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Intensive study of four patients with chronic meningo-

encephalomyelitis believed due to Lyme disease revealed

seronegativity and/or variable seroreactivity and chronic

persistent infection as common threads. Evaluation of these

complex cases required determined study over time using all

known methods (i.e., culture isolation, histologic, immuno.

INTRODUCTION
It is commonly held that patients with late Lyme dis-

ease are almost invariably seropositiver and antibiotic
treatment of l imited duration is generally curative.2-s
However, the phenomenology of chronic neuroborreliosis
has not been fully elucidated.6 We have encountered a
significant number of patients who have been seronega-
tive for months to years despite serious neurologic illness
of long standing thought due to Lyme disease. Antibiotic
treatment in these cases, while conferring benefit, has
seemed unable to eradicate the infection regardless of
route of administration or duration of therapy. Four such
cases of chronic meningoencephalomyelitis have been
extensively studied and their response to treatment care-
fully documented. Detailed presentation of these cases
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histochemical, electron micrographic, direct antigen detec-

tion as well as standard serologic methods) on tissues as well

as serial study ofblood, cerebrospinal fluid (CSF) and urine.

Prolonged intravenous antibiotic therapy conferred clinical

benefit in each case and withholding of treatment resulted in

clinical deterioration.

may serve to illumine this cryptic disorder, which can be
as difficult to treat as it is to diaenose.

CASE REPORTS

Case #1
A 39-year-old woman with a two-year history of pro-

gressing spastic quadraparesis, cranial nerve palsies, and
persistent unexplained CSF pleocytosis was evaluated
beginning in 1989. She had been diagnosed with idio-
pathic thrombocytopenic purpura (ITP) in 1975 and
underwent splenectomy in 1976. She had lived in north-
ern Westchester  county,  New York and nor thern
California but gave no history of tick attachments or of
erythema migrans.

No diagnosis was established after a year of observation
and testing, and serologic studies for Lyme disease in
serum and CSF were repeatedly negative. CSF examina-
tion in 1990 showed lymphocytic pleocytosis, elevated
IgG, and absence of oligoclonal bands or myelin basic pro-
tein. Anticardiolipin and antinuclear antibodies were pre-
sent and Raji cell assay and CIQ immune complexes were
elevated. HIV and HTLV-l antibodies were negative.

An empiric trial of intravenous antibiotic treatment
with cefotaxime (CFOTX) for 2l days in April 1990
resulted in no clinical improvement and no change in
CSF pleocytosis. Thereafter she was treated with 4
months of minocycline with no clinical benefit. The
oatient remained wheelchair-bound.
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Fig I, Case l: Contputed axicrl tomography of the chest sltowing sizcrbla
pleuropericordial eJJusions that devebpetl alier institution oJ high dose
corticosteroi(ls.lbr the patient''s " lultus-like" illness.

Fig 3, Cuse l: ModiJied Steiner silver stoin showing spirochete-comltati-
ble fornt within pericardial tissr.re Ioriginal magniJication 1000x ].

B. burgdorferi grew from CSF in December 199 I at
which time the patient first became seropositive despite at
least  4 years of  c l in ica l  i l lness.  She was t reated wi th
CFOTX (4 g IV Q 8 hrs once weekly) with complete res-
olution of pleocytosis after 13 weeks and constitutional
symptoms improved. Despite continuation of once weekly
IV therapy for l0 months, there was gradual neurologic
deterioration. Intravenous antibiotics were discontinued
December 1992.

Methylprednisolone sodium succinate was given intra-
venously, I g daily for 5 days, followed by prednisone

62

Fig 2, Case I: Hematoxylin tntl eosin stain of pericarditun renutvt'd

v,lten pericordial "vvindow" wtts createcl, showing pericurtlitis witlt
infiItrtuion bt' plasma ceIIs crntl nacrophcrges Ioriginal nwgni.litttrittrt
400x l .

Fig 4, Case l: Phycoerythrin stcrin of periccrrdial tissue denntn:tntting
up-take hy spirochetal-compatible fttrm I original magnift'ution I 000x ].

over a s ix-week per iod for  the possib i l i ty  of  systemic
lupus erythematosus. Pleural effusions developed within
one  week  o f  s ta r t i ng  s te ro ids  a long  w i th  seve re
encephalopathy and debilitation. She could not remember
conversations held minutes earlier and was unable to hold
a cup, roll over in bed, or transfer from bed to wheelchair.
Computed axial tomography of the chest revealed pleu-
ropericardial effusions (Fig l).

A pleuropericardial window was created for diagnostic
and therapeutic purposes. Fibrinous pericarditis was pre-
sent with infiltration of plasma cells and macrophages and
spirochete-compatible structures were seen with modified
Steiner silver and phycoerythrin stains, as well as a touch
preparation (Figs 2-5).

Intravenous CFOTX 6 g daily was administered for the
next  3f i  months wi th dramat ic  improvement  of  her
encepha lopa thy .  The  p leu rope r i ca rd ia l  e f f us ions
improved (Fig 6). The patient was able to walk 500 feet
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Fi.g 5, Casc l: Touth ltrL'lnrutiotr ol ltrriutnliuttt, slunlirtg spirochete-

uiln p d t i b I t' .\ | r u( | u rc | t t r i.q i il u I nu g n i li c u t i t t n I 000.r l.

with a roll ing walker and was able to go home. A further
3 months of  dai ly  CFOTX was adminis tered but  the
patient's health insurer refused authorization for any sub-
sequent intravenous antibiotic therapy.

