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CONFERENCE AGENDA
Friday April 28. 1995

WELCOME
John Millar, M.D., Provincial Health Officer, B.C. -
Diane Kindree, B.S.N., Lyme Borreliosis Society of Canada

GENERAL SESSION
Lyme borreliosis clinical overview
J. Katzel, M.D., Ukiah Valley Medical Center

Chairs: 8. N. Banerjee, Ph.D., J. Oliver, Ph.D.

Update on the epizootiology of Borrelia burgdorferi in southeastern u.s.
J. Oliver, Ph.D., Callaway Professor of Biology, Georgia Southern University
Ecology of Lyme disease In Northeastern United States

J. F. Anderson, Ph.D., Director, The CT Agricultural Experimental Station
Isolation of B. burgdorferi in British Columbia during 1988-1994

S. N. Banerjee, Ph.D., Head, B.C.. Center for Disease Control

Lyme disease In British Columbia
P. Daly, M.D., Associate Director, B.C. Center for Disease Control

10:05 Lyme disease cases acquired in British Columbia 1992-1994

R. Gill, BSc., Health Science Officer, B.C. Centre for Disease Control

10:20 Survelliance for Tick-borne Relapsing Fever in Texas caves

J. Rawlings, M.P.H., IDEAS, Texas Department of Health

10:35 Discussion

Chair: M. Philipp, Ph.D.

10:45 Induction of Lyme arthritis and role for B. burgdorferi specific T- lymphocytes

R. Schell, Ph.D., Professor and Chief Bacteriologist, Wisconsin State Laboratory of Hygiene

11:05 Efficacy of recombinant OspA formulations in Rhesus monkey

M. Philipp, Ph.D., Chairman, Department of Parasitology

11:25 Update on recombinant Lyme disease vaccine development

A. Barbour, M.D., Department of Medicine and Microbiology, University of Texas Health Science Center

11:45 Discussion
12:00- 1:00 LUNCH

1:00

125

1:50

2:15
2:30

|
Chairs: B. Wilske, M.D., D. Dorward, Ph.D.

Antigenic variation of Borrelia burgdorferi sensu Iato: implications for pathogenesis, diagnosis
and prophylaxis
B. Wilske, M.D., Max von Pettenkofer Institute

Virulent B. burgdorferi specifically attach to, activate, and kill TIB-215 Human B-lymphocytes
D. Dorward, Ph.D., Senior Staff Fellow, Rocky Mountain Laboratories

The Borrelia turicatea-mouse model of Lyme disease
A. Barbour, M.D., Deparitment of Medicine and Microbiology, University of Texas HealthScience Center

Discussion
COFFEE BREAK
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9:10
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9:40
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11:15

INNOVATIVE BIOLOGY SESSION
Chair: W. Burgdorfer, Ph.D., M.D. (Hon.)

DNA sequencing of 16S RNA of Borrelia burgdorferl Isolates from Canada and USA
M. Altamirano, Ph.D., Clinical assistant professor, University of British Columbia

Further evidence for a spirochetal etiology of Alzheimer’s disease
J. Miklossy, M.D., University Institute of Pathology, Division of Neuropathology

Is “Coll/Ag-30" the answer to Lyme borreliosis and other infectlous diseases ?
W. Burgdorfer, Ph.D., M.D. (Hon.), Rocky Mountain Laboratories

Discussion

P HE I
Chairs: S. Donta, M.D., C. Garon, Ph.D.

Borrelia burgdortferi surface DNA network represents a possible target for a new category of
antimicrobial agents
C. Garon, Ph.D., Chief, RML, National Institute of Allergy and Infectious Diseases

Cellular infection of human fibroblasts, Langerhans cells and leukocytes by isolates of
Borrelia with emphasis to antibiotic and antibody treatment
D. Hulinska, Ph.D., National Institute of Public Health, WHO Collaborating Center for Lyme Disease

Evidence for the Intracellular borreliae localization
S. Donta, M.D., Professor of Medicine, Boston University Medical Center

Discussion

Adjourn
RECEPTION - Specifics on transportation posted at the conference registration desk

Saturday, April 29, 1995

JAGN V. M |
Chairs: M. Manak, M.D., B. Schmidt, Ph.D.

Use of recombinant, chimeric proteins for the diagnosis of Lyme disease
B. Luft, M.D., Chief of the Department of Medicine, SUNY at Stony Brook

Detection of Borrelia burgdorferi sequences In clinical specimens by a PCR capture assay
M. Manak, M.D., Senior Vice President, Biotech Research Laboratories

Detection of B. burgdorferF-DNA in urine from patients with Lyme borrellosis
B. Schmidt, Ph.D., Laboratory for dermato-venerological serodiagnosis
Discussion

A solid-phase ELISA-antigen detection system for Lyme disease
R. C. Tilton, Ph.D., Senior Vice President, North American Laboratory Group

Surrogate markers of active infection In Lyme disease
S. Schutzer, M.D., Department of Medicine, University of Medicine and Dentistry of New Jersey

New tools In the diagnosis of neurologic Lyme disease
P. K. Coyle, M.D., Professor of Neurology, School of Medicine, SUNY at Stony Brook

Morphological heterogeneity of Borrelia burgdorferi
A. MacDonald, M.D., St. Elizabeth's Hospital

Discussion

I
Chair: C. Cleveland, M.D. East Hyde Park Internal Medicine, U.S.
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12:00-1:00 Lunch
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1:50

2:05
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3:00
3:15
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6:00

INICAL MANIF N E 1
Chairs: E. Masters, M.D., B. McManus, M.D., Ph.D.

Clinical presentations of Lyme borreliosis in Lower Midwest
E. Masters, M.D., Family Physicians Group

Lyme arthritis In British Columbia
G. Price, M.D., Clinical Associate Professor, University of British Columbia

Cardiovascular manifestations of Lyme disease
B. McManus, M.D., Ph.D., Chairman, Pathology and Laboratory Medicine, St. Paul's Hospital

Discussion

Lyme disease case in the Lower Mainland
E. Murakami, M.D., Clinical Associate Professor, University of British Columbia Medical Schoo!

Acrodermatitis chronica atrophicans
R. Scrimenti, M.D., Medical College of Wisconsin

Symptoms and characteristics of chronic Lyme disease In patients i
R. Smithson, Ph.D., Senior Member of the Research Laboratory, Lockheed Palo Alto Research Laborzss
I. Vanderhoof, Ph. D NY University , Stern School of Business j

Discussion
Coffee break

1 NG LYM RELIOSIS SE
Chairs: J. Davies, Ph.D., J. Katzel, M.D.

Antiblotic resistance In spirochetes

J. Davies, Ph.D., Professor and Head, Dept. of Microbiology & Immunology, University of British Cok.rm
Spectrum of antiblotic-responsive menigoencephalomyelitides

K. B. Liegner, M.D., New York Medical College

Management of disseminated and chronic Lyme borreliosis
J. Burrascano, Jr., M.D., Southampton Hospital
J. Katzel, M.D., Ukiah Valley Medical Center

Chronic encephalopathy: to treat or not to treat?
B. Fallon, M.D., Columbia University & New York State Psychiatric Institute

Discussion

PUBLIC FORUM Moderator: J. J. Burrascano, Jr., M.D.
Overview of Lyme disease - M. Ziska, M.D.
Questions and answers - Panel from the day

Adjourn
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ABSTRACTS OF ORAL PRESENTATIONS

Oliver, Jr., James H., MD

Callaway Professor of Biology and Director, |.A.P.
Georgia Southern University

Georgia Avenue, Landrum Box 8056

Statesboro, GA 30460-8056

UPDATE ON THE ENZOOTIOLOGY OF B, BURGDORFERI IN THE
SOUTHERN U.S.

Dr. James H. Qliver, Jr., Institute of Arthropodology & Parasitology
Georgia Southern University, Statesboro, GA 30460-8056

We have isolated B. Qgrg. dorferi_from cotton mice (Perom

(Peromyscus _gossypinus),
cotton rats (Sigmodon hispidus), woodrats (Neotoma floridana) and the ticks
is and Ixodes dentatus. Locations of isolates extend along the

coast from Cape Canaveral , FL northward to the northern coasts of South
Carolina and inland in central Georgia and southeast Missouri. Prevalence of

n fi in rodents may be quite high in some foci (75%). Currently it is
unclear whether there are several separate parallel enzootic cycles operating
or if there are weblike overlap among them. B, burgdorferi strains are more
genetically heterogenous in the southern U.S. than those reported from the
northern states. Infectivity varies among the isolates and one wonders if there
are resulting differences in clinical symptoms and pathology produced in
humans.

Anderson, John F., Ph.D.

Director, The CT Agricultural Experiment Station
123 Huntington St.

New Haven, CT 06511

ECOLOGY OF LYME DISEASE IN NORTHEASTERN UNITED
STATES

John F. Anderson, Ph.D.; The CT Agricultural Experiment Station,

P.O. Box 1106, New Haven, CT 06511

Some of the highest incidence rates of Lyme disease (>200,000
cases/100,000 population/county) occur in Northeastern United States. The
primary tick vector is Ixodes scapularis which is extremely abundant in many
wooded and suburban areas where white-tailed deer are common. This tick
has been recorded feeding on 120 different species of animals (birds,
mammals, lizards). The causative-agent, Borrelia burgdorferi sensu stricto, has
frequently been recovered from humans, Ixodes scapularis, and white-footed




mice. Variants of the spirochete have been recovered from Ixodes scapularis,
the rabbit associated tick Ixodes dentantus, and cottontail rabbit. Variants have
not been recovered from humans, and therefore are not known to cause human
disease. The interaction of the spirochete with its tick vector and wild host
reservoirs will be discussed.

