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Scientific Program -- Schedule of Presentations

Both days: Continential Breakfast 7:30 - 8:30 am; Lunch 12:00 pm.
Friday, April 19, 1996

8:30am Welcome & Introduction

Animal Models of Chronic Lyme Disease: Chair: S.W. Barthold, Ph.D., D.V.M.

8:35 am - Protective and disease-modulating antibody mediated immunity to Borrelia burgdorferi
antigens expressed in vivo - S.W. Barthold, Ph.D., D.V.M.

9:05 am - Hamster model of Lyme borreliosis - R.F. Schell, Ph.D.

9:25 am - Chronic Lyme disease in the rhesus monkey - M.T. Philipp, Ph.D.

9:45 am - Discussion

Path is of Chronic i : Chair: A.G. Barbour, M.D
10:00 am - The borrelia’s strategies for survival: Implications for chronic disease - A.G. Barbour, M.D.
10:30 am - Correlation of severity of arthritis with level of persistence of spirochetes in murine

Lyme disease - J.J. Weis, Ph.D.

10:50 am - Acquisition and induction of enzymes which digest the extracellular matrix by Borrelia
burgdorferi - M.S. Klempner, M.D.

11:10 am - Effects of Borrelia burgdorferi on human B- and T- cells - D.W. Dorward, Ph.D.

11:30 am - Why is chronic Lyme borreliosis chronic? - E. Aberer, M.D.

11:50 am - Discussion

Diagnosi hronic Lyme Di : Chair: C.S. Pavia, Ph.D.

1:00 pm - Anti-borrelial activity of serum from patients with late Lyme disease - C.S. Pavia, Ph.D.

1:20 pm - Western immunoblot for Lyme disease: Determination of sensitivity, specificity, and
interpretive criteria using commercially available performance panels
- R.C. Tilton, Ph.D.

1:40 pm - Use of PCR assays to monitor the clearance of B. burgdorferi DNA from blood following
antibiotic therapy - M.M. Manak, Ph.D.

2:00 pm - PCR in the diagnosis of patients with early and late Lyme borreliosis: Comparison of
methods - B.L. Schmidt, Ph.D.

2:20 pm - Discussion

Preventi f Lyme Disease

3:00 pm - Progress in the clinical development of a Lyme disease vaccine in the U.S.A.
- F. Meurice, M.D.

3:20 pm - Overview of Lyme disease vaccine trials - J. Zahradnik, M.D.

3:40 pm - Discussion

Emerging Tick-borne Diseases: Chair: D. H. Persing, M.D., Ph.D.

3:50 pm - Ehrlichia equi in Ixodes scapularis: Relevance to Lyme borreliosis
- L. A. Magnarelli, Ph.D.

4:10 pm - The cold zone: A convergence of tick-transmitted diseases in areas endemic for Lyme
disease - D.H. Persing, M.D., Ph.D.

4:30 pm - Is Human Granulocytic Ehrlichiosis a new Lyme disease? - S.J. Dumler, M.D.

4:50 pm - Discussion




Scientific Program -- Schedule of Presentation
Saturday, April 20, 1996

Clinical Diagnosis of Chronic Lyme Disease Chair: N.A. Shadick, M.D., M.P.H.

8:30 am - Multivariate analysis of 160 patients with Lyme disease - L.A. Fein, M.D., M.P.H.

8:50 am - The long term follow-up of Lyme disease: A population-based retrospective cohort
study - N.A. Shadick, M.D., M.P.H.

9:10 am - Disseminated Lyme disease and pregnancy -

9:30 am - Discussion

9:40 am - Lyme disease and the clinical spectrum of antibiotic-responsive chronic
meningoencephalomyelitides - K.B. Liegner, M.D.

10:00 am - Neurologic complications of late and chronic Lyme disease - P.K. Coyle, M.D.

10:20 am - Lyme disease vs. depression vs. somatization: Cognitive tests and functional
imaging - B.A. Fallon, M.D., M.P.H.

10:50 am - Discussion

11:00 am - General Discussion: Issues in the diagnosis of chronic Lyme disease -
Moderators: P.K. Coyle, M.D.; K.B. Liegner, M.D.

.
1 pd - X

Treatment of Chronic Lyme Disease Chair: L.A. Corsaro, M.D.

1:00 pm - Chronic Lyme disease: An evolving syndrome - B.J. Luft, M.D.

1:20 pm - The antimicrobial agent, melittin, exhibits powerful in vitro inhibitory effect on the
Lyme disease spirochete - C.F. Garon, Ph.D.

1:40 pm - Tetracycline therapy of chronic Lyme disease - S.7. Donta, M.D.

2:00 pm - Intramuscular bicillin for persistent pediatric Lyme disease - L.A. Corsaro, M.D.

2:20 pm - Use of vancomycin in the treatment of chronic persistent Lyme disease -
J.J. Burrascano, Jr, M.D.

2:40 pm - Discussion

3:20 p.m. A New NIH Intramural-Extramural Collaborative Study of Chronic Neuroborreliosis
A. R. Marques, M.D., National Institutes of Health, Bethesda, MD

3:30 p.m. General Discussion: Issues in the therapy of chronic Lyme disease-
Moderators: S.T. Donta, M.D.; B. J. Luft, M.D.

4:30 - 6:00 p.m. Public Forum (Panel from both days) - Moderator: J. Rawlings, M.P.H.




»nference
3is
orders

6
0 Ms.

—Zip:

300 (On-site $350)
Post Doc's

st accompany payment)
ats only!)

'lease make checks
{ to: One Fi ial
FAX: 860-525-8425).

ic sessions, book of
on both days and

must be received by the

losed
s

X

Scientific Program

Both days: Continential Breakfast 7:30 - 8:30 a.m; Lunch 12:00 p.m.

A 19. 1
8:30 Welcome & Introduction

K 8:30 - 10:00 a.m,
Chair: 8.W, Barthold, Ph.D., D.V.M.
Protective and disease-modulating antibody mediated immunity to Borrelia
burgdorferi antigens expressed in vivo - S.W. Barthold, Ph.D., D.V.M.
Hamster model of Lyme borreliosis - R. K. Schell, Ph.D.
Chronic Lyme disease in the rhesus monkey - M.T. Philipp, Ph.D.

Pathogenesis of Chronic Lyme Disease 10:00 - 12:00 a.m.

Chair: A.G. Barbour, M.D
The borrelia’s strategies for survival: Implications for chronic disease - A.G. Barbour, M.D.
Correlation of severity of arthritis with level of persistence of spirochetes in murine
Lyme disease - J.J. Weis, Ph.D.
Acquisition and induction of enzymes which digest the extracellular matrix by Borrelia
burgdorferi - M.S. Klempner M.D.
Effects of Borrelia burgdorferi on human B- and T- cells - D.W. Dorward, Ph.D.
Why is chronic Lyme borreliosis chronic? - £ Aberer, M.D.

Anti-borrelial activity of serum from patients with late Lyme disease - C.S. Pavia, Ph.D.

Western immunoblot for Lyme disease: Determination of sensitivity, specificity,
and interpretive criteria using commercially available performance panels -
R.C. Tilton, Ph.D.

Use of PCR assays to monitor the clearance of B. burgdorferi DNA from blood
following antibiotic therapy - M.M. Manak, Ph.D.

PCR in the diagnosis of patients with early and late Lyme borreliosis: Comparison
of methods - B.L. Schmidt, Ph.D.

Prevention of Lyme Disease - 3:00 - 3:50 p.m.

Progress in the clinical development of a Lyme disease vaccine in the U.S.A. -
F. Meurice, M.D.

Overview of Lyme disease vaccine trials - J. Zahradnik. M.D.

e

Emerging Tick-borne Diseases '
Chair: D. H. Pessing, M.D., Ph.D. 3:50 - 5:00 p.m. \
Ehrlichia equi in Ixodes scapularis: Relevance to Lyme borreliosis - LA Mag , Ph.D,
The cold zone: A convergence of tick-transmitted diseases in areas endemic for‘{.yme
disease - D.H. Persing, M.D., Ph.D. \
Is Human Granulocytic Ehrlichiosis a new Lyme disease? - S.J. Dwnler, M.D. \
Saturday, April 20, 1996 \

8:30- 11:30 a.m.

IS U 1 o oaSe
~ Chair: N.A, Shadick, M.D., MPH \
Multivariate analysis of 160 patients with Lyme disease - LA, Fein, M.D.,, MPH 24
The long term follow-up of Lyme disease: A population-based retrospective cohort |
study - N.A. Shadick, M.D., MPH '\
Disseminated Lyme disease and pregnancy
Lyme disease and the clinical spectrum of antibiotic-responsive chronic
meningoencephalomyelitides - K.B. Liegner, M.D,
Nearologic complications of late and chronic Lyme discase - PK. Coyle, M.D.
Lyme disease vs, depression vs. somatization: Cognitive tests and functional
imaging - B.A. Fallon, M.D., MPH
General Discussion: Issues in the diagnosis of chronic Lyme disease - Moderators:
PK. ,g%‘lc:_M. i ‘){.B. Igegm %Bw Y

1/re YMai,
; Poster Session 11:30
Treatment of Chronic Lyme Disease
Chair: L.A, Corsaro, M.D,

Chronic Lyme disease: An evolving syndrome - B.J. Luf, M.D,
The antimicrobial agent, melittin, exhibits powerful in vifro inhibitory effect on the Lyme

disease spirochete - C.F. Garon, Ph.D.
Tetracycline therapy of chronic Lyme disease - $.7. Donta, M.D.
Intramuscular bicillin for persistent pediatric Lyme disease - LA, Corsar, M.D.
Use of vancomycin in the treatment of chronic persistent Lyme disease -

JJ. Burrascano, Jr, M.D.

General Discussion: Issues in the therapy of chronic Lyme disease-
Moderators: 8.7 Donta, M.D.; B. J. Luft, M.D.

Public Forum (Panel from both days) - 4:30 - 6:00 p.m.
Moderator: J. Rawlings, MPH

1:00 - 2:50 p.m.
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Chronic Lyme Borreliosis: Finding Solutions to the Puzzle

PRESS CONFERENCE: PUBLIC FORUM:
Friday, April 19, 12:00 - 1:00 PM Saturday, April 20, 4:30 - 6:00 PM
Saturday, April 20, 12:00 - 1:00 PM Admission is free to the public

HARTFORD, Conn. 02,96 — The Lyme Disease Foundation, Inc. (LDF) has scheduled its Ninth
Annual International Conference on Lyme Borreliosis & other Tick-borne Disorders for April 19
and 20 in Boston, Massachusetts. This LDF conference will be the first and only international scientific

forum dedicated specifically to the topic of chronic Lyme borreliosis (disease).

The future of chronic Lyme disease (LD) research and clinical management will be significantly
impacted by this important event. For the first time, a faculty of 30 international scientists, researchers,
and clinicians, all leading experts, will gather to discuss all currently available knowledge on chronic
LD. Existing approaches and philosophies about the management of the disease will be debated. The
goal of the conference is to plan a collective effort to find a cure.

Presentations will include data on pathogenesis (disease origin and development) and co-infections.
A two-day press conference is scheduled for 12 noon, on both Friday April 19 and Saturday April
20 to provide media access to the experts in these fields.

riday Press
Patients & Chronic LD

Every aspect of a person's life is changed by chronic LD. Patients will speak on how LD affects
their personal, professional, financial and social lives. Learn how they adapt to these challenges.

Chronic LD: An evolving syndrome
Although LD is fairly young, our understanding of this disease has evolved during the past decade.

LD, originally viewed as a simple disease effecting mostly the joints, is now considered a multisystemic
disorder with chronic, sometimes debilitating, potential. Not much is known about the full clinical
spectrum of chronic LD, however, a growing interest and collaboration in this area hopefully will

bring the answers.

-- more --
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Guest Editorial

B. burgdorferi—Seek and Ye Shall Find
Expanding the Envelope

Kenneth B. Liegner

The borrelise, present on this escth for cons, evolved
adongside memmalian life forms in a hos-parasite relaton-
ship, no doubt long before the appearance of humankind.
It Id not susprise us, then, that we have much fo Jeam
aboat the range of dlseases that the borrelise may underlic
and the true szope of infection of the human inkebltants of
this planes.

‘e are at the threshold of 2 new and exciting erx in the
undersianding and conquest of Lyme borreliosis. Direct an-
tigen detection methods may strike a discordant note with
antibody teodn&'xs “perfect music of the Spheres,” but when
chinically validsied ead honed to optbmal sensitivity and
specificity, these will be powerful tools in the exploration
of the pathogenesis and clinical manifesations of borrelial
disease. Researchers as well as mank and file physicians will
be able to diagnose with confidence 2and wi!{ have mea-
sursble indices of disease activity as these tesis begin (o
hecome commercially available.

However, with these advanaes, we will begia to perceive
Just how daunting an advesary the borrelise really are and
how commonly affecied the populace of endemic regions.
1t is my prediction that a much wider range of human dis-
exse, now only hinted at, and maybe even totally vnantic-
ipated, will eventally be linked to borrelial infection in
humans. The borreliae are restlient, phoenixlike. Cutting-
edge dircct antigen detection methods will cormnborate the
cooclusions already quite apparent from the relatively few

of culture isolation of borreliae from human sub-
jects following antibiotic treatment now in the worldwide

will reveal Ibe true extent of the disease and define the ratio
of seropositive 10 seronegative cases, Seroncgativity may
be due 10 T celi y ond oot only as a result of easly
application of antibictic therapy (10}, Claims that seconeg
ative é,vm dissase is rare or that it {5 common are carrently
unve A

A tissue repository should be established for tissues from
kurnars suspected of borrelisl dissuse, including ¥
materials, foe in depth study using all currently avaliable
classic histologic as well as cutling-edge research methods,
The patbologlst ts, after all is said and doce, the linal ar-
biter of truth in clintcal mawers (11-13).

With recogrition of chronlc persistent infection, we wiil
bepin 1o look &t disease pathogenssis quite differently. A
pessisting pathogen may induce noxious injury over not just
days, weeks, or months, but years sad decadss, and even
the natural hfe of the host. Slowly simmerag Infection can
induse a wide vasicty of host responses, both dlrect 2ad
imnsune-mediated, ‘The wreatment approach may reed to be
very diffezeat i this circumstance than for a readily exde-
pated bactarium such as staphylococcus or streplococoes
(14=17), Chroai¢ infection niay require chronic treatment
Definitive cure, while theoretically possible. may not be
schieved using currently available auethods in chronscally
infected paticats. This dilemma should prompt a deler-
mined effort to develop definitve means of curing the in-
fecton (18, 19}, 5

A focus on ems nssocisted with prolonged antibiotic
therapy (20} has diverted atleation from the much mare

i nd wnsidions spread of borrelial diseass ia ihe

peer-reviewed literature (1~5). The rarily of such 1selati

should rot lesd to the conclusion that this phepomenon is
rare but only that this bas been difficult to prove copclu-
sively with methods available until recently. Nocton . al,
(6) demonstrated polymersss chain reaction (PCR) positiv-
ity in serial synovial fluids of 100% of patients trested with
conventional orel antibsotics and in 37% of those treared
with leager oml and for istravenous antiblotic regimens. The
authors opined that the presence of BE-DNA implied viable
organisms, Bradley et. al. (7) had similar findings and con-
chusions ja their study of senal synovial fluids using Bb-
specific DNA detection. Bomeliac are, h , tissue wopic
ard the absence of detection of Bb-specific DNA in body
fluids does not exclude their presence in interstitial, intra-
cellular, and parenchymal sites. The Rocky Mountain Lab-
oradory ardigen capture methed, b it depends on the
direct detection of the mymiad blebs shed by each living
borretial spirochete, promises Lo have & far hugher yield in
tisswes and fuids than DNA detection relying on geromss
or even of multitarget probes (8, 9. Systematic application
of direct antigen detection methods o suspect populations

a

general population. This vast de facro and unlo
“Tuskegee™ experiment of nature has far FE«mr long-term
societsl impact In terms of personal suftering, economic
loss (21), disability, and death (13, 22) than complications
ot tnensive treatment for & serious disease that 3, 10 scue
degree, unavoidable.

flen, sequelas of boerelial disense are trealed as inde-
pendent disease entities without being traced bask to the
inciting etiology. For example, Goolmzn and colleagues
fousd an incidence of seropositivity for Borrelia burgdor-
feri fouc times higher amongst patients awsiting cardiac
wansplantation for chronic cmrsﬁv: cardiomyopathy
compared 10 a control population (23). Yet, this very costly
and debilitating illness and the fabulously expensive Car-
diac transplantation and its aftermath is not counted la the
economic impact of Lyme ¢ D ing di are
amoa ty's costliest ik
patieats requinng i

? e of
il acement in long-term care facilities for
oeganic brain syndromes really represent unrecognized snd
untreated end-stage chronic peucobarreliosis (24)7 This
question deserves to be answered.

Fic. 1. Persistence of 8. burgdorfer! in the cus lssue. (Re:
primted with parmisclon from Arthritis 2od tham.)

Lyme disease should be included in the differential di-
agnosis of a wide range of neurologic syndrumes. The Na-
tonal Newrclogic Research Baak Iding tissues for var-
jous nevrologic diseases iacledivg multiple sclerosis,
Alzheimer's disease, and motor neuroac diseass shoukd be-
gin to be systematicaily evaluated for eviderce of borrelial
cticlogy and m,ogcnc;is usiag the rewer dicect anugen
detecdon me! (35). Theoretic concepiualizations al-
ready daveloped for other ¥slow* infections of the ceatral
nervous systes (CNS) may find opplication in borrelial dis-
cast of the CNS (26). la depeh eviluation of some paticals
previcusly thought to have multipie sclerosis has uncovered
sigeificant evidence of CNS and/or systemic horrelial in-

Fii. 78, Represontative confocal -w:mhdu of uplically sec-
tioned fibroblast cocullared with 8. :

wetion 2.4 m below cell surface shows clear intact wd.
jagent to pericuciesr region ‘:l ﬂmbhﬂ.hlypinl periodicity of spi-

rad shape of 8. V . Nucleus, nudleoli IN), and
mitochendria are . (Reprnded with permlision from Journal
of Infections Diseases.)

Journal of Spirochetal and Tick-Borne Discases, Vol. I, No. 4

r;bozna and good response 1o inrensive antiblotic treatment
(27, 28).

The role of borrelinl infection also needs o be system-
atically studied using modern cthods in psychiatric syn-
dromes (29) (including derangements leading to domestic
violence, svicide, and icide), attentica deficit disorder,
vatious arthritides, *idiopathic” o¢ *autoimmune” diseases,
chronic faugue syndrome, and ﬁbeomy:l,rin. Stunning
electren photomicn s of Haup! aad collesgues dem-
onstrate Lyme spirochetes nestled parailel to collagen fikecs
from synovial tissue removed from a patient peey ously in-
tensively treated for Lyme dissase (3) (se= Fig. 1}, Kiemp-
ner and colleagues’ beautiful confocal photomicrographs
conclusively prove intrzcellulsr Jocalization of borreliae
within hwnan fibroblusts (30) (see Fig. 2). I8 it not likely
taen, thet Lyme disesse-associated fibromyzlgia with pain
localized to fibroblast-produced collagen-rich fasciae and
ertlseses may not be due to the persistence of living bor-
relize? Although their conclusions were otherwise, the data
of Dinermsan and Steese ¢learly demonstrated astibiotic re-
sponsiveness of symptoms in their series of patients with
Lyme disease-associated fibromyalgia (31}

While the reality asd extert of chreaic persistent infece
tion needs to be more widely recognized, it wso must be
acknowledged that there may de seli-perpetuating linmupe-
mediated mechanisms of injury that may coexist with active
infectlon of be operative following erudication of the patho-
gen. For the later sucumstance, sntiblotle trestiment of a
peolonged natere would be futile. Sorting out which cases
are due to chroaic persistent infection ard which are sot
will be a major achie of direct gen o ion
methods. Creative immune-modeiating interveations may
peove more effective in inducing remission and averting on-
going Injury than antibictic treztment for this subsct of pa:
tents, of thess may have a corsbined role with antibwotic
theeapy 1 patients having active lafection (32)

We should be humble before this discase. Until these i3
general agreement 0n 8 “goid standard® foe Cragnosus of
active Lyme disease, presently availuble standard and re-
search assays must be viewed as approaimations of the tuth
only (33), Likewise, iimits placed on the geograpnic range
of the infection must be greeted with extreme skepticism,
a8 suceess in documenting the searly ubiquitous borreliae
in A grven natural setting depends largely on the determi-
nation and experience of the investigalor,

Al the peesent time, there exists no substitute for the clin-
ical judgement of an experienced treating physician knowl-
edgesble about the manifold j jons of the di »
adept in listening 1o the patiens und in observing, ns in other
natural ph the inf ion of kost and pathogen.
Skillful application of antibéceles continues to be the maia-
stay of treatment for what is, first and foremost, un infec-
tious disease.

Science is all about measuring things. Once abjective
measures of dissase activity are widely availsble, rational
approaches 1o treatment will replace those based on con-
ventlon or dlind obedience to authority, and the medical
reglect now so frequent in chromic Lyme borrsliosis will
take its well-deserved place in the history of medicine. and
rot In modern practice
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Ronald F. Schell, Ph.D. Scientific Program, Friday April 19, 1996
Professor, University of Wisconsin
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456 Henry Mall

Madison, Wl 53706

Hamster Model of Lyme Borreliosis
E.L. Munson, B.K. DuChateau, L.C.L. Lim, S. M. Callister and R.F. Schell. Wisconsin State Labora-
tory of Hygiene and Department of Medical Microbiology and Immunology, Gundersen Medical Foun-

dation, LaCrosse, Wisconsin.

Animal models of Lyme borreliosis are extremely important for elucidating the mechanisms of patho-
genesis, chronicity and immunity. When adult inbred LSH hamsters are injected in the hind paws
with 106 Borrelia burgdorferi sensu lato, clinical manifestations of Lyme arthritis (synovitis) are induced.
Inflammation and swelling of the hind paws are detected 7 days after infected, peak on day 10 and
gradually decline. A chronic synovitis characterized by hypertrophic villi, focal erosion of articular
cartilage and subsynovial mononuclear infiltrate persists for approximately 1 year. When hamsters
are vaccinated with whole cell preparation of inactivated B. burgdorferi in alum, severe destructive
arthritis develops after challenge with representative isolates of six seroprotective groups of B. burg-
dorferi sensu lato. B. burgdorferi-specific T lymphocytes, especially CD4* T lymphocytes, are respon-
sible for the development of the severe destructive Lyme arthritis. When vaccinated hamsters are
depleted of CD4* T lymphocytes by administration of monoclonal antibody GK1.5 and challenged,
they failed to develop severe destructive arthritis. Similarly, nonvaccinated hamsters with or without
depletion of CD4*+ T lymphocytes failed to develop severe destructive arthritis. These studies illus-
trate the importance of cell-mediated immunity in controlling or preventing the induction of events
leading to development of synovitis in nonvaccinated hamsters and severe destructive arthritis in
vaccinated hamsters. Our results also suggest that as more protective antigens are added to develop
a comprehensive Lyme vaccine, the ability of these proteins to induce or elicit adverse effects may
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Department Chairman

Tulane University Primate Research Center
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Covington, LA 70433

Chronic Lyme Disease in the Rhesus Monkey

M.T. Philipp 1, R.P. Bohm Jr1, V.A. Dennis1 ,J England J 2, R.C. Lowrie Jr1, E.D.Roberts’.

Tulane University Primate Research Center, Department of Parasitology, Lousianal; Louisiana State
University, Department of Neurology, Louisiana 2,

We investigated the appearance of arthritis and neuroborreliosis, as well as humoral and cellular
immune responses in rhesus macaques inoculated with Borrelia burgdorferi sensu stricto (strain JD 1)
during 3, 6, and 46 months post-inoculation (PI). Sixteen animals were inoculated by the bite of Ixodes
scapularis nymphs, 3 by needle inoculation and 6 were controls. Signs of arthritis were investigated
clinically by physical examination, and post-mortem both at the gross and microscopic levels. Signs of
neuroborreliosis were sought for in the same way and, in addition, by nerve conduction studies and
nerve biopsies. Longitudinal analysis (> 52 weeks PI) of serum antibody indicated a gradual increase
in the number of antigens recognized by IgG antibodies on Western blots and a high anti-p39 IgG
antibody ELISA titer that reached a plateau of 1:8700 (geometric mean titer) by 10 wks PI Blastogenesis

. of peripheral blood mononuclear cells qualified in response to whole killed spirochetes revealed that
animals undergo periods of responsiveness interspersed with prolonged intervals of unresponsive-
ness (10-30 weeks), in face of a persistent antibody response. At the gross level, no joint abnormalities

" were observed 3 months PI, whereas all of the infected animals showed gross joint abnormalities 6
months P1. Microscopic lesions were apparent at both time points in all animals, most frequently in
the knee and elbow joints. Forty-six months PI, 1 of 6 animals examined post-mortem showed marked
cartilage destruction with synovial cell hyperplasia and periarticular fibrosis in several joints. Periph-
eral neuritis involving multiple nerves was the most prominent and consistent neurologic manifesta-
tion at 3 months PL In contrast, by 6 months PI, inflammation was rarely seen, whereas axonal degen-
eration was prominent. Neuropathologic changes were observed also in the CNS, but to a lesser ex-
tent. Sural nerve biopsies indicated a reduction in the number of myelinated nerve fibers in animals
which showed, by nerve conduction studies, a pattern and type of peripheral neuropathy best charac-
terized as primarily an axonal-degeneration subtype of mononeuropathy multiplex. Nerve conduc-
tion eventually returned to normal in all animals and, concomitantly, regenerative changes such as
neuroma or fibrosis were observed in biopsies of some animals. Possible etiologies of the neuropathy
observed include localized direct infection within nerve, focal immune-mediated attack on nerve, or
focal ischemia of nerve.
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Louis Corsaro, M.D. Scientific Program, Saturday April 20, 1996
Northern Westchester Hosgital

Columbia University, Newsfork City

111 Bedford Road

Katonah, NY 10536

Intramuscular Bicillin For Persistent Pediatric Lyme Disease
L. Corsaro, M. Montemayer and B. Fallon. Northwestem Westchester Hospital/Columbia Univ., NYC.