The patient became increasingly encephalopathic over
the next 6 months. Daily intravenous CFOTX was reinsti-
tuted in June 1994 and mental status improved as con-
firmed by serial neuropsychological testing before and
after 4 months of treatment.

Seve ra l  spec imens  o f  p l asma  and  u r i ne  be tween
February and July of 1995 were found to be PCR positive
for B. burgdoferi-specific DNA. From July 1995 through
April 1996 the patient was treated with intramuscular ben-
zath ine penic i l l in .  On th is  t reatment  she fe l t  poor ly ,
encephalopathy worsened,  and she lost  the abi l i ty  to
ambulate. Plasma PCR for B burgdorferi-specific DNA
was again positive February 1996. CSF analysis March
1996 showed l4 lymphocytes/mmr, elevated protein (57
mg Vo) and slight elevation of IgG. Oligoclonal bands
were present in both CSF and serum. Myelin basic protein
was absent. CSF Lyme PCR and OspA antigen were neg-
ative as were Lyme-specific immune complexes in serum
and CSF. Authorization for additional intravenous antibi-
otic therapy was refused by the insurer. Encephalopathy
and debilitation worsened (Table I).

Case #2
In the fall of 1985 a 6l-year-old outdoorsman residing

in the Catskil l  region of New York State developed a
large round rash on one thigh. A physician was consulted
but no treatment was given. The following winter unre-
lenting headache, low grade fever, paresthesias and trun-
cal instability developed. Lumbar puncture demonstrated
lymphocyt ic  p leocytos is .  Lyme ELISA was negat ive.
Dysphasia and a progressive stroke syndrome developed.
A diagnosis of "vasculitis" was given and the patient was

Fig 6, Case l: Contputeri:.etl axial tonograpltt oJ' chest at conrpurable

level to Figure I, oJter patient hatl receivetl sutrc firo months ttl dttilt'

int ruvenous cefotuxime follotvittg c redtiott ol pe rica rdiul " tt' i ndotv. "

Pericardial efftrsion urtd biloteral pleural e.ffirsions ara signi.ficuntlt'

diminished.

Fig 7, Case 2: Conryuterized axial tontographt'oJ the head sltotvirtg

mussive htdrocephulus, Mut' 1992, 6Ji tears ofler ttn nltreoted ski,t

eruptio,l historically contpatible with erl,thena nigrcuts.

treated with steroids and cyclophosphamide for a number
of months with progressive deterioration to a level of
functioning slightly above a persistent vegetative state.
Lyme ELISA was positive in 1988. Treatment with intra-
muscular ceftriaxone (CFTRX) for l4 days resulted in
slight improvement.

ln  1992,  computed axia l  tomography of  the bra in
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Fig l5-lB, Cu.sc 2: Higlt nl(K,tliliuttion irt.sart lfutnr Fig. 11, ltrutiott R
.s lu;r .s  t lu.s ler  o l  but tcr iu (drrows) (ut  in t 'ur l ing diancte rs.  Sorrrc . ;c t -
lir;tts ure.firtrrr tlrc thirt lott,e,itutlirtal erul.s urul sontc urc.fitltt (('tttrdl 0.22
rni(rort Ihi(k (l(nse rullion ol the spirotltetc.s (arnnr) lrtrigittul nugrtili-
ttttitnt 60,100.r, ut'unll o&tul(, lcdd titrilt(1.

s h o w e d  m a s s i v e  h y d r o c e p h a l u s  ( F i g  7 ) .  E l e c t r o -
encephalogram revealed status epilepticus and phenobar-
bital was prescribed. Lyme serology was negative in one
laboratory, yet positive in another. Western blot was non-
d iagnos t i c ,  show ing  on l y  a  4 l  k i l oDa l ton  band .  CSF
examination revealed the presence of oligoclonal bands
without myelin basic protein and very elevated CSF IgG.
Serurn showed elevated CIQ irnmune complexes. OspA
antigen capture assay in CSF was strongly positlve.

The patient was given daily intravenous CFTRX fbr
one month, then weekly CFOTX (4 g IV Q 8 hr x 3 doses)
for one year, with modest improvement in his neurologic
status. The patient succumbed to his disease July 1993.

Fig l5- lA,  Cuse 2:  High nngtr i f i t 'u t ion instr t . f i rnr  Fig l1- l , lo t 'ut ior t  A.

Arnstl, prsinls to (ros.\.\ediotl of spintt'hetal bur'taria-corrtltulible.strut'-

ture witlt tlett.se ribosonte.s surrountled ltt a.sutfttt'c ntembnute trcur tlrc

L'ollttgcrt.fibers (fi) [originul nugnilitariort 16,100.r, uruttyl utetute, leutl
citruttl.