Dr. Satyendra Nath Banerjee
Head, Vector-borne Diseases
B.C. Centre for Disease Control
828 West 10th Ave.

Vancouver, B.C. Canada V5Z 1L8

ISOLATION OF BORRELIA BURGDORFERI! IN BRITISH COLUMBIA
DURING 1992-1994.

neriee, M. Banerjee, K. Fernando, M. Y. Dong, M. Altamirano and J.A.
Smith. Provincial Laboratory, B.C.C.D.C., Vancouver, B.C. Canada, V5Z 1L8

The survey of ticks in B.C. during 1988 to 1991 was limited to adult ticks. In
1992 we began trapping rodents in 20 selected sites and juvenile ticks were
retrieved from them. Tick guts as well as six organs from rodents, viz., ear,
bladder, kidney, spleen, liver and heart were cultured in BSK Il medium with
antibiotics. All isolates were immunostained with Mab for P31, P34, P39 and
P41 ag. SDS-PAGE profiles, PCR for OSPA gene and DNA sequence of
16SrRNA gene were analysed for all axenic cultures. Up to 1991 when we had
only adult ticks for culture, no spirochete was isolated 0/1360 (0%). In 1992 B.
burgdorferi (Bb) was isolated from 1/539 (0.2%) ticks and 0/28 (0%) mice. In
1993 20/2086 (1%) ticks and 11/243 (4.5%) mice had Bb. In 1994, 7/691 (1%)
ticks and 9/211 (4.1%) mice had Bb. SDS-PAGE protein profiles of isolates
were comparable to that of Bb. All Bb were positive by Mab tests and by PCR
for OSPA. DNA sequences of 16SrRNA gene were similar to Bb-B31. Bb was
isolated from |._angustus and |. pacificus ticks. The presence of spirochetes in
juvenile and adult ticks as well as in rodents suggests establishment of Bb in
B.C. Our results show that culture of host organs and culture of juvenile ticks
retrieved from hosts may be more successful than culture of adult ticks only.

Daly, Patricia, MD, FRCPC
Associate Director, Epidemiology
B.C. Centre for Disease Control
828 West 10th Ave

Vancouver, B.C. V5Z 1L8
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LYME DISEASE IN BRITISH COLUMBIA

Patricia Daly(1), Satyen Banerjee(2), Craig Stephen(1)
(1) Communicable Disease Epidemiology Services

(2) Provincial Laboratory

British Columbia Centre for Disease Control

828 West 10th Avenue, Vancouver, BC, Canada, V5Z 1L8

In June, 1994, Borreliosis was made a reportable disease under the
Communicable Disease Regulations of the Health Act in the province of British
Columbia. This action was taken because of several pieces of evidence. Since
1988, there have been several cases of clinically suspected Lyme disease with
positive serology for Borrelia burgdorferi who appear to have acquired Lyme
disease from within the province. At the same time, studies have identified the
presence of tick species in British Columbia that are known to transmit B.
burgdorferi. Further studies, which are ongoing, have revealed the presence of
B. burgdorferi in several tick species form the southwest coastal regions of the
province, as well as in Deer mice hosts. The case definition to be used for
reporting purposes is that developed by the Canadian consensus conference
on Lyme disease in 1991 (CDWR 1991; 17(13):66). Based on the Canadian
consensus conference guidelines, British Columbia is considered an endemic
area for Lyme disease, although the geographical boundaries for endemicity
have not been defined and will require further study.

Gill, Raj, B.Sc.

Health Science Officer/Prov. Labs
B.C. Centre for Disease Control
828 West 10th Ave.

Vancouver, B.C. Canada V5Z 1L8

LYME DISEASE CASES ACQUIRED IN BRITISH COLUMBIA 1992-

1994.
Raj Gill, Satyendra Banerjee and Maya Banerjee

Research on Lyme Borreliosis in British Combo has been on going since 1986.
Our first positive case was a 2 year old female from Burns Lake in 1988. Two
patients were found to be positive in 1989; a 44 year old female from Salt
Spring Island and a 71 year old female form Galiano Island. Only on 46 year
old male was positive in 1992 from Kootenay Lake. In 1993, three cases were
reported; one 58 year old female from Oliver, a 74 year old female from
Nanaimo and a 66 year old male from Cortes Island. As of Oct 1994 4 cases
have been confirmed; two males from Agassiz and Lumby and 2 females form
Port Coquitlam and Port Moody. This makes a total of 11 cases of Lyme
disease acquired in B.C. during 1988-1994 out of a total of 43 cases seen at the
Provincial Laboratory, B.C.C.D.C. Only 2 cases showed the classical EM rash,
most patients were febrile with headache, fatigue and muscle pain. Elderly
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patients presented with arthralgia and myalgia. All patients were positive by the
ELISA method and confirmed by Western Blot sets and clinical diagnosis by
physicians. It is pertinent to note that during 1993-94 Dr. S. Banerjee's Vector
Borne Disease Lab isolated B. burgdorferi the etiologic agent from the deer
mice Peromyscus maniculatus and two species of ticks viz. Ixodes pacificus and
I. angustus collected from the places where cases were identified. On the basis

of our findings and the Lyme Disease consensus report on case definitions,
B.C. should be considered an endemic area for Lyme Disease.

Rawlings, Julie, M.P.H.
Texas Department of Health
1100 W. 48th St

Austin, TX 78756

SURVEILLANCE FOR TICK-BORNE RELAPSING FEVER IN TEXAS
CAVERNS
Julie Rawlings, Texas Department of Health

Tick-borne relapsing fever (TBRF) is caused by Borrelia spirochetes and is
transmitted by Ornithodoros ticks. In Texas, the vector is O. turicata, found in
caves frequented by sheep and goats or rodent and snake burrows; the agent is
B. turicatae. Spelunkers may be at risk of acquiring TBRF as they explore
Texas caves. In an attempt to establish the prevalence of exposure to B.
turicatae in caverns, a questionnaire was administered to and sera was
collected from 112 persons attending a Texas Speliological Society meeting in
October, 1994. Data collected by questionnaire were analyzed to identify risk
factors for disease were analyzed to identify risk factors for disease and
evaluate histories of illness in these caverns. Each specimen was tested by
indirect immunofluorescent antibody test (IFA) for antibody to three species of
Borrelia. Eighteen were reactive.

Schell, Ronald F., Ph.D.

Professor and Chief Bacteriologist
Wisconsin State Laboratory of Hygiene
465 Henry Mall

Madison, Wl 53706

INTRODUCTION OF LYME ARTHRITIS AND ROLE FOR BORRELIA
BURGDORFERI SPECIFIC T-LYMPHOCYTES

Lony C.L. Lim and Ronald F. Schell. Wisconsin State Laboratory of Hygiene
and Departments of Bacteriology and Medical Microbiology and Immunology,
University of Wisconsin, Madison, Wisconsin 53706. Research for this abstract
was completed November 23, 1994.
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We showed that severe destructive Lyme arthritis developed in vaccinated
hamsters after challenge with isolates of Borrelia burgdorferi sensu lato and
suggested a role for cell-mediated immunity. Specifically, severe destructive
arthritis was readily evoked in immunocompetent inbred LSH hamsters
vaccinated with a whole-cell preparation of Formalin-inactivated B. burgdorferi
organisms in adjuvant when challenged with the homologous (vaccine) isolate
before high levels of protective borreliacidal antibody developed. Once high
levels of protective borreliacidal antibody developed, vaccinated hamsters were
protected from homologous challenge and development of arthritis. Vaccinated
hamsters, however, still developed severe destructive arthritis when challenged
with other isolates of B. burgdorferi sensu lato. We now show that B. burgdorferi
specific T-lymphocytes were responsible for the development of severe
destructive arthritis.  B. burgdorferi specific T-lymphocytes obtained from
immunocompetent hamsters vaccinated with a whole-cell vaccine conferred on
naive recipient hamsters the ability to develop severe destructive arthritis when
challenged with B. burgdorferi sensu stricto isolates. The successful
demonstration that B. burgdorferi T-lymphocytes were responsible for the
adoptive transfer of severe destructive arthritis was confirmed by immunological
enrichment for T-lymphocytes and characterization of the transferred cells.
These studies are important for the development of a safe vaccine (whole or
sub-unit) and for determining immunologic modulators to prevent the
development of the signs and symptoms of Lyme arthritis.

Philipp, Mario T., Ph.D., Sr. Res. Scientist
Chairman, Department of Parasitology
Tulane Regional Primate Research Center
18703 Three Rivers Road

Covington, LA 70433

EFFICACY OF RECOMBINANT OspA VACCINE FORMULATIONS IN
THE RHESUS MONKEY

Philipp M (1), Lobet Y (2), Robert D (1), Dennis V (1), Desmons P (2), Gu Y. (1),
Hauser P (2), Lowrie Jr. R (1).

Tulane University Primate Res. Center, Louisiana, USA (1); SmithKline
Beecham Biologicals, Rixensart, Belgium (2).