Steere et al (‘85) reported that 3 weeks of IM benzathine penicillin led to a complete resolution of
Lyme arthritis in 35% of patients. Cimmino and Accardo ('92) reported two cases of adult patients
with chronic Lyme arthritis resistant to the recommended antibiotic regimens who were cured by 2-6
months of treatment with benzathine penicillin. Based solely on these reports, the use of IM Penicil-
lin among patients with persistent Lyme disease has become common. As a preliminary study of
efficacy, we conducted a chart review and follow-up of all patients with seropositive Lyme disease
treated with IM Bicillin in 2 private pediatric out-patient office in a Lyme endemic area between 1993
and 1995.

Methods: The diagnosis of Lyme disease was based on at least one seropositive test and typical ar-
ticular or neurological symptoms. Treatment consisted of either Bicillin LA or CR 1.2-2.4 million units
administered weekly. Relapse was defined as the return of any symptoms which required greater
than two weeks of Abx treatment. To assess efficacy, the longest period without symptoms prior to IM
Bicillin was compared to the symptom free interval after bicillin.

Results: 61 charts were reviewed of which 25 met study criteria for seropositive Lyme disease. Mean
age at time of chart review 11.9 +/- 4.4 years. Mean age at time of Lyme disease onset was 9.4 + /-43
years. Mean duration of symptoms prior to the administration of antibiotics was 16 +/-32 weeks. All
patients failed to sustain improvement after courses of oral antibiotics ranging from 4 to 22 weeks
(mean 25.9 +/- 29 wks; median 14 wks). Five children received IV antibiotics and all failed to sustain
improvement despite having received 4-27 weeks of IV treatment (mean 9.6 +7- 9.8 wks; median 6
weeks). The longest period free of clinically significant Lyme disease since symptom onset and prior
to receiving IM Bicillin ranged from 0-76 wks (mean 60.2 +/- 84.2 wks.; median 8 wks). Of the twenty-
five patients given IM PCN, the mean duration of IM treatment was 4-38 weeks (mean 14.5 + /-89
wks; median 10.5 wks). One was still receiving treatment at the time of follow-up and another was
symptom free having just completed treatment. Of the 23 children available to assess relapse after
treatment, 19 were symptom free, 3 had mild symptoms that did not require treatment, and 1 relapsed
and was being retreated. Among the 22 relapse free children, the follow-up period ranged from 2 to 62
weeks (mean 27 +/- 15.5 wks; median 22 wks). Seventeen of the 22 children had exceeded their
longest relapse free interval prior to IM Bicillin, 14 of whom had been relapse free by more than twice
the duration of their pre-Bicillin relapse free interval.

Conclusion: A chart review and follow-up studies suggest that intramuscular Bicillin may be a par-

ticularly effective treatment for children with antibiotic refractory persistent Lyme disease whether
previously treated orally or with intravenous antibiotics.
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The Antimicrobial Agent, Melittin, Exhibits powerful in vitro Inhibitory Effects on the Lyme
Disease Spirochete

Lori L. Lubke and Claude F. Garon. Bacterial Pathogenesis Section, Microscopy Branch, Rocky
Mountain Laboratories, NIAID, Hamilton, MT.

Borrelia burgdorferi has demonstrated an extraordinary capacity to resist the effects of powerful
eukaryotic and prokaryotic replication inhibitors. Biologically significant concentrations of inhibitors
such as: aphidicolin, Ara C, cis Platinum, CPX, Hydroxyurea, Mimosine, Nalidixic Acid, Trioxsalen
and Boromethyglycine showed little or no effect on growth when added to BSK II cultures. The
effects of the various inhibitors were monitored by dark field, transmission and field emission scanning
electron microscopy as well as DNA precursor incorporation and OD. In contrast, however, the
antimicrobial agent, melittin, a 26 amino acid, cationic, amphipathic, peptide contained in honeybee
venom, showed almost immediate and profound inhibitory effects. At concentrations of 100 microM
melittin, spirochete motility ceased within minutes and the culture was effectively killed. Similarly
treated cultures without melittin were unaffected and grew normally. Ultrastructural examination of
spirochetes revealed interesting alterations apparently limited to bacterial surface components.
Transmission electron microscopy revealed distinct pores along the spirochetal surface with an absence
of intact endoflagella. Field emission scanning electron microscopy showed bled-like protrusions
over the surface of the spirochete with a large collection of bleb-like material in the background. While
surface damage appeared widespread rather than limited to a specific area of the cell, no osmotic lysis
was visible. Melittin is an antimicrobial peptide thought to work by inserting into the bacteria (and
eukaryotic) membrane causing aggregation and membrane micellization. The extraordinary sensitivity
of Borrelia burgdorferi to this small peptide may provide both a useful research reagent and important
clues to the development of effective drugs against Lyme disease.
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LYME BORRELIOSIS IN NORTH-EASTERN POLAND
Robert Flistak*, Danuta Prokopowicz
Department of Infectious Diseases, University Medical School,
Bialystok, Poland

Lyme borreliosis become a serious diaguostical and therapeutical
problem particularly in regions with high exposure of residents to ticks, such as
some forestry parts of north-eastern Poland. To evaluate possible risk of

. Lyme borreliosis i this region we analysed seasonal changes of prevalence of
specific antibodies against Borrelia burgdorfen: and clinical symptoms of Lyme
borreliosis in Bialowieza (forestry area of north-eastem Poland) ishabitants.

Antibodies against 41-kDa antigen of B. burgdorferi B31 strain were
found with an EIA assay in 71 among 143 (49,7%) of Bialowieza inhabitants
examined in September 1993. Prevalence of antibodies was significantly
(p<0,01) higher than in control group of blood donors from urban population
of Bialystok (18,8%). Significant differences were also observed between
optical density values of IgM and IgG antibodies. The highest prevalence
(60%) was observed in age 41-50 and n forestry workers (70,6%). Symptoms
related to Lyme borreliosis (according to Centers for Disease Control) were
found in 54 from 71 seropositive persons (76,5%), that was significantly
(p<0,001) higher than in group of $eronegative persons (11/72 = 152%).
Further observations revealed the highest prevalence of IgM antibodies
September 1993 (43,4%) decreased during winter and spring (15,7% m April),
accompanied by the highest prevalence of IgG antibodies (17,7% m April
1994). Quantitative dynamics of antibodies level expressed as corrected

e, optical density revealed similar tendency. Moreover in 40 asymptomatic
astensgcmdlcate the person persons, that were seropositive m September 1993, additional control was
who will present the paper; performed in May 1994. From 33 persons, that revealed IgM antibodies in
finally, give location and September 1993, three (9%) were still seropositive, four (12%) cleared [gM
affilitation where r esearch antibodies and becams IgG - seropositive, and remained 26 persons (79%) had
was done. No additional no antibodies. Specific IgG antibodies-found in 7 persons in September, were
pages are allowed. A still present in 4. g
conference committee Prevalence of specific antibodies against Borrelia burgdorferi and
member will contact you Lyme borreliosis morbidity are higher in north-eastern Poland, than in other
regarding more information, -parts of Central Europe. These results motivate to recognize this area as a
asneeded. Selections will be region of a high risk for Lyme borreliosis. Moreover obtained serological
made by January 1, 1996. results mdicate necessity of taking ito consideration seasonal dynamics, wheu

comparison of seroconversion rate against Borrelia burgdorferi is performed
between different arcas and different populations.
Name: Robert Flisiak Phone:_(48-85) 416.921 3
| Tlﬂe_ % - Bnlversa.ty Medical School Fax: 4z ga) 415-021
Affiliation: Departwent—of Infectious Dicoase— E-mail:
- St. Address: Zurawia St., 14
City: Bialystok State: Zip:15-540 CountryPoland

Contact Person: Martina Ziska, M.D., Lyme Disease Foundation, Inc., Onc Financial Plaza, Hartford, CT 06103-2610
Phone: (203) 525-2000 Fax: (203) 525-8425 E-mail: lyme fnd@aol.com
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Name: Julie Rawlings

HUMAN EHRLICHIOSIS IN TEXAS, 1986-1995
Julie Rawlings
Texas Department of Heaith

Although human ehrlichiosis will not become a notifiable disease in Texas until mid-
19986, epidemiologic data for 38 cases occurring from 1986-1995 has been coliected.
Nearly one-third {12) of the cases were reported during the last two years. Of these,
eight patients were male and four were female, and ages ranged from 13 to 72.
Months of onset were April (2), May (2}, June (4), July {2), September (1), and
October {1). Ten patients were hospitalized, usually for five to seven days. f-'our
persans, who had more severe illnesses, were hospitalized for longer periods.of time.
Signs and symptoms included fever (12), headache (10), malaise (10}, myalgias §10),
thrombocytopenia (10), nausea/vomiting (7), anorexia (5}, and rash (5). The patients
with more sevore illness experienced severe respiratory symptoms, renal failure,
clinical hepatitis, meningoencephalitis, confusion, and/or seizures. Six persons
recalled a tick bite prior to onset of symptoms. Onc person was bitten_in Eastern
Oklahoma; three were bitten in Arkansas. .

Phone: (512) 458-7228

Title: Inf. Dis. Epidemiology and Surveillance

Fax: _ (512) 458-7616

Affiliation:_t&Xas Department of Health E-majfRawlings@Discon.
St. Address: 1100 W 49th St. TDH.State.TX.USA
State: TX Zip: 18756 Country: Y-S-A-

City' Austin

Contact Person: Martina Ziska, M.D., Lyme Disease Foundation, Inc., One Financial Plaza, Hartford, CT 06103-2610
Phonc: (203) 525-2000 Fax: (203) 525-8425 E-mail: lyme fnd@aol.com
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GASTROINTESTINAL DISEASE iN CHILDREN WITH LYME
Martin D. Fried, MD* and Paul Duray MD*

Division of Pediatric Gastroenterology and Nutrition™ Jersey Shore
Medical Center and Dept of Pathoiogy” Harvard Medical School
PURPOSE- Lyme disease can affect a2 wide range of organ
symptoms producing dematologic, musculoskeletal, neurologic,
genitourinary, repiratory, cardiovascular and ocular manifestations.
Reports of gastrointestinal (Gl) manifestations have been limited to
liver and spleen thus far. To address the possiblity of direct
involvement of the Gl tract, a retrospective study was made of
children who had Lyme and chronic abdominal pain.

METHODS-AIl patients included in our study had an erythema
migrans rash, clinical manifestations of Lyme disease (arthritis,
Bell's palsy, heart block) and confirmatory enzyme-linked
immunosorbent assay or positive western blot. The records of 400
children were examined and ten patients satisfying the above critena
were retrospectively identified. Each case record included a history,
physical examination, complete blood cell count, liver function tests,
ultrasonography of the abdomen, upper Gl X-ray series with small
bowel follow through, esophagogastroduodenoscopy (EGD), or
colonoscopy. Stool samples were examined for occult blood,
Salmonella, Shigella, Yersinia, Campylobacter, ova, parasites, and
Clostridium difficile toxin. Biopsy specimens were reviewed to
assess the Gl mucosa by microscopy and to the presence or
absence of H. Pylori (on EGD) and spirochetes. Spirochetes were
detected in biopsy specimens using a modified Dieterle stain.
RESULTS-Biopsy evidence of inflammation was found in the
stomach, ducdenum and colon. Pathologies included gastritis,
duodenitis, gastric ulcer and colifis. Spirochetes with the microscopic
appearance of Borrelia were found in five patients with chronic

-inflammatory conditions of the Gl tract.

CONCLUSION- The inflammation may have been due to the
spirochete organism itself, a product related to their presence in the
Gl tract or as a consequence of medications used to treat Lyme.

Fried_ M. D

Phone: _(908) 776-4467

Title:

Director, Pediatric GI & Nutrition

(908) 776-4867

Fax:
Affiliation: Jersey Shore Medical Center E-mail:
St. Address: 1954 Rt 33
City:_Neptune State; NI Zip:Q7753 Country:__U.S-A.

Contact Person: Martina Ziska, M.D., Lyme Disease Foundation, Inc., One Financial Plaza, Hartford, CT 06103-2610
Phone: (203) 5252000 Fax: (203) 525-8425 E-mail: lyme fnd@aol.com
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Protective and Disease-modulating Antibody-mediated Immunity to Borrelia burgdorferi |

Antigens Expressed in vivo.
Stephen W. Barthold. Section of Comparative Medicine, Yale University of Medicine, New Haven, CT.

Borrelia burgdorferi is a dynamic pathogen with a propensity for persistent infection in immunologi-
cally responsive hosts, including humans. We have utilized a well-defined mouse model of Lyme
disease, in which mice infected by syringe of tick develop heart and joint disease that undergo spon-
taneous resolution and episodic recurrence over the course of persistent infection. Spirochetes appear
to persist extracellularly within collagenous connective tissue, particularly the skin. Using the mouse
model, we have found that B. burgdorferi undergoes dramatic changes in protein expression in differ-
ent environments. For example, OspA is abundantly expressed on spirochetes in the midgut of unfed
ticks, but is rapidly down-regulated when ticks begin to take a blood meal. Spirochetes entering the
host do not express OspA, and are therefore not vulnerable to OspA immunity. During infection,
other proteins are expressed that are probably required for tissue invasion. Several proteins have

een identified that are expressed exclusively in vivo and recognized by the host immune response.
Based on adoptive and passive transfer studies, host humoral, but not cellular, responses directed
against in vivo-expressed proteins have varying degrees of protective activity and are also involved in
resolution (and recurrence) of disease. Compartmentalization of host immunity to antibody facili-
tates efforts to incriminate responsible antigens by screening a genomic expression library with serum
from infected mice. Incrimination and characterization of the genes and proteins involved in persis-
tent infection and disease modulation are the frontier of Lyme disease research, with the potential for
development of second generation preventive as well as therapeutic vaccines. This presentation will
provide an overview of this work.
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- Differential Diagnosis of Orofacial Pain and Headache:
Lyme Disease vs. Dental and Primary

Orofacial Pain Disorders

Symptoms of Lyme disease can mimic many other
disorders and create a diagnostic dilemma for physicians
and dentists. Patient complaints may include facial pain
simuiating dental pathology, temporomandibular joint and
masticatory muscle pain, headache, facial nerve palsy, and
neuralgia. These symptoms may be secondary to Lyme
disease, or primary disorders not directly related to a
spirochetal infection. Therefore, it is essential that the
treating physician is able’,to differentiate between the
clinical manifestations of Lyme disease, routine dental
maladies, and other etiologies of orofacial pain.

This poster presentation / table clinic will discuss the
normal and pathological function of the temporomandibular
joints, review the concept of myofascial irigger points and
pain referral patterns, as well as demonstrate how a

screening examination of the dentition and masticatory

~apparatus may be performed in only a few minutes.

Examples of how odontogenic pain may be differentiated

form non dental sources will be discussed.
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Name: Julie Rawlings

HUMAN EHRLICHIOSIS IN TEXAS, 1986-1995
Julie Rawlings
Texas Department of Heaith

Although human ehrlichiosis will not become a notifiable disease in Texas until mid-
19986, epidemiologic data for 38 cases occurring from 1986-1995 has been coliected.
Nearly one-third {12) of the cases were reported during the last two years. Of these,
eight patients were male and four were female, and ages ranged from 13 to 72.
Months of onset were April (2), May (2}, June (4), July {2), September (1), and
October {1). Ten patients were hospitalized, usually for five to seven days. f-'our
persans, who had more severe illnesses, were hospitalized for longer periods.of time.
Signs and symptoms included fever (12), headache (10), malaise (10}, myalgias §10),
thrombocytopenia (10), nausea/vomiting (7), anorexia (5}, and rash (5). The patients
with more sevore illness experienced severe respiratory symptoms, renal failure,
clinical hepatitis, meningoencephalitis, confusion, and/or seizures. Six persons
recalled a tick bite prior to onset of symptoms. Onc person was bitten_in Eastern
Oklahoma; three were bitten in Arkansas. .

Phone: (512) 458-7228

Title: Inf. Dis. Epidemiology and Surveillance

Fax: _ (512) 458-7616

Affiliation:_t&Xas Department of Health E-majfRawlings@Discon.
St. Address: 1100 W 49th St. TDH.State.TX.USA
State: TX Zip: 18756 Country: Y-S-A-

City' Austin

Contact Person: Martina Ziska, M.D., Lyme Disease Foundation, Inc., One Financial Plaza, Hartford, CT 06103-2610
Phonc: (203) 525-2000 Fax: (203) 525-8425 E-mail: lyme fnd@aol.com
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Protective and Disease-modulating Antibody-mediated Immunity to Borrelia burgdorferi |

Antigens Expressed in vivo.
Stephen W. Barthold. Section of Comparative Medicine, Yale University of Medicine, New Haven, CT.

Borrelia burgdorferi is a dynamic pathogen with a propensity for persistent infection in immunologi-
cally responsive hosts, including humans. We have utilized a well-defined mouse model of Lyme
disease, in which mice infected by syringe of tick develop heart and joint disease that undergo spon-
taneous resolution and episodic recurrence over the course of persistent infection. Spirochetes appear
to persist extracellularly within collagenous connective tissue, particularly the skin. Using the mouse
model, we have found that B. burgdorferi undergoes dramatic changes in protein expression in differ-
ent environments. For example, OspA is abundantly expressed on spirochetes in the midgut of unfed
ticks, but is rapidly down-regulated when ticks begin to take a blood meal. Spirochetes entering the
host do not express OspA, and are therefore not vulnerable to OspA immunity. During infection,
other proteins are expressed that are probably required for tissue invasion. Several proteins have

een identified that are expressed exclusively in vivo and recognized by the host immune response.
Based on adoptive and passive transfer studies, host humoral, but not cellular, responses directed
against in vivo-expressed proteins have varying degrees of protective activity and are also involved in
resolution (and recurrence) of disease. Compartmentalization of host immunity to antibody facili-
tates efforts to incriminate responsible antigens by screening a genomic expression library with serum
from infected mice. Incrimination and characterization of the genes and proteins involved in persis-
tent infection and disease modulation are the frontier of Lyme disease research, with the potential for
development of second generation preventive as well as therapeutic vaccines. This presentation will
provide an overview of this work.
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Ronald F. Schell, Ph.D. Scientific Program, Friday April 19, 1996
Professor, University of Wisconsin

Wisconsin State Laboratory of Hygiene

456 Henry Mall

Madison, Wl 53706

Hamster Model of Lyme Borreliosis
E.L. Munson, B.K. DuChateau, L.C.L. Lim, S. M. Callister and R.F. Schell. Wisconsin State Labora-
tory of Hygiene and Department of Medical Microbiology and Immunology, Gundersen Medical Foun-

dation, LaCrosse, Wisconsin.

Animal models of Lyme borreliosis are extremely important for elucidating the mechanisms of patho-
genesis, chronicity and immunity. When adult inbred LSH hamsters are injected in the hind paws
with 106 Borrelia burgdorferi sensu lato, clinical manifestations of Lyme arthritis (synovitis) are induced.
Inflammation and swelling of the hind paws are detected 7 days after infected, peak on day 10 and
gradually decline. A chronic synovitis characterized by hypertrophic villi, focal erosion of articular
cartilage and subsynovial mononuclear infiltrate persists for approximately 1 year. When hamsters
are vaccinated with whole cell preparation of inactivated B. burgdorferi in alum, severe destructive
arthritis develops after challenge with representative isolates of six seroprotective groups of B. burg-
dorferi sensu lato. B. burgdorferi-specific T lymphocytes, especially CD4* T lymphocytes, are respon-
sible for the development of the severe destructive Lyme arthritis. When vaccinated hamsters are
depleted of CD4* T lymphocytes by administration of monoclonal antibody GK1.5 and challenged,
they failed to develop severe destructive arthritis. Similarly, nonvaccinated hamsters with or without
depletion of CD4*+ T lymphocytes failed to develop severe destructive arthritis. These studies illus-
trate the importance of cell-mediated immunity in controlling or preventing the induction of events
leading to development of synovitis in nonvaccinated hamsters and severe destructive arthritis in
vaccinated hamsters. Our results also suggest that as more protective antigens are added to develop
a comprehensive Lyme vaccine, the ability of these proteins to induce or elicit adverse effects may
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- Differential Diagnosis of Orofacial Pain and Headache:
Lyme Disease vs. Dental and Primary

Orofacial Pain Disorders

Symptoms of Lyme disease can mimic many other
disorders and create a diagnostic dilemma for physicians
and dentists. Patient complaints may include facial pain
simuiating dental pathology, temporomandibular joint and
masticatory muscle pain, headache, facial nerve palsy, and
neuralgia. These symptoms may be secondary to Lyme
disease, or primary disorders not directly related to a
spirochetal infection. Therefore, it is essential that the
treating physician is able’,to differentiate between the
clinical manifestations of Lyme disease, routine dental
maladies, and other etiologies of orofacial pain.

This poster presentation / table clinic will discuss the
normal and pathological function of the temporomandibular
joints, review the concept of myofascial irigger points and
pain referral patterns, as well as demonstrate how a

screening examination of the dentition and masticatory

~apparatus may be performed in only a few minutes.

Examples of how odontogenic pain may be differentiated

form non dental sources will be discussed.
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LEGENDS

James H. Oliver, Jr.:
Ticks, Lyme Disease, and
a Golden Gloves Champion

away Professor of Biology Emeritus

at Georgia Southern University and
a Fellow of the American Association for
the Advancement of Science. Oliver is
widely recognized as an international
expert in medical entomology and aca-
rology, especially the biology and cyto-
genetics of pathogen-transmitting ticks
and parasitic mites.

Oliver was born 10 March 1931 in
Augusta, Georgia, but his boyhood was
spent near Waynesboro, where his father
farmed 2,000 acres. Oliver earned a B.S.
(Biology, 1952) from Georgia Southern
College (now Georgia Southern Universi-
ty), and an M.S. (Zoology, 1954) from Flor-
ida State University. He allowed himself
to be drafted by the U.S. Army during the
Korean War. He was assigned to the Army
Chemical Corp in Ft. Dietrich, Maryland,
at a top-secret biological warfare facili-
ty. There he was fortunate to work on a
complex group of animals, which inspired
his lifelong interest and determined the
direction of his academic career. Using
the G.I. Bill to further fund his education,
Oliver earned a Ph.D. (Entomology, 1962)
studying mites and parthenogenesis from
University of Kansas. Upon graduation,

J ames H. Oliver, Jr. is Fuller E. Call-

206

MARLIN E. RICE

James Oliver at 10 years old, 1941.

he accepted an assistant professor posi-
tion at University of California-Berkeley,
but also was offered a National Science
Foundation Postdoctoral Fellowship at
Melbourne University in Australia. He
convinced the department chair, Robert
Usinger, to let him take a year’s sabbatical

leave to Australia before beginning his
appointment at UC-Berkeley.

Oliver supervised the research of 30
master’s students, nine Ph.D. students,
and 30 postdoctoral students from 11
countries. He published 12 book chapters
and more than 250 refereed papers, and
has been awarded more than $12 million
in research grants and contracts. During
his career, he was a popular speaker and
gave lectures in 24 states, 19 countries,
and at numerous universities including
Cornell, Harvard, Texas A&M, and Yale.

Oliver was instrumental in getting the
U.S. National Tick Collection transferred
from the Smithsonian Institution to Geor-
gia Southern University. The collection
has over one million specimens, 300 type
specimens, and nearly all of the world’s
850 recognized species. But news of the
collection moving to Statesboro was not
without controversy, as the locals com-
plained that Georgia had enough ticks
and didn’t need any more brought into
the state. He leveraged the National Tick
Collection as a resource to conduct exten-
sive research on Lyme disease, Borrel-
ia burgdorferi, and the ticks that vec-
tored the debilitating pathogen. Oliver
and his colleagues found 300 southern

American Entomologist « Winter 2016
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by ESA Member Access user

on 20 February 2018



genetic strains of Borrelia; 57 of them
nearly identical to the northern pathogen
and are classified as Borrelia burgdorferi
sensu stricto. Additionally, they discovered
two new species of Lyme disease bacteria
in the South: Borrelia americana and Bor-
relia carolinensis. If these two new species
are found to cause illness in humans, then
the discovery will help in understand-
ing the debilitating Lyme disease in the
South. Internationally recognized for his
research contributions, Oliver has received
numerous honors including the Honor-
ary Gold Medal of Achievement, War-
saw Agricultural University (Poland); J. G.
Mendel Medal, Czechoslovakia Academy
of Sciences; Medal of Honor, Entomolog-
ical Foundation; and Honorary Doctoral
Degree (Doktor Honoris Causa), Univer-
sity of South Bohemia, Czech Republic.