Fig l6-1. Ctrsc 2: Viatr ol ltruin.\c(ti(ilt ll lr(nt.qll u.uxlerilrilir'lernitruls
treur u blootl vassel .surroutule(l bl p(ri(\'t?.\ (ttt) [ori!.ittul mu,e,rti.fit 'utiorr
-1900.r,.fornrtltlelltlc-.li.ttd ti.s.suc.sl. At tlrc .sttru1t.;a (stl) tlrc intrucelluhr
gtr l t  i .s  int  reu.set l  (urnnr)  und there i .s  den.se e-r t rucel lu lur  ntu l?r ia l

upplietl to tlrc crtoplusntir' .sitle.littrrt tltich in.scrt is rttude.

Fig l6-lA, Case 2: lnsert slunts sorne sediorts of den.se ribo.sonrc-riclt
bacleria (arrott') surrourttled bv a neurogliul process (ap) witlt ntito-

thontlriu (nr) urd bt tlendritic terntinals (dt) [original nrugrtiJication

52,600.r, urutll ucetote, Ieutl t'itrutal
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Clinical

'10/88 61 year old Catski0 .€gi)f| outdoorsman
develops eruptbn cornpatibb wih erytherna
migrans one hilJh.

1/86 Develops unrelenting h€adaches,loqr gEde
bvEr, paresthesias, funcal insbbility. Evolves to
Pmgr€ssive stroke syndrofiE.
Diagnosis of \assrlids" made.

Progressive neurologb deterioration

Sllght impoveflrent noted.

1 98&1 992 palient car€d br at home. Exisb at
primitive level of neurologic function; dependent on
others br total care.

5/92 status epilepticus; prlmltve €motive
vocalization; slightly above vegetative state.

Table ll (Case 2)

DiagnostiG TrBafn€nt

1/86 CSF lymphocytic pleocytosis. Lyme Elisa
negative.

1988 Lyr€ Elisa +

Wnter€pringl 986 predniEone and
cytoxen gfuen

CFTRX 2 g/day lM X 14 days

5/92 CSF: \ ,BC V\NL CSF lgc 17.2 mg/Dl CSF
lgc synthssis rab 43.4 mg/24 hr. OCB + CSF
MBP neg. CSF OspA antigen + 0.12.04 CSF
Lytne sp*lfic immune complexes strongly +(P.
Coyl€); ssrum C1Q immune compl6xes + 37.5
rnca AHG Eq/tvl ACLq lgc 25.9 GPL Lyme
Elisa seJoequivocal. WB negalive.

5/92€/92 CFTRX 2 g/day X 28d
7/92€/93"pulse" CFOTX 4 g lV Q 8
X 3 consec. doses wsekly.

7/92€/93 modest neurologic improvement
conoborated by visiting nurses.

793pat ntdlca.

2/93 Lyms Elisa.150/.107 WB nogauve CIQ
immune compl€x6s 54.4 nrcg AHG ECM

Autopry: fulmlnant rnsningoenc€phalorryell0s
and ependymitis; CSF OBpA anugen + .0871.074
Lyma-sp€cific immune complexes lgc +
.944/.053 (P. Coyle)i Silver staining and
immunohistochemistry fails to reveal any definite
spirochetecompatible structures (P. Duray, M.
Philipp). Bb PCR positive widely in CNS tissues;
El€ctron microscopy reveals bonelia- compatible
structures (D. Hulinska)

Autopsy revealed severe hydrocephalus (Figs 8,9) and
florid meningoencephalomyelitis and ependymitis (Figs
l0-13) .  The CSF was posi t ive for  OspA ant igen and
Lyme-specific immune complexes. Spirochetes were not
visualized on histopathologic and immunohistochemical
study by light microscopy but borrelia-compatible struc-
tures were visualized in formalin-fixed tissues studied by
electron microscopy (Figs 14-16) and brain tissue and dura
mater were PCR positive for detection of B. burgdorferi-
specific oligonucleotides (Figs l7A,B)? Gable II).

Case 3
A 37-year-old woman removed a tiny tick from her left

shin in the spring of 1982 while visiting Dutchess County,
New York and developed an eruption about the site that
persisted for several years. Biopsy of the lesion was read
as granuloma annulare. Multisystem symptomatology
developed within months of the attachment including

polyarthralgia and synovitis, fatigue, headache, paresthe-
sias, cognitive problems, and ocular disorders incuding
pars planitis, anterior and posterior granulomatous uveitis,
and retinal vasculitis.

Several Lyme ELISAs between 1982 and 1990 were
negative. A short course ofdoxycycline in 1990 conferred
some benefit. In June 1990 intravenous CFTRX 2 glday
was given for 42 days with symptomatic improvement.
She was then given minocycline, 300 mg/day, for the next
2fi years with progressive improvement.

In the spring of 1993 the patient used minocycline spo-
radically, and in the summer of 1993 she developed neu-
ro logic  symptoms.  MRI of  the cerv ica l  sp inal  cord
showed high intensity lesions (Fig 18). Cerebrospinal
fluid examination revealed 70 cells (mostly lymphocytes)
and markedly elevated protein and IgG. Oligoclonal
bands were present in CSF but myelin basic protein was
within normal limits. Lyme serologic tests were negative
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Fig 17-A, Case 2: PCR detectiott o/B. burgdorferi in brain autopsr ti,\-
sLtes. DNA nrass wos isolated by the DNA QIA Amp Tissue kit QIAGEN
(Boehringer Manheim) and subjected to analysis bt' PCR amplification
Lts ing pr imers BB, GG, PC, VS. Tl te react ion products were elet-
trophoresed in l.5Vo agarose gel and detected bt UV transillutnination
after being stained v'ith ethidium brontide. Lotes 2,3,6 tlid not contttitt
PCR products with European primer sets BB, BG (.for B. garinii,), VS
(.for B. afzelii). Lane I cotttcrins DNA marker pUCl8 Hae III digest
(Sigma), lanes 4 & 5 contain PCR prodLtcts amplilied with printer set
PC from a North Americcut isolate.

in serum and CSF as was CSF culture for B. burgdorferi,
and OspA antigen in CSF, and PCR and Lyme-specific
immune complexes in CSF and serum.