Three different vaccine formulations, NS1-OspA/aluminium hydroxide (Alum),
NS1-OspA/Alum/MPL (an immunostimulant), lipidated OspA/Alum, and one
placebo (Alum) were used in a vaccination trial involving 16 male 2-3-year-old
Chinese Macaca mulatta (rhesus). Four animals were randomly assigned to
each of 4 groups, and each group received one of the vaccine formulations.
Three 10 pg doses of each vaccine were given to each animal intramuscularly
into the cranial thigh, at 4-week intervals. All animals were exposed to the bite
of Ixodes scapularis nymphs infected with the B31 strain of Borrelia burgdorferi
(Bb), 5 weeks after the last injection. Of the 50 ticks that fed upon the animals in




the placebo group, 48 contained spirochetes detectable by a direct
fluorescence assay (DFA) with an anti-Bb polyclonal antibody, whereas only
one of 130 ticks on the vaccinated animals had detectable Bb by DFA. On
Western blots of whole Bb antigens, serum antibody from each of the control
animals reacted with 10-16 antigens 4 weeks post-challenge (PC), and 22-36
by week 40. Vaccinated animals failed to develop any detectable anti-Bb
antibodies during the same study period, except for the anti-OspA response
induced by the vaccine. Skin biopsy and blood samples obtained weekly
during the first 4 weeks PC from both control and vaccinated animals yielded no
spirochetes upon in vitro culture. In contrast, skin samples from all of the control
but none of the vaccinated animals contained Bb DNA during the first 4 weeks
as revealed by PCR using primers that hybridize to a chromosomal DNA
fragment of Bb. In the same time period, 2/4 controls and 2/16 vaccinated
animals had deep perivascular lymphocytic infiltrates in the skin adjacent to the
infection site, with cells that stained positive with MAbs reacting with OspA and
with a 7.5 kDa lipoprotein of Bb. Organs and tissues from several organ
systems of the 4 controls and the 4 animals vaccinated with lipidated OspA and
one of the animals vaccinated with NS1-OspA/MPL and with NS1-OspA were
analyzed postmortem. No gross pathology was observed in any animals. In the
control, unvaccinated animals, inflammation often accompanied by positive
immunostaining with anti-7.5 kDa protein and anti-OspA MADbs, and by positive
PCR was observed in the kidney (in 2 out of 4 animals), urether (2/4), heart
(3/4), joints (1/4), nerves (4/4). In the vaccinated monkeys, no inflammation was
observed in the kidneys, urether and joints, while an inflammation milder than
that seen in control animals was detected in the heart (2/6) and nerves (2/6).
The lungs of 4/4 control animals and 5/6 vaccinated animals showed
lymphocytic hyperplasia. Some macrophages within these cell clusters stained
positive with the anti-7.5 and anti-OspA MAbs. PCR of lung tissue was positive
for 2/4 control and 3/4 vaccinated animals. The difference in the tick infection
rate between ticks that fed on vaccinated and control monkeys, the lack of
seroconversion in the vaccinated animals and the absence of spirochetal DNA
in the skin of the vaccinated animals in the weeks following the challenge,
icate that the vaccinated monkeys were protected against the tick challenge.
The post mortem analysis, however, suggests that wither a véry low spirochete
burden (non-immunogenic) or a transient infection may have occured in some/
f the vaccinated animals. ese last observation warrant further analyses of
the remaining animals.

Barbour, Alan, M.D.

Departments of Medicine and Microbiology
University of Texas Health Science Center
San Antonio, TX

UPDATE ON RECOMBINANT LYME DISEASE VACCINE
- DEVELOPMENT - \NM\/\Q \mfw- Lol e |
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Ernie Murakami, M.D.
Clinical Associate Prof.

UBC Med. School

735 4th Av.

Hope, B.C. VOX1L0 Canada

LYME DISEASE CASE IN THE LOWER MAINLAND, AND A NEW
WOOD TICK REMOVAL TECHNIQUE.

Ernie Murakami, M.D., Department of Family practice, UBC; Nima Shojamia,
Medical Student, 2nd year, UBC; Satyen N. Banerjee, Ph.D., Provincial
Laboratory, BCCDC

A 57 year old man presented to the medical clinic at an Agassiz Correctional
Institute in B.C. on April 18, 1994. Complaining of a circular rash on his right leg,
neck stiffness and right shoulder chronicum migrans was the diagnosis and
serologically Lyme disease was confirmed. Since this patient was incarcerated
for three years the local animal vector had to be present at the Agassiz
Institution, (rats, mice, cats and raccoons). Erythromycin was given to this
patient and he improved clinically. Wood ticks carry disease (second only to
mosquitoes) to man and animals: i.e. Rocky Mountain spotted fever, Colorado
tick fever, tularemia, babesiosis and Lyme disease. Pediatric abstract
summarized five popular methods of removal: jelly, nail polish, alcohol, hot
match, forceps and fingers (Pediatric, volume 74, No., June 1985). All these
above method may cause increased intraabdominal pressure thus host
infection possibilities are greatly increased. The method proposed for the
removal involves the injection of Xylocaine intradermally and the hydrostatic
pressure causes the tick to fall off the host voluntarily. In some cases a sharp
needle or scalpel is required for extraction. This method avoids and prevents
any regurgitation of insect abdominal contents. The wood tick is complete and
alive for speciation and culturing for infective agents.

This technique has been practiced in Hope, B.C. for the past five years by
myself and my associates. All research for this project was done in Hope, B.C.

R. J. Scrimenti, M.D.

Medical College of Wisconsin
316 E. Silver Spring Drive
Milwaukee, WI 53217

ACRODERMATITIS CHRONICA ATROPHICANS

ACA, the first manifestation of LB to be described, is an outstanding example of
prolonged latency and chronic infection. It is rarely reported in America. Our
knowledge is drawn from a rich European experience. It consists of an early
inflammatory stage and a late atrophic stage. A poorly demarcated acral
erythema or edema usually ushers in the disease. It disseminates primarily to
other acral sites often sparing the torso. Juxta articular modules and fibrotic
linear bands may develop over the extensor surfaces of the extremities. Over
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many months to many yeafl$ atrophy may develop. Eventually,
lymphadenopathy, weight loss, fatigue, neuropathies, phalangeal joint luxations
may appear. Sclerotic and atrophic lesions, indistinguishable clinically and
histopathologically from Morphea and Lichen Sclerosus Atrophicans may be
seen. Histopathology reveals a predominant CD4 lymphocytic infiltrate,
lymphatic telengiectasis and lymphedema. With progression, atrophy of the skin
and elastic fibers develops. A rich admixture of plasma cells, if present may
distinguish sclerotic and atrophic ACA from Morphea and LSA et A. in the
absence of the spirochete. Many lymphocytes and keratinocytes express HLA-
DR and HLA-DQ antigens which disappear with therapy. Bb specific IgG titers
are usually high. Doxycycline is the usual therapy for uncomplicated ACA.
Benzyl penicillin IV and oral Doxycycline is the preferred therapy if neurologic
and/or arthritic complications are present.

- Foe
Irwin T. Vanderhoof, Ph.D. + ‘401"0”\\[ 4

New York University - Stern School of Business
18 Two Bridges Rd.
Towaco, NJ 07082

R. C. Smithson, Ph.D.

Lockhead Palo Alto Research laboratory
3251 Hanover St.

Palo Alto, CA 94304

SYMPTOMS AND CHARACTERISTICS OF CHRONIC LYME
DISEASE PATIENTS

Over the years the Lyme Disease Foundation and the Society of Actuaries have
compiled a data base of symptoms, characteristics, and treatment of over 1,000
Lyme disease patients. The data is based upon a questionnaire filled out by the
members of the studied group. Since the participants were self selected it is not
surprising that the group is primarily composed of patients with long standing
illness - the chronic cases.

The analysis is of two types. The first is the calculation of the descriptive
statistics of the group. These include symptoms, test results, geographic
locations, and cure or continuing impairment. Cost of treatment information is
also studied and an attempt is made to correlate this with the other dimensions
of the data.

The second type of analysis is the use of a probabilistic neural network
technique developed at Lockheed to try to find a pattern for those patients that
have continuing illness as opposed to those who are eventually symptom free.




Prevention of Lyme disease through vaccination is now seen as a reasonable
and perhaps necessary strategy for control of infection in humans and domestic
animals. The focus of vaccine development has been on OspA, an outer
membrane protein of the species of Borrelia that causes Lyme disease in North
America, Europe, and Asia. Studies in animals showed the effectiveness of
recombinant OspA in protecting against syringe- and tick- delivered challenges.
In the last two years human trials of OspA as a vaccine have begun. The
progress in one set of these human trials of safety, immunogenicity, and efficacy
will be presented. An additional emphasis will be on vaccine candidates in

earlier stages of investigation.

