods
previously described’ for i vitre culture, cytologic, immunchistochemical, and silver
impregnation studies. Argyrophilic plagues and neurofibrillary tngies were found in
the frontal lobe and hippocampal formation in sufficient number 1o establish the
neurcpathologic disgnosis of Alrheimer's disease (F1s. 1A}, Spirochetes were visual-
ized in imprint preparations of freshly thawed frontal lobe cortex with monoclonal
antibody H5332, which specifically binds 1o the outer surface membrane of Barrelia
burgdorferi (FiG, 1), Borrelia spirocheles were recovered from cultures of (reshiy
thawed cercbral coriex and hippocampus in Barbour-Stoenner-Kelly medium. An
unexpeéicd abscrvation was the identification of cystic forma of the Borrelia spirachete
in dark-ficld preparations of cultured hippocampus, snd in imprints of hippocampus
using the monoclonal entibody H9T724, which binds to class-specihe axmal hlament
proteins of Borrelia spirochetes. Ol immersion examination of sections from the
hippocampus impregnated with silver disclosed a rare cystic siructure (Fig, 1B).
Previous workers have identificd spirochetal cyst forms in gultures of nonpathogenic
treponemal spirocheles and have supgested that spirochetes have a complex life
ovele.” Dark-field examination of aped cultures of the B3l refersnce sirain of
Barrelia burgdorferi dischosed cystic stroctures similar to the cysts found in the
autopsy brain culiure.

The following hypothesis s offered based on these observalions, Borrelia spiro-
chetes have a complex life cycle which includes eorkscrew-shaped forms, uncoiled
filamentous forms, L-forms lacking a cell wall, cystic and amebaid forms, and granular
forms, These forms may exis! as either extracellular or imtracellular pathogens. The
cystie farm af Borrelia may explain the Pick body, which is found in Pick’s disease, and
the granular form of Borrelie may explain granulovacuolar degenaration of nerve cells
in the hippocampal formatien in Alcheimer’s disease. A eystic form of the Sorrelia
spirachete would explain Uhe ability. of the microbe (o persist in the hast during a
profonged period of asymptomatic clinical latency, which spans the period between
primary infection and the expression of tertiary manifestations of neuroborneioss.
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FIGURE L. Forrelfa spirochets in imprint of unfixed frontal lobe of brain, revealed niing murine
manotional antibody H5332 for oater surface membrane of Borrelta burpdorferd. Magnification:
100 =
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