The patient was treated with daily intravenous CFOTX
for the next 8 months during which tirne serial CSF exam-
inations revealed progressive decrease in pleocytosis, pro-
tein, IgG and IgG synthesis rates. The last 3 of 5 CSF
samplings showed Lyme-specific immune complexes in
CSF and Lyme Western blots now demonstrated key B
burgdorferi-specific bands (IgG: 28, 30,39, 93 from one
lab and 23,29,39 from a second lab). Intravenous antibi-
otics were discontinued July 1994.

The patient has been maintained on weekly intramus-
cular benzathine penicil l in (4.8 mill ion units IM), com-
bined with azithromycin (750 mg/day) since that t ime,
remaining clinically well. Western blots from February
1996 showed the 39 kDa band on IgM blot and 28,30, 39,

Fig l7-8, Cctse 2: PCR detectiott o/8. burgdorteri DNA itt dura ntctter
using primers BB, GG, PC, VS, urd Flu I,ll. Lutes 2, 3, & 6 ditl rtor cott-
toin PCR product. Lanes 4 & 5 contain PCR product with prinrcr.set PC
(fragment of 102 base-pairs and lcurc 7 contain a specific fragment of
372 base pairs).

4l kiloDalton bands on IgG blot and July 1996 showed 20
and  34  kDa  bands  on  IgM and  28 ,34 ,39 ,  and  58  kDa
bands on IgG. Lyme ELISA has been negative throughout
(Table III).

Case 4
In October 1989 a 4O-year-old fire captain developed

optic neurit is, constitutional symptoms, and progressive
neurologic symptomatology believed on clinical grounds
to be mul t ip le sc leros is .  MRI of  the neuraxis  showed
hyperintense lesions at a variety of levels. CSF examina-
tion was not performed. His condition progressively dete-
riorated to a wheelchair-bound status despite treatment for
multiple sclerosis, including beta interferon. There was no
history of deer tick attachments nor of erythema migrans
but he had had a large-type tick attachment occuning in
the 1970s on Parris Island, South Carolina, followed by
some joint symptoms. He had spent a great deal of time in
sho re  a reas  o f  Rhode  I s l and ,  Connec t i cu t ,  and
Massachusetts. All Lyme serologic tests and research
assays in  b lood and CSF were negat ive in  September
1994 and CSF showed a pattern thought pathognomonic
for multiple sclerosis.

In view of the patient's lack of response to treatment
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aimed at multiple sclerosis, a five-month empirical treat-
ment trial of daily CFOTX was given between the fall of
1994 and spring of 1995. The patient's neurologic status
which had been progressively deteriorating, reversed.
Wheelchair bound to start, the patient was able to ambu-
late at least 100 feet with a walker. Speech became clear-
er, and movements somewhat more fluid. Synovitis of
ankles and knuckle joints was noted during the early
phases of treatment.

MRI of neuraxis at completion of therapy showed

Abbreviations and Normal Reference Ranges (in parentheses)

for Tables I-IV

ACLA: anticardiolipin, antibodies (IgG less than 23 GPL; IgM less than

1l  MPL)

ANA: antinuclear antbodies

Ant i -DS DNA AB: ant i -double stranded desoxyr ibonucleic acid

antibody

CIQ immune complexes: (less than 30 micrograms AHG Eq/mL)

CSF: cerebrospinal fluid

CSF IgG (0.70-3.s0 mg/dl)

CSF IgG synthesis rate (0-10 mg/24 hours

CSF prot: CSF protein (20-45 meldL)

HIV: Human immunodeficiency virus

HTLV- I : Human T-cell lymphotropic virus

MBP: myelin basic protein (0-5.0 micrograms/L)

OCB: Oligoclonal bands (absent)

OspA: Outer surface protein A

Raji Cell assay: (0-50 mag AHG Eq/m)

improvement compared to a pretreatment study with a
diminution in the number and size of lesions. CSF exami-
nation repeated at completion of 4 months of therapy
showed disappearance of oligoclonal bands and myelin
basic protein, normalization of IgG synthesis rate and
CSF IgG only s l ight ly  e levated.  Lyme Western b lot
although not fully diagnostic, showed evolution of key B.
burgdorfer i -speci f ic  bands ( IgM 30,  45,58,  93 kDa,
March 1995; and IgG 39, 45, 58, April 1995) and Lyme-
specific immune complexes were seen in serum for the
first time (optical density 0.634; positive cut-off. greater
than 0.215). OspA antigen in CSF remained negative.

While being treated with intramuscular benzathine
penicillin combined with azithromycin, the patient deteri-
orated with loss of ability to ambulate and development of
urinary and fecal incontinence.