Wilske, Bettina
Pettenkofer - Institute
Pettenkofer - Strasse 9a
Munich, Germany 80336

ANTIGENIC VARIATION OF BORRELIA BURGDORFERI SENSU
LATO: IMPLICATIONS FOR PATHOGENESIS, DIAGNOSIS AND
PROPHYLAXIS OF LYME DISEASE

B. Wilske, V. Preac-Mursic, V. Fingerle, S. Jauris-Heipke, D. Roosler, and G.
Will, Pettenkofer Institute, Pettenkofer-Strasse 9a, Munich, Germany

Wild type strains of Borrelia burgdorferi sensu lato express OspA or OspC (or
both) in abundant amounts. Expression of the two proteins is negatively
correlated and appears to vary with the environment. Osp A is regularly
expressed in Ixodes ricinus whereas OspC is rarely detected. Analysis of the
human antibody response by Western blot suggest the inverse situation in the
human host (strong expression of OspC, in contrast to low expression of OspA).
Using a panel of OspA-specific monoclonal antibodies (MAbs) we previously
classified European strains into seven OspA-serotypes (confirmed by sequence
analysis) (1). Phenotypic analysis with OspC MAbs revealed at least 13
different types (2). OspC sequence analysis confirmed the immunological
heterogeneity at a molecular level. In some strains (including also American
strains) OspC was considerably heterogenous whereas OspA was highly
conserved. Analysis of a large number of European isolates from patients
(n=102) revealed a significant association of the OspA-serotype with the clinical
manifestation of the disease:

source type1 type2 type3 type4 type5 type6 type 7 total

CSF 8 5 3 12 3 10 2 43
skin 4 57 0 2 1 4 0 68
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The high diversity of strains isolated from patients with neuroborreliosis (all
seven serotypes were found) has important implications for microbiological
diagnosis (serodiagnosis, PCR) as well as for vaccine development.

(1) Wilske, B. et al., J. Clin. Microbiol.: 31 (1993) 340-350 (2) Wilske, B. et al., J.
Clin. Microbiol. (1995), in press

Dorward, David W.

Senior Staff Fellow

Rocky Mountain Laboratories
903 South Fourth St
Hamilton, MT 59840

VIRULENT BORRELIA BURGDORFERI SPECIFICALLY ATTACH TO,
ACTIVATE, AND KILL TIB-215 HUMAN B-LYMPHOCYTES
David W, Dorward and Elizabeth R. Fischer. NIH/Rocky Mountain Laboratories,
Hamilton, Montana

In order to examine the effects of Lyme disease spirochetes on immune effector

cells, experimental co-incubations of B. burgdorferi Sh-2-82 and cultured

human and B- and T-lymphocytes, TIB-215 and H9 cells respectively, were

begun in the fall of 1994. Comparisons were made in the structure and viability

of B- and T-cells incubated with varying concentrations of virulent or attenuated

B. burgdorferi, or virulent B. hermsii after 1, 24, 48 and 72 hr. The levels of igM

antibody secretion of B-cells exposed to spirochetes and /or the known B-cell

activators IL-5 and IL-6 were also compared. Examination by light and electron

microscopy showed that at relative concentrations of 100:1, low passage B.

burgdorferi attach rapidly to 90=% of B-cells. Video microscopy revealed that

initial attachment involved spirochetal apices. Within one hour, affected B-cells

began to aggregate in culture wells. After 24 hours, numerous spirochetes

covered B-cell surfaces, and up to 50% of B-cells were lysed. Such effects

were dependent on infectious dose. No significant attachment and killing was

noted in co-incubations involving high passage B. burgdorferi, virulent B.

hermsii, or T-cells. Furthermore, heat killed or sonicated spirochetes, or

spirochetal culture supernatants had no apparent effects on B-cells, suggesting

o that attachment and cytolysis require inducible factors. Since there was no
w 90 evidence of B-cell invasion, and cytolysis was serum complement-independent,
&4 B-cell kiling may involve a previously undocumented toxigenesis.

\ \ Electrophoretic and western blot analysis, using convalescent human Lyme

\@K 'Q_:\ . disease serum, showed that at least four proteins and human immunogens
¢>‘ Cj&( were produced by virulent spirochetes in response to co-incubation with this B-
N cell line. Whether any or all of these factors are involved in B-cell killing
remains to be determined. Quantitative comparisons of IgM secretion by B-

cells, incubated with spirochetes and/or interleukins 5 and 6, showed that all

three spirochetal populations effectively activated the B-cells and stimulated

IgM secretion. Such activation is consistent with previous studies with normal

human B-cells. These studies document that B. burgdorferi exhibits specific

I;ZH foar QN \Soa .’j
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cytopathic effects on cultured B-cells, and provide a model fro examining the
possibility that such interactions between spirochetes and B-cells may play a
role in colonization and persistence of B. burgdorferi in mammals.

Barbour, Alan, M.D.
Departments of Medicine and Microbiology ’
University of Texas Health Science Center o7

San Antonio, TX P

THE BORRELIA_TURICATAE-MOUSE MODEL 9I/I.YME DISEASE

Mice infected with Borrelia burgdorferi develop arthritis and carditis, in common
with humans with Lyme disease. “However, mice‘and other non-primate animal
models of B. burgdorferi infection ‘oaly trapsiently or inconsistently have
involvement of the central nervous system. We have found that a strain of B.
turicatae, an agent in relapsing fever in sopthwestern North America, produces
infection and involvement of both peripferahand central nervous system of
mice. In addition, the neurotropism of this species appears to be limited to
certain serotypes. Serotype A notably infects the brain, but serotype B does. In
contrast serotype B infections are /characterized\by a severe polyarticular
arthritis; serotype A produces only mild arthritis\ The only discernable
difference between serotype A and R of B. turicatae js in an outer membrane
protein that is homologous to OspC protein gdorferi. These findings
suggest that disease manifestations of Lyme disease and other borrelial
infections are in part determined by features of an infecting organism.

Altamirano, Manuel

Clinical assistant professor

Univ. of British Columbia

458-2733 Heather St.

Vancouver, British Columbia Canada V5Z 1M9

DNA SEQUENCES OF 16S RNA OF B. burgdorferi ISOLATES FROM
CANADA AND U.S.A.

M. Altamirang, S. Banerjee, M. Banerjee, K. Fernando, M. Dong and G.
McDonald-Jones; Provincial Laboratories, British Columbia Centre for Disease
Control; Vancouver General Hospital; Pathology and Laboratory Medicine,
University of British Columbia. Vancouver, B.C. Canada.

The phylogenetic relationship between some of the Borrelia isolates form
Canada and U.S.A. has been investigated by amplification of a 276 base pairs
segment of the 16S RNA gene. The DNA sequences were compared with
those analyzed for B. burgdorferi B31 and other groups such as B. hermsii, B.
anserina and B. garinii. Primers for the Polymerase Chain Reaction (PCR)
were selected from conserved regions of the gene that codes for the 16S RNA
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in Bortelia strains. DNA extracted from isolates was amplified by PCR in a 50 ul
reaction\ for 35 cycles, using 48° C for annealing temperature. The PCR
products\were purified by HPLC and both strands were sequenced using
fluorescein\labeled primers in cycling reactions in the presence of Thermus
thermophylus,DNA Polymerase. The sequencing reaction were analyzed in the
automatic lasex DNA sequencer. The 16S RNA sequences from the Canadian
isolates were clystered and similar to B. burgdorferi B31 strain. Differences in
sequences were\seen in some isolates previously identified as B. burgdorferi.
The phylogenetic xglationships of those isolates along with further molecular
biology studies shalle discussed.

Miklossy, Judit, MD
University Institute of Pathology, Division of Neuropathology
Lausanne, Switzerland 1005

FURTHER EVIDENCES FOR A SPIROCHETAL ETIOLOGY OF
ALZHEIMER'S DISEASE.

J. Miklossy, University Institute of Pathology, Division of Neuropathology, 1005
Lausanne, Switzerland.

Recently we reported that spirochetes were found by dark field microscopy in
the blood, cerebrospinal fluid and were isolated form the brain tissue of
Alzheimer's disease (AD) cases, including two familial AD cases. Moreover the
spirochetes were cultured from the cortex tissue in three out of four AD cases
investigated. Reference strains of spirochetes showed a positive
immunoreaction with a monoclonal antibody against the B amyloid precursor
protein (APP) of AD, indicating that spirochetes may contain APP or at least an
APP-like (APLP) protein. Using scanning and atomic force microscopy we
observed that the isolated and cultured microorganisms from the AD brain
possess axial filament. Using a monoclonal antibody against Borrelia
burgdorferi we found a positive immunoreaction in senile plaques and in
neurons in the brain of a patient with concurrent AD and Lyme disease.
Individual spirochetes free in the neuropil were also observed.