The Entomological Society of America
presented the Founders’ Memorial Award
to Oliver for honoring the late Robert L.
Usinger, and he was elected an Honorary
Member and Fellow in 1985 and 1995,
respectively. Oliver served as president
of several societies including the South-
eastern Society of Parasitologists, Acaro-
logical Society of America, and in 1990,
the Entomological Society of America. In
honor of his lifetime achievements and
dedication to science, Georgia Southern
University created the James H. Oliver,
Jr. Institute of Arthropodology and Par-
asitology, where he served as director
for 19 years.

This interview occurred 13 May 2016
at Oliver’s home in Statesboro, Georgia.
We casually talked about the jasmine in
bloom, the thick Georgia humidity, and
a litter of red fox pups that played on his
porch that morning. His wife, Sue, occa-
sionally joined in the conversation. Oliver
was 85 years old.

Oliver: Good morning.

Rice: Yes it is. Pleasure to see you again.
Welcome. Good to see you again.

Let’s start with your boyhood. Did your
parents encourage your interest in biol-
ogy or natural history?

No. Not a thing. My father was a farmer—a
dairyman—and also a barber. My moth-
er was one of the old South ladies who
enjoyed the social life of a small Southern
town. Neither one of them went to col-
lege. So there was no boyhood interest in
biology from my parents. I always liked
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James H. Oliver, Jr., Fuller E. Callaway Profes-
sor of Biology Emeritus, Georgia Southern Uni-
versity, 2016 (photo by Kay Rice).

being in the woods and going hunting in
the fields. But I was leaning toward med-
ical school because my grandfather was a
physician and his father was a physician.

You mentioned hunting in the woods.
What did you like to hunt?
Quail, quail. Yeah.

At some point in your life, you decided
you wanted to attend university. How
did you make that decision?

My mother and father divorced. I was
in high school and I didn’t know what I
wanted to do.

Were you a good student?
Jim: No, not very. I was a good school
athlete and party guy. [Laughs.]

Sue: But you were more than that; you
were the class president and you were
a leader.

Jim: Oh yeah, I was captain of the foot-
ball team, basketball team, and ran track
and played tennis in state [tournaments].

Sue: It was a small country school. He
had maybe 50 in his class. The football
coach would take Jim out of math class
to go over the plays. I came from New
York City area [and] had 500 in my grad-
uating class. Ninety-five percent of them

went to college. I couldn’t even believe
what he didn’t get [in high school]; prior
to college [he] was sort of a blank slate
[laughs] in education.

Jim: My brother was an electrical engi-
neer at Georgia Tech—honor roll the
whole time. He says to me, “I want you
to enroll in Georgia Tech after you finish
school as a senior” But I don’t like phys-
ics and math. But I felt like I had to do
something athletically. I really wasn’t big
enough to do the [sports] I wanted to do in
university. But I was frustrated and decid-
ed to go to the University of Georgia. I like
animals, so maybe I'll be a veterinarian.
That was acceptable to everybody but the
trouble was you had chemistry and a lot
of other meaty courses. And I thought I
wouldn’t do well, [but] I was into boxing
and I could compete that way.

You went into boxing at the University
of Georgia? Were you a good boxer?
Yeah. I won the state championship in
my weight—the Golden Gloves.

Did you ever get knocked out boxing?
No.

Did you ever knock out an opponent?
Yeah. [Laughs.)

What'’s the quickest round you ever
won?

Probably second or third round. I was so
good at it because I was in good physi-
cal condition—great physical condition.
I had a coach that said the one’s that’s
in the best physical condition and can
keep his left jab going all the time and
don'’t try for a knockout—just hammer
him [would win]. It was very good advice,
because after the second round my oppo-
nent would usually get arm weary and I'd
block him by keeping my hands up. That’s
how I won most of my fights, out of pure
physical condition, and I was coordinated
and fast. So then I found what I wanted
to do; I'm not going to be a veterinarian,
I'm going to be a boxer—a professional
boxer! Well, that wasn’t well thought out.
[Laughs.] My brother, and he was always a
scholar, said, “My god, you can’t do that.
You're going to have a brain concussion!”
“Yeah, but I'm quick”” I was finally talk-
ed into not doing that and leaving the
University of Georgia. I went to Georgia
Southern 'cause it was only 50 miles away
from home and Iliked teaching as well. So
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I'll become a high school biology teacher
and coach. That was my goal for several
years until I decided I don’t want to do
that. I think I can do more interesting
things—TI'll just become a college teach-
er. All of a sudden, I thought “I'm going
to turn myself into a scholar” I joined a
classic book club ‘cause I didn’t have any
exposure to the classics.

Do you have a favorite classic?

Not really. That was short-lived! But it
actually stimulated me into going to grad-
uate school.

Did you have any challenges as an
undergraduate student? You came
from a small rural school to a state
university.

A lot of time, I cut classes. But I realized
that if you were going to go on, you had
to get a graduate degree.

Ifyou cut classes, you probably didn’t
do well academically?

Not until about my sophomore year, and
then I decided that this was foolish, and
I was wasting everybody’s time. Once I
decided that, I made the dean’s list from
then on until I graduated. Majored in
biology. Was a student assistant teacher.
Published my first scientific paper.

What was your first scientific paper?
It was in ornithology.

Ornithology?
Yeah. I really liked bird watching.

Well, you certainly liked shooting them.
And eating them! [Laughs.] But we had to
do a student project in ornithology class.
That was my first scientific paper: unusu-
al nesting behavior of the brown-headed
nuthatch. So then I thought, I'll just go on
to graduate school and study ornithology
[at] Florida State University. But the orni-
thologist was not particularly outstanding
and I thought, well damn. So there was
a parasitologist there—Bob Short—and
he studied blood flukes. I was impressed
with him. He had an NIH grant, which I
didn’t know what it was, [but] I did my
master’s degree on one of the life stages
of a parasitic worm. But I was starting to
get more academically interested. And
what do you have to do to do this stuff?
So Ilooked at successful people, and what
did they do to distinguish themselves?
They published scholarly papers and have
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James Oliver with his 1950 Golden Gloves
Light Weight Championship trophy (photo by
Marlin Rice).

foreign experience. At the same time, I
was drafted.

Drafted while you were at Florida
State?

Yep. For the Korean War. The draft board
had been giving me extensions because I
was getting good grades. I just let myself get
drafted in the Army. I told the draft board I
didn’t need any more deferments. So when
my number comes up, call me. And they
did. After I took some tests, [the Army] sent
me to a biological warfare research center.
It was a new program called Specialists
and Professional. The idea behind it was
that [the Army] didn’t want entomologists
to be cooks and mechanics. They were
going to have this special program if [the
draftees] have various characteristics and
were bright enough.

What year was basic training?
1954-1955. The army told me to go to
Frederick, Maryland. It was a secret bio-
logical warfare facility and that intrigued
me: studying ticks, mosquitoes, and the
pathogens they transmitted.

Human pathogens?

Yeah. We knew the Russians were involved
in biological warfare. So I did that and
that’s where I met Sue. She was at a girl’s
college in Frederick. She couldn’t get mar-
ried until she finished college, so I went
to Johns Hopkins for a year, but I wanted
to do a worldwide, broader program, and
so, when she graduated, we married, and
then I moved to [University of] Kansas.

What were you doing at Johns Hopkins?
Medical entomology. I also was waiting
on Sue for a year to finish Hood College.
I was working with Lloyd Rozeboom and
he was a mosquito person in the School
of Public Health. I was only at Johns Hop-
kins for a year. I wanted to broaden myself
and get more entomology, so I went west
to Kansas.

Let’s go back to the biological warfare
program. What was one of the most
interesting aspects your Army team
was investigating?

It's a really interesting camp with Civil
Service people and 500 soldiers like me
that had special training and aptitude.

All working on biological warfare?
Of some kind, in crops and bacteriology.

You said crops?

Crops. Yeah, plants. Just use your imag-
ination. These are the things that would
be very important in a war. If you want to
bring a nation, like Russia, to their knees,
destroy their agriculture. We felt more
threatened, more so than we needed to
be, but they didn’t put me in crops or bac-
teriology. They put me in the entomology
branch and I had never had entomology.

This sounds typical of the Army. They
put you in an area where you have no
expertise.

ButI am a biologist, so that's where I start-
ed working on ticks and mosquitoes—how
to produce a lot of them. Drop them out
of airplanes. Everything was very hush-
hush, very secret. I'm still leery talking
about it, because I think they might put
me in jail because I'm delivering secrets.
[Laughs.] It was a crazy time.

How do you do a defensive application
of ticks and mosquitoes?

We would run all kinds of distribution
tests on where these things go when you
release them and what were the factors
that would cause the migration. Can we
drop them out of airplanes and how do
we get the bugs to the enemy? That was
the thing we did. So I did my two years,
plus a year at Johns Hopkins, then we got
married and moved to Kansas.

Who was your advisor at University of
Kansas?

Ralph Barr—a mosquito guy. But when
I got there, they had hired Joe Camin,
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who was an acarologist, so I transferred
professors from Ralph Barr to Joe Camin
[because] I got interested in ticks and
mites.

Harvard biologist Stephen Jay Gould,
in an essay published in Hen’s Teeth
and Horse’s Toes, cited your doctoral
research on the mating biology of an
earthworm mite. What was the element
of fascination with this mite that para-
sitizes earthworms?

From a biological standpoint, it’s a very
interesting life history. As a behavior,
earthworms deposit eggs in the soil and
these little mites get onto the earthworm
when it makes its cocoon; it would
encapsulate these little mites. Under a
microscope, [you could see] these mites
swimming around in the [earthworm]
yolk. I had an NIH [National Institutes
of Health] grant to go to Michigan to
study these mites. Joe Camin said I was
the only student he knew that had gotten
their own NIH grant to do the work, so
here I was feeling pretty good. [Laughs.]
So that was for the life cycle of the mite
in the cocoon.

Did the NIH grant provide a stipend

to you?

Yeah. It was very impressive to me. I don’t
remember the amount, but it was more
than enough to be a graduate student.

T was doing a little reading on your
earthworm mite. There was something
about the chromosomes of the mite
that determined the sex of the progeny.
Yeah. You really are up on this, aren’t you?

James Oliver and Jerry Rozen trapping raccoons for ticks on St. Catherine’s Island, Georgia, 1983.

Nobody else has ever said that to me or
would be interested. [Laughs.] But the
way it works is, if there is bisexual repro-
duction, they [the larvae] are going to be
all females. And if there is no mating, the
[larvae] are going to be haploid and all
males. And that’s the way of sex determi-
nation. That led me to really get interested
in genetics—cytogenetics, particularly—
because I was studying the chromosomes.
I hadn’t thought about earthworm mites
in a long time.

You finished your Ph.D. at University
of Kansas; then what was your next
position?

The next position was actually at the Uni-
versity of California-Berkeley.

There is a legend that you had three
job offers.

Yeah, 1 did. [Laughs.] It was a lovely time
for a student to get out and look for jobs.
One was Illinois State University. I took
the job at Berkeley, but it didn’t pay as
much as the one in Illinois. It paid, at
the time, a really good salary compared
to what I was offered at Berkeley.

What would a really good university
salary be in the 1950s?

Ten thousand dollars. Everybody said that
your experiences at Berkeley would be so
much richer long-term, although it’s not
going to pay as much money as Illinois
State University, but long-term, financial-
ly, you'll be better off. And it will be much
more interesting with the colleagues and
you've got prestige and all that. So I took
the Berkeley job.

Where does Australia fit into this
sequence?

Australia was before I went to Berkeley.
It was one of the most exciting and ful-
filling years ever. I was from the South-
east, and here I was, going to Austra-
lia. This happened while I was finishing
my degree at KU. And it was a situation
where it was a different world. Animals
were different. Plants were different.
And people were different; fortunately
they spoke English. [Laughs.] But I went
there with the excuse of studying chro-
mosomes with Michael James Denham
White, an Englishman who was trans-
planted to Australia. He had written sev-
eral books on animal cytogenetics, and
I thought it would be good to associate
with him. While there, we got to travel
from Melbourne to Adelaide, to Bris-
bane, to Sydney. It was just wonderful.

And you're collecting ticks in all these
locations.
Yeah. Supposedly. [Laughs.]

That means that you were also doing
something else then?

Yes, yes. I was exploring the people and
culture and geography. It was really a
wonderful year because I had gone from
a KU graduate student, [to] Berkeley, just
almost...well, I didn’t even go to Berke-
ley. I was hired, and Bob Usinger, who
was at Berkeley, allowed me to take a
year’s leave of absence to go to Australia
and they would hold the position for me.

So Robert Usinger was the department
chair.
He was.

He hires you, but allows you to not
show up for a year and instead go to
Australia?

Yeah, and with a secured position so I
didn’t have to worry about interviewing
[later]. It made a lot of pressure come off.
It was a very good year for me. I learned
so much about cytogenetics and learned
how an international scientist operates.

Usinger must have had a lot of respect
for you as a young assistant professor
to allow you to take a year sabbatical
leave.

That'’s right. He said, “You’ll be much
more valuable to us after your year’s expe-
rience at National Science Foundation
expense than ours, but we'll be happy
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to have you come back in a year” Life is
good! [Laughs.)

It was good for you.

It really was. I made so many valuable
contacts and associates there. It was so
broadening from an intellectual stand-
point and a behavioral standpoint. And
it was probably one of the best years I've
ever had. It was just great. And when I
came back, I had a job.

You mentioned that Australia has
unusual animals. What was the most
unusual animal on which you found

a tick?

I found ticks on snakes. There was a grad-
uate student whose specialty was her-
petology, and he would bring in snakes
from his collecting. We would examine
them and collect the ticks. You know,
the herpetology people, they get kind
of casual with snakes [laughs] and these
big stumpy-tailed lizards. He would have
them in a cloth sack. These herpetologists
would go out with these sacks looped in
their belt and [slaps his hand against his
leg] that was a dumb thing because they
[the snakes]| could bite right through the
bag. But anyway, Peter [the herpetologist]
would come in if I wasn'’t there, open
the office door and throw that sack in
the office. And I'd come in and see that
sack moving and I know there’s a snake
in there, but I don’t know what [species]
it is. In Australia, unlike the U.S., most of
the snakes there are poisonous! I wasn’t
about to go in there until I got some infor-
mation. He had tiger snakes.

Tiger snakes are highly venomous.

Yes! And very aggressive. You dump some
[snakes] on the concrete, and most of the
snakes here [in Georgia] wiggle around
and go somewhere else. But there, tiger
snakes would come toward you. That was
a bad sign! [Laughs.]

He never threw a bag of tiger snakes
into your office, did he?

Yeah! Whatever he caught, he put in there.
All kinds of reptiles that we would screen
for ticks.

You left Australia and came back to
Unipversity of California at Berkeley.

Correct.

And had a career there.
Correct. I loved Berkeley.
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What was the appeal of Berkeley?

A continuation of my education—aca-
demically, of course. But more than that,
probably it was the cultural aspect. It was
across the bay from San Francisco. It was
a good experience because I had spent a
year in Australia and I had known a lot of
people and it made all kinds of bridges
possible. And the climate at Berkeley at
that time was just...[well] the attitude, I
couldn’t ask for a more exciting place. A
little too much! [Laughs.]

Why was it a little too exciting at times?
Well, I hired one of these students as a
technician and she was incredibly bright
and spoke like five languages. She would
study the foreign literature and read it in
the original [language]. But socially, she
was rebelling. One Monday morning she
says, “Dr. Oliver, I've had the most inter-
esting experience, and we're going to have
another one.” It was really a wild place
in Berkeley at that time. And she says,
“We're to have a photographer—the Look
photographer” That’s a magazine. “And
they’re going to interview us at our party.’

Yes, I remember Look magazine.

And I says, “Well, what are you going to
do at the party?” She says, “A lot of people
think we go in and dance naked and that
sort of stuff” And I said, “Sounds good to
me!” [Laughs.] But she says, “You don’t
have to take off your clothes at the party
if you don’t want to, you are welcome to
join us and disrobe in this room over here,
or you can just keep your clothes on” And
I said, “Then what?” “Well, we sing songs,
and play guitars, and dance!” I said, “Danc-
ing! That could lead to all kinds of things”
She said, “It’s up to the individual. And this
next Saturday, the Look photographer is
going to be there” And I said, “Nooooo! I'm
not going. Can you imagine my mother in
Georgia and seeing her son? [Laughs.] No,
no, no, no, no! I definitely won’t be there if
the Look photographer is there.” So it was
that kind of environment. It was just unbe-
lievable. I had never seen such free-wheel-
ing [behavior]. You just wouldn’t want to
be at that party. It was one of the reasons
why I came back to the East, because we
had two kids. And I didn’t want to imprint
them with these things as [being] okay. You
have to take them out of that environment.

So you left Berkeley and came back to...
University of Georgia as an associate pro-
fessor. Three of us at Berkeley were hired

to come to University of Georgia because
they had received a big NSF [National
Science Foundation] grant to make good
universities great universities. That was the
aim. One of us was in botany, and I was
in entomology, and we were given nice
raises and the option of bringing gradu-
ate students we had at Berkeley. And I
brought one of my doctoral students—
Ziad Al-Ahmadi—from Syria. So he drove
my Volkswagen bus across country.

If you lived at Berkeley, you had to
have a Volkswagen bus; it was almost
a requirement.

That’s exactly right [laughs]—with stick-
ers all over it.

You had stickers on your bus?

Yeah! Oh, they were anything: political
causes, sexual freedom, and flowers, too. It
was typical impressions you would have of
the Berkeley graduate student in the 60s.

What color was this van?

Green with a little white. I bought it brand
new. We had moved from Berkeley to
Athens (Georgia) and I had Sue and two
boys, and a big German shepherd.

You came back to University of
Georgia, but you didn’t stay there.
Shortly, you went to Georgia Southern
Unipversity.

I'was in Athens one year, and the dean I
interviewed with in Athens moved to be
president at Georgia Southern. He calls
me from Statesboro and says, “It would
be good, Jim, if you could come down to
Statesboro. There’s a new program called
the Callaway Foundation where the Call-
away family is giving money to establish
[distinguished] professors on most of the
state colleges.” My friends, when I left
Berkeley to come to Georgia, thought I'd
lost my mind [laughs] and now they are
going to be further surprised when I go
on to a smaller school in the state. So I
said, “I'm going to need a lot of things”
“Like what?” “Oh, you know, like money,
technician, support and that sort of stuff”
And he told me to list them and we’ll see
what we can do. During that year, we talk-
ed by phone quite a bit, and finally we
agreed I'd be a Callaway Professor here
at Georgia Southern, which would be the
first Callaway Professor in the state. He
said, “It would be a natural because you
are a graduate of Georgia Southern.” He
had a brilliant mind, 'cause it would be
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James Oliver in his laboratory, 1982.

good for students to see someone that
had been a student there to come back
and we can do a lot for each other. And
I says, “You're right” So we were only at
Athens one year, and that’s how I ended
up as the first Callaway Professor at Geor-
gia Southern.

This distinguished professorship, did
they give you a bump in salary?

Oh, yeah! A big bump. The first year I
came down here, I had the assurance of
the president that I would be supported,
and I applied for three grants: National
Science Foundation, NIH, and another
was an Air Force thing. I got all three!

And all the proposals were overlapping,
so I couldn’t accept all of them. You just
can’t imagine how, all of a sudden, I had
three national competitive grants. So I
didn’t have to worry about support, and
I stayed with the NIH grant.

And you got a technician and lab sup-
port. It sounds like a sweet deal.

It was. And I left the most prestigious place
at Berkeley to go to [Georgia]. Harry Hoog-
straal—you probably don’t know him?

Yes, I know of him. He was a tick per-
son working in Africa.
He worked for the U.S. Navy civil service

and lived in Cairo, Egypt. Yeah, [we were]
good friends. He was the one that told
Sue, “Don’t let Jim go to Georgia” In the
meantime, I had gone to Cairo for a year
with the family, and that was during the
Israeli Six-Day War, which was an inter-
esting experience.

You took a year and went to Australia
and then a year and went to Egypt.
Jim: Life was sweet.

Sue: It was exceptional. [Laughs.] The
whole time we were in Egypt, [President
Abdel] Nasser would be giving three-hour
evening talks about America and how
awful we were supporting Israel. It was
saber-rattling all the time, but the people
in Egypt were fine with us, and I never
felt in danger. And all of a sudden, the
French withdrew all of their citizens and
embassy people. And then the English
did it; they’re usually the last ones out,
[but] the Americans were the last to leave.
And the whole time, I'm thinking, “This is
nonsense, the Egyptians aren’t ready for
any kind of military anything”” I thought
somebody was overreacting, but I have
to give credit to the American Embassy;
once they decided, all women and chil-
dren were out of Egypt within two days.
And we left our husbands behind, and at
the airport, the women just went crazy,
crying and screaming, and clutching at
their husbands, so here I am, standing
with two children—four and eight.

Are these Egyptian women?

Sue: No! American women. They just lost
it. One woman started it and the rest just
followed along. I wanted to smack some
of them. “Get control—there are children
here!” They were really scaring the chil-
dren. We were leaving Jim behind in a very
uncertain state and, according to these
women, never to be seen again. So the
trip home was completely a nightmare. I
went and stayed with my parents in New
Jersey for two weeks and then went back
to Berkeley. Jim didn’t know what was
going to happen to him. He was there
doing research, so the [U.S.] military said,
“Why don’t you go to Addis Ababa [Ethio-
pia]”—where there was NAMRU 2 [Naval
Medical Research Unit 2] —“and do some
work there until this all blows over?” So
he closed up everything and got on the
plane. About an hour out of Cairo air-
port, the pilot came on and said, “Ladies
and gentlemen, we were the last plane
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out. The Israelis have bombed
the airport and [destroyed] all
planes on the field”

This was the day that Jim left
Cairo?

Sue: Yes! He was up in the air
and everyone on the plane real-
ized they would have been at
the airport if they had gone any
later. They left at night to go to
Addis Ababa. He already knew
someone in Addis; a roommate
he had at Johns Hopkins. He
was an Ethiopian national and
was director at the Haile Selas-
sie Imperial Lab. And his name
was Asseffa Tekla. Jim was very
well taken care of in the Tekla
home and had a wonderful time, but back
here in the States, we had no idea where
he was! We thought he was still in Cairo
having a horrible time under house arrest.
We didn’t have a cellphone and we didn't
have computers. So he sent me a cable-
gram and it took three to four weeks to get
to me. In the meantime, they realized he
wasn’t going to get back to Cairo, so they
said, “Why don’t you go to Uganda?” The
Navy was going to have a collection trip
and they put him on as an acarologist,
so he did some collecting for the Armed
Services. Again, being in academics, you
have friends everywhere. In Uganda, he
stayed at the Rockefeller Institute with
John and Evie Nichols, who had been at
Berkeley, and he had a very nice time. So
after that he went to Kenya and working
at ICIPE for a couple for weeks, and they
all decided there was no going back to
NAMRU [in Cairo] for any foreseeable
time, so he came home, back to Berkeley.
But it was an exciting time.

So basically you were apart for two
months, not knowing exactly his loca-
tion or condition, while he’s hopscotch-
ing around East Africa.

Sue: [Laughs.] Having a great time with
all his colleagues, but honestly, we had
no idea where he was until I got the
cablegram. I thoroughly enjoyed our
times abroad, but there were some hairy
situations.

You mentioned you knew Harry Hoog-
straal and were good friends. I read
that you probably know everybody in
the world that works on ticks. That has
to be a special fraternity.
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Black-legged tick

Jim: It is, and I have been so blessed.
A month ago on a Sunday afternoon, I
get this phone call, and it’s one of my
Japanese colleagues and he wants me
to come to Japan. I love Japan, and it
would be a pleasure to go back for a
visit. But I've broken my hip and I'd
be a burden.

Let’s talk about Lyme disease. In the
book Cure Unknown—Inside the Lyme
Epidemic, author Pamela Weintraub
described you as a “world-class ento-
mologist” for piecing together the puz-
zle that is Southern Lyme disease. Give
me the story.

The whole thing is fascinating about
Southern Lyme disease; it really is very
different, but the clinical [symptoms] are
the same. There is a rash, disorientation,
and that sort of stuff, but the vectors, that
is the important thing. I had a hard time
convincing people that we had Lyme dis-
ease in the South. A great friend at Har-
vard had described a variation on Ixodes
scapularis as a different species.

Ixodes dammini?

Yep, and I told him I'm not sure it’s a
separate species, because if you take the
characteristics and go north to south,
you'll find a gradation. No, he told me
that Harry Hoogstraal thought the one we
have here is a separate species. I said, “I
disagree with that. I think it’s a continu-
um of the same species that goes up and
down the whole coast.” But he fell out
with me because of that. I had visited with
him and had stayed in his home, but all
of a sudden, when I disagreed with him,
I became an enemy.

1 believe you published some
research, which showed that
the southern scapularis would
breed with the northern dam-
mini, and scapularis had tax-
onomic priority, so dammini
became a synonym.