Lumbar puncture repeated in September 1995 five
months after discontinuing intravenous antibiotic thera-
py again showed markedly abnormal parameters indica-
tive of multiple sclerosis including oligoclonal bands
and elevated myelin basic protein, markedly elevated
CSF IgG and IgG synthesis rate as well as lymphocytic
meningitis.

Intravenous antibiotics were resumed. The patient
regained his ability to ambulate with a walker and to con-
trol bowel and bladder. Repeat lumbar puncture March
1996 showed significant improvement in CSF puuameters
with disappearance of myelin basic protein, clearance of
CSF pleocytosis, and decreased CSF IgG and IgG synthe-
sis rate. Lyme-specific IgM immune complexes were
detected in CSF (Table IV).
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DISCUSSION
Seronegativity implies failure of detection of infection

by the patient's immune defense and also masks the infec-
tion from recognition by the patient's physician. This may
set the stage for the development of more serious neuro-
logic or other systemic illness. Dattwyler et al showed
that early application of antibiotic therapy may blunt the
development of an antibody response.8 Schutzer has
shown that free antibodies may not be demonstrated
unless methods to dissociate circulating immune com-
plexes are used.e T-cell anergy may be another mecha-
nism to explain both seronegativity and chronic persistent
infection.r0 Recently, it has been found in in vitro experi-
ments that B. burgdorferi may target, invade, and destroy
human B- and T-lymphocytes and may even steal lym-
phocyte cell membrane.r I

Analagous to the situation in leprosy,l2 there may be
two clinical subsets of patients with Lyme disease defined
by the host immune response. Both T- and B-cell defi-
ciencies occurring in the seronegative subset may predis-
pose to expression of more serious illness, as with lepro-
matous leprosy, and chronic persistent infection. The
seropositive subset may resemble tuberculoid leprosy
where the severity of illness is limited by the more effec-
tive host imune response. Other mechanisms, which may
explain survival of boneliae despite antibiotic treatment
include intracellularity13'ra and the adoption of sphero-
plast-L forms to evade the lethal effect of cell wall-acting
antibiotics.l5

Case I showed clinical illness for at least four years
prior to proof of diagnosis. Compelling laboratory evi-
dence for chronic persistent infection was developed
numerous times throughout her course including culture,
demonstration of spirochetal-compatible forms in pericar-
dial biopsy, and repeated PCR positivity all despite prior
and sometimes very prolonged intravenous antibiotics.
Weekly treatment with CFOTX was apparently not ade-
quate to contro l  the in fect ion in  her  case.  Maximal
improvement was seen only after 6 months of daily intra-
venous antibiotic therapy, but the patient had suffered a
degree of irreversible neurologic injury, and had relapses
whenever treatment was discontinued.

This patient showed many markers suggesting lupus
including positive ANAs, anticardiolipin antibodies, circu-
lating immune complexes, and at one point even the pres-
ence of anti-double stranded DNA antibodies. Whether she
suffered from a pre-existing connective tissue disease or the
autoimmunity she evidenced was merely an epiphenome-
non associated with chronic borrelial infection is unclear.
However, treatment for systemic lupus erythematosus with
corticosteroids resulted in severe clinical deterioration,
whereas intensive antibiotic treatment reversed this situa-
tion and achieved dramatic improvement.

Fig 18, Case 3: MRI of cervical spine showing high intensity lesion

within the cord in Case 3.

That her bonelial isolate showed resemblance to strains
from the West Coast of the United States on pulse-gel elec-
trophoresis, and that she had lived in Califomia for a few
years prior to the development of her ITP makes one won-
der whether bonelial infection may have caused her ITP.
One attempt to identify B. burgdorferi-specific DNA in tis-
sue in paraffin blocks from the patient's splenectomy was
negative, however. Her case prompts speculation on the
possible role of borrelial infection in other autoimmune dis-
orders previously thought to be idiopathic.16'17

Case 2 demonsffates the devastating potential of unrec-
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ognized and untreated borrelial infection in genetically sus-
ceptible hosts and the disastrous consequences of applying
immunosuppressive therapy in cases of unrecognized bor-
relial infection. CNS damage was very far advanced by the
time the diagnosis was finally made; however, there was
still some antibiotic responsiveness. The false teaching that
patients with late Lyme disease are almost invariably
seropositive led the physicians caring for this patient away
from the correct (and treatable) diagnosis.

Case 3 had a clear clinical history indicating Lyme dis-
ease. Despite intensive study laboratory corroboration for
the diagnosis could not be obtained for some 13 years. A
prior six-week course of intravenous CFTRX did not pre-
vent the development of meningoencephalomyelitis. An
eight-month course of intravenous CFOTX was required
to resolve d is turbed CSF parameters.  Lyme-speci f ic
immune complexes were demonstrable in the final three
of five cerebrospinal fluid examinations and key Lyme
disease-compatible bands finally developed on Western
blot in serum thereafter. She has been seronegative by
ELISA throughout, calling into serious question the valid-
ity ofusing this assay alone as a screening test.