The 4',6-diamidine-2-phenylindole dihydrochloride (DAPI) Which binds
selectively to DNA is frequently used for the visualization of the bacterial DNA of
Mycoplasma in cell cultures. We expected that DAPI would also bind to the
DNA of spirochetes. If AD is caused by spirochetes, consequently in addition to
resident cell nuclei we would find DNA also in senile plaques, neurofibrillary
tangles and in the neuropil threads. Indeed when stained with DAPI reference
spirochetes may be visualized, but also senile plaques, neurofibrillary tangles
and neuropil threads in AD exhibit fluorescence which can be abolished be
DNAase pretreatment. Further investigations demonstrated some similar
histochemical properties of reference spirochetes and those of the AD type
histological changes. These observations seem to reinforce the hypothesis that
AD may correspond to the tertiary stage of neurospirochetosis.
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Development of Destructive Arthritis in Vaccinated Hamsters
Challenged with Borrelia burgdorferi

LONY C. L. LIM,"* DOUGLAS M. ENGLAND,* BRIAN K. DUCHATEAU,"* NICOLE J. GLOWACKI, '
JENNIFER R, CRESON,"? STEVEN 1, LOVRICIL*" STEVEN M, CALLISTER" DEAN A JONE® axp
HONALD I, SCHELL'
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We present the liest direct evidence tht wdverse elfects, particalarly seveee destructive urtheltis, cua develop
in vaecinated hamsters wher chillenge with Horedlin burydocfeei vensy bate fsalutes. Humsters were vaceinnied
with a whalccell preparation of Formalin-imactivated B, bergdorfeel sensu steicto iselste C-1-11 in miljuvant, A
severe destruclive arthritls wax readily eveked in vaccinated humsters chullenged with the homologous 1,
burgdorferl sensu steicto isolate C-1-11 befure high levels of protective buerelincidal sntiliody developed. Once
High levels of C-l-0 1 horreliacidal untiody develupied, lumsiers weee protected from homabigous challenge
and development of artheitis, Yaccinuted hamsters, lmmever, still developed severe destructive nrﬁldllls when
challenged with other lsolates of Ihe three yenomic groups of i, burgdocferi sensu late (4, burpdocferi sensu
steictn Isolute 297, Horrclin garinii isolate LA, und Harrella afelii isulute BV1) desplee high levels of C~l-_ll
specific buerclineldal antibody, Viccines thet contained whole spirochetes In adjuvant Induced destructive
artheitls, but this elfect was not dependent on the isolate of §. burgdorferi sensu It or the type of sdjuvant,
These studies demonsirate that cuwtion Is necessary when emplaying whole spiruchetes In adjuvant for
vaccination to prevend Lyme burretioxls, Additional studies nre needed to identify the antigen(s) responsible for
the Induction and activatinn of arthritls and t deflne the Immune mechunisms Invilved,

Lyme barreliosis is caused hy the spirochele Bonuvlia by
docfed sensu Juta (3, 5. 19) and is crunsmitted primurily o
bumsan hasis by fvades ticks (6, 49, 50). Its most characteristie
chaical featare is an expanding skin fesion, ceytheny migu!ns.
vel patients with the illness nuy present with arthritic, carding,
or neurologicn] symptoms without a skin lesion (46, 47, 53).
The signs and symptoms of the discuse change fregquently and
are ofien intermittent, I the infection Is telt untreated, ehronic
arthritis: may develop in weeks or months. Today, Lynwe
horreliosis has become the most frequently reparied ticke
asociated dllness in the United Stites (8) sivee it was tirst
consistently reporied in the FI%0s (48, S1, 52), o

The high level of interest in Lyme borretiosis has fucilitaed
it workdwide clfort 1o develop un ellective vaccine against A,
hepetoferi seasu lato, The feasibility of vaccination has been
demanstrited in dogs (9, 26), gerbils (A1), hamsiers (17, I8,
), und mice (12, 13, 43, 44, 34, 55). Viuble (21, 23, 30, 32, 36,
39, 40) und nonviable (9, 17, I8, 20, 22, 26) Lyme horreliosis
spirochetes and several of thele outer surfice proteins, includ-
ing OspA (12,13, 34, 38, 37, 38, 43, 44, 54, 55), OxpB (14, M,
15, S3), OspC (A3, und the 29-KDu protein (41), have been
shown to induce protective untibodies cupable of killing I.m-
Fates of B, fvungeovfer sensu bt in vitro or ptcwnlinf inlection
in unimils, Other spirachetul companems may alsa be in
vulved, Recently, o whole-cell vaceine for dogs has becoas:
avitilable commercintly (%, 18, 26), and licld trinls involving

hamans with OspA, us 1 vaccine are heing cnmluclc'd. Al
though vaccinution studies ure progressing, theee are fnvpors

i Cueresponding snthor. Mailing sddress: Wisconsin State L\hm!-
tory of Hygiene, 445 Ileney Mall, Madison, W1 53010 Phone: ((48)
2023004, Fax: (804) 268.0451,

tant concerns ubout the hcmmgcnicily {4. 15, 24, 31, 56-54)
amd immunogenicity (10, 54) of ponvisble whole spiruchetes
st subunit components. In addition, the possibility of adverse
elfects developlag lrom vaccination with or without adjuvants
must be considered,

In this study, we present the fiest direct evidence that un
wdverse effeer, especially severe destructive urthritis, enn de-
velop sfter vaccinution against the Lyme borreliosis spirachete.
We describe the development of severe destructive arthritis in

ture i petent b s vaccinated with o whaole.
cell prepanttion of Formalindinactivited B bueudofert sensa
lates in udjuvasmt afier challenge with iolutes of the three
genanic groups of B begwloden sensu lito,

MATERIALS AND METHODS

Hamsters, Six- to 8aweck-old inbred LSH/Ss WSLH hum-
sters were obtuined from our breeding colony Jocited al the
Wiscinsin State Luboratory of Hygiene, Hamsters weighing 60
10 120 g were housed three per cage ot un anshient temperure
of 21°C. Food aind water were avinilable ud libltun,

Organisms. Low-passage (< 1) virulent iselutes of the three
penomic groups (28, 29) of B bougdofen sensu lato (n.
Taigrdescfens senxu strietw isolates C-1+11 and 297, Boavlia guniii
isvlate LV4, und Borrelio afeelil isolute BV1) und Bomelin
Dermiit were culured once in modified Barbour-Stoenner-
Kelly (HBSK) medium (7) st 32°C 10 4 concentration of § X 107
spinwl pere ol Five-hundeed-avicraliter sumples were then
dispensed into LS-ml serew.cap lubes (Surstedt, Newton,
N.C.) comtaining S0 gl of BSK supplemented with %
ghyeerol (Sigma, St Louls, Mu.), sealed, und stored in liguld
nitrogen, When led, u frozen jon of spiroch

wits thawed, and #n sliguot was vsed 10 inoculate fresh BSK,

28
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The culture wits incubated wt 32°C for 72 h and dituled willy
fresh BSK to yickl § X 1" spirochetes per ml, Spirachetes
were enumerited by dark-licld microscopy and with o Petrof-
Huuser ting chamber. Isolites were obtained from S, M,
Cullister, R. C. Johason, und G. Stanck.

'repuention of vuccines, B hungdorfer sensu stricto isolites
Col-11 und 297 were grown in 4 liters of BSK 10 § x 1
plroche er ml. Spirachetes were harvested by centrifuga-
tion (10U X g, “C. 0 mia) aner three wishes with
phisphite-buflfered saline (PBS, pld 7.4), The pellel was

suspeided in 1% Formalin and incubated a1 32°C for M) min,
The Forasalin-inactivited spimchetes wene then washed three
times by centrifugution and suspended in PBS. Five-bundred-

micediter samples containing § x 1 spirchetes were dis-
pensed into LS-ml serewecap tubes (Sarstedt) sd stored a1
= UPC, Solwequently, frozen samples of Formalin-nactiviited
11, Doreglefer Col-1 1t 297 were thawed ind suspented in 10
mb ol aluminum kydroxide gel (HPA-3; Rebeis, Inc., Berkeley
Fleights, N.L), aluminum hydroxide (lemject alum; Pierce,
Rackford, 1L), Freund's incomplele adjuvial (Sigma), or IS,

Vuceinution of hamsters, Hansters were mildly anesihetized
with cther comtained in # pose-and-nwouth cup undd vaccimated
iuuumum‘ulmlr in cich hind log with u single dose contiining
0.2 mi of 10% Formalin-inactivited organisms of 4, Doigdenfen
sensu siricla isolate C-1-11 vr 297 in wirlous adjuvants. The
protein concentrition was S0 1o 100 ug per inoculum {Ho-Rid
Labswatories, Hercules, Calif.), Controls consisted of pomvae.
cinated hamsiers und bamsters inoculuted with 0.2 mi of the
udjuvants alone or Formalin-inuctivated 8 buigdorfers yensu
stricto Bolate C-1-1) or 297 in PBS. Simitur or higher coneen-
trations of spirocheles bave been used 1o viccinate bamsters
(20, 22).

Hamster sern. Sera were shtsined from humsters vaceinited
with Formalin-inuctivited #), binelorfert sensu stricto isolite
C-1-11 or 297 with and withoul ndjuvint a1 various intervals
ulter vaccination. Concomitantly, seri were obtuined from
noninfected normal hamsters, Hamsters were anesthelized
with cther and bled by intrucardiae puncture, The blood was
allowed o elot, und serum wus separated by centrifugation at
S0 x g, pooled, divided inta 1-ml aliquats, dispensed into
1.5-ml screw-cup tubes (Surstedt), and frozen at =20°C until
usedl.

Borecliacidal assay. A previausly deserined procedure (M1)
wits miodificd und used 1o determing barrelincidal sctivily, Seru
from vaeei nvacciniled h were heaut inpe.
tivited it 56°C for 3 min, diluted 1:10 with fresh BSK, and
lifter steritized through o 0.22-um-pore-size Mter apparmus
(Acrudise; Gelman Sciences, Ann Arbor, Mich.). Frozen sus-
pensions of A, burgdoefen’ sensu stricta isofates C-1-11 st 297,
8. parinii isolate LV4, 4. wfeclii isolate BVI, and B. hvansii in
BSK were thuwed, inaeutited into fresh BSK, und incubated nt
32C for 72 h. Spirocheies were e ) by durkoficld
mictuscopy and with o Petroff-Huuser counting chamber, and
the suspensions were adjusted 1w contain 10° spirochetes per
ml with BSK. Onc-hundred-microliter samples of 1he spira-
chetl suspensions were #dded o round-buttomed wells of »
Wiewell miceatiter plute (GIBCO Laboratories, Grand Islind,
N.Y.). Subsequently, 100 ul of sera or twofold dilutions of ser
from vaceinited and monvaccinated humsters snd 20 wloof
sterile guinca pig complement (hemolytic tier, 200 C1ISD uaits
per mi; Sigma) were added 1o cach well of the microtiter plive,
The plate wis shaken gently und incutiied at 32°C for 16 I, ANl
ussys were performed in duplicate.