That’s right, that’s right. You can
find strains of each that are vari-
able, but if you study the whole
range of it and the variations, a
lot of these quote “species” are
not biologically different.

Is the black-legged tick, Ixo-
des scapularis, the only spe-
cies known to transmit Lyme
disease?

No, not really. It's the major one,
but it’s still not decided by a lot of physi-
cians. They were impressed by the idea.
There are sociological reasons why Lyme
disease is reported more in the Northeast
than the South: availability of physicians,
people differences, tick variation. They
still argue with me, and some people at
CDC [Centers for Disease Control] keep
pushing [against my research].

What other species potentially vector
Lyme?

From a very natural standpoint, that’s the
main one, but from a breeding standpoint,
you can get other species to transmit it.

Such as?
The lone star tick is one of the candidates,
but it’s still a question.

As a tick guy, have you ever contracted
a tick-borne pathogen?

I don’t know! [Laughs.] A lot of tick patho-
gens are rickettsia and rickettsial diseases.
Every time I go to my local physician and
I have some strange illness that they don’t
know what it is, he says it is probably a
rickettsia—an idiopathic condition. I've
tested negatively for rickettsia, but the
symptoms [suggest it] could be.

Have you ever gotten into a chal-
lenging situation when you traveled
internationally?

I've got a good story about being robbed—
mugged twice in the same day! [Laughs.]

Where were you when you got mugged?
Jim: In South Africa. I'll let Sue tell it.

Sue: We were in South Africa for a month,
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and Jim was the keynote speak-
er [at a symposium] in Kruger
[National Park]. We arrived in
Jo'burg and went to Pretoria.
The next day we're out and walk-
ing toward a bus stop in front of
the parliament buildings. It was
about noontime, and everyone
goes home on a Saturday. All
the stores are closed and all the
whites are gone, but the blacks
are still out. Then, all of a sud-
den a guy comes along—bam!—
and hits Jim and I thought he
was running for the bus. And
I realized, no he’s not, because
Jim is fighting and they are roll-
ing around on the ground. Jim
was a fighter; he was a boxer.
This guy was a young man, and I guess
we are in our 70s. So [Jim'’s] first reaction
was whop! whop! The boy was stunned.
He never expected this skinny old guy to
fight back! He was after the wallet and
easy pickings, [but] had a hard time get-
ting it because Jim was fighting like mad.
I'm screaming and kicking and pulling
on the boy’s hair. But he was much big-
ger than Jim and got the wallet. And he
gets up and Jim says, “Oh no you don’t!”
And Jim grabs his leg and down they go
again. Finally the boy gets up and starts
running. Jim says, “I'm getting that wal-
let!” So there he goes. I'm standing there,
looking like a tourist, and I'm thinking
this isn’t the place for me. [Laughs.] So
I was running—it’s a wide-open race-
course: there’s the bad boy, and there’s
Jim, and there’s me in the back chugging
along screaming at the top of my lungs.
[Then] this black kid comes up and goes
straight to Jim and I thought, “Oh no, it’s
an accomplice!” Jim thought the same
thing because he had his fists up, but it
was an undercover policeman. He said,
“I can catch him. What does he have?”
“He has my wallet” He says, “Okay.” And
off he goes. He could have been in the
Olympics. He took off like he had a motor.
So then it’s bad boy, cop, Jim, and way
behind, chugging along, is Sue. We ran
a couple of blocks and the cop got him.
Then a Jeep-thing police vehicle came
up and out steps this big white Afrikan-
er, with a moustache, and I mean he was
big. He got that bad boy and he’s shaking
him and he got the wallet and handed
it to Jim. He says, “I want you to come
down to the headquarters tomorrow and
file a complaint” We said, “We can’t, we

Lone star tick

are going to Kruger” He says, “Well then,
we can’t do anything” So he grabs this
boy and he says something very harsh
in Afrikaans and he takes this ham-sized
hand and whops him on the side of the
head and the kid goes rolling, then he
took off and ran. This Afrikaner turns
and says, “If I were you, I'd go back to
my hotel” “We're on our way!” [Laughs.]
We're walking along and kinda’ thinking
we were lucky: we got the money back,
we're not hurt, and nobody had a gun or
a knife. Then Jim says, “Watch it!” And
another one hits us! Not ten minutes after
we left the cop. Jim is in a clutch with the
guy and pounding on him. And again the
kid looks stunned, like what's this old guy
doing? [Laughs.] And every time he came
around I kicked him and I'm yelling and
screaming because there are cars going
by—it is a major street. A car came up
and two white men got out and that boy
saw that and he thought, I'm out num-
bered, so he gave Jim a major push [and
ran]. But nobody got our money, but we
were mugged twice in less than an hour
in day two of a 30-day stay. Oh, the Afri-
kaner [hosts] were so embarrassed for us.

A fun story. On a more serious note,
what do you consider to be one of your
most significant contributions to the
science?

Whoa! I don’t know. Let’s defer that.

Well, how about your legacy?
Let’s defer that one too.

One more question then: is there such
a thing as a good tick?
Yeah, when it supports my work! [Laughs.]

[Oliver asked to provide a
written answer to the contri-
bution and legacy questions;
his response was provided

a month later.] What do you
consider to be your most
significant contributions to
science?

The blending of entomology and
parasitology in addressing fun-
damental questions in biology.
More specifically, my work on
sex determination and chromo-
somes in mites and ticks, and the
demonstration of the widespread
occurrence and importance of
haplodiploidy among mites.
Also, the occurrence of several
types of sex chromosomes, i.e.
X-0, XY, and multiple sex chromosomes,
and their widespread presence in different
taxonomic groups were very important.
Later in my research, and perhaps more
of a practical interest, was the recognition
and demonstration of Lyme disease in the
southern U.S. It was not only important
in the northeastern U.S.; in fact, other
researchers have shown it to be important
in the western U.S., and now it is known
to occur worldwide. Interestingly, Lyme
disease is very complex and shown to be
caused by several species of spirochetes,
and transmitted by several species of ticks.
In my lab, we continue to be involved
in research dealing with various genetic
strains of spirochetes; some are pathogenic
while others may not cause Lyme disease.
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Lyme and/or lyme-like Disease
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Missourt patients who fulfill the
strict CDC survelliance deflnition for
Lymo disense have been reported insig.
nificant numbers since 1989, although
there are no viable Missouri buman col-
tures of Borrella burgdorfert, The Mis.
souri erythema migrans rashes arc In-
distinguishable from those in other ar
eas, and the clinical syndrome appears
simllar to Lyme disease nationally. The
autbors suspect atypical B, burgdorfert,
andlor other Borrella spirechetes of
cautlog this clinical borrelfosls syn-
drome,

Missoun patieats who fulfill the staict
CDC surveillance definition for Lyme dis-
ease have been reported in sigaificant
vurebers since 1989. The etiology has been
unclear and confusing. This enigma was
peeviously addressed in this journal in
1992

The clinacal syndrome is better de-
fined, but the exact ettclogies are un-
proven. Wz participated with the Ceniers
for Disease Control and Prevention (CDC)
on an epidemiologic and diagnastic study
of 45 Missouri patients with physician di-
agnosed erythema migrans (EM) (consid-
ered a diagnostic matker for Lyme éis-
ease). This study will be published in the
August issuc of the Journal of Infectious
Diteases? The CDC conclusion was that
the etiology remalas idiopathic, but that

in Missouri

of declining authorship. We believe that
additional information should have been
made available.

Visually, Missouri EM rashes are ir-
distinguishable from tivose associated witk
Lyme disease elsewhere. Many amthors
consider erythema migrans pathogmo-
monic for Lyme discase.’ ™ Photographs
of Missouri EM rashes have been pub-
lished in peer reviewed joumals' " and
ch b«n pmcmed ot the last three intec-

Edwin J. Masters, MD and H. Denny Donnell, MD, MPi

ments on both sides, dependlns on
whether oo makes the diagnosis micro-
il Iy oe clinically. For ple, the
pumwc ctiologhe agent for ca-scrmchdis.
ease has changed from Afipla felis 1o
Bartonella henselae, 20d yet the clinical
dingnosis remains the same. To use a
Borrella analogy, there are numerous
Borrelia species that cause relapsing fe-
ver, both tick borne and Jouse boroe, and
yet the diagnosis of “relapsing fever" re-

o0 Lyme Botrelhosi d. The issue of a possible different
(Stockhoim, 1990;'* Arlington. VA 1992, Borrelia bacteria in lose star tieks is sig-
Bologea, Ttaly 1994, Missouri casedata  nificant. What is different abous Mlmuﬁ
with a EM patlents is that a minord

show an EM incid
peak, and rash location on the body. his-
Lolugy, leesiment response, iscudation
time, tick exposure, uge, gender, multiple
lesions, assoviated signs and symptoms,
and sequelae ase all similar o Lyme dis-
ease reported nationally. Thus, clinically,
the Missouri piysician caanct distinguish
this rash and syndrome from Lyme disease
diagrosed elsewhere, If Lyme disease is 2
chinical diagnosis, s the world"s lwratsre
and the CDC state,' then this is clinical
Lyme disease,

Alypicel isolates of B. burgdarferi
have been cultured from fxodes dentatus
ticks in Southeast Missouri,? Live motile
spirochetes, similar to Borrelia, have beea
visualized in looe star ticks (Amblyoruna
americanum) from the homesites of Mis-
souci EM patients. Further Intrigue is
added by the growing evidence that some

evidence implicating Borrelia burgdorferi
is abseal. The mdy design, exclusion of

ilable information, decisions excluding
data relevant o the objective evaluation
of the probiem, and arbitrary suthorship
were such that we, as the slate epidemi-
ologist who initiased the study aad the pri-
mary clinician who supplied over half of
the study patiens, ook the significant step

A ameri (lone star ticks) are in-
fected with a very differemt and as.yet -
unidentified spirochete that may be a com-
pletely new species of Borrelia.’ Ose then
ponders the question whether this sya-
drome Is caused by a new species of
Borrella that is not B. burgdorfer; is il,
oc is 3 not, Lyme disease if it cannot be
distinguished clinically? Thece are argu:

ducnbe the lone star 1ick 25 bemg mou
ated with their clinical Lyme disease. This
has also been reporedd in other states, but
the extent to which this may occur is un-
km-",!l

Case Report

Caszsllustration (CDC #6, ID#111):
This case iliustrates why o beerelosis is
suspected in Missouri, A 41.year-old
white man presented on July 5, 1991 with
an EM rash (Fig 1) which was painless,
rot-pruritic and with documested expaa.
sion, There was no history of recent tick
exposure outside Missour

Laborsory fiadings; A biopsy was
taken and he was cerolied in 2 naticnal
study. The EKQ cn July 5, 1991 was noc-
mal, An EM rash blopsy photo (Fig 3)
shows histology consistent with crythema
migrans, and (Fig 2) shows & modified
Dicterle stain of the EM biopsy with a det-
mal spicochete visualized by Dr. Pasl
Duray of Harvard,

On July 12, 1991 his electrocardio-
grom showed airlal ibriflation which re-
solved sp Iy, All subsequent
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I_ Table 1 - Testing by COC
jcocCue | I9Iwes | LA Is92RAl 1993RA | M l
| o o*310  4310 0 00 1 e2)0 ([ Wesem ' Wokem
i (38D} " (3sD) | (38D) (350) Bke | Bl
i .
| Diy3 DA L e 0diteqln) @ 'u.n,so,u. ,
! { | | { 60, 6
Diyl6 | 2260 1354 | 1038 | Osliewhi 66 15,2524, %,

| i ! '41, 38,62

EKQO's with over a three year follow up  Missoan EM cases and all four (Dr. Duray.

have been rormal. Blood Pressure = 132/
78; Cholesterol = 165; Glucose = 102; T4
=7.6: serum feeritan < 200, normal weight,
mo personal oc family bistory of heart dis-
case and pornal echocardiogram, His only
medication was amoxiclilin 300 mg TID.

Onhee tests inchade a positive Lyme
ELISA by Dr. R.J. Johnson, of the Uni-
versily of Minnesota. negative RA, nega-
tive ANA, segative RPR, and a positive
biopsy by Dr, Paul Duray of Harvard (now
a1 the NiH).

Discussion

Eight ELISAs were dono by the CDC
and none was megative (Table 1), The
Western blots were indeed negative by
Dressler's eritoria,™ bot positive by ather
published criteria ™™ We disagree with the
CDC and do not believe this case consti-
tules “shsence of evidence™ of secologlcal

Harvard; Dr, DeKoning, Netherlands: Dr,
S. Granter, Harvard; snd Dr, A
MacDonald of Beaumont, TX) agree that
both histelogy consistemt with Lyme

L I

e e

might spport a suggestion ‘or hypersen-
sitivity reaction or other roninfectious
cause of these rashes, we beleve thatdata
to be inferor, incomplete, and contra-
dicted. Also, the mean duration of the EM
rathes following known tick bites ja the
CDC swdy was |4 days, arguing against
& hypersensitivity reaction as does the me-
dian duration of rash expansion of seven
days teporied by 31 CDC stady cases,
There was no correlation detween
docutnented Misseuri rash size and re-
ported duration. However, with the known
impect of resiment on EM mshes nnd the
considerable vanation ia amtisiotic therapy
the lack of correlation is not sueprising.
We also disagreed with the arbitrary

erythema migrans and spirochetes which
eppear umilas 10 Borvelio are present in
Missourl rash blopsies.

The incubation time of the Missouri
EM mashes is important bocause of the etio-
logical implications. O a guestionnaire
of 20 Missour patieats in the CDC study,
the incubation time differed from that con-
temporancously recorded in the patleat’s
charts (3 days vs. 5,5 days).* Based on that,
one might improperly conclude that the
chart data were inaccurate. However, the
chart data were entered before the CDC
study was even begen. Addiconally, the
differences were due to discrepancies
oaly four pmients where these weee long
delays of up o a year between the rash

reactivity WA burgdorferi or a related spi-
rechete. Fusthermore, not only were posi-
tive CDC FLA ELISA results omitted
from the JID manuscript,’ diagnostically
significant Jess interse Westem blot bands
by the CDC's owa research data®* were
ignered. Knowing thal atypical B.
burgdorferi of “related spirochetes" might
very likely produce a response such as this,
we disagree with the CDC conclusion of
“no eviderce.” We also know that “most
patients with carly disease have 2 good 120
response, and some reinfected patients
may have only an IgG response.™  *
Conelderabln ink . -

of test results and information, histology
results, and complicstions were all ex-
cluded in the CDC analysis, Very few pa-
thologists have published on the
histopathology of Lyme disease. Four of
these published experts bave reviewed

and the q Ire. The chart dasa were
also verifiable by third parties. Further-
more, 10 of these 20 CDC study patients
were a subset of 25 consecutive Missoun
erythema migrans pabents that were in-
cloded In 0 natsonal study: They were docu-
mented exhaustively long before the CDC
study began. The median incubation time
foe ths Larger series of 25 patients was
seven days, exactly what one would ex-
pect. In 1993, the Missouri Department
of Health coflected data on 30 other con-
secutive erytherma migrans patiemts from
all over the state and the median incuba-
tion time was 6 days, The published incu-
bation times usually vary from 2.30 days
with a median of § or 7 days, Anoiher se-
rles of 14 EM rashes following witnessed
lone star tick bites (Including three of the
CDC study patients) had a median incu-
Dation time of 7 days.™ Although the shor
3 day time on the CDC questionnaire

exclusion of available histopathology
evaluations of bicpsies on EM study pa-
tients, These blopsies clearly exclude such
enticies as gransloma annulare, etc. Obvis
cusly, thers are probably some isstances
wheze a hypersensstivity reaction could be
mnuh:nfwnnuylhum m;nm buubu
Is a completely & P

the phenomenon thatis being reported ln
Missourl. Many have had tick bites al!
tieir lives and have never kad a similar
rash. Also many have been followed for
seversl yews since their eryetema migrans
rashes, have had further tck dlees. and
have had 0 fusther rashes, The vast ma-
Jjority of these clinically diagnosed
erythemss migrans simply ciangl be ex-
pluucd a3 hypersensitivity reactions or
toxx- p.\enomm. bmd onclmicd datu,

huwry. and follow up.

The absence of a viabie heman B.
burgdorferi culture in Missourt is signifi-
cant. However, absence of proof is not
proof of adsence and with an organism
such as this whare increasing heterogene.
ity is being found, we do not know for sure
that stypical variants do not have some
atypecal growth requicements. This phe-
nomenon exists in ceher areas and has been
reporied in Greal Britain' ard also in the
northeasteen U.S. ¥ Also, at least one
uscultivable (at feast by present methods)
organism that may be 2 Sorrelia probably
exists In lone star ticks.* We caution
agxinst using the criteria of failure to grow
in a highly defined specific medivm such
s BSK-11 a5 proof of nonexislence. Even

Continued on page M9
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Table 2.

Results of lests for antibodies w Borrelia burgdorferi in serum from Missourl patieats with saspected erythema migrans (all patients
of De. Masters) by enzyme immunoassay (ETA) wslog whole<cell sonscated (WCS) etigens and flagedlar (FLA) antigens and

immusoblots perfermmed by the CDC, Bold print indicales strong bands.

1991 LA lmh

COC | Sump. ) Diys 1991 WCS 1993 M | G
Case " [+ Alsr 4310 +e31.0 +eal0 LA Weern Weatern
1 Rash osmy ! @sp) | @sm Hee st
17| 1388 129 3 0.38 0575 | 092 0.16 19,6615 ND
1] 1358 1362 2 0552 0443 | 0375 02} 19,41, 52,60, 75
[T 1359 136 100 0677 0689 | 0.2 013 15,25.37, 41, 45, 60
2,78

15| 1360 i 15 0.36 0396 | 0387 . 029 41 29,41,48,57, 6275 |
i 1362 116a 3 1432 1 0519 | 0.1 | 035 4 28,37, 39, 1, 45, §8. 66
| 1381 16 | 1690 | 044 0676 | Q51 NO 15,39, 41, 47, 36, 53
1 134 W6 | 97 | 1425 | 0;21 . 043 056 66,75 18,39, 41, 47, £6, 58
i 1371 i20a 5 08I | 043% ! 0231 015 25,41 45, 57, 61
3 un 1215 46 | LN6 | 0387 0900 021 31,45, 54 15,25, 29, 41, 45, 87, 62
12 1 £ n 0553 03575 0445 073 al 25,34, 41, 56, 66,75
12| 1378 1375 119 0433 0415 | 034 054 15,42
91 1380 | 138 | 34 | od07 | o | 023 | 0JF | a1,60.66,% 41,62, 68 5
| 182 § 0% | %0 | _inus | 041 | o3 | 03 | 41 .4 )
[EEMEED 1036 | 8 1.082 0.557 0344 | 04t 6, 15 15,39, 41
4 | 1388 1450 . 19 0398 | 0274 | 034 | 02 62, 63, 64 |3, M, 17,41, 60.62
4 1386 45 | 38 0626 | 0353 0.307 0.1% 9,65,64,75,6) | 15,3, 41, 60,62
5 1388 0% | 4 0685 | 0533 0395 021 19,41, 62
) | » 08 . 0508 | 0288 | 021 41 19,41, 6
| 1397 37 ;31 1 186 | 0an 04835 | 099 41, 66 TN, @. 66,78 8
14 | 1%8 117b 92 1536 0623 0519 ¢ 04l 37,99,4).98,66 | 13,21, 3, 41,62, 78, 83
2 1404 118a 3 2454 02 0234 022 ) 18,29,37. 41,45, 97,

: ‘ ! s .
1 | 1408 e | 3 1931 0668 0.301 0.26 41 18,37, 4), 45, 57, 66, 75
H 1406 1k 135 0500 0435 | 0491 023 34 15,37, 41, 45, 57, 64,

75.33

6 1407 111 [ 2378 1394 ).022 081 Al 25,28, 36, 41, 57, 60, 62
€ | 108 b i 2260 1354 1028 062 66 15,25, 28, 34, 37,41,

! $ 56, 62
0 | 1410 130 9 0.364 029 | 0481 | 0.3 25,37.66 T 9,41, 63, 8
7 4l E I 0318 030 | 021 | 03 45,78 15,15, 41, 75, 83
7 1412 1326 3l 0440 | 0321 0,295 011 7 41,7543
8 1418 40 ;3 0,835 0406 0.314 038 28,41, 83 15,28, 29, 16, 35, 41.62
] 1416 1406 [ 1096 | 0415 | 0.1907 a1d 15,37, 0, 66, 1 15,28, 29, 37, 41, 60, 62
1S T8 1 1 1 1207 0785 0386 023 41 23, 30, 35, 41, 45, 62
15 1419 1a1b 24 0597 0425 | 0380 ND 41 30,35, 36, 41, 45, 62
15 ; 1420 e 176 0716 | 0443 | 0324 | 027 | 41,58,60.66,93 15,29,%,4,6 |
31 | 1424 133 ™ 1606 1087 | 0693 0.64 83 A
B 1425 il 3 0452 0.106 | 013 013 a1 15,25,34,41, 57
B 1426 i) K] 0.782 0821 0.546 0.9 4l 15,25, 28,34, 41,62
16| 1428 1200 23 A% 0377 | cs 0.y 28,31, 39,41 15,25, 41, 35, 62,75
16 | 1429 1206 9 5,700 0,81 0423 032 18,26, 31.37.39,41 | 28,41, 62, 66. 73, 83
10 | 1431 1142 8 188 | 0358 | 03 | 009 a1 15,41, 60
10 1432 114b 39 636 0472 08 | 035 24,37, %.41 15,25, 43, 60
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Dr. Kelly, whea originally cultivating relapsing fever spirochetes,
had 1o use different media for different species. ™ The syphilis spi-
rocheso has still not been culttvated in a cell free media.”

The CDC ¢concluded that in the Missouri shedy of 22 pe-
tlents tested there was no serologic evidence of & 8. burgdorferi
o related spirechotal jnfection.? All 22 were patients of Dr. Mas-
ters and the results are presented in Table 2, Wo disagreed with
the CDC's negative conclusion and present bere data that was
exchuded from the CDC manwscript. There were 45 patients in
ke CDC study and 40 of these patients had no less than 57 differ-
ent positive Lyme serofogies performed by 7 different laborato-
ries.

Even though the CDC itself has researched and presented on
the diagnostic wtility of using faint or less intense Westera blot
bands for dlagnosing Lyme disesse, ™ ag have other authors, these
were specifically excluded in this Missourl stedy. We know that
atyplcal B. burgdorferi exist in Missoui® and that Zoller et al
published that strain dependent differeaces of Western blot band
inteasicles exist.™ Additionally, thece are numerous publications
which have inctuded faint bands. Engstrom &t a). showed that
most less intense bands should be counted.™ Obvlously, band in-
teasity is sot only a subjective interpretation by the lab v it
©an also be a functica of technique and storage. The Missouri
Westem bdlots were performed by the CDC on stored sern that
had gone through multiple freezehaw cycles. Also, in the
Engstrom paper.” they could not mateh a number of their protein
bands with those described by Dressler 2ad thus there is pub-
Jished concem aboat the arbitrary use of such a rigid Westesa blot
interpretation. We also have questions about the arbitrary deci-
slons on [gM band specificity, as well a5 exclesion of OspA
(31KkDs) 124 OspB (34kDa) from the diagaostic criterin, which
is contrary o all previously published literatare

The gravameon of the CDC analysis is their assumption that
their FLA ELISA is socurate in its negaclve results and their WCS
ELISA is wrong in its positive results in detecting 5. burgdorferi
¢ a related spirochete. If one were biased toward a negative coa-
clusion s we believe the CDC authors were, then the sensitivity
of relatively comparable tests would take The CDC
admits the ELISA test with Whole Cell Sosicae (WCS) is more
sensitive B

We believe that the differences sbould be examined and com-
pared not ondy with the positive, but also with the negative con-
trol population. Of the 22 Misscuri EM patients tested secologi-
cally by the CDC, 11 of the 22 had discordast results by having
potltive WCS ELISAs, using & tiree standand devistion cutofl
for positive. The CDC did not mention that 38 noa-Lyme Mis-
soari controls were also tested by the WCS ELISA method and
Usst only one of the 38 lesled positive, as compared 10 50% of the
Missourt EM rash patieats. The odds of this reswlt occurring by
chance exceed 25,000,000 0 one. Missouri controls were not
tested with the CDC FLA ELISA, Furthermore, if one takes the
21 Missouri patients who had both IgM and 1gG Western blots
and compares them to published studies in which faint bands
were included, there are some Interesting results. Uslng the same
criterin, the Western blots on these 21 Misscusd patients perforrned

LR WS IC o Y T TR R ST SR T30 T e 1P Y o Yo P e

Table 3, IgM & IgG
Lyme Disease Western blot Bands
A comparisce of 21 Missouri EM patients’ Borrelia associsted bands
whea tested by the CDC with published noemal noa-Lyme controls,

kD L Ips. % ¢ Rps. % ?
20 7 (X3 3 B0 | <000 |
31 L} 7 < 007 |
ED 3 2. <00 |
» | 33 0 13 | <000 |
(a1 3 00 |1 a5 1 <00 |
3 [ 52 a2 13 | <50 |
G 38 [ 1.3 { <000 |
*Maetal S of Lyme by Westam & o0

Reactivity of Virious Significant Astibodies agains! Bavrrita burgdorert.
Journs! of Cliical Microbiatogy, Febeuary 1992, 5. 370-6,

by the CDC were compared by us to the Ma study conmrols. ™
(Table 3) Of the major pablished Borrefia isted Western
blot bands such as 20kDa, 31kDa, 34kDy, 39kDa, 66kDa, and
$3kDa, the p values in the Missouri EM patients were signifi-
cantly higher than the Ma study coutrols (p < ,002) in every in-
stance, Fawcet et al published s series of 200 non-Lyme controls
in 1992 and of their Western blots, only cee patient of 200 con-
trols bad four IgG bands.™ As showa in Table 2, the vast majoricy
of these Missouri EM patients had four or move [gO bands, These
Missour; EM patients have Lyme serologies measingfully diffes-
ent from published negative control papulations.
Analysis of the 11 CDC study patients with positive WCS
BLISAs and negative or equivocal flagellas (FLA) ELISAs s also
significant. The COC had previously stated their WCS and FLA
BLISAs were highly comelated with an r>.90. We delieve this
needs to be explained Al 11 patients hud a negative rapid plasma
reagin (RPR), rheumatoid asthritis (RA), and aatinuclear anti-
body (ANA) w0 help mle out cross-resctivity. All tested nogative
for antibodies 1o Fr lla tud Is, Rickettsia typhi, Rick-
ettsla rickertsis, acboviruses, and Ehrlichia chafeensis, One our
of 10 patients ested positive to Q fever (Coxietla burnetii). Two
patients also tested positive 1o a CDC 1991 Lyme FLA ELISA,
As meationed, when compared with publisbed controls paticais™
the p value for Western blot Borrella essocisted bands (20kDa,
31kDa, 34kDa, 39kDa, and 83kDa) was .002 or less, Nine of
these 11 patiets bad four or more bands oa at least cos Westem
blot performed by the CDC and eight of the eleven had five or
more bands. The CDC itself has presented rescarch that indicates
that the presence of five IgG bands, even faint, have 2 high corre-
Iation with Lyme disease, ** Eight of these 11 patieats were also
part of & national prospective study, Lyme serologies were doce
by Dr. RJ. Johnson of the University of Minnesota and 2 Stan-
dard Deviations (SD) was coasidered borderlloe and 3 SD posi-
tive. All eight {100%) of this subgroup had coe or more Lyme
ELISAs ot Jeast two SD from normal with many haviag strongly

Continwed on page 352
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Continved from page 349

Additiceally, the CDC indicated the
presence of an B3kDa, 39kDa, 21kDa, or
18kDa band was alse highly specific for
Lyme arthritis, even when faint™ As one
can see from Table 2 atany of these bands
were preseat in the Missouri EM patients
tested bylheC‘DC_EwmculMM
that Jow intensity bands can have diagnos-
lic utility and peed not be excluded.’
Bunikis et al showed that varisble reac-
lvity againse different Lyme discase
Borreliaspp. exists and concliuded that dif-
fi it antig positions among
Borrelia spp, may result in variable im-
mune responses,’’ Koowing that differeat
Borrelia spp. may exist and that atypical
B. burgdorferi definitely exist in Mis-
sourd,* we believe that all of the available
data should be evaluated before pegative
conclusions are made and published.