Case 4 demonstrates how closely neuroborreliosis can
mimic multiple sclerosis. Given now that seronegativity
occurs in Lyme disease, distinguishing the two disorders
may be a daunting task. The patient showed resolution of
markers thought to be pathognomonic for multiple sclero-
sis in CSF along with clinical improvement following
intensive intravenous antibiotic treatment. Relapse of
abnormal CSF findings and of neurologic signs occurred
with suspension of intensive treatment. Resolution again
followed a second course of intravenous therapy. This
case suggests that neuroborreliosis may be misdiagnosed
as multiple sclerosis. r8're

On the other hand, a significant body of research data
had been developed in pre-World War II Germany sug-
gesting a relationship between spirochetal infection and
multiple sclerosis.2O'21 Steiner averred that the Spirocheta
myelophthora he visualized morphologically resembled
borreliae rather than treponemes.22 Additional studies
using modern direct antigen detectiort techniques should
be conducted to re-examine a potent ia l  re lat ionship
between borrelial infection and multiple sclerosis.

That borelial infection may result in multiple sclero-
sis-like illness following months to years of clinical laten-
cy and without occurrence of erythema migrans ought to
be taken into account in decisions on antibiotic prophy-
laxis for recognized ixodid tick attachments.23-25

CONCLUSION
Chronic persistent infection and seronegativity are not

without precedent in spirochetal disese and are now well
accepted phenomena in syphilis. Prolonged and combina-

tion antibiotic therapy are being utilized by an increasin-e
number of  c l in ic ians to at tempt to aver t  progressive
neurosyphilis.26 The hypothesis has been proposed that
syphilis may not be a curable infection in the sense of
tota l  bacter ia l  eradicat ion wi th avai lable t reatment
approaches.2T

Relapses following use of potent antibiotics and detec-
tion of the Lyme organism or its DNA following treat-
ment likewise demonstrates an inability to completely
eradicate the pathogen and permanently halt the patholog-
ic process with current methods of treatment in some
patients.2s-47 This is a problematic situation because inten-
sive antibiotic treatment is costly, is inconvenient, and
carries associated risk for the patient.a8 Such antibiotic
usage may foster the emergence of strains of other types
of bacteria resistant to the antibiotics employed and thus
has public health irhplications. For some patients. howev-
er, this may be the only presently available alternative to
progressive neurologic deterioration.3n'3e In vieu of this
dilemma, the international biomedical research comrnuni-
ty must give high priority to the development of improved
and/or alternate methods of treatment that can definitively
cure persisting borrelial infections responsible tbr neuro-
losic and other manifestations of chronic Lvme disease.

ACKNOWLEDGMENTS
Patricia Coyle and Zhidian Deng, Departneil ol .\'tun'lt,t!\. SUNY

Stony Brook, petformed OspA antigen and L.tnte-spetilil tnntuttt' cont
plex testing in CSF tmd serum in Cases l-4. Tlrc Cent(r\ k)r l)iseuse

Control and Preventio,l, Fort Collins, CO cultured lor htrrt litn Lutd dirl

serologic and PCR testing in Cases I and 2. David Persinq utld lJLtrl)era

Rutlerlge, Mayo Clinic Foundation, petformed PCR restins utkl tulture

for borreliae in Cases I tutd 2 rutrl pulse-gel electrophore.\is t lurd(teil-

Tationof the isolate in Case I. Ben LLft, Departnrent oJ Medicint. SL'NY
Stony Brook, provided the PCR primer used in studf irtg.l,t(,/)\.\ ri\\r('.\

in Case 2. Mario Philipp and Dr. Roberts, Tularte Regiottul I'rinnte

Center, effecrcd intnttnohistochemical stLrdl, o/ CNS rissrres in Cust, 2.

Tont Gora provided computer expertise, hardware and softtrare support

and assisted in tabularizing data.

REFERENCES
l. Steere AC, Taylor E, McHugh GL, Logigian EL. The overdiagno-

sis of Lyme disease. J A M A. | 993 :269 : | 8 | 2- | 8 | 6.
2. Rahn DW, Malawista SE. Lyme disease: recommendations for

diagnosis and treatment. Ann Interu Med. l99ll.l14:472-481.
3. Schoen RT, Malawista SE. Lyme arthritis. Cliniguide to rheuma-

tology. Lawrence DellaCorte Publications, Inc. 1994;3: I -7.

4. Sigal LH. Current drug therapy recommendations for the treat-
ment of Lyme disease. Drrgs. 1992;43:683-699.

5. Gerber MA, Shapiro ED, Burke GS, Parcells VJ, Bell GL. Lyme
disease in chi ldren in Southeastern Connect icut .  N Engl  J Med.
1996:335:1270-1274.

6. Duray P. Capturing spirochetes from humans [editorial]. Arr J
C lin Pathol. 1993;99:4-6.

7. Rosa P, Hogan D, Schwan T. Polymerase chain reaction analysis
identifies two distinct classes of B. burgdorferi. J Clin Microbiol.
l99l.29:524-532.

8. Dattwyler RJ, Volkman DJ, Luft BJ, Halperin JJ, Thomas J,
Golightly MG. Seronegative Lyme disease. Dissociation of T- and B-
lymphocyte responses to Borrel ia burgdorfer i .  N Engl  J Med.

Journal of Spirochetal and Tick-borne Diseases. Vol. 4, FallAVinter 199772



1988:319: 14.{  l -  l - l -16.
9.  Schutzer SE. Coyle PK, Belman AL. Gol ight ly  MG, Drul le J.