Flaw cytometry dala ncquisitlon and analysis, After incuby.
tion of ussay samples, 100 ! was removed and diluted 1:5 with
PBS (pll 7.4), und 50 ! of acridine orunge (5.4 nM; Sigma)

ted und n
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was added (27). Contrals included sumples cunl:lnin’ Ol
serum with viuble or heat-killed ($6°C for 30 min) spirochetes
in BSK und complement, The sumples were then unalyzed with
u FACScan flow cytamerer (Decton Dickinson Immunacyions.
ety Systems, Mountain View, Culif.) with FACScan LYSIS 11
suftwiire for data ucquisitien. Initinlly, vishle snd heatkillcd
spirochetes were detected und differentiated feom BSK, scrum,
and complement particles by using forward scatter, side seit.
ter, and wcridine orange fluoreseence. Live giting was pers
formed only an profiles of spirocheies during data acquisition
1o exclude all BSK, scrum, and complment patticles, Data
were scguired for | min, Assiy simples were then unalyaed Iy
Iistegrnm protiles of ncridine nrange flunrescence with FAC
Sean LYSIS IFsofiware, Gutes were established foe viehle nixl
heat-killed spirnchetes hised o their incorportion of seridine
arange. Thive purimeters were evalured: evwenls pee mingte
(narenber ol Inbeled spirocheres), peecent shift in Nuoresoence
(rumber uf deid spirneheres), nod mean chansel Nooreseenee
(intensity of funrescently labeled spinsclictes), Boreeliscidid
activity was determined by i decreise in eveats per mimite piwl
inereases in peecent shifl in fluorescence and mesn chanael
fluorescence comparcd with values obtainesd with normil se-
rum. Spircheles were sorted based oa the ow cylometric
parameters. Sarled spirochetes were incubated in fresh BSK
medivm ind monitared for growth for § weeks, No growih of
spirnchetes was detected (27), The horreliseidal fiter wis the
lighest difution of immune seram it killed spirocheres
comgered with normal serum.

Infectiva of humsiers. Vaccinated hamsiers were mildly
unesthetized with ether und challenged subeatineously in voch
Bind pave with 0.2 ml of BSK comainiag 10* viable organismis
of 3. bugelorfert sensu stricto isolute C-1-11 or 297, 4, Lunnii
Isolute LVA, B, afeclii isolite BV, ue 8, beonsii, Conteols
included noavaccinuted h 15 und h s inated
with various udjuvants wlone ae Formalin-innctivated piro-
chetes in PUS and chalicnged with 10" viable spirocheles or
BSK. We buve infected himsters with 10° to 10° 8, banloers
organisms und recowered spirocheies from bladders, spleens,
kidneys, and beunts culiured in BSX medium. Recovery rutes
varied {=64%) for challenge inoculs of berween 107 wnd 10
spiruchetes. When hamsters are challenged with 1 spira-
chetes, the measurenient of arthritis by plethysmogriph is leas
varkable and spirochicies are reeovered from all tssues.

Assessment of urthritis, Swelliog of the hind paws of ham-
sters chalienged with Bsolates of 8. bgdocfen’ sensu lnto s 12,
Niermsii was used 10 evalunte the inllammatory response, The
Iind paws were measured every ather day for 21 days with o
plethysmograph (Buxeo Electronies, Sharon, Conn.). Measire.
ments were ubluined by mikdly ancsthetizing hamsters with
ether, carelully dipping o hind paw inta 1 column of mercury

p tr the unkle, wmd akusuring the mmount of mercury
dixplaced (in milifieers), The mean plethysmogriph vithae for
three hamsters (six bisd paws) per group wis wsed s i index
of severity of swelling from vrihritis. Mercury displucement
was stundardized with a volume cilibrutor.

Recovery of splrocheles fram tissues, Twenty-one days ufter
chullenge, hamsiers were killed by CO4 inhalation. The urimury
bladder, spleen, teft kidney, and heart were femaved usepli-
cillly, homogenized through o S-mi syringe, iind inoculated ik
Sl of BSK supplemented with eitanpin (100 g Sigmn)
and phosphomycin (100 g/l Sigmu). Cullures were iney.
bated at 32°C und examined weekly for 2 weeks by dark-fieht
mveroseopy for matile spirachetes, 11 spirachetes were nit
detected, (15 ml of the culture was inoculsted into 4 mi of DSK
supplemented with antibiotics and cxamined weekly for an-
other 3 weeks. I no spirochetes were detocted, the culiure was

=
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HORRELIACIDAL

WEERS AFTER VACCINATION
FICGL 1, Development of oerclacitol sntibody titees in hmsicrs
after vinecination with Fiemalindinacimined B, bogedorfert sensu stricio
valite Calat | im PBS {stippled hiirs) o ubgiminum hydraside el (sotia
hars).

considered negative, For reoovery of 8. femisit, D! wis
inoculated intw 5 ml of BSK supplemented with untibiotics,

Preparation of lissues for histalogy, The hind legs of all
viiceinated and nonvaccinaled hamsters were umputined 21
tiiys after challenge ol the midfemur, fixed in 10% neutrl
buffered Formalin, placed in decaleilying solution (Lerner
Laboratories, Pittsburgh, Pa) for 18 b, and stored in 13
Formalin peior 10 processing, The knees und hind piws were
hiseeted longitudinully, embedded in paraltin, cul intn f-pm
sections, placed on ghiss slides, and stained with hematoxylin
and cusin, Hind legs were randomly selected from cach group
ol hamsters for histopathelogical examination.

VACCINATION-INDUCED DESTRUCTIVE LYME ARTHRITIS 2827

Statlstics, The plethysmogruph values obtuined from ham-
ster hind paw measurements were tested by analysls of vari.
ance, The Fisher leust-significant-difference tost (45) was used
1e examine pairs of means when a significont F ratio indicited
reliable mean dilferences. The nipha level was set at (015
belore the experiments were sturted.,

RESULTS

Development of borvellacidal antibody in vaccinsted ham-
sters, Two groups of |5 hamsters cach were vaccinated with a
single dose of @ whole-cell preparation of Formalin-inactivated
. burgrdodfert sensu stricio isolate C-1411 in PBS or an alumi-
num hydroxide gel. Boereliucidul antibody tilers were deter-
mined a1, 3 5,7, and 9 wecks afier viccination by tow
eytometry. One week after vaccinution, low levels of Ieorrelis
acickal antibidy were detected in pooled sera from three
hamsiers vaccinuted with the prepurations of Formalin-inacti-
valed spirocheles (Fig. 1), However, humsters vaccinated with
Foraalindmactivated spirochetes in adjuvint had o 2- 10 16-
fold increuse in borrcliacidal antibody titer 3 weeks or later
ufter vaecination,

Development ol severe destructive arthritls in yaccinated
humsters. Five groups of three hamsters ench were vaccinuted
with Formulininactivated 8. buydorfern sensu stricto isolite
C-1-11 in vluminum hydroxide gel. At 1, 3, 5, 7, and 9 weeks
ufter vaccinution, humsters were challenged subcutancously in
the hind paws with 10" viable orgunisms of B. biugdorfert sensu
stricto isolate C-1-11. Hamsters challenged § weeks or less
ifler vaccination developed severe swelling of the hind paws
(Fig. 2 und 3C). Swelling was detected 5 days after challenge
and increused rupidly, with peak swelling occurring on days 14
W 16 uflter challenge befure gradually decreasing. Spirochetes
were also recovered from the urinary bladder, spleen, kidney,
and heart of these hamsters after cultivation in BSK for 10 days
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DAYS AFTER CHALLENGE

FIGL 2 Duevelopment of Bisd paw swelling in himsters chablenged with M hurgloefers sonsu stricto dsolite C-3-11 und vaccinated with

Formabin.

visvimated hameices showeil mo mbverse clinial nasnifestitions,

relivibed B huegbofert seasin stomtan isodate C 111 i sluminun hydeosice gel for | {-8-), 1 (~A=). § (~92), 7 (L), el 9 (~A-)
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hamsiers vincinated with abemisum bydanile gl and challenged with