We know from Oliver asd Kollar's
work that 8, burgdorferi are in Missouri
1. dentatus ticks that prefereatially feed on
rabbits (but also occasionally on hu-
mans).* Bridge vectors shoald be re.

Figures on pages 350 ond 351
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searched. In Ryder et al's tick trazsms-
sion study using geographically un-
matched spirochetes in Amblyomma
americanm, they showed a transstadial
transmission rate of 1:60 (1.7%) that left
open the question of whether lone star ticks
could be Invoived in occaslonal human
cases. ™ One cotiontail rabbit in Southeast
Missour 2 the farm of an EM patient was

ined and had /. d teks oa it
as well as over 1000 lone star larvae. ™
Even at a 1.7% rate, that single radbit
could theoretically be the source of tnfec.
uon for 17 lone star nymphs, Other re-

bers have seen spirochetes appearing
similar o Borrelia that stained varably
with H5332 monoclonal astibodies for 8.
burgdorfert in this area,®* The CLC
paper dismlsses the positive JFA 2ad PCR
resuits of Feir et al? by stating that 8.
burgdorferi failed 1o be amplified usiog a
second primer pair. Three ticks were
tested using the two primers and only one
failed 1o amplily B. burgdorferi DNAwith
the second primer, The ability 1o amplify
B. burgdorferi DNA using one set of prim-

Figure | Caso tstation, CDC Case #6, LD#11). MO EM rash, right foot, transiest
atrial Fbritlatica, Figure 2 Modified Dieterle stain of EM biopsy in figore | shoning

a dermsal

spisochece.
ogy of EM blopsy. ¢ase in figure 1 & 2, showing a dense by

. Photo courtesy of Dr. P. Deray, M.D., Harvard. Figure 3 Histol-

luler infil-

trate consistent with erythema migrans (Photo courtesy of P Duray, M.D., Harvard).
Figure 4 Missouri EM, Bollinger County; (insert: Steiser-Stciner silver ftaia showing
a dermal spirocheie Lo blis EM blopsy). Figere 5 “Target” leslon charecteristle of EM.
Seott Cotnty. Figure 6 MO EM after fooe sear uick bite Figure 7 Histology of EM e
figure 6. Plaoto courtesy of P. Duray, M.D., Harvand. Also, on medifisd Disterls stain of
this blopsy, a dermal spirochete was visuslized. Figuire 8 Looe star ick midgut smee
shoming splrochetes. Figare 9 DS, CDC Case #21, 1D¥133 - positive CDC FLA ELISA
in 1991, and positive IgM and 130 ELISA by Dr. RJ, Johnson. Figare 10 Modified
Dieterle stain shewing 3 dermd spirochese in CDC case #21, figure 9, Phoso countesy
of P, Dursy, M.D,, Harvasd, Figurd 11 CDC Case #1, [D #116 (adso sercconveried 1o Q
fover) and seroconvened W Lyme with 1gG ELISA by Dr. RJ. Johason, Figure 12 KK
CDC study case, Enlargiay rash soliced thres weeks afier lick bite while nrkey bent-

Ing in Phebps Couosy. PCR was positive for Lyme

disease; Figore 13 PH CDC Cased$,

[D #1083, Figuee 14 FN CDC Casé #7, ID #132, Figure 15 BW CDC Case #22, ID#127.
Figure 16 LH CDC Cuase #4, TDV145. Figure 17 CP CDC Case #8. ID#140, COC
WCS ELISA seroconversion. Figure 18 LA CDC Casc #18, [D#119. Figuce 19 BT
CDC Case ¥, ID#113, Figure 20 CC CDC Case ¥3, 1D#121 (seroconverted oa WCS.
ELISA), Figure 21 LL CDC Case #2, ID#118 (Weatern blot serocoovession-at North
Amesican Laborasories). Also developed a migratocy oligoarticular mthritis. Pigures ,
12, snd 15 repeinted with permissica of Postgradhate Medicine Figure 21 repristed with -
permission of Journal of Spirockeial and Tick-borme Direases.

e e

ers while failing using a different set of
primers is not wncommon and con possi-
bly be astributed to stain variation. For
example, Oliver et al (199%4) found in one
8. burgdorferi isolate from Missouri, that
FLA DNA was amplified while OspA
DNA was notusing 2 second primer pair. ™
In the Feir et al study, PCR positivity was
significantly associated with LFA positiv-
ity. and there were no PCR positive tests
from IFA negative licks from areas be.

lieved to be free of Lyme disease or from
laboretory reared ticks.”
Coaclusion

In y. we have p d evis
dence d ing Missouri paticnts thas

have clinical presemtaticos thar meet di-
agnostic and sunveillance eriteria for Lyme
discase and tha cannot be casily explalned
in the absence of a borreliosis, Previcusly,
m ot 4 ‘M' h i oA cu
not have the frodes dammini deer tick.
Lyme disease was not possible, We now
know it 4. dammini is not a valid sepa.
mte tick species but is the same as /.
scapwleris, which is common in Mis-
souri. Missouri EM patients often have
histologica! and serological results that are
cicarly abnormal and are consistent wich
o borreliosis.

We also delieve that this iliness can
have marked sequelae. In the CDC study
of 45 patlents irested carly,’ there were still
two cases of associated arthaitis with vis-
ibly swollen Jounts and one curdials, Also,
there were at least two ¢ases of marked
nen-specific sympeoms such as fatigue,
impalred cognition, myalglas, ete, Tlree
of these patients, including the petient with
carditis at three weeks, one with arthritls
at 2°72 months, aad another wilh anthritis
at 472 months were pot reporied by the
CDC because of the study design.

We previously published an all §72
Missoun cases reported from 1989-1992
that met the CDC Lyme surveillance defi.
nition and compared the signs and symp-
toms 10 Lyme disease reported elsewhere,
We concluded that Lyme diszass reported
in Missourt was similar in terms of signs
and sympoms (o Lyme dssease reported
natlomaliy."” We agree with the CDC that
pliysicians should maistaln 2 high index
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of suspicion, pot oaly for this syrdeome,
but for other Missourd tick bome iilnesses
soch as ricketesiosis, talaremia, babesiosls,
and chalichiosis. We also believs that there
are insufficieat avnilable date 1o exclude
clinical boereliosis, possibly caused by
mosc than one vasiety of spirochete. At this
tme there is no alternative plausible di-
agnosis and we eacourage physiclans o
commply with the Missouri law requiring
reporting of Lyme disease.* Even though
the exactetlology or exiclogies of this clini-

v s e

Fam Med 1953, 2409.13.

13 Galdings BA, Jariche | Lyma dsrise. Cheics Ie
Rbworratis Diveases 1964 12{2:14).67.

14, Traatmens o Lyme dasate. The Medica! Letier
198931579,

15, Masters 8 Cannel HO: fobss M, Mingurt Lyma
daense 1989 throwgh 1992 ) SprncrersTick Same 04
19941127,

1. Mastans £} Erythera mygrane Rash as key to eaely
Fagraes of Lyma dvane Pergred Med 159394:103.
4,13742,

37, Magters £, Xing LE Dflarastnting Lowsecetom
from Lyme Diseasy, Smer Hed, 1796.28{ 105449

18 Masters £, Feir O Bappet © Lpme baeraticsh o
Mlseurd: Jgaieat new are sew sigriloant vecior,
[abatr actWITH.P-1 3] 4 programa and abitracus from

cal syndrome remain ungroven, p
who meet the clinical eriteria for Lyme
discase should be repornied. The Missousi
Depactment of Health recogalzes the etio-
logical controversy and in order to further
uaderstand this Hlness and resolve the i-
eue of Lyme vs, Lyme-like disease, data
arc needed and patients need to be evaly-
ated, We have boch identified and uniden-
tified sparocheles in Missoeri ticks that ar¢
biting our patients who then become ill
with signs and symptoms that are ex-
wemely difficuit o explain in the absence
of a borreliosts - whether it is caused dy
B burgdocfer!, an arypical B. burgdorfen,
or seme other anfectious agent o spico-
chete, Further research is needed.
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Bacteriophages and Ultrastructural Alterations of
Borrelia Burgdorferi Induced by Ciprofloxacin

Martin Schaller,® M.D, and Uwe Neubert, M.D.
Department of Dermatology, Ludwig—Maximilians—University, Minchen, FRG

In a former study, & Tysogonic lsolate of Borrelia burgdorferi harboring two different types of tailed A1 and B-

1 bacte
further Borre
were exposed (o increzsing concentrations {0.1
Ee o‘?h vitro mintmal inhibitory

®

burgdorferi isolates obiined by culture

tc the genvspecies Borrelic burgdorferd. sensu sinicto A-

inducible by subiahibitory ciprofloxscin concentrations was described, In the preseat study, two

from o nymphal lxodes ricirus tick and from human skin

) to 8 pg/mL) of ciprofloxacia,

concentration (MIC) was determined to ke 1 ug/mL by a broth dilution methed.
1 bacteriophage

s were dis-

isolates, belonghag te 1
gm:md exclusively ujubmbanmy concantrations of ciprofloxacia (0.125 10 0.5 uwg/mL). After exposure of the

entrations colecidl

with or exceeding

the MIC, ths following alicrations of the

10 ¢ CODC:
borrelial uitrsstructure became visible: (1) at a ¢ }xoﬂoucin conceatration of 1 ug/ml electron-Juceat swollen

arces within e
memts, (2) ata ¢

mic cylieder complex o

oxacin coocentration of 2 ug/mi.

otherwise inact cells as we;ll 83 very short bonelial cell frag-

small of the lycan

layer, (3) at clproriozacin concentrations of 4 and 8 ng/mb dimg'don of e prowplasmic cylindet complex inie
small igh

oAty o3, These ultrastructural alterations caused by
clearly different from the fearures of phage-induced cell Tysis found at subinkib

ciptofioxacia concenirations proved (o be
ibisery ciprofioxacin concenirations.

Key words: Borrelia burgdorfer, Ciprofloxecia, Ulmstructuce, Bacieriophages, Elecironmicroscopy

INTRODUCTION

mamma of 3 63-year-old woman. Tie tick isoiate was cul-
tivated from a ayeiphad tck removed from a patient visiting
our o:n]p«&:ud clinie

Recently, we reported on the discovery of two different
types of seshduccdb-{ binhibucry
trations of clprofloxscia in & Borrelia burgdorfert skin iso-

Jate end described the typical phage-induced alterations of
the borretial morphelogy (1)

Ciprofioxacin is  fluorinated, piperazin substituted quin-
alore related 10 nelidizic scid By iahibiting the bacierial
DNA-gyrase, this drug has @ high i vizro activily £gainst
many gram-positive snd gram-uegative bacteria {2). In sev-
eral re; , the Wernstructurel alierations of ciprofloxacin
treated gram-negative and gnm-gl?xitive bacteria were de-
scribed comprebensively (3-4). To our kaowledge, there
are only two studies dealing with the In virro susceptibility
Borrelia burg%m 0 ciprofioxacin, Preac-Mursic et
. reported in 1 that ci xacla showed only low
activity agaiast Barvelia . i (5). Similar results were
mpo«ed(by Levin et al. (6) i 199), So far, we arc n:t{
aware of reports ing ul ) alterations

pircchetes caused by ciprofloxaci

In the present study, we determined the in vitro minimem
inhiditory con (MIC) of ciprofloxacin for two
Borreita burgdorferi isolates and examined the mwpboloﬂ
jcal aleradons of the borrelial cells after

XS

subzultivstion of the borrelise were accom-
plished in BSK Demedium (7) modified by adding 0.15%
agarose (Servz, Fine Biochemicals Inc., Pamamus, New
Jersey, No. 11387) (8). The two isolates were classified by
nondenaturing polyaccylamide gei electropliorests of RNA
complementary to amplificd Borrelia burgdorfer-specific
geas segments (9, 10). Bath isolates were fouzd lo 8
10 the genospacies Boreella burgdorfer! sepsy siricio, ac
coeding to the Borrelio burgdorferi subspesies classifica-
liondoimu&ed by Baranton et al. (11).

Evaluation of MICs of ciprofloaacin

In vitro suscepibility to ciprofloxecin (Bayer, Leverku-
sen, No. 521532) was determined via the broth dilution
method (5). Here, 100 ui of un actively growing culure
{log-phase) contsining {0" cells/ml were sdded 10 wwbes
with 9.9 ml, BSK 1l-medium, resulting Lo a final conces:
warjon of 10° cells/mL. Ci) in ccocentrationd ranged
from 0,125 10 B pg/ml.. [ qubes without amiblotics
were inoculated with 100 L of the log-pisase culiuse. Each

W
ciprofioxecin concentrations ranging from the MIC ol 1 to
3 ﬂ/ml..

% , we examined borrelal cells exposad 10 sub-

inhibitocy concentrations of clprofloxacin in order to look
foe the presence of fenther lysogenic isolates.

MATERIALS AND METHODS

Borrelia iogdorfent isolates
The Borrelia burgdorferi skin (solate was oblained b
biopsy from an erythema migrans lesion located at the left

*Coeresponding sehor.

37

ation was pre| in uiplicats. Culfuges were ox-
M{mmpmpa:eg‘ o by dark-field mi-
croscopy after 5 days of incubation at 33°C. The MIC was
il L i, N i count
\ma_'s1 lyl)’ cells/n"}; or benh‘ by
ve number of spirochetes was determined by using a
Petrofl Hauser counting chamber,

Preparation for electron microscopy

Each be was centrifuged at 4000 % g for 20 manutes
at 33°C. The resulting pellets were in SMC [0.03%
sucrose in redestlled water with 0.01 M CaCly and 0.01
M MgCl; added (12)}, Two drops of each suspension were

|.4ﬂ‘n" I iy [ ey ey |
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Fic. 5. Untreated Borrella burgdorferi with 2 (3) smooth-structured
coll membrane without blebs aod (b) peplidogly

outer
can layw,

pleced on grids for slectron mICIOICOPY- In some experis
ments, the samples were negatvely stained with 2% phos

astic acid for 30 seconds. [n other experiments, the
samples were first fixed with 1,5% gluaraldehyde (pH 7.2,
in 0.1 M POluffar) oed then pegatively stmined with 1%

honlmﬁ acid for 30 secords.

Ph‘?\r‘f decided 1o examine fixed and unfined bomelial cells
of each ciprofioxacin concentration. A the specific cipro-
floxacininduced celt alierations were better visidie in the

fixed samples: the bactefiophages, however, were better
visible in the unfized samples.

sadn, * 68,000, fixed. Sec = 0.1 .

RESULTS

Ciproflexacin staceptibility
The mean MIC of both isolaes was 1 b,

Ultrastructure of ioreated Bureila burgderferi cells

The untreated spirochate in Fig. | coafirms the often.
described structural characeeristics of bogrelial colls (12
15).

No phages were observed in boereliae growm in the un-
treated coetrol cnltures.

A-1 bucteriophages induced by subinkisitory
ciprofloxacin concenmarions

Whale the ma| of the cells ted a reguler shaps,
approXimately of the borrelial celis of both isolates
shawed severe aboormalities of ulimstructure when ex.

posed (0 subinhibitery cipro .
iog from 0.125 to 0.5 wg/ml. In the phage-casrying and
mmpholog&lwmad borreline, the outer cavelope sp-
peared to be undamaged, while the protoplasmic oylindes
showed &t least three different stages of dsstrection (1):
m mmmdMMym-
structured peptidoglycan layes,
(2) disruption of the protopl cylinder into several seg-
mems within ;uu;;dy intact outer enveiope, and
(3} small piasmolyzed protoplasme
;:umemmmmmlymmnu.
In both solates, plasmolyzed cells weee filled with chus-
1et5 of munerous unassembled beads aod talls of bacterio-
phages (Fig. 2) showing an A-1 morphology (!, 16~18).
Accoeding 1o the classification of Ackermann {17}, this type
consisis of an isometric head (30 nm), a thin collar, asd a
longcowxdleuﬂ(hmmw&nm.wm 131019

om) with 3 des . In contrast 10 our former study (1),
unlymwm;ﬂc?::‘ﬂsuduﬂsolkl bacteriopbages could

(Bt | Gy o -

Journal of Spircchezal and Tick-Borne Diseases, Val. I, No. 2

th.(u)W“a‘MMMAJMW
Inslde of a Gorrelia burpdodfer cell, Phuspholurgiade stai, *
330,000, unfised. Bar = 30 am,

be observed within (s borrelial celis, We dsteciod po phoges
in borretial cells exposed 1o ciprofloxacin < 0§
oqua!!owlﬁg!mﬂwlth!Corhduvnmdmm.

ULTRASTRUCTURE OF BORPELIA BURGDORFER!
EXPOSED TO C!YROFLPXA,(;’I\T‘ CONCENTRATIONS
= 1p3

As previously described, neasly 20% of dbx cells showed
severe phage-induced morphologicet altsrations at subif-
nibitory ci xacin coreentratioas. In the rematning bor-
relise, which presumubly were not infected by ternpervtes
phages, no ultrastouc! changes wese soea when ex
1o ciprofloxacia mnummnw- 0.128 10 0.5 ug/ml.

The majorily of borrelial e exrmd 10 & i
concentration of | g/ ml showed iregula comstrictions
of the pe an layer, which were jotated near the end
of the cell (Fig. 3a) ously, 3 a result of these wreg-
wiarly located constrictions, abnonnally short distinet frag-
manis of borrelial cells (Fig. Jb) became visible. The stan
of these 19 ra 0.6 w 80.8 p&z bﬁ“f'“"
the protoplesmic cyl comgpiex of Borre rgdorferi
ceils exposed to 1.0 ﬁ;i{mLT:lpmﬂoxxin showed elec
tron-lucent swellings (Fig. 4a).

Ata c‘?mﬂoncu concentration of 2 pg/mi., approxs-
mately 75% of the treated cells revealed numerous defects
of the an Jayer {Fig. 53). The diamigter? of the

asmic cylinder compiex varied from 0.09 10 0.20
s (Fig. 5 arcows). Finally, 814 and 8 zjml. {Fig. Ba),
in almost all celts the protoplasmic eyl ¢ complex and
the outer eavelope were disctupted inio many sroall plas-

Al ciprofioxacin concestrations from 0.125 to 2 pglml,
spherical siructures were seen (Fig. 7). Colled up spiro-
chetes were iylog within these smuu. ;

No hactertopbages becans visi in borrelisl cells traated

Fi6, 3. Ultrameuctural alteratices in Boerelia burgdoriert affer
conceutration of 1 ug/emi. (2) leregules

axposad 40 4

constriction of the layer af the periphery. (h) Ab-
normel short fragments of colls showing a Jength of 6.9 o
Phosphatungstale stain, * 97.000, fred. Bar = 0.7 pm,




m.s.uumuuawdmmhsgmunwdedmm-
xposed fo a ciproflocacin of 2 pg/ml, (r) Nemerows
mwmpmmh;u.mmmmmd
the profoplasmic cyinger complex ( 1. Pnosplh stain,
% 97,000, fixed. Bar = 0. pm.

e i Secionkes shwv Salvg

o d fo # ciproficascio coscentration of 8 wg/mL. (3) Debris of

i of the outer envelope, Phospbotungstale siain, % 90,000,
vd. Bar v 0.2 m,

.»0‘

Fe. 7. UK 3 alacroid Borrelia burgdorferl after
exposed 1o a Clprofiaxacin trati dO.lziu’lm.Cw
clare {spherop Photpho-

up spirochete forming a spberical
tungstate stain, x 37,000, enfived. Bar w 1 ym.
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with ciprofloxacin concentrations of | pg/ml MIC) and
more.

DISCUSSION
The MIC of ] 'l for cur Borrelia burgdorfert strains
was 10 that found by investigatoes of other studkes
(5, 6). data confirm 1hat Borrelia burgdorferi shows

only moderate susceptibility to ciprofloxacin.

e ultrastrucrural morphology of our untreated Borrelia
burgdorferi isolates (Fig. 1) cormesponded with former
m al descri by Barbour and Hayes (13),
Hovind-Hougea and coworkers (12, 14), and Hayes asd
Burgdorfer (15) Also, the measurements for length end di-
ameter as well 23 the numbers of flagells were character-
istic for Borrelia species (12-15).