Sequestration of antibody to Borrelia burgdo(eri in immune complexes
in seronegative Lyme disease. Iancet. 1990.335:3 I 2-3 I 5.

10.  Schuanz RH. T cel l  anergy.  SciAnr.  August  1993:62-71.
I l. Doruard DW, Fischer ER. Virulent Borrelia burgdoferi specifr-

ca l l y  a t t ach  t o ,  ac t i va te ,  and  k i l l  T IB -215  Human  B - l ymphocy tes

Iabs t rac t l .  V I I I  Annua l  Lyme  D i sease  I n te rna t i ona l  Sc ien t i f i c
Confbrence on Lyme Borreliosis and other Spirochetal and Tick-borne
Diseases. Vancouver, BC. April 28,29, 1995.

12. Modlin RL, Bloom BR. Immune regulation: learning from lep-
rosy. Hosp Pract. Nov 1993:7l-84.

13. Georgilis K, Peacocke M, Klempner MS. Fibroblasts protect the
lyme disease spirochete, Borrelia burgdo(Uri, from ceftriaxone in vitro.
J Infect Dis. 1992t166:440-444.

14. Klempner MS, Noring R, Rogers RA. Invasion of human skin
fibroblasts by the Lyme disease spirochete, Borrelia hurgtlorferi. J
hfect  Dis.  1993: 167:  1074-1081.

15.  Preac Mursic V,  Wanner G, Reinhardt  S,  Wi lske B,  Busch U,
Marget W. Formation and cultivation of Borrelia burgtlorlbri sphero-
plast-L-form variants. I nfe c t i o n. | 996:24:2 | 8 -226.

16. Lavoie PE, Kong L, Hogrefe W. Borrelia burgdo(eri DNA in
the blood of three SLE patients [abstract]. Program and abstracts of the
Fifth International Conference on Lyme Borreliosis, Arlington, VA.,
May 3O-June 2, 1992. Bethesda, MD: Federation of American Societies
ibr Experimental Biology, 1992: A2l.

17. Blaser MJ. Bacteria and diseases of unknown cause [editorial].
Arut Intem Med 1994:.12l:144-145.

18. Liegner KB. Evidence for borrelial etiology and pathogenesis in
a series of patients carrying a diagnosis of multiple sclerosis [abstract].
45th Internat ional  Northwestern Conference on Diseases in Nature
Communicable to Man. Vancouver, British Columbia, August 1992.

19. Liegner KB. Difficulty of distinction between borrelial (Lyme)
encephalomyelitis and multiple sclerosis [abstract]. 47th International
Northwestern Conference on Diseases in Nature Communicable to Man.
Vancouver, British Columbia, August 1992.

20. Marshall V. Multiple sclerosis is a chronic central nervous sys-
tem infection by a spirochetal agent. Med Hypotheses. 19881.25:89-92.

21. Kurtz SK. Relapsing fever/Lyme disease/multiple sclerosis. Med
H1'pot he se s. | 986:2 I :335-343.

22. Steiner G. Acute plaques in multiple sclerosis, their pathogenetic
s i gn i f i cance  and  t he  ro l e  o f  sp i r oche tes  as  e t i o l og i ca l  f ac to r .  J
Neuropathol Exp Neurol. l952tl l:343.

23. Liegner KB. Lyme disease (letter). N Engl J Med. 1990:'322:474-
475.

24. Liegner KB. Prevention of Lyme disease after tick bites (letter).
N Engl J Med. I 993;328: I 36- I 39.

25. Liegner KB. Antimicrobial prophylaxis after tick bites (letter). N
Engl J Med. 1993;328:1418-1420.

26. Tramont EC. Treponema pallidunt (syphilis). In: Mandell GL,
Bennett JE, Dolin R (eds). Mandell, Douglas & Bennett's principles and
practice of infectious diseases. Churchill Livingston. Fourth Edition:
New York: 1995:2117 -2133.

27. Chinsberg RC, Nitzan Y. Is syphilis an incurable disease? Med
Hy pothe se s. | 992;39 :35 -40.

28.  Preac-Mursic V,  Weber K,  Pf is ter  HW, Wi lske B,  Gross B,
Baumann A, Prokop J. Survival of Borrelia burgdorferi in antibiotically
treated patients with Lyme borreliosis. Inftction. 1989;17:355-359.

29.  Preac-Mursic V,  Pf is ter  HW, Spiegel  H,  Burk R, Wi lske B,
Reinhardt S, Bohmer R. First isolation of Borrelia burgdorferi from an
iris biopsy. J Clin Neuroophthalmol. 1993;13: I 55- I 6 l .

30. Haupl T, Hahn G, Rittig M, Krause A, Schoerner C, Schonhen
U, Kalden JR, Burmester GR. Persistence of Borrelia burgtlorferi inlig-
amentous tissue from a patient with chronic Lyme borreliosis. Arthritis
Rhe unr. 1993.'36: | 621 - | 626.

31.  Lawrence C, L ipton RB, Lowy FD, Coyle PK. Seronegat ive
chronic relapsing neuroborreliosis. Eur Neurol. 1995;35:l l3-l 17.