) and

. bumplorferi sersu stiio solate Colad ] {82 0), Nonchallenged
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FIG. 3. Appearuncy (hoft) and histopathok (right) of hind paws. (A} Nomvccinated hamster d‘\_.-ll.-m:\'vd wilh HSK. (1) Nonvaecinated!
hamster challenged with . bugdorfert sensi strieis sstatg C-1-11, (C) FHamstor vaccinated with |-\l(_m.:|»1--n.unv.xl\;|| I, bagslerfoni sevsn Mrico
solate Co1-11 in aleminum hydroxide gol and chulleaged with the xame isolite, Results were deternsined 21 days afige vhul!vngc‘ Arrivws poinl 1
arcis of infiltration of inflammutory oclts inka the syspvium, Destroctin ariheitis was il ohserved in hamsters vachated with i, unglferd sensi
sirlesey imolate 297 in adfuvant und chalionged with M. bwalorfen’ sonse sirkcu dlate 207, In addition, destrsctive urthritls wis evoked when
hamsters voccinated with /7, Frvipelorfert sensu sricto isolite C-1-11 or 297 in hjavintt wuee chalienged with 7, worind isolite 1LVA usd . afreln
swolsie BV, The prosence of high-titer Bolsespecitic borreliacidul antibucly preveated the bsuction of netheitis whea vaccinated I|;_.m\|.-r\ were
challenged with the homolagies ialste, However, anhritis still developed in viccinsted hamwters chalienged with soahomoliogous sobaes of #
bugaderferi sonsu laso,




Voi. /2, 194

TABLE 1. Recovery of 8, bundorferi from tissues®

VACCINATION INDUCED DESTRUCTIVE LYME ARTHRITIS
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nated humsters challenged with noaviable spirochetes failed to

No. of oniemals positive Tor spieocheics i

Jevelop aribritis. In other experiments, arthritis was evoked in
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TALE 2 Recovery of B, dwgelorfer from tissues of hamsteos
vuccinated with dilferent preparutions”

Group and time ol vuccinated b challenged intradermally and intraperite: - - =
‘2:3‘“9‘ “."‘. Urinary : Kidwe teen  Peally. The onset of arthritis was delayed by spproximately 20 No, "";“"l':;:"’:‘:;" < for
Pt Wadder e g days and the swelling of 1he hind paws was less severe after Group and prepa ™

sclnate: chillenge by Ihese routes. wm Sphkon  Kidmey  lleant

v’; “ 3 b h) 3 Changes in movement and behavior of hamsters, Hamsters :

3 3 2 2 2 that had bheen vaccinated 5 weeks or less pccviouslé vln'l:ils ctm;::-:ducu h) 2 3 Al

2 3 2 ) Furmalin-inactivated B. bugedorferi sensu siricto isolate C-1- uccinat )

?’ 0 4 0 ¢ in aluminum hydroxide gel were chalicnged subcutancously in Aluminum hydroide gel 3 3 3 )

] ] ] 2 i $ . Aluminum hydroxide 2 2 A) 3

h o 1he hind paws with 10" viable organisms of B. birgdorferi sensu Frownd's lncompss sdjuwvent 3 3 3 .

O it 2 3 3 3 siclo solate C:1-11. These hamsiers displyed wnususl be- -
s wor patterns and had difficulty moving uboul their cages. n were vaceinated with the isdicuted pecparstion ol Fomiatine
A e ’ : 2 : ";‘l‘\?;"hf::me unusunlly vicious My ] IO%:ys after challeng i J I bunakorfen scasu irl‘vkw bolste C-1-41 and thin alomged §
‘" b Formolin-3 d B wnshfen bekane o) refused 1o cat and drink despite placement of food and wescks later with ihe came imlate, Numvincnaied vmaters were weed us cumirbh

re i J w
(SR INEE e hydnoaide gel und challong 'I.J.S.?.Mdlhu«;nlh:
ination with 4 nsh odate C1-11, Cunirole inctedod moavicinate
i ':a:l A '4’”' | with wily slone. There wore Iheee

haresen in cach group.

(Table 1). By contrast, hamsters chullenged 7 and 9 weeks ofter
vaccination falled 1o develop swelling of the hind puws (Fig. 2),
and their tissucs did not grow spirochetes when cultured in
BSK (Tuble 1), Skight swelling of the hind puws was delccl_cd
when noavaccinuted hamsters und hamsters inoculuted with
adjuvant alone were challenged with B, bunydurferi scnsu
wricto isolate C-1-11 (Fig. 2 and 3B). The swelling, hawever,
wus significontly Jess (P < 0.01) and of shorter duration than
the swelling in hamsters challenged 1, 3, und 5 weeks ufier
wuccination with Formalin-inactivated spirochetes in sdjuvant,
The tissues of these hamsiers ulso grew spiroch when

wirter direetly on the floors of the cages. Simply touching the
ciges caused (he humsters to squenl, Humster movement wis
greatly restricted because they could not move their legs.
Hlumsters mancuvered ahout the cnges extremely slowly on
heir sbdomens, dragging their hind legs. These responses
graduully wancd 20 ufter challenge and corrclated with
the onset and decrease in the swelling of the hind paws. These
clinicul findings miy be the result of severe pain ruther thun
inflammation of the central nervous system, No:musull
chiinges were observed in inated h 5
inaculated with adjuvant alone and then challenged with B,
burgdorferi seasu stricto isolute C-1-11 or with BSK.
Histopathology of hind paws. Twenty-one days afler chyl-
lenge with B. ri sensu stricto isofate C-1-11, an crosive
and destructive urthritis was detected in the hind paws of
hamsi inated § weeks eardier with Formalin-inactivaled

wultered in BSK for 10 days (Table 1), In addition, nonvacci-
pated hamsiers and hamsters vaccinated with BSK failed 10
develop uny swelling of the hind paws (Fig. 1.' nmlI 3A).
Vuccinuted hamsters that were not infected sh [ .
clinicnd manifestations. Likewise, vaccinated and nonvucci-

B, burgdorferi sensu stricto isolate C-1-11 in adjuvant (Fig. 3C).
The synovia of the tibiotarsal and intertursul joints displayed
chroaic hypertrophy and hyperplasia characterized by bridging
of villi mixed with fibrin (pannushike), erosion of the urlicular
eantilage, and focal destruction of underlying bone (Fig. 3C). A
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cellular infiltrate of neutrophils, macrophuges, must culls,
lymphocyles, und plasma cells was ulso prescat in the subsy-
noviul und periarticulur tissues. Chronic arthritis was pro-
nounced and churacterized by fibromyxoid changes with resid-
val granulution tissue und cccasional cartilaginows metaplisia.
In contrust, the hind paws of nonvaccinated humsters chul-
tenged with B, burgdorfen sensu siricto isolate C-1-11 displayed
un acule synovitis (Fig. 3B). A cellular inflammatory infiltrute
was present, but the joint spaces were free of punnus tissue
1 ls und3 lbes Jevelop of b h:dnld dumucl;:
urthritis. (Fig. 3B). Similar histoputhological Andings were also
seen in the hind paws of humsters infected with B. hurgdorfin
sensy stricto isolate C-1-11 after vaccination with Formalin.
Inactivated 8, burgdorferi sensu stricto isolate C-1-11 in PBS or
with adjuvant alone (data not shown), Noavaceinuted hamsters
Inaculated with BSK also failed to develop uny significunt
histological chunges (Fig. 3A),

Effects of various adjuvants on development of severe
destructive arthritis. Thrce groups of three hamsters ench
were chalienged subcutancously in the hind paws with 11
viahle orgunisms of B. humyforfen sensu stricto isolate C-1-11 8
weeks ufter vacel with Formalin-innctivated 1, bogelor
Jeri sense steicto isolate C1«11 in abuminum ydroside gel,
aluminum hydroxide (Imject wlum), or Freund's incomplete
udjuvant. All vaccinnted b s developed severe swelling of
the hind paws § duys after infection (Fig. 4). The swelling
peuked oa duys 14w 16 after chullenge and grdually de-
creased. Spiruchetes were nlso reoovered from their tssues
after cultivation in BSK for 10 duys (Tabke 2). Although

1T, Bvius,

nonvaccinated hansters challenged with 8. buegdorferi seasu
stricto dsolate C-1-11 developed skight sweiling, the severity of
swelling was significantly less (2 < (L01) than thut measured in
vaccinated hamsters und was of shorter duration (Fig. 4).
Noavaccinuted humsters inoculated with BSK failed 1o develop
any swelling of the hind paws, When these experiments were
repeited with Formalinsinactivated or other preparations of
whele 8. bungdorferi sensu lito isolutes in various adjuvanis,
similar results were obtained,

Induction of severe destructive arthritls in vaccinoted ham-
sters challenged with olher Isolates of the three pemomic
groups. Five groups of three hamsters cach were vaccinated
wilh formalin-inactivated 8. burgdorfer sensu stricte isolate
C- 111 or 297 in aluminum hydroxide gel und challenged 7 und
3 weeks later, respectively, with 10" viable organisms of 1,
bungdlorfen' sensu stricto isolite C-1-11 or 297, B. garinii isolate
LVA4, B. afechi solate BV, or I hermsti, Humsters vaccinated
with 8. hwgdueferi sensu striclo isolute C-1-11 or 297 in
udjuvint hud boereliscidal antibody titers of 1:320 and 121,280,
respectively, at the time of challenge (Tuble 3). No swelling of
Ihe hind paws was detected in vaccinated hamstens challenged
with the homologous isolate, nor were spirocheles isolated
from the tisswes of these unimals, When inated hamsters
were challenged with the homologaus isoliate of B. bueyg-
dovferi sensw stricto, B. gadnii, or 8. afeelii, severe swelling of
the hind paws developed and spirochetes were isolated from
the tissues of these hamsters cven though high levels of
Bsolute-specilie borrelingidal antibady were present (Table 3),
Humsters vaccinated with Formalin-inactivated 8. bugeoferi
sensu stricto isolate C-1-11 or 297 in adjuvant failed to develop
uny swelling of the hind paws when challenged with B. bennsii,
although spirochetes were isplated from the blood.