Both Borrelia burgdorferi isolstes examined in this study
contaloed temperate > showing an A-1 mor-
that were inducible exclusively by sublohibitory
ci xacln concentrations (Fig, 2). These phage-camying
Borrelia burgdorferi cells shawed sevese ultrastrucnural al-
teratioas of thelr worphology (13, which completely dif
fered from the clprofloxacin effects oa borreliae observed
at concentrations of 1 10 8 ug/mL. Induction of prophages
occurred only at subinhibitery . ciprofloxscln comcentra-
tons, P bly &3 production and rel of becterio-
phages on an uedisturbed motabolism of the bost
organism. oar former study (1), we examinad two
erythems isolates and ose tick isolate For the pres-
ence of bacieriophages. All lysogeaic borreliae contained
A-] bacteriophages, (e first shin isolate in addition 8 B-1
bacteciophage (1). )
Besiles these pliage-induced morphotogical alterutiors of
bomelial cells, other severe ciprofloxacin-usduced ultra-
strocrural changes could be obssrved at comcestrations of
1 pg/ml (.\ﬂs;nd more, The normal celi division was
considerably disturbed at a i 1ecln concentration of
| pg/ml (MIC). Multiplication of Borselia burgdorferi
cecurs by binary transverse fission (13). Usoally, cell di-
vision is started by comstriction of the peptidoglycan Jayes
in the middle of & Jong cell (13). Obvicusly, as a result of
the irregular censtriction of tie layer in the
periphery of abuormal ¢ borrelial cells, very short
cell fragments became visible (Fig. 3). The damaging ¢f-
fect of ciprofloxacin first Jed to swellings (Fig. 48), after
that to membrane defects (F&.I.SG). and ﬂ!ully 10 the dis-

uptica of the protopl 'c&omdat phex (Fig. 6)
At ciprofloxscin concentr s ranging from 0.125 10 2
pg/mL, lurge spheri 1 forms filled remnacts of the

plasmic complex, as described before (Fig.
'&m observed (13, 15), dut the significance and func-
of such structures are still n. In comparison
with the results of Voigt and Zeller (2), Elliott et al. (3),
and Rodgers etal (4), who demonstrated that cips oxacin
y affected areas located in the cell wi of gram-
pegative and gram-positive bacteria, we found severe mor-
B T e ™

cy L ]
%on!liu. which showed

In contrast to penicillin-treated
moephological ajterations cven at subirhibitory concestra-
tions (Se! M, Neubert U. Morphoiogy of Borrella

M:zudmwwmdhh.hm,inm).
hnmm barrelise, no cpeofloxacin-mduced changes
ware visible at coacentrations below the MIC,

Tbllmaybnhmh«uplmuionwhye:mﬂm:ndoa
oot slow the same in vivo efficacy (Meisel C. personal
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ication) ia parison to the B-lactam rnibiotics

. (;;tmhﬂy used in treatment of early Lyme-borreliosis
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Identification of an Uncultivable Borrelia Species in the Hard Tick Amblyomma

americanum; Possible Agent of a Lyme Discase~like Iiness

Alan G, Barbour, Gary O. Maupin, Glenma J. Teltaw,
Carsl J. Carter, and quph Plesman

Oy Microbioh:gy and Medleine, Lidversity of Teras Heoblb
Science Cﬂm San .duhnk. and Forcau of Lobevatories, Tersr
Deportment of Healik, Avatin; Divizion of Viral and Rickerssl
Direascs, Neomal Conter fur Infe e Centers for DXseare
Contraf ead Frevewlon, Affonts, Geargls; Divitlon of Yector- Borne
Infeerious Direaser, Natiangl Center for infections Disseres, Conrers for
Diresse Contral and Prevasiion, Fort Coling, Cotorado

Dites from the hard tick Amdipomme americonem ere associaled with a Lyms disease-tike ilisesy
In the soethern United Stales, To Identily possidle etologic agents for this disorder, A, americanum
Ueka were caected In Migsourl, Texss, New Jersey, and New Yeck and examined microscopieslly,
Uncultlvable spirochetes were prasent In ~2% of the licks. Borrefle gevius-specific ofigonucieotides
fer the Regelin and 165 rRNA genes werre used for ampiificatian of ONA. Products were obtained
frocn ticks containing spitochates by microscopy but not from splrochete-negative ticks. Sequences
of partial genes from splrechetes in Texns and New Jersey ticks difTered by enly 2 of A4( nucheotides
for fisgelfin and 2 of 1315 nucleocides for 165 (RNA. Phylegenelic amalysls showed that the splrochete
was & Borrelis epecies distined from previowsly characterized members of this genus, Including
Borrelfa burgdorfert. Gene amplification could be uscd (o deiect these splrochetes In tcks and

pessible mammalian hosts,

A puzzling phenomenon about Lyme disease has been the

Iral study of patients with suspecied Lyme disrass in Missowri,

reports of this tickbame mfection from areas where §
sion of the ciiologic agent, Bonelia burgdorferi, 10 humans
has not been documented {1, 2). This sitvation has been re.
ported from Gecrgis end Missoun but may occue in cther parts
of the United States [3-5). The fnrmry mmdusmim of ﬂm
Lyme discose - like iliness Is n lized, exp i

skin uth ed by iomal synip [5. 6). The
skim razh is identical or very similar bo erythema migrans, the
chinical halimark of Lyme discase [3, 6] Many of the patients
with this disorder have had negative serologic assays for anti.
bodies to 8. burgdarfers, 8 finding that hos fecled a controversy
wbowt so-called ““seronegmtive Lyme disense™ [2).

Although both 8. burgdosferi and the hard fick Ixodes seapw-
faris, its most common vecler for human transmission, have
beep identified in sonws arens of the sculin-cenirnl end swlbasl
emn United States [7, &, the more iy
for patients with a Lyme diseose - Jike dnonkt in that rcgwl
has been to another hard tick: Amblyonima americamen, the
Leos Star tick [9~11] Moreover, in a relzospective case-con-

Reseived 20 Jufy 1999; revired 4 Ociober 1995,

Prosmaied & part- Naslomal Daslhteses of Health Sclemtife Workshop on
Ererging Bacterial Zocnores and Vecter-Bame Diseases, Galvesron, Terss,
A= May 1995,

Grest suppoet. National Instinstes of Heath [A1-24424 10 A.0.D.).
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the i igators could not implicate 8. Surgdorferi as the etio-
Togic agsnt {S). Thers was no evidence that Francizella mular-
ensis, Ekrlichla chaffeen;is, ot orboviruses caused the disease
eilher (5],

The incompetence of A, americonmm 43 8 vector of 8. burg-
dorfert bas been documented (8, 11 14]. Nevertheless, spiro-
cheles were seen in 1%~ 5% of ticks in coliections of A. amert.
cansm from New Jerscy, North Carolina, Oklshoms, Indians,
Alabema, Missoud, and Texss (10, 15~ 19). For example, 1%
2% of A. americanim ticks in Texas conlained a spirochete
that was bound by polyclonsl antisera to B, buwvgdocfert |19,
Attempis to axenleally cullivate the 4 omericanim spitochetes
in media that support the growth of 8. burgelorferi and seversl
other Borrelia species, such ns the relapsing fever sgent Bor-
retia hermeif [20), have been unsuccessiul {19, 24, 22) (unpub-
ished dota).

Two bypetlieses can be postulated from these nbservalions:
First, the spirochete in A, americarwme is aot B burgderferi
{22), snd second, in some sreas of the United States, these is
# infection that mimics features of Lyme disease but is caused
by anotber tickbome sgent [5]. To test the first hypothesis end
to provide the means o test the second, we characlerized the
uncultivable 4. americannm spitochete by smplifying from
these organisms selected DNA sequences with high iaforma.

lioa t for purp

Materlsls and Methods

Tick exominotions. A. americontm ticks from New Jersey,
New Yark, Missouri, snd Texas were collecied from the fiedd by
fagging [2]]). Some fticks from Texas had been removed from

- Entordogd”

- & W
s huvan heas and subemitied for examinzsion [19). Vieks were inde.

g

I!.-v--m clol,

e SHaum £ &«n/\aﬁf—“

N0 1RGN (Mehnory)

DENBU S0\ A

vidvaliy dissected with sienle instroments, and portions af 1iew
midevis were exzamned by ditect immmnofacuceccice with fluo-
resecin-abeled 3ntin B Farpdvas i polaclosal antisen 1€, 23]

ON4 peoviers The reamisder of exih tet wag subjecied
W oone of two procediscs for PR extactinn Ticks e Now
Yerk and New Jersey weie indi ikaally placed i sierile plastic
bags, then Trozes pod crushied with a e, 7o the lvvmngenale
was adied 1.5 sal of 10 mAf TRIS, pll 80, | el EDTA, 001%
yeast RNA, and 152 SDS amel then 6.8 mb of pheeol ‘T agiviue
phate was exteazaed walt cihee, Tieks from Texas weee plazed in
sierile micrafiupe tubes, 1o which was alded 0.2 L of 10 nudf
TRIS., pht .0, 50 M EOTA and 29 SDS. The suspension ws
heated 10 G4°C far 20 mvin 2ad cxi-actind once with phened amd
twles with chireofums. Ny cabuer aictivee, INA was precipiated
with elhanol and reswspended i 10 e AF TRIS, pl1 8.0, 303d | maf
ENTA,

DNA uas sepvsted in 3 095 GG agape pet (FMC Hiol'm.
duess, Rockland. ATE) in TRIS bovzne-EDTA Btfer or in 2 425 Ny
Seve gel IFMC) wah TRISacetie-TDYA s daadibest (24) The
fatter conditions were used fi PINA discsed with All. ARer electen-
phovees, DNA was iemnsfongd to Q32 pm Nytran membeanes
(Schieicher & Schueil, Keeve, Nili ang peobait with DNA hibcled
with [STPATP using 2 mik Irandalion Xk (Life Teen.
mloget OIRCO DL, Gaitherdwrg, MU, Hytndimlion anl wasd.
g condions were 35 descabed |24], The Girsd wish wes a1 #4°C
1S ml ML LS S sadhen clronc. 0,134 SDS, and | mAf
EDTA. Radhographic fibn was cxposed with an intessifying serean

Kemieved seguenzer  Complete o partial fagellin gene se-
quences of the follawing speciee (with daia bass acoetsian nem.
bers) weeg used: 7 Bivmdovferi (XO96! | and PUOSS), Savsvlia
rirreittone {METEA2), Ravrelior pvorbeed (INETEA1 ), Rownvdie ameering
(XVS00) B hersaes! {AGAANE ol MATIBOY Rovrelio cencidi e
(XTSI, Benralen aftelic 11.292380, Marrcha gannit {XT5203),
and Dgpomoma pallidum [ A11489). Crenplete or padtial 165 IRNA
gene serpences of the Mallawing microorganaams were nseel: 8
e oo ferd strain BIY (L0356 ol X37408), A4 Awvneni (MO056R
aad LIOTISY, 8 anreciua (MT2397 and MEIVI2) Ravsglia piye-
matae sp. nav, fras fodes pentdentas in Japan 1DMSI92), Uk
“Flonda caning haccha® (13TR37. (254, and T palidenr
(MRRY20).

Palymerare chein tevstion (FCR) Prisnces wore baszed an
Hlewtical sequences f Regellin and 168 AN penes of Buoretin
species. The positives lisacel ia pareeahioses refer o 8. bowgdonfin
flagellin (Fla)and 165 IRN'A (16R0a) gence: Fial, L. S“ACATAT.
TCAGATGCAGACAGAGET-3" (101 -326); Flal 5. 3 AACAL-
CTOAAGAGCTTGGAATEL Y (433459 FLagS, )'.(0A.
TAATCTTACTATTCACTAGTITCS' 366 910 FlaRL. 3
TCITAGACGTTACCGATACTAALK-S" (%42, 955) FSRnal..
SLCTGGCAGTGCGTCTYAAGCAY (30 353 1AknaR, 3 UA-
TATAGTCYTACTATGCCACTYATCLS (146 1368) PCR ve-
actions in volomes of 1O 4l comtainieg 28 1 of Tag DNA
polymerare {Boehringer-Mannheun, Indisnapols; S pined of
each primser, 200 2 1f each dNTE. 10 mAf TIUS (a1l &1 50 mad
KCL LS wdf MgUT, and MORI%E golatin were donas in a thermal
cycler {Perkin-Eimer Colon. Toster City, CA) The reaction pen-
gram was et 98°C for 2 min ancl then 40 cyches of 98 fur |
min, $5°C for 1 min, and 78°C for | min PCR peaducts were
chomed o vector pCUR I using ihe TA Cioning Systésiand Ferfe-

flgwre L. Peotomicrag aphs of Baccele mvicmive (l2f) and spito-
eheocy (righth in tae canhied midgut of 3t 4 wenesicanva. ek, Shides
were incuhated with 111 difurian of fluccesecin fsatheacyancte - con
et atiue antbedtics 10 Bevsofun bevgpebovfive 2ed casmimed by
Qe ent nmenseans. Noalee 11 Jiicalne mor spisochce from A.
awecrenmnn was dateetod with 1107 sillwion of antiserem Magnifi.
cutivn, #4N

vied col ez INVAT” qinvittopen, 'anliad, OR). Soguences
of both sireals froen o least o closes of eagh PCR prodost were
detenined fem doabbesanded DNA nsing Sogueante versico
21! {Uinited Stes Ponchemiicals, Cleveland) and sustom-systhe-
swvail primees.

Seginonzy @relvels,  Necleotide and dockgnd amine pid se-
Futnces were abpord by the PileUp [malttple) ar GAP {pairwise)
algantims (Geostics Computer Grnup, Madison, Wij. Aligned
sequences were aalyzed with the PHYLIP program packnpe, ver-
slan 15 [20]. Distauce matrices were enlevlved wity the Jukes.
Cantoe opticn of the DNAIDIST peapram. MeMiple dota scts were
pencratzd with SEQAONT. unreoted frecs were constnscied esing
the NFIGHNOR peogram seth the nziphbesijainias opios, rad 2
conecuss 1o won goneralell with CONSENSE Dama sets of
aligoed mnkaes sequzeges were analyied with PROTIIST ussag
the Dayhefl PAN st far qubstitntions T7ge tpedopy was
Also examingit by sufectng bearstrapped datwm sets of auclent-de
segotrees b paiseainty amalysic with 1he DNAPARS algarishm,
The candensys ot fles from distanee amiriy and parseony analy-
soe wore expeesadd i the New Hompshise voedard fuemat (26,
Yhe seqmences reponied here Jave hoew deprsited in the CienBank
1213 Dase (nceession mas O2I211, L26704, secd 1J26705).

Resulls

Tick eyaminatas A amenioanm fieke were collcied
from fickl lacavions i Missouri, New Jersey, New York, Narth
Caroling, and Texas and cxamined with anti= @ fowgdorferi
polychimal riseen i coocenmtivae thae would crmtreact
with other Rarrelie apecies {19, 23] Represeniative reactions
ol she Duarescon: ansiledly confirgate with the micrsarganism
found in A pwericanen 30d with 8. nwileaioe, 3 relapeing
fover agent, are Showit 14 figure | Abaut 2% of the ticks, both
nymphs and pelube. o Missowsi, New Jersey, New York and
Nonh Caendisa contained isnemanceeactive spirochetes anging



NP 1596, 173 (Febivary)

) live splrechieses in

Talle 1. Presence of imn
A emsericumw aymphal and adedt ticks.

Uncudtivable Tlomeiiag in £ asericewucr Ticks 05

the 10 extraocts from lici:n positive for Borrella species by
mi I i Iiad products that deteciably hybnd-

No. positive Na esranecd

Tick ongin (o of abdis) (ra. of adults)
Mowsauh County,

New Jersey M 110 (s0;
Sufalk Cownty,

New Yok 1049 M58
Cutniuck Cosery, 2

North Carnlina o 520
Sostheau Minsouei® (0 M52

Toul 2Den 1543}

NOTE.  Spircchetes weee reatted with 1010 diletion of Puprerceisconje-
gated antiservm b0 Borrelie Suvpborfiri [23). Total % positivity was 2.0%
(range, 1.1%-1 7%)

* Boltisger, Pulaski. and Stoddard comiles

from 10 to 20 um in length (table 1) The results in Texas
were similar and confinned the findings of Rawlings and Tel-
tew [19].

PCR. Asan altenmative stratezy for definition of the micro-
organism, we applied PCR and amplification of conservel
genes using primers designed on the basis of sequences of
possibly related organisms [27]). For this study. we assumed
thel the organism was a member of the genns Rorrelia. A,
americanum ticks were ined first by | f
DNA from ticks positive and negative for immurorcaclive spi-
rochetes was extracted in Fort Collins (New Jersey and New
Yok specimens) or San Antonia (Texas specimens) using dif-
ferone i thods The i ig: ponsible for PCR
studies and their intemrelation was blind to the findings of the
tick examinaions

The first set of primers (Flal.S and FIaRS) used was expected
1o amplify o =-350-bp feagment of the flagellin gene of Boryelia
species. The primers differed in sequence at two or nwore pesi-
tienis from bomologous sequences of other spirochetes and bac-
teiia, Subsequont Al restricilon enzyme digestion of the PCR
products would then yickl charsctenstic restriction fragments
foe difTerent species of Borvelia

PCR products of DNA from 8. birgdorferi, from two North
American relapsing fever sgents, 5. hermusii and B. twicasae,
and from i ft P e ticks from Texas and
New Jersey were all 350 bp (not shown). Figure 2 (lefl) shons
Alul restriction fragment polymorphisms of these PCR prod-
wete, The patterns of restriction fragments of the 2 Ambiyomma
tick samples both differed from the digested products from 5,
burgdorferi, 8. kermsii, and 8 twricatae in the size range of
60150 bp shown in the figure.

To assess the specificity of the PCR reaction, we examined
exiraels from 21 A amerizanum ticks from New York. For
this experiment, the PCR products with printers FialS and
FIsRS were subjected to Scuhem blot amalysis with cloned
DNA from the Texas lick as a probe (figure 2, right). Eight of

e

zed with the probe; none of the 11 Borrefia-negative ticks did
(P < 001 by two-talled Fisher's exact lest). We also examined
15 Texas A neveri ticks by § A and by
PCR with primers FlaLL and FlaRL. The 8 ticks positive by
imrunoflucrescence were the only specimens to have the ex-
pected 664-5p PCR product (P < 001 by two-tailed Fisher's
exsct test; data mot shown).

Analysis of fageliing.  With evidence that the spirochete in
A. americamm was a new Borrella species, we next used sets
of primers that would amplify either a larger regloa of 1de
Magellin gene (FlaLL and FlaRL) or mast of the 165 rRNA
gesas (16Rnal and 16RmaR). PCR products from organisms
in ticks from Texas and New Jersey were saguenced over both
strands and ar differant recombinant clones. The partial fagel-
iin gene sequences were each 641 nocleotides, and the partial
185 rRNA gene sequences were each 1336 nucleotides. The
2 sirains differed by enly 2 nuclectides at ¢ach locus, This
represented identities of 99.7% and 99.9% fos the Ragellin and
IRNA saquences, respectively.

The deduced amino acid sequences for Magellin proteins of
the 2 micracrganisms found in A. entericanum were ideniical
aver 213 rasidues; the nuclcetice diff b stradns
were synonymous. Figure ) shows the aligament of part of
the deduced flagellin sequences of the spiochetes found in A
americanum in Texas ond New Jersey with the comparable
variable regions of the Nagellin proteins of 8 Borrelia species
and Treposena paliidum, the spirochete that causes syphilis.
The emine acid positions are nurbered ding 1o the full-
length B bwgdovfert Ragellin protoin. The Rageilin proteins
of microorganisms found in A. americamm differed from other
borrelisl Magellins at several positiops snd. uniquely smeng
the Borrelia species, lacked most of 2 proline-alanine-rich
region beginning sround ressdue 220, The spirocheies found
in . americaniom resembled 8. turicatae, B. hermill, B. par-
keri, B. crocidwrye, and B ansering in being without the QAA
at residues 204~ 204 of the Lyme disease agenis 8 dwrgidorfert,
8. garinii, and B. qfselil

Analysis of 165 rRNA genes. Further phylogenetic classic
fication was provided by compsrison of 165 tRNA gene se-
quences (igures 4 and 5). The sequence of the spirochete found
in 4. emericanum from Texas had the following identsties with
stlected other spircchele 163 rRNA genes: T, palfidiam, 79.6%;
B, burgdovferi, 96.00%; B. ansering, 97.5%; 8. hermsii, 97.8%;
8 wiyamotae sp, nov., 98.3%; and the “‘Florida canine bor-
relia,"" 98.4%. By distance mataix and parsiniony analyses of
il aligned sequences (figure 4), the spirochele found in 4.
americanm chistered with & group ceataining the relepsing
fever species B. hevmsii, B. antering, the unnamed organiam
recoversd from the blood of 2 dogs in Florids (25), and B.
mipameiae sp. nov, (accession no. DAS162).

Additional parsimony analysis was restricted lo base posi-
tions that were polymorphic in at least 2 of 6 species (Agure

220-
134

75-
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B12345678910BT7
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Figure 2. Poiymensse chaln reaction {I'CH) products witl Hovrvlia genus - specitic peaers Sor tagellia gemes Leth, Lkecinophoresis o7 fini
fragments of PR svoducts with peimier puirs 1251 and FLSK, Sources of DNA were B Seansee 1131 ik, Sovrgliv banplanfens BM
(D). Bovrelne mekzmae * Qeunz®” (B:), sinl catraxts from oI, severfommnr ks frvea Yesas COX) and New Jemay (INJ) Mobecolar welght
slamndacds (bp) wie b s Jenss, Rosticiivn fugnuent <60 by aee vt shonn, Right, Soailicm bl dpslysis of PCI prodects of DNA feutin
A. awsericam ticks Fom New Yark. Tidks |+ 10 were puattive by dieoat lnoreacone essay wal sosjigared sabbit conbedy 1 8, bunglonfors,
Heks 12--22 weve negative. T, same #s TX at "oy, 0. negative PR cvatied. Extrnted DNA was subjecicd b PCR with pomer paws FlaSL
wd FlaSK. Bloty were geubod with PCH prodst froes nel 1
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Figure 4. Unrooted distince jua-
wix phylogenetic tree of Bovielia

8. myamoles sp. nov.

species with Treponeme palindin 1s
group, 168 rRNA sog) e
responding to base positions 36-
U7 of Borrelia burpdorferi 165
TRNA gere were aligned and ana-
ly2ed whih PRYLIP program pack.
age. Exhibited tree in New Homp-
shire standard format §s: {((Florids
canins borrelia; §00, (Borrefia anse-
rina; 300, Bovreliv henmsa 100):
S1k 42, (borrelia from A wwerds
cunper: 100, Borrelia wiyamoies sp.
wov.: 100): 96): 88, T, pevlichun- 100,
B. burydarferi; 100), Circled num-
bers Indicate mumber of Lmes (ia
100} that particular pods was sup-
ported by bootstrap analysis. Ap~
imase evolutloaary dist e
d along bine seg ar
ripreseeds dislance by Jukes-Cantor
ctiteria of 0.005. Simdac wee (not
shown) wus oblained by gorsinony
2nalyss of 100 bootswapped datum
s {(({eretia frem 4. ameri-
caswa, 100, B mpamodme 100y
94, 8. Aermali; 100): 34, Flocids ca-
nine borrelia: 100): 28, ¥, owrerine
100): 81, 8. burgdovfery. 100) 100,
T paladam.: 100). g

-

5). Among the 6 sequences represented In igute 5, there were
49 aligned positiors at which only 1 of 1he 6 species diffzced;
17 (53%) of these differences were in ¥ burgdonfirs. The
Bllowing tee was produced with 100 ba ped dats sais
of these pusitions: (((borrelia from 4 awericwnwm: 109, 5,
mipumatae: 100); 54 4, (Florida canlne borrelia: 100, (8 herm-
#i: 10D, B, ansering. 100): 38): 64): 100, B. burgenferi: 100),

borrelia

Agate, the benelia from A amencoman clustered with the
o -Lyme discase Bonvelia species; W was most closely related
10 8. miyumoted vp. nov. und the Fiorida canine borrelia.

Discussion
In this study, ~2% of A, amenioanwm 1icks from Missouri,
New Jersey, New York, Nonh Casoline, and Texas comalned

Base: 77 126 170 161 253 260 303 471 473 558 590 600 $93 1110 1179 125%
rwma:? € A T A 6 T 6 T ¢ T T A 6 A 7
Bmrma:T € AN A G G T A T € € T A 6 A T
Bf_rma: @ T 6 A A G A G r r ¥ 'R G A @ 7
Bhma:C T 6 A A A R A T T € ¢ G A A T
Barna:& T G A G A A A € T € © G A & &
ma:C T G T A A A A T P ° € A 6 A aA

Figurs 5. Sigaulure huse paritions of 165 VA gemes (rma) ot Fovreliv species Bont 4, wweriaomon (Ab), Borelie mpmmies sg. oy,
(Ben),, Flocida camine buereha (BA), Borrvlin Aernsne (WY Bovrefae unsevive (a) aind fhavsvdin gt ierd (30). Basa positions comapoml

1@ potives of 165 rRNA gene of 8. buv goifet,

A PBarbour <t al,

1, 2 a,

[ scencs The anti- &, l.wgdmﬁ-n‘
pofyclosal sntiscrum was wsed 0t & concentrntion ae which f
mricatae, 3 rebipsing fover specics. wik also baund. Thas, it
is likely that reactions with the antisers were no more than
genusspecific. Other investhigntors ideatiticd spirochetes in A
americant ticks 1 Alabana, New Jersey, and Texas with
polyctanal antizera ta 8, luagdonferi {10, 15, 19).