32. Liegner KB, Rosenkilde CE, Campbell GL, Quan TJ, Dennis
DT. Culture-confirmed treatment failure of cefotaxime and minocycline
in a case of  Lyme meningoencephalomyel i t is  in the Uni ted States

[abstract]. Program and abstracts of the Fifth International Conference
on Lyme Borreliosis, Arlington, VA, May 3O-June 2, 1992. Bethesda,
MD: Federat ion of  American Societ ies for  Exper imental  Bio logy,
1992:All.

33. Liegner KB, Shapiro JR, Ramsay D, Halperin AJ, Hogrefe W,
Kong L. Recurrent erythema migrains despite extended antibiotic treat-
ment with minocycline in a patient with persisting Borrelia burgtbtferi
infection. J Ant Acad Derntatol. 1993:'28:312-314.

34. Nocton JJ, Dressler F, Rutledge BJ, Rys PN, Persing DH, Steere
AC. Detection of Borrelia burgdo(eri DNA by polymerase chain reac-
tion in synovial fluid from patients with Lyme arthritis. N Engl J Med.
1994;330:229-234.

35.  Schmidl i  J ,  Hunziker T,  Moesl i  P,  Schaad UB. Cul t ivat ion of
Borrelia burgdo(bri from joint fluid three months after treatment of
facial palsy due to Lyme borreliosis. |etterl. J Infect Dis. 1988;158:905-
906.

36. Preac Murgic V, Marget W, Busch U, Pleterski Rigler D, Hagl S.
Kill kinetics of Borrelia burgdo(bri and bacterial findings in relation to
the treatment of Lyme borreliosis. Infection. 1996:24:9-16.

37. Liegner KB, Garon G, Dorward D. Lyme borreliosis (LB) stud-
ied with the Rocky Mountain Laboratory (RML) antigen capture assay
in urine [abstract l8]. Program and abstracts of the Fifth International
Conference on Lyme Borreliosis, Arlington, VA, May 30-Jnne 2, 1992.
Bethesda, MD: Federat ion of  American Societ ies for  Exper imental
Biology, 1992.

38. Liegner KB, Agricola MD, Bayer ME, Duray PH. Chronic Lyme
d i sease  (CLD) :  a  cos t l y  d i l emma [abs t rac t  P9 l2M] .  P rog ram and
abstracts of the Sixth International Conference on Lyme Borreliosis.
Bologna, I ta ly,  June 19-22,1994.

39.  L iegner KB, Ziska M, Agr icola MD, Hubbard JD, Klempner
MS,  Coy le  PK ,  Baye r  ME ,  Du ray  PH .  Fa ta l  ch ron i c  men ingoen -
cephalomyelitis (CMEM) with massive hydrocephalus in a New York
State pat ient  wi th evidence of  Borrel ia burgdorfer i  (Bb) exposure

[abstract  P04lT] .  Program and abstracts of  the Sixth Internat ional
Conference on Lyme Boneliosis. Bologna, Italy, June 19-22,1994.

40. Coyle PK, Deng Z, Schutzer SE, Belman AL, Benach J, Krupp
LB, Luft B. Detection of Borrelia hurgdotferi antigens in cerebrospinal
f1uid. N e uro lo g1'. 19931;43: 1093- 109'7 .

41. Coyle PK, Schutzer SE, Deng Z, Krupp LB, Belman AL, Benach
JL, Luft BJ. Detection of Borrelia burgdorferi-specific antigen in anti-
body -nega t i ve  ce reb rosp ina l  f l u i d  i n  neu ro l og i c  Lyme  d i sease .
Neurology. I 995;45:20 l0-20 I 5.

42. Oksi J, Uksila J, Margamaki M, Nikoskelainen J, Viljanen MK.
Antibodies against whole sonicated Borrelia burgdorferi spirochetes,
4l-kilodalton flagellin, and P39 protein in patients with PCR- or culture-
proven late Lyme borreliosis. J Clirt Microbiol. 1995:33:2304-2315.

43. Liegner KB. Lyme disease: the sensible pursuit of answers [guest
commentary l .  J  Cl in Microbio l .  1993;31:1961-1963.

44. Liegner KB. B. burgdorferi-seek and ye shall find. Expanding
the envelope. [guest editorial]. J Spirochetal Tick-borne Dis. 199411:79-
8 1 .

45. Liegner KB. Chronic persistent infection and chronic persistent
denial of chronic persistent infection in Lyme disease. Presented at the
Lyme Disease Foundation 6th International Conference on Lyme Disease
and other Tick-borne Diseases, Atlantic City, NJ, May 5-6, 1993.

46.  Lopez-Andreu JA, Ferr is  J,  Canosa CA, Sala-Lizarraga JV.
Treatment of late Lyme disease: a challenge to accept letterl. J C/ln
M ic robio l. 1994l'32: | 41 5- | 41 6.

47 . Liegner KB. Treatment of late Lyme disease, Atlantic City, NJ: a
challenge to accept [reply to letter]. J Clin Microbiol. 19951'32:1416.

48. Liegner KB, Ganong RB, Heaney D. Rhabdomyolysis occurring
during prolonged intravenous antibiotic therapy with ceftriaxone in a
patient with Lyme encephalopathy [abstract D6241. VII International
Congress on Lyme Borreliosis. San Francisco, CA, June 16-21,1996.

Chronic Lyme Meningoencephalomyelit ides/Liegner et al 73