A gews level of specificity was also nsed foe 1he PCR
amlysis. By this approach, spiroch tes were o 1 in the
ticks from New Jersey, New York, and Texas that were cxam-
ined Spirochele-bearing licks from Tesas nnd New Jersey were
the source for further PCR reactions i which flagellin and 16§
(RNA genes were amplificd. The spirochetes in these ticks
were neither the same nor closely reiateil 10 species that are
known 1o cause Lyme distase. Phylogeneric snaiysis of the
deduced fageliin sequence and the 165 IRNA pene sequonces
indicale thot the microceganise clusiers instead with relapsing
fever Bosrelin species, # aecerang. and twa sneompletely char-
acterized erganisms, the Fleeida canme borrehia and 8 nivamo-
fae 8v. nov. from 1 persnleanes ticks in Japan,

Justification for classification of the hoachia found in 4.
aueicanim a3 & separate species are, fiest, tho sequence diffar-
ences from other Baerelta specics in hoth 165 (RNA and fla-
pellin and, second, biologic difTerences betwesn the organisms
The newly discovered spirechete is associsted with bard ticks
and wot soft ticks exclusively. The spirachete does noe grow
12 mcdia that support the multiplication of several other species
of Barvelia (20, 25] (unpublished daca). On the basis of thase
differences from other Bavrelin spacies. we provisionally name
the £ anteviconsm spicochete B. foncstard o nov. We TeCog-
nize that the barrelia from 4 americamsn may be smilar if
not identicat ta Borrelia Hheiferi. the agent of boving and cquine
bomcliosis. This uncwltivable, unch i spirochete is
trangmitted by hard 1eks of the genera Boopkiles and Fhipi-
rephalus (reviewed in [28]). A spicochete contistent with B,
theifort in s infectivity for calves and rapsinission by Boophi-
fas microplus has been identified in Texas [29),

If the spircchetes m A awearicanmn licks chamcierized in
this study were wot 8. burgrncfecs what were the A pweris
centim spirochetes noled by other investigators 15, 18, 30, 31}
ard called 8. burgdorfori? Schulze o al. (15] used a polyelonsl
antiseniny; the crganism was not isolazed for identificatian 21}
Fier et al. (18 reported srochicles that ybeidized with & probe
for 165 (RNA sequence representiie B Buegdonferi, ban the
relevant sequence of the A oumericanan spiracheles was rot
determined. I two other studics. the spirochetes in 4. aweii-
conzm were beend by B monoclonal antibody 1o the OspA
protein of 8. busgdarferi. but the specificitics of the reactlons
with this antibady were not presenved |22, 20), The #udy by
Teliow etal. {31) is the only oac to repoet in vitro cultivation
of B, Ivtrgdarferd or any spirochete from A, anmericanmmn, How-
ever, these isolations are paradoxical; in & e udy,
cultivation of amy spitochetes from A americanamn of Texas
was 1ol successfal [19] Accepting the evidenee that 4 awicvi-

1D 1996,17) (Februaey)

cannm is rat comperent 1o iransmis B hurgdocfer (8, 1=
14]. we propase that the majovity if not alt of the spirochetes
previously noted in A, americanim ticks were B, lonestari sp,
wav. and not i Bregdorfen,

Whether 8. fonestart sp. nav. is the ctiologic agent of the
aforementioned Lyme disease - like iflness repocted from sev-
eraf aceas of the United Stales remaing to be determined; cie-
comsiantial evidence suggests hat i1 is. Reports from several
locations ia the I and sondh-contzal regions of the
United Stares indicale that seasonal rash illnesses, which are
apparently smclioraled by antiblotics, are associated with bites
by the Lone Star tick (5, 6). A, omevicamim is a common biting
tick for humans in these arens [32), Jts vsual bosts are whitc-
taled deer, mediuni-sized mammals, and ground-feeding bicds;
rodents are caly rarely infesicd by A amesionmum {33). The
tick's distribation in the United States cxionds east from central
Teras 1o Flocida and a3 far north s Rhode lstand [32) Ina
recent survey of ticks in central and castern Texas, 4. ameri-
canwm outiemdered 1 scapularit, the usual vector of Lyme
disease, by 100-fold {19]. Although A. americanum is 8 vector
as well of the obligate intraceliular pathogen £ chaffeensis
[34}, investigniions to date have not implicated this gt as
the cause of Lyme disease~like illness in Missouri [5).

Cenfirmation of the role of 8. lomesran? 50, nov. in these

i may be b d by the availability of the splrochete
companents ideatified here, The Nagellin procein is sufficiently
diffcrant from that of ather Borrelia species thut a serodingnas-
tie assay dased on b Nagellin amtigen is conceivable.
The DNA sequences of the Ragellin gene 2nd the rRNA gene
provide a means by which PCR and other nuclei: acid - based
technologies can he used 10 idenlify the organism in infected
pertons and in suspected animal reserveirs, for example, deer,
raboits, and grounid.fecding birds. [dentification of & mramma-
lian o avian reservoic in e may provide insights for more
secessfilly formulating media lo cultivste the spirochete,
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Seronegative Chronic Relapsing
Neuroborreliosis
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We repont an unusual patient with evidence of Bovrelia burgdorferi infection
who experienced repeated neurologic relapses despite sggressive antibiotic
therapy, Eash course of therapy was asscciated with 2 Jarisch-Herxheimer-like

reaction. Although the patient never had detectable free antibodies 10 B burg-
dorfert in serum or spinal fluid, the CSF was positive on multiple occasions for
complexed anti-B. burgdorfer! antibodies, 8 burgdorferi nucleic acids and ree

Key Words Abstract
Lyme disease, seronegative
Immune complex
Herxheimer
antigen.
Introduction

The aervous system manifestations of Lyme diseass
have ususlly been described as responsive to appropriate
aniibiotic therapy, and without relapses, We describe a
patient with Lyme disease manifested by episodic periph-
eral and cranial motor and sensory neuropathies, and cen-
tral nervous system deficits. Progressive neurologic symp-
toms and signs led 1o six courses of intravenous antibiotic
therapy in the last S years. Each time, initiation of therapy
promoted 3 Junsch-Herrheimer (J-H) reaction with fever,
acute encephalopathy and abrupl neurologic deteriora-
tion. Although the patient’s seruny was consistently nega-
tive for free antibody to Borrelia burgdorferi (Bb), there
was iaboratory evidence of active infection in the cerebro-
spinal Mluid (CSF) even after interse prolonged antibiotic
therapy. The patient kad lived in New York City for the
1281 40 years and her only known exposure to Bh wason a
camping trip through the countryside in France and Swit-
zerland in the summer 1981,

Nethods

The Bb dlasiogenesis test was performed by Dr David Yelkmar
(1). Intrathecal Bb antibody synthess was demonstraied wn Dr John
Halpena's laboretory [2]. PCR analyses were donc ia the laboratorics
of Halperin [3], Luft {4], sad Mescons {S|. Dissociation of CSF
immune complenes and Western bicts foc antibodies 10 Bb [6) and
8b antigen dentification by ELISA and Westeen blee [7) were done
by Dr, P.X. Coyle, HLA typiog was perfocmed by Dr, Edwin Drayer
&)

The follawing tests were pesformed by Met Patls Laboratocies (Te-
terboro, N.JJ: CiGBA. Raji assay, HTLV- antibody. 158G suddlasses
and T tymphceyte profile. The cther tests were done in the kospital’s
routine labosatary.

Case History

In Janwary 1589, a previously healthy $8-.yearold woman pre-
sented with 3 pronths of right shoulder girdle weakness, atcophy and
radicular pasn. Elsciromyographic studies demonstrated rght C4
and €5 radiculer dysfunciion, with Ca-C8 paraspensl dencrvauun,
Routine laboratoey 16515 were normal oc negalive, including that for
Lyme antibedies, In February 1989. inild distal weakness of the right
hand ard atrophy of e right Bypolbenar emingedc wers motod
Right hand weakness increased and right siopsoas weakndss devel-
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Table 1. Suppoaive laboratory findings

= X Yot . Dates Hospital Protem Cells PCR Istmthexal  Bb b
for Bb Infection i tha CSF admisgons mpdl per ! anlibody  amligens  specitic I
1-108% Ol % b Osp
£4.05.3%  Ollice
41189 Pre-Ral R v
050899 Ofice
11-188%  Pre-Rx2 ) 0 2 OspA
L1650 Oflice
66450 Ofice
021659 Pre-Rx) 38 ] o A OppA GG
10)-1850 3Ghpost-ta) 42 a o QspA 4G
06-139¢  Pre-RX 4 75 Q QspA
051090 Pre-Ra S
0«-1692  Office 1 i QspA
080351 PreRs€ i 1 ais QspA G

Many of these studics were obtained retrospectively on C5I¥ Mist ad been siored a0

-10°C.

I'CR performed in aborstorss of Dr it Marconit®}, Dr. ) Hvloetia ®lard Dr 00 Lol fy,

1 astigens (ELISA

andlior Western blot) and specifnie intmune cusniples (1C) dissocuiivn

stedivs hy D, P K. Coyle.

vped, with right-sided bypemeflexia, Siernocicidomastoid weakness
and 2 positive Ronsbesg sign appeared MR studees of the head, cor-
vical cord and brachis! plexus were normal, as was a cervical myelo-
am.

" Despite the negative szrology for Lyme discase, v Apail (987 a
b biastogenesis (s was wrongly patitive with 2 stimeiation index
ol $0 !} CST obeained 35 an outpationt showed valy a shghily cle-
vated proteirs (table 1), However, stoced spinal Nuid was sobsequent-
iy $hown 10 be positive foc Eb-specific antigens by ELISA and West-
e bt {radle 1]47). A denesion was made to teeat foe passible seron-
egative Bomlection, 3nd tlie patient was b e for int
antibictics. Twelve hours alter fumtiatiag ceftrizaone the patient
beeame cunfused, 204 thea stupotous, with a tempersters of 39.2° C.
The tinte course was consistent with 2 J-H reaction and those symp-
toms tesvived sgortunesusly 1 48 h. She improved and was dis-
charged 10 complete 3 wecks of inteavences cefiriaxone. Three
rsonths fater she developed right anterior uveitis [ollowed by two
episedes of bilateral keraicls, In Auguss 1939 she doveloped right
pulsatile linisites and (o3 of taste with dysgeusia.

In December ieacked left tongue atrophy was soted. The patient

tive by PCR fur Bl meclex acids ia 2 Gifferent laboratories (bl 1}
{1, 5). During the third hosgitalization ia July 1990 she was relzcated
with cefltrizxone. Twenty-cae 2ours after antibictic was started she
developed blusred vision in Der right eye (liowed by stupor. This
was agaio ered 1o e a JH ion and siie was treated wilh
1 § solumedeol iv., followed by 250 eag every 6 b, Viswal acvity
returned to notmial withn 4 days, Following 2 woeks of intravenows
celtrianone, doxyeycline 200 mg po. bid. was continued fur 19
waeks, The patleid’s right hemipas irnued 12 feng and
new neutclogic sympioms developed while oa doxycyeline,

Within 2 weeks of stopping dexycycling (he patiamt devaloped
vortige. Twa manths tater, she expericaced bilateral (acial parcsibe-

s1as and b of the b of hier mouth and gin-
giva. On exsminaticn there was sbient jensation of the buccal and
tingival b dioinished i the lifth erani-

al negve V1-3 distribution and depressed corneal refletes, Repeat
hembar purcture at this time revesled a protein of 75 my/di, and -
spacific OspA antigen by ELISA 2nd Western blot (tabls 1) |7). The
patient was hospitalized a fourtls time and given intravencus cefotas-
ime 2 g every 8 b, Within 24 h of starting saiiblotics, she daveloped

was ikerefore bospitalized for o socond course of § cel-
criaxone. Axother J-H reactioe occurred 24 h after starting antibiot-
5 and than spoatancously clesred. The patiens was Lreated for §
wesks, with gradusl improvensant and was able to retum 10 work.
Spinal fleid from this admtission ihat bad been stored at =70°C was
in retrozpect thawm 10 contasn Bb nacteic acids by PCR (5] snd Bb
antigen by ELISA and Westena blot [T]

In May 1990, she experienced sevese right setre-orbleal peia with
a tenddes, engorged right temporal artesy. Visual evoked poleniinis
o ated nigh lar delay. Two months lawes she devel-
oped a proprestive aghl honiiparesi beained at ihis time
shrawed indeatlecal syaibesis of [gA antibody to Bb [2), and was gosi-

\ifoes] smyoctonic jerks and became unrespoasive, with 3 dense
right hemiparesis. Tois J.H woa occurred despite premedication
with 80 mig prednisone followed by 20 mg avery 6 b The paticat was
given [ g of sofutnedro! i.v, fedioned by 250 mg eveey 6 b, Tweve
hours later, 30 h 2fter startieg antibiolics, the paticat was able w
speak and the b eses had inp 1. On dlay 21 sgrnmuiocywmsts
was nosed 5o celfotaxime was discontinued, 3né 200 mg p.o. bid. o
doryeydling was started, While receiving this secend course of dury
¢cychae, the patitat developed vertigs, experienced lncrezsing hypey
thesia of der (1ce and buming paresthesias and aumbaess of ber gt
10 mid-thighs. <
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Shve was hospitalized for the 320 time an Seprensber 1995, To pre.
vent het severe J-14 100, the was dicuied with Moirin
and | g of solumiedsol i thse 24 s prior to buing gives 2 g ol Lv. cof
triaxonc. There was only 2 midd J-E1 reaction with confusion asd
dysantheia, She was dischanged on ihe 4th day and coatinuedon I g
dady of ccfisi fot 2 woeks followed by 3 g of pulse celtriaxune
for 7 days of each wecks for 9 woeks, Episdes of fever, chilis and
artlsralgias afer the thicd pulse of antibivtic were considered 10 be
secum sicknesslike reactions 3nd were it lly conerolied by 800 mg
p.0. of Motrin. Progressive chiie, fever and arbralgias necessilated
discoatinuation afier ¥ cycles in carly Decamber (1ig, 1)

In the spring ol 1992 the patient develuped trgenminal saisory
newronaihy, progressive diflsse p and leg S Neu-
'ulo.ic imats iis mulipica. Spinal flwid

ined and 1he Ondings weee i with persistent Bl
mr«tm {table 1), m mmm declined admission umid Aupust,
when she 2xp rtional dysp An EKG was nonisal asd
there was normal excursion of the right diaphragm. Right chest wall
motion was liniited dwe 10 an intercostal nawropathy. The patiest
dechinad EMG testing. She was again peemsedicaied with 250 mgi.v.
scelumedrol and 400 ing p.o. shuprolen every 6h for 24 h before
beginning antibictics, She had ealy a mild J.1 reaction and was dis-
charged 10 continwe 2 weeks of 23 iv. cefirinnane, foliowed by
300 mg b.i.d, of oral clarithiromycin. The latier wat begun in August
£992 and the patiens has had gradual regression of the sensory syinp>
tams. No further new symploms of daficits have occurred in the
ensuing 22 moalhs.

Negative tests included astidodles to HiV, HTLV-1, FANA snd
VDRL. Serum complement (C3, C4), ESR. quantiative immuno-
globulins, 150 subclasses and the T-lymphacyte profile (CD4, CDS,
CD4/CD3S ratio) were nonnal. Elevated CIQBA titers for immune
compienes paralleled bher clioical courss (fig. 1). The Raji assay {oc
fenenune complexes was negative.

Complete HLA typeng was 22, A24, B3S, U39 Bw§, Cwd, Dr2,
OQuel [8), Paired serum and spinal Muid specimens taken at the lime
of each tumbar penclure were stoced 2t <707 C. The spinal fluid POR
from 12/28/82 and the antigen capture ELISA and ‘Westemn biots
from J/20v35, 12128789, 7116630, 7/18/90 anal /13090 were done et~
rospectively in the speing of 1993 (table 1)

Discusslon

We describe a previcusly heallhy woiman with a $-year
history of a relapsing and remitting neurologic discrder
involving Lthe central necvous system (CNS) and multiple
peripherzl and cranial nerves. We believe this 1o be an
unusual case of seroncgalive Lyme discase, though she
did not have a recognized tick bite or erylheima migrans.
The patient's clinical involvement is compatible with that
reparted for neuroborzeliosis. Dusing hier S-year course,
despite extensive evaluations, there has been no evidence
of another diseass such as multiple sclerosis, sarceidosis,
collagen-vascular diseasc or an occult infection. Severe f-
H reactions, wilth acute encephalopailiy, fever and wor-
sening motor ¢eficits, occurred repeatedly within 24 h of-

remnin, =57 L BEENNY  TEEE O WS O BENRT O WA W .

Fig. 1. Serum immwne comples tevels by Clq binding assay. Nor-
rual values are loss than 20 (shaded). Arrows indicate hospitaliza-
tions. Narrow Bonzontal rectangles tndicats antibictics, as follows:
solid bar - ceftrianone; solid bae with open circle - cefolaxime; verti-
cal shading - doxycycliae: horizonial shading = cefirinsone ‘palses’,
with serum sicikness reaction; diagonal shading - clarithromyein,

starting anttbictics [9). Duripg the fast four admissions
these symptoms were altenuvaied by premedication with
Molcia and high dose intravenous glucocorticosteroids.
Each course of antibiotics produced a therapeutic re-
sponse, with temporary arrest of neurclogie progression,
During two prolonged courses of antibiotics no new mani-
festations developed, The patient has now been on p.o.
clarithromycin for 22 months, and no new symploms or
deficits have occurred ducing this time.

Several experimental laboratory tests support infection
with Bb (table 1). Befors therapy in 1989 the patient had a
strongly positive lymphoprolifesative response to Db
(stimulation index $0)[2], a value mose than 10 SD above
the mean, When the stimulation jadex is mose than 3 SD
above the mean, positive results have had a 9% specifici-
1y [10). Whea serum and spinal fluid immune coniplexes
were dissociated, they conlained antibodies that reacted
on Western blot with OspA, B, and fagellar antigens from
Db (€]. Spinal flutd PCR assays, pecformed in three differ-
ent laboratories, have been pesitive for Bb aucleic acids
[3-5). tntrathecal synthesis of I2A antibodies to Bb was
demonsirated in the CSF in July 1990 [2). Bb-specilfic
OspA antigen was demnonsirated by antigen capture
ELISA and Western blot in CSF specimens that had been
cbtained and stored at ~70°C prior 1o 5 hospitalizations
(7}, including the last admission in August 1992,

s

This patieat’s serum and CSF antibody negativiiy was
atributed to immune ecanples foamation, After dissocial-
ing the complexes, antidody to B antigens could be dem-
onstrated [6). CSF UYL antigen was demonsirated re-
peatedly in 7 spinal Nuids [7}; such antigen excess could
bind available antibody. Sequm 1.C levels roughly paral-
leled hes clinical course, peaking before each couse of
antibiotics (g 1) and declining capidly aftee antibiotic
therapy, The striking clinical iniprovenient afler antibiot-
ic therapy, coincident with a precipitous €rop in ihe
ClqDA fiter and nonval ESR, supgest that thess changes
were a resull of therapy and unitkely celated o 3 primary
immune compiex disease. Furthermore, the ClqDA as
been within (ke normal range for the past 17 months while
the patient has has been receiving clarithromyein. Pre-
vious studies have shown that persistently elevated serum
1-C icvels after Bb tufection are associated with a higher
incidence of cardiac and neurologic involvement (11].
The findings iu this patieat and others suggest thal circu-
tuting [-C may confound efTorts at serologic diagnosis
using lree antibody-based tests [6]. The uze ol expenimen-
ta! studies such as PCR. anligen deteclion, intzathecal
2ntibady synthesis and fractionation of 1.C may peovide
evidence for Bb infection i such seronegalive cases
Before undertaking repeated empiric courses of antiSiotic
therapy, we zltempied o establish the disgnosis by the
use of these assays.

There is anecdolal evidence that puise cefolaxine has
succesded in eradicating Bb in chronic relapsing Lyme
disease [£2] bul cefotaxime could not be givea to this
patient because agranulocytosis followed its previous use
on the 4th bospitalization. Therclore, after the fourth
relepse, the patient wos treated with 9 weekiy pulses of
celtriaxone, However, puise lherapy had te be stopped
when the symptoms of serum sickness were no longer con-
trotled by premedication with 800 mg Motcin, The secum
sickness reaction was accompanied by an abrupl rise in
the Clq binding assay to 98.3 g/l (normal fess than 20),
that rapidiy returned to nommal when the antibiotic was
discontinued (Tig. 1. Nine pulses of celldiazone did not
eradicate Bb,

This i¢ a very unusual exmple of Bb infection, 1t is net
known why this previously healthy patient was not cured
by successive courses of intense and prolongsd antiviotic
erapy. [n a linited stady of patients with Bb encephale-
nyelitis, 3li were HLA Bw§ positive; the § who were also
DQwi pasitive had no response Lo treatment or had
relapsing diszase [2). Our patieat was lyped as HLA Bwé
and functivnally homozygous for DR2, DQwl [8]. [t is
possible (hat homozygosily {or hemizygosity with a null

alicle) for this HLA genetic iype might predispose 1g 2
¢hironic relapsing course, Despite evidence fur CNS infoc-
tion with an elevated spinal protein fevel, this patient nev.
er had a CSF pleocylosis. Thirty seven percent of patients
wilh subacute encephalopathy reported by Logigian had
no spinal fuid pleccytosis {13} Benach et al. {14] showed
that I-C may block the Fe receptors on neutrophiiles and
monacytes, 2ad prevent phagecytasis of spirochetes. This
patient has bad increased sequm 1.C levels throughout her
ilness (fig 1) and may thezefore have beea iwnable 1o con-
ain and kill o prevent the dissemination of the 8b spira.
cliele,

The PCR 2nalysis of her CSF in August 1392 gave sip.
aificant amplification products only wilh the specific
primer sets for genomic group 3 (previously referred Lo as
genomic group VS 461), which has herewfore been identi-
fied only in Gurope and Asiz [5]. This patient may have
acquired BL ducing 8 J-week camping trip (hrough the
countryside of France and Switzerland in 1981, IT so,
there was a latent peciod of 7 years before the ensel of
neurclogic symploms, which is more Lypical of neurobor-
reliosts described in Europe tian in the United States {15,
16). Among eight European countries, the incidence uf
erythema migrans was Jowest in Swilzesland, whercas
neurologic ntanifestations were reported there in 62% of
paticats with Lyme dissase {17},

Bafore her 610 hospital admission this patient had
received fouc cousses of ceflnsaxone, one of cefotaxinie
and two of doxycycline (of 19 and 8 weeks), Increasing
right hemiparesis and dyspnsa with right intercostal mus-
cle weakness pronipted ber 6th admission 1o the hiespial,
Following intravenous celliaxone for 2 weeks, it was
decided o place the patient oo long-term thecapy with
clasithromycin. Allhough there is no information on the
peneteation of clarithromycin inta the CNS, it achieves
high concenteations within macrophages [18) a known
sancluary for the Bb spirochete [[9]. The clintcal response
to clarithromiycin in this patient has now been sustained
for over 22 months.

Intracellular pathogens are notoriously dillicult to
treat and cure (20, In experimental animais, Bb is rela-
tively insensitive to kumosal antibodics aml is eradicated
in vitro only by profonged incubation wilh relative high
doses of antibiotics (21, 22). Survival of Bb in humans,
despite aggressive antibiotic therapy has been previously
reported (2, 22]. We believe this (o be an exampie of a
paticat with chronic relapsing Bb infection, It is impor-
(ant 1o evaluate unusual patients like this thoroughly i
order (o determine the eflectiveness of prolonged oral
antibiolics 25 a therapeutic option,
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First [solation of Borrelia burgdorferi from an

Iris Biopsy

V. Preac-Mursic, m.v., H. W. Plister, m.v., H, Spiegel, M.0.,
R. Burk, sen., B Wilske, m,v., S. Reinhardt, m.v., and

R. Bdhmer, a.0

Phee prasistesse of Boercdas baeegeiens in <in paticnis s
describwd, Kol agdorfens has been culiivated from
veis by, ekin Wopey, nead corelstoaspioal fluid also af-
wer antibilitic tharapy fur Lyme boreeliosls, Ly Seaviogy:
15G antibodies 1 i fweglurfest were pusitive, 1gM neg-
ative I four palieats; in 1wy patients buth IgM and g
weie negative, Artiblotic therapy may abrogate the an-
tibody respanse to the infection as shawn by our results,
Patienls may have subclinical or clinlcal disease wilhout
diagnustic antibody thers. Persistence of B. burgdorferi
cannel be oxcluded when tke serum is negative for an-
ubodies against il

Key Words: Lyme bpircliosis—Erythema migrasns—
Antibiolic Iherapy
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Lyae boreeliowis, the mosl widespread disease
transmitied Ly ticks, and caused by the spirochetal
vrganism Barrelia burgdurferi (1) is characterized by
various clinical stages, including dermatologic,
neurvlogic, cardiae, rheumatologic, and ocular
manifestations (2). Overlapping symptomatology
of these stages is possible. Disease usually

with the characteristic locallzed skin lesion Erythe- -

ma migrans af the site of the tick bite, whereas the
later phases—weeks, months to years after the pri-
mary infection—is marked by a disseminated in-
fection,

With respect to ocular manifestations, conjunic-
livilis, keratitis, Iritls, uveltls, vitritis, endophthal-
mitis, ischemic optic neuropathy, optic neuritis,
oculomotor palsy, and retinal vasculitis have been
reported (3-10). The diagnosis in all reported cases
was made by clinical signs and serological tests for
antibody lo 8. burgdorferi, This case report presents
a patient in whom 8. burgdorferi was first isolated
from an iris biopsy. Additionally we report about
the isolation of B. burgdorferi after corticosteroid
and antibiotic therapy in patients with latent dls-
seminated Lyme disease and interesting ophthal-
mological findings.

PATIENTS AND METHODS
Patients
See Table 1.

Serological Tests

Antibodies to B, burgdorferi in blood and cerebro-
spinal fluld (CSF) were determined by Indlirect im-
munofluorescence test (IFT) as described previ-
ously (11). To avoid unspecific false positive reac-
tions, the test samples were absorbed with
Treponema phagedenis, Antibody titers »1:64.were
regarded as significantly elevated, titers of 1132 as
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TABLE 1. Clinical and microdiological findings

Antibouies 1o 8. burgdorier!

Iseiption ol
Patlant Disanse Sorum CSF 8, burgdortari
nojage Systemic Qeutar Trosimeni Ight 156G WM e rom
[ Nong Panuveitls. Corticosterold NE 5930 NO Irls blopay
leldocyclitls Oeoxycyciing
Uss €. migrans Iehis=yvaitis Doxycycline NE NE NO Skin blopsy
Conticostercly
Cefirisxonn
T None None Celotarimo NE 164" NE CSF
450 None Painful eyes Calirlaxone NE 1:64% NE CSF
&62 Arthralgias Conjunctivitis Peniculin NE NE NE c8rF
lymphadencpathy Celtrlaxane
625 Radicuiar pain Ititls Cellriaxone NE 1.64% NE CSF

ND. nol done; NE, negalivo; SSF. carabrospingl fuid
* ELISA |positive > 200 U).

CIFT-ABS {positiva Iy & 1 54, sorcerling 1232, nogative %1.18)

borderline. Intrathecal production of antibodies
egainst B. burgdorfori was assessed by comparing
the CSF/serum ratio of enzyme-linked immunosor-
bent assay (ELISA) 3G velues (units per milliliter)
with the CSFfserum ratio of total IgG (CSFiserum
index). A CSF/serum index of <2 was considered
normel and >2 was considered elevated.

Bacteriological Examination

The iris biopsy and the samples of CSF and skin
blopsy were examined for B. burgdorferi by dark.
field microscopy and by culture in MKP medium
as previously described (12,13). The cultures were
inzubated at 33°C for »5 weeks and examined
weekly by darkfield microscopy and subeultures.

isclates were identified wilth monoclonal anti-
bedies L321Fi1 and (22178 by Western Blot (14).
The susceptibility of the strains lo different antibi-
otics weve tested by MIC (minimal Inhibitory con-
centration) using in vitro test in tube {13), Tests for
monoculture of the isclates were done on solid me-
dia PMR agar (15).

Other Laboratory Examinations

The CSF was examined for white blood cells and
telal protein, Iscelectric focusing was used to de-
lermine oligoclonal 1gG bands in the serum and
CSE. Concentration of albumin and 13G in serum
and CSF were determined by kinetic nephelome-
try. Serologleal examinations for syphilis and rheu-
matoid factor were performed.

RESULTS
The clinical and microbiological data are pre-
sented in Table 1.
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Spirochetes isolation was successful between 2
and 16 subcuitures in MKP medium. The [solates
showed typical protein pattern of B. burgdarfert In
SDS-page and were identifled with monociona) an-
tibodles L321F11 and L221F8 as B, burgdorferii- The
in vitro susceptibility of the Isolates to antbictics
was the same as in other stralns tested (13,16,17).
The growth of 8. burgdorferi on PMR agar is ghown
in Fig. 1. ey

80§rellae were isolated after antibjotic and
costeroid therapy, from iris biopsy of one patient
with chronic recurrence uveitis and acute panuvei-
tis, as well as from skin biopsy of one patient with
E. migrans and ocular manifestations, and also
from the CSF of patients with “latent newroborre-
iiosis.” Hewever, the cell count in the CSF was
normal and [n all six reported patients the speafic
IgM antibody titers in serum were negative.

Serologlca{examimﬁom for theumatoid factor

and syphilis were negative.

; A 73 } < . X
FIQ. 1, Borrella burgdorler! growih on"'PMR-agat.
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Case |

A 24-year-old woman developed blureed vision
in the right ¢ye in 1991, She had a history of sev-
eral years of chronic recurrent anterior and poste-
rior uveitis. Since 1985 she had suffored (rom re-
current bilatesal iridecyclitis and had been on im-
munosuppressive therapy. Lyme antibody titers
had not beon determined. Three years later in
1988, the IgC antibody tliters against 8. burgdorferi
in serum were positive, while the IgM titer was
negative. The patienl was treated with syslemic
doxycycline al o duse of 200 mg/day for 4 weeks;
the [gG antibody titer decreased. In 1989 the pa-
lient received doxycycline, again at a dose of 200
mg daily for 4 weeks, alter the Lyme IFT-1gG had
been repeatedly positive. In August 1991 the pa-
tient was admitted Lo hospital because of acute
panuveilis with iriducyciiiis, anterior chamber and
vitreous cells, subtotal postecior synechiae, and a
lens covered by a dense membrane. Fundoscopy
reveaied macular pucker, a cystoid macular
edema, and on exudative inferior retinal delach-
menl. A sester iridectomy and prepupillary mem-
branectomy were performed to improve fundus vi-
sualization to rule out a rhegmatogenous retinal
detachment. Laboratory investigations included

FiG, 2, Borrelia burgdorleri from iris
biopsy (darkfleld x600).

aquevus humor for antibody titer determination
against B. burgdorferi as well as excised iris tissue
for culture isolation of borreliae. The Lyme ELISA
{(IgC) In serum was 593 U (norm <200 U) and In
aqueous humor, 42 U,

8. burgdorferi was cultured from the iris excdsion
and prepupiliary membrane after prolonged in-
cubation in 16 subcultures of MKP medium (13)
(Fig. 2).

Borreliae could be visualized in Levaditis stained
biopsy (Fig. 3). Gram stains of biopsy specimens
showed no organisms and bacterial cultures (aer-
obic-anaerobic) showed no growth of other bacte-
na, E. migrans was not noted, aithough a tick bite
was recalled.

Cage 2

A SS-year-old woman developed E. migrans, 4
weeks after a tick bite. Three days later a akin bi-
opsy and Lyme IFT and ELISA was done, and at
the same time oral doxycycline 200 mg/day for 10
days was initisted. The Lyme IgM and 1gG were
negative; however, B. burgdorferi was Isolated from
the skin biopsy, E. migrans disappeared after 3
weeks,
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FiQ. 3. Borrelia burgdorier! (Le-
vaditi slainad l+is biopsy),

Al the follow-up examination, 4 weeks after the
antibictic therapy, a subsequent biopsy (taken in
the immediate vicinity of the prior blopsy) for cul:
ture of 8. burgdorferi was negative, as was the
Lyme serology.

The patient responded well for 1 year but then
developed iritis and uveilis of the lelt eye. She also
noted episodes of vertigo and tinnitus. Cultures
and stains for bacteria and fungi were negative,
the Lyme IgM and [gG were normal, For the fol-
lowing 6 weeks the inflammation was treated with
high doses of topical and systemic corticosteroids
with moderate effect. After t month of therapy she
developed iritis and uveitis of the right eye. Intra-
venous ceftriaxone 2 g/day were administered for 3
weeks due to her Lyme history and symptomatol-
ogy in both left and right eyes. The patient has
remained weli since, withoul further recurrence.

Case 3

A 17-year-old man had noted several tick bites
during the months of August lo December alter
having jogged in the woods. In December (within
2 weeks) he developed a bilateral tinnitus, A com-
plete EENT examination as well as neurologic ex-
aminations was normal. Upon physical examina-
tion, the patient was afebrile and meningeal signs
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were not present, Bilateral tinnitus was the only
clinical symptom. Lumbar puncture ravealed o
mal cell counts (3/3), and total protein (21 mg/ll)
Oligocional IgG bands were not detected and no
Intrathecal specific antibodies agaiast 8. burgdorfer:
could be demonstrated.

Serum Lyme [FT 1gGC was positive (1:64), IgM
was negative (<1:32). B. burgdorferi was isolale:
from CSF after 2 weeks incubation in MK me
dium. The patient was treated with cefotaxime ) »
2 g per day i.v. over 5 days followed with cepha-
lexin for 8 days. Control cultures for B, burgdorfer
3 months later were negative, The same Lyme 5o
rological test results were obtained an thase prios
to therapy,

Case 4

A 60-year-old olherwise healthy man develop
recurrent episodes of red, painful eyes in 10wl
was treated with topical corticostecoids In varly
1991 he developed short-lived vertigo with luad
aches.

A tick bite or Erythena migrans had never beun
seen. The neurological examination was o
pletely normal.

Serum Lyme 1gG was L:64 and IgM was negs
tive, Because of positive serum Lyme IFT 1gG, 4
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! Diney Fabde B0 L ambag patui ansd a cubiore toc B purgdurfee e CSF was nege
ceeabed et cates for cell soanie g total ative,
Pt Aatedy o 00 Bagdufern i CSF were not
Aot honsever, when CSF was callivaled in DISCUSSION
A i 1 horgdosfess conrll be isolated, .
Phwes was naes sologival evidence for a bacterial The diagnosis of Lyme disease is based on clin-

s vetal indicton, eacept Lynw borreliosis. Vhe cef+
trianone wos adnunistered ot 2 giday fur 14 days,
Al L (olluw-up examination 4§ months alter the
antibintic therapy, cultures foe 8. buegdorfeed were
negative and the complaints disappeared.

Case 5

A 62 yearlys woman had a tick bite in February
1990, Within 1th days she developed fever and cer-
vical lymphadenupathy followed by conjunctivitis,
arthralgias, numbness an es and fingers, and ex-
treme faligue. The patient reccived oral penicillin
for 12 days in February and again in May. In June
1991 the patient was referred to 2 neurological
clinic due 10 persistent arthralgias and numbness.
The neurotogical examination showed hypaesthe-
s13 and hypaigesia on loes and {ingers of both
sides as well s pallhypesthesia on malieoii left 4/8
and right 5. The rest of the neurclogical findings
were normal. Lumbar puncture releaved 64 mg/di
protein and &3 celis. Antibody titers to 8. burgdor-
ferd in serum and CSF were negative, bul B. burg-
darfers was izolated from CSF after 4 weceks incu-
baticn in MKP medium. Now ceftriaxone was
given 2 galay iy lor 14 days. Antibiatic Ireatment
resulled in marked ceduction of arthralgias and
numbness. Cultures from CSF were negative.

Case 6

A 25-ycar-eld man was adimitted te hospital be-
cause of intensive radicular pain and blurred vi-
sion. e alsu had minor headaches, bul he denied
having fever or chills. The neurologic finding was
a discrete hypaesthesia on the left forearm and bi-
lateral iritis was present, One year earlier he had a
2-week episode of blurred vision, which cleared
wilh oral prednisone therapy.

The patient had no history of tick bite and none
of £, migrans, The IFT IgG antibody titers against
8. burgdocferi in serum were positive (1:64); anti-
body titers in CSF were negative. Lumbar punc-
ture revenled normal values for cell counts and lo-
tai protein; nevertheless, 8, burgdurferi was isolated
from CSF. The isolation was successful on the sec-
ond subculture in MKP medium. Cellriaxene was
adminisiered 2  daily intravenously for 14 days.

Five months after the therapy he remalned well

ical symplums, epidemiology, specific igG and
IgM aynligody lo Bf burgdorferi in serum and CSF
and isolation of borreliae. The diagnosis may be
difficult in the late phase of the disease, particu-
larly for ophthalmogists and rheumatologists.
Characleristic of Lyme borreliosis is that its clinical
piclure is rarely complete and symptoms are over-
lapping, which makes disgnosis more difficult. A
boreelial infection is usually confirmed by deter-
mining U. burgdurferi anlibodies, Howaver, intes-
pretation of serological tesls and results may not
be straightiorward. False-positive and false-
negative resuits occur, Negative serclogic results
do not necessarily exclude Borrelia infection (18-
20). As.shown here and previously reported, anti-
biotic [herapy may abrogate the antibody response
to the infection, but B, burgdorferl may persist: in
clinically unclear cases, much greater significance
is therefore attached to the isolation of BFburgdor-
feri, )

We were able lo isolate B. burgdorferi from CSF
and skin bicpsies months to years after the anuoi-
otic therapy and disappearance of Erythema mi-
grans, The lack of repealed insect bite and Erythema
migrans, negative AB-tilers against B. burgdorferi
and negative CSF examination suggest persistence
of 8. burgdorferi rather than reinfection.

How often 8, burgdorferi may persist ir the CSF,
skin, or other tissues after thecapy or its-effect in

roducing atypical manifestations of diséasé'ls not
rnown. The reason for the persistence of'8, ‘burg-
dorferi in patients after the treatment with entibiot-
ics is not completely understood. A number of fac-
lors may play a role, e.g., virulence of 82 burgdor-
feri, tissue penetration of antibiotics, insufficent
antibiotic therapy (either duration or dose), intra-
cellular localization of borzeliae (21), possibility 'of
B. burgdorferi survival in tissue and certain types‘of
cells, and not at least the immunity of ‘patients,
The capacity of B. burgdorferi to hide in various
human lissue (heart muscle, spleen, brain)(22-24)
and an Insufficient antibiotic tissue level are aritical
for the therapy.

Antibiotic treatment with amoxicillin or doxycy-
cline has been recommended for £, migrans, peni-
cillin G, and cephalosporins, ceftriaxone, and ce-
fotaxime for central nervous system infection'and
late stages. It is known that the therapy’ of late
stages of the Lyme borreliosis can be complicated,
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Nul seldom, there are known recurrences of the
disease and persistence of 8. burgdvrferi, also after
adequate antibiolis therapy (18,25).

The persistence of B. birgdorferi and clinical re-
currence in E, migrans stage are rarely noted
(18,20), as the therapy seems to be mostly elfective
and suficient. In certain circumstances the ¢linical
and [aboratery investigations (3~4 months alter the
completion of antiblotics therapy), are probably
toc short for the enddiagnosis. Furthermore, in
most E. wiigrans patients & contro! of the therapy
effect is never done, However, we must lake into
consideration that changes in clinical symptom-
atology (after months) can lead the patient to
change doctors.

The curzent antibiotic therapy (antibiotic, dose,
duration) is very different, so we have very differ-
ent clinical and laboratory findings. However, the
randomized irials comparing various antibiotics in
their clinical response, minimal inhibitory concen-
tration (MIC) and the serum and CSF concentra-
tion supporl the selection for stage-specific teeal-
ment, According to the dala of recent cilnical stud-
ies, the cephalosporins are more efficient than
penicillin G in lale (26,27) but not in early Lyme
borreliosis (28). Dattwyler etal. (27), Diringer el al,
(29) and Pal et al. (20} reported that ceftriaxons and
cefotaxime were effective In treating patlents with
meningoencephalitis and late borreliosls who did
net respand Lo penicilin G therapy.

The CSF concentrations of penicillin G, cefotax-
Ime, and ceftriaxene in our studies demonstrale
Ihat both cephalosporins penelrate 1o a greater ex-
tent than penicillin. The CSF levels are evidently
above the MIC 90 values for B. burgdorferi. The
concentration of penicillin G did rot reach the MIC
90 in any of our patients (31,32). Data from con-
trolled clinical studies are still scanty, and the ob-
servation period after the therapy is often loo
short. Fusthermore, proof of a successful therapy
Is based not only on the disappearance of clinical
symploms but also on the elimination of B, burg-
dorferi; this Is difficult to achleve and seldom per-
formed, However, the recurrence of the disease,
longtime persistence of B, burgdorferi in untreated
2¢ well as in treated patlents, unpredictable pro-
‘gression of the disease and the isolation of B. burg-
orferi from CSF (without inflammalory sigas) of
patients with E. migrans (n.p.), it seems appropri-
ate to treat patients in Stage [ as effectively as pos-
sible. The lsolation of B. burgdorferi from CSFin £.
migrans without inflammatory signs support an
early dissemination of the borreliae.

The results of randomized prospective therapy
studies and case reports show that also with ade-

| Cila Neurscphiaiasl, Vid, 13, No. 3, 1393

quate anuibiotic therapy cure is often impossible

with one lreatment course, An interval therapy
with substantiaily larger deses of antiblotics—2 x
200 mg doxycycline, 2 x 800 mg amoxicillin for 7
days/Z limes with an antibiotic-free interval of 7
days—is advisable, The patients with an active
central nervous infection, carditis, or eye manifes-
tations should be treated inteavenously with ceftri-

axone or cefotaxime (1 x 4 g or 2 X 3 g/day, 7

days2 times with an antibiotic-free interval of 7
days).

This treatment regimen, which takes into con-
sideration the long generation time of B, burgdorferi
and the antibiotic mechanism of action can proba-
bly be more effective than the regimeh used. The
higher doses of antibiotics reach correspondingly
effective higher serum, CSF, and tissue antibiotic
concentrations and the repeated doses of antimi-
crobials killed the survivor borreliae. Likewise a
combination of two antibiotics must be taken in
consideration. The interval therapy and/or a com-
bination therapy are often used, are obligatory ir:
the treatment of complicated or chronical bacteria
infection. Howeves, currently recommended treat-
ment regimens are Inadequate for some patients;
the therapy ought to be realized and controlled
mare individually,

In conclusion, our first isolation of 8, burgdorieri
irem eye tissue confirms invasion of the ocular
space by B. burgdorferi. Furthermore, this isolate
demonstrates that in eye conditions we have to
think of Lyme infection—on 8. burgdorferi parsis-
tence and on an adequate therapy with antiblotics,
Further cases, with varied dlinical symptoms and
courses, show that negative serological tests do
not exclude B. burgdorferi infection,
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| J fore Pabe 7)) Lumbar phnwiaie
feveabet somond vatlies for cell connin amld total
Pt Aty b B fregituefere oy CHEF were
doesnad v, when €50 was caltivated in
RO i 0 Bangdisfien coukd be iselated.
Fhere s o s ctopwal evidence for a bacterial
s vl oafection, exeept Lyme boreeliosis. The cef-
i was adnvaistered at 2 pday for 14 days,
At the follew-up examination 4 months after the
antibivtic therapy, cultures for B, bwrgdorferi were
negative and the complaints disappeared.

Case s

A 62-yearsoid woman had a lick bite in February
1990, Within 11 days ghe developed fever and cer-
vical lymphadenopatbhy followed by conjunclivitis,
arthealgias, numbness on toes and fingers, and ex-
treme fatigue, The patient ceceived ural penicillin
for 12 days in February and again in May. In June
1991 the patienl was referred 1o 8 neurological
cliniec due 10 persisient arthralgias and numbness.
The ncurological examination showed hypaesthe-
s1a ond hypaigesia on toes and fingers of bath
sides as well as palihypesthesia on malleoli left 48
and right 58 The rest of the neurological (indings
were normal. Lumbar punclure releaved 64 mg/di
protein and 6/3 cells, Anlibady titers 1o 8. burgdor-
feri in serum and CSF were negalive, but B, burg-
dorferi wag izolated from CSF after 4 weeks incu-
batien in MKP medium. Now ceftriaxone was
given 2 paday v for 14 days. Antibiotic lreatment
resulted in marked reduction of arthralgias and
nuimbness. Cultures from CSF were negative.

Case 6

A 25-year-uld man was admitled te hospital be-
cause of inlensive radicular pain and blurred vi-
sioi. ble also had minor headaches, but he denied
having fever or ¢hllls, The neurologic finding was
a discrote hypacesthesia on the leit forearm and bi-
lateral izitis was present, One year eaclier he had a
2-week episode of blurred vision, which cleared
with oral prednisone therapy,

The patient had no histery of lick btz and none
of & migrans, The IFT 1gG antibody tilers against
B. burgdorferi in serum were positive (1:64); anti-
body titers 'in CSF were negative. Lumbar punc-
ture revealed nermal values for cell counts and to-
tai protein; nevertheless, B, burgdorjeri was isolated
from CSF. The isolation was success{ul on the sec-
ond subcullure in MKP medium, Ceflriaxone was
administered 2 g Jdaily intravenously for 14 days.

Five months after the therapy he remained well

avid A cultare for B Trgduefers from CSF was neg-
alive.

DISCUSSION

The disgnosiy of Lyme disease is based on clin-
ical symploms, epidemiology, specific 1gG and
IgM antibedy Lo B, burgdorferi in serum and CSF
and isciation of borreliae. The diagnosis may be
difficult In the late phase of the disease, particu-
larly for ophthalmogists and rheumatologists.
Characteristic of Lyme borrelicsis is that its clinical
picture is rarely complete and symptoms are over-
lapping, which makes diugnosis more difficult. A
borrelial infection is usually confirmed by deter-
mining U, Purgdurferi antibodies. However, Inter-
pretation of serological tests and results may no!
be straightforward. False-positive and false-
negative resuits occur, Negatlve serologic results
do not necessarily exclude Borrelia infection (18-
20). As.shown here and previously reported, anti-
biotic therapy may abrogate the antibody'response
to the infection, but B. burgdorferi may persist.’ in
clinically unclear cases, much greater significance
is therelore attached to the isolation of B} burgdor-
feri, :

We were able to Isolate B. burgdorferi rom SF
and skin bicpsies months to years after the anuoi-
otic therapy and disappearance of Erythema mi-
grans. The lack of repealed insect bite and Erythema
igrans, negative AB-titers against B. burgdorferi
and negative CSF examination suggast persistence
of B. burgdorferi rather than reinfection,

How often B, burgdorferi may persist ir the CSF,
skin, or other tissues after therapy or its:effect in
producing atypical manifestations of diséase’ls not
known. The reason for the persistence of'B,\burg-
dorfert in patients after the treatment with antibiot-
ics is not completely understood, A number of fac-
tors may play a role, e.g., virulence of B/ burgdor-
ferl, tissue penetration of antibiotics, insuffident
antibiotic therapy (either duration or dose), intra-
cellular localization of borreliae (21), possibility ‘of
B, burgdorferi survival in tissue and certain types‘of
cells, and nol at least the immunity of patients.
The capacity of B, burgdorferi to hide in Various
human tissue (heart muscle, spleen, brain) (22-24)
and an insulficlent antibiotic tissue level are critical
for the therapy.

Antiblotic treatment with amoxicillin or, doxycy-
cline has been recommended for £, migrans, peni-
cillin G, and cephalosporins, ceftriaxone, and ce-
fotaxime for central nervous system infection and
late stages. [t is known thac the therapy of late
stages of the Lyme borreliosis can be complicated.
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Nut scidom, there are knuwn recureences of the
disease and persistence of B. burgdorferi, also after
adequate antibiclic therapy (18,25),

The persistence of 8. birgdarferi and clinical re-
currence in E. migrans stage are rately noled
(18,20), a5 the therapy seems lo be mustly elfective
and suflicient, In certain circumstances the clinical
and laboratory investigations (34 months alter the
completion of antibiotics therapy), are probably
too short for the enddiagnosis. Furthermore, in
most E. migrans patients a control of the therapy
elfect is never done. However, we must lake inlc
consideration that changes in clinical symptom-
atology (after months) can lead the patient to
change doctors.

The current antibiotic therapy (antibiotic, dose,
duration) is very differenl, so we have very differ-
ent clinical and laboratory findings. However, the
randomized trials comparing various antibiotics in
their clinical response, minimal inhibitory concen-
tration (MIC) and the serum and CSF concentra-
tion support the selection for stage-spocific treat-
ment. According Lo the data of recent clinical stud-
ies, the cephalosporing are more elficient than
penicillin G In lale {26,27) but not in early Lyme
borreliosis {28). Dattwyler et al, (27}, Diringer e! al.
(29) and Pal et al. (30} reported that cefiriaxone and
cefolaxime were effective In leeating patlents with
meningoencephalitis and late borreliosis who did
not respond to penicifin G therapy.

The CSF concentrations of peniclllin G, cefotax-
ime, and ceftriaxone in our studies demonstrate
that both cephalosporins penetraie 1o a greater ex-
tent than penicillin, The CSF levels are evidently
above the MIC 50 values for 8. burgdorferi, The
concentration of peniciilin G did not reach the MIC
90 in any of our patients (31,32). Data from con-
trolled clinical studics are still scanty, and the ob-
servation period alter the therapy is cften too
short, Furthermore, proof of a successful therapy
is based nol only on the disappearance of clinical
symptoms but also on the elimination of B, burg-
dorferi; this is difficuit to achieve and seldom per-
formed. However, the recurrence of the disease,
longlime persistence of B, burgdorferi in untreated
as well as In treated patients, unpredictable pro-
‘gression of the disease and the isclation of 8. burg-
dorfert from CSF (wlthout inflammalory signs) of
patients with E. migrans (n.p.), it seems appropri-
ate to treat patients in Stage | as effectively as pos-
sible, The Isolation of B. burgderferi from CSF in E.
migrans without inflammatory signs suppart an
early dissemination of the borreliae,

The results of randomized prospective therapy
studies and case reports show that also with ade-
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quate antiblotic therapy cure Is often Impossible
with one lreatment course. An interval therapy
with substantially larger doses of antibiotics—2 X
200 mg doxycyciine, 2 x 800 mg amoxidllin for 7
doysf2 limes with an antibiolic-free interval of 7
days—is advisable. The patients with an active
centzal nervous infection, carditis, or eye manifes-
lations should be treated intravenously with ceftri-
axont or cefolaxime (1 X d g or 2 X 3 g/day, 7 .
days/2 times with an antibiotic-free interval of 7
days).

This treatment regimen, which takes into con-
sideration the long generation time of B. burgdorferi
and the antibiotic mechanism of action can proba-
bly be more elfective than the regimen used, The
higher doses of antibiotics reach correspondingly
elfective higher serum, CSF, and tissue antiblotic
concentrations and the repeated doses of antimi-
crobials killed the surviver borreliae.. Likewise o
combination of two antiblotics must be taken in
consideration. The interval therapy and/ora com-
bination therapy are often used, are obligatory in
the treatment of complicated or chronical bacterial
infection. However, currently recorumended treat-
ment regimens are inadequate for some padents;
the therapy ought to be realized and controlled
mare individually,

In conclusion, our first isolation of 8, burpdorferi
from eye tissue confirms Invasion of the ocular
space by B. burgdorferi. Furthermore, this isclate
demonstrates that in eye conditions we have to
think of Lyme infection—on B, burgdorferi persis-
tence and on an adequate therapy with antibiotics.
Further cases, with varied dlinical symptoms and
courses, show that negative serological tests do
not exclude B. burgdorferi infection,
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