DISCUSSION

This is the first documentation that severe destractive ur
theatis can develop alier viccination ugiinst infection with 4.
Dungdarfors sensu lato, Arthritis was readily evoked in v
mitedd himstees chisllenged with iselates of B bigelorfen scnsn
lito before high levels of protective borrehucidal antitwdy hisl
developed, Once high levels of Bsolate {(viecine)-specilic bors
reliacidal antibecly developed. hamsters were protecied from
homolagous challenge and development of artheits, However,
vaccinated hamsters still developed severe destructive arthritis
when challenged with other isolates of 1he three geasmic
groups of 8, hegedorferd sensu T, Our resuls demonstrate

TABLE Y. tnduction of severe dostrstive an heitis in vacvinated hamsien®
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that vaecinution induces protection against homologous chal-

lenge, but vaccination also primes hamsiers for deve of

VACCINATIONINDUCED DESTRUCTIVE LYME ARTHRITIS m

other vaccinuted unimuls? Vaccinution of dogs (9, 26) aml
I s (17, 18, 20) has been done previously with whole

arthritis, If vaccinuted humsters are challenged with isoliies of
H Pugddecferi sensy luto thit wre resistant 10 the vaccine.
indueed specilic antibody, they will develop severe destructive
arthritis, This i an important Bnding und suggests thut vic-
cines must be compused of several isolates of B, bundorfer!
sensu lato o induce a comprehensive boreeliseidal untibudy
respoase 1o prevent development of artheits.

Adjavients are frequently used in viocines 1o augment im-
mune responses without major side elfects (2). We showed that
vicclnution with F lin-inactivated spirochetes in the uh-
sence of sdjuvant induced only a weank borreliacidal antibady
respoase, Borreluchlal antibody sccurmtely reflects the level of
predective antibody (40). When Formalin-inoctivated spiros
thetes were incorporated in adjuvint, high levels of borrelis
ucidal untibady developed 7 weeks or mwre afler vaccination.
Ve J humsters were protected from homelogous chals
fenge. Surprisingly, humsters vaccinited with spirocheles in
adjuvant cloped severe destructive arthritis when chal-
lenged with the bomologous isolate before high levels of
borecliacidal antibody were detected. Furihermore, viccinited
hamsiers developed severe destructive arthritis when chal
lenged with ather isolates of the three genomic groups of B,
Dungelodfers sensy ko, even when high kevels of isoliate-specilic
borreliacidal antibody were present, Our results nlso showed
that development of aethritis wis ciaused by the spirocheies and
not by the adjuvants. These Aindings suggest that viceines
prepared from whole spirochetes should be tested for their
ubility 1o indoce archeitis or other clinical manifestations of
Lyme borreliosis hy chillengin inatcd animals with mul-
tiple isolutes of M. buawlorfer sease lato before and after the
establishment of high levels of peotective borrelineidal anti-
by,

Our resulis suggest thut alicrantive approaches. besides
whole spirochetes, aced to be considered for the developawent
of Lyme beoerchosis vaccines, One approach would be 1o use
selecied proteing or other sntigens of B, hgdorfen sensu Fato
that are known o induce protective borrelincidal antibody,
Several i bungdocferi sensu lino proteins, including OspA (12,
10, 43, 44, 84, 55). Ospl (14, M, 15, 55), OspC (33), undl the
MekDa K«uclu (410) hive been shown to induce killing nmi-
bonly. Altlsgh OspA is currently the Jeading viceine cindi-
diste, it hus considerable immunnlogic (4, 15, 38) and molecu-
Jar (24, M. 39) heterngeneity, This may require several OspA
proteing for development of a comprehensive vicaine. We
have shown thidt isolates of B bregvlonfer sensa Tato can he
separitesd inlo il least live distinet seroprotective groops (28,
29). This suggests that combinistions of 15, e fin sensu lato
profective proteins may be regquired o pasvide @ comprehen-
sive vireeine for humans iod other animals. The ability of these
proteing alone or in combination 1 induce or elicil whvense
climical numifestations i unksown and st be evaluted
before their inclusion in a vaccine, Likewise, 1he immunoge-
nicity of these purilicd proteins mist be determined. An
wdjuvint ey be required for the induction of an abeguinte
protective ity response and anty eohance the poteminl
Tor udverse eflects, Anether approach for viccinition woukl e
W v whede spicochetes s elininte or remove the i
penis) responsable for the induction of artheitis oc other
ressibile atoresctive pathologic responses (1, 16, 23, 42),
Albawih Whis approach is ot populiar, it should be evaluated
becawse of the imntunogenie and molecilar heterogencity of
vircvine protcin candidates andk the pamber ofantigens that can
inddice Irelingidal ativity.

Why hus severe destrictive artliritis not been dacunented in

spirochetes in udjuvant. One explunation is thal viccinuied
animuls dre commonly chutlenged with the homologous infee-
tous & burgelonferd sense luto isolute during periods when
levels of borrelivcidal antihody are high, Generally, several
weeks clupse between vaccination end challenge, wllowi:
suflicient time for development of specific borreliacidal anti-
biwdy. In this study, the protective antibody response 10 vacci-
nation with B, hwvgidodferi sensu striclo solate C1-11 devel-
oped slowly. 1t 1ook 7 weeks for the development of sufficient ly
high kevels of borrelincidal untibody 1o prevent infection und
the development of arthritis, By contrust, hamsters vaccinuted
with i bogvlorferi sensu stricto isolate 297 developed high
levels of borreliacidul antibody us curly us 1 week afier
vaccination and were protecied from bomologoss chiallenge
and development of arthritis, Another explanation is thut
nvestigators fuiled W challenge vaccinated animals with iso-
Ttes of B brgdocfer sense lito helonging to distinet seropro-
tective groups, Lovrich et ul, (28, 29) identified five seropro.
tective grovps among North American and Eu n isolates
of B hanglorfert scasu stticto, B, ganinii, und A, afeolii by using
1he horrelineidul pssiy. We showed that hamsters vicelnated
with Formalin-inactivated B, huagorferi sensu striclo solates
Calel) and 297 developed severe destructive arthritis when
challenged with distinel seroprotective group isolates in the
presence o sbsence of homologous borreliacidal antibody, A
third expluanation may e thut the route of challenge influenced
the development of arthritis, We have ulso evoked arthritis in
viceinated humsters chalienged intradernvilly und intraperito-
neally. However, the onset of urthritis wis delayed by upprox-
imotely X0 duys und the swelling of the hind paws was less
severe in these animils. The late development of arthritis miy
a0t have been observed by other investigaters. A fourth
explanation is thut the humsicr is unique. 1T TS may
process whole spirochetes in odjuvant differently than other
animals. It is impoddunt to note thit serious udverse reactions
in dogs 10 a commerciufly available whole-cell viceine contain-
ing an sdjuvart huve nol been reported to date (9, 26),
Likewise, other animals have not developed arthritis despite
viceinntion with whole spirochetes in udjuvant (17, 18, 20).
Even il sther animal Iels do et develop arthritis after
vieeinution, the b s propensity for development of ar
thritis may lead 10 o better understanding of the immune
mechunisins responsible for the induction and developaient of
urthritis. :

Our results uhsa suggest thit humorilly medinted responses
wre nob responsibie for the development ol severe destractive
wrthritis in hamsters, Arthritis was evoked in the presence and
absence of borrelincidal antibody and of antibody wsed for the
seroeliigaosis of Lyme disease, Passive transfer of serom from
hamsters vaevimated with Formalin-nactivied I bagedofend
sensu stricto isolite Co 0 1Edid not indace arthritis when niive
syngenic recipicnt amsters were chiallenged with the homaol-
ngonus isolate or ather isodites of 2. Bondorfen sensa Bito, even
alter dadly sdministration of serum for 7 diys (dita ot shown),
Likewise, Fikeig ¢v ol (1) showed that ictive immunization
wilh OspA did not enliance arthritis but hasteacd s resolus
tion. These results and thise obiained by histopathalogy
suggest thit cell-mediated s are imvolved. Addiconal
stulies are needed 1o determine whether severe destructive
nrthritis can he passively transferred with eells or ubrogated in
vaccinated bamsiens by treatment with specilic T-lymphocyte
reagents.

In summary, severe destroctive arthritis developed in vaceis
nated hamsiers, Although vieeinsted hamsters failed 10 de-
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velop arthritis when challenged with the homologous isolate
during periods when the levels of isolate-specific borreliacidal
antibady were high, they developed severe destructive arthritis
when chullenged before borreliacidal antibody developed or
when challenged with different isolates of B, burgdorfen sensu
lato. The induction and development of arthritis wus ot
dependent on the isolate of 8. bu feri sensu lato or the ype
of adjuvant used, Additional studies are needed to define the
unbﬁn(s) responsible for the induction of arthritis und the
mechanism(s) involved, These investigations are needed 1o
understand the immunc mechanisms re ible for orthritis and
m’:c development of u sufe vaccine for prevention of Lyme
s,

AUKNOWLEDGMENTS

We thurk Danicl F. Ernst for his dedscutiom umd ¢Foet in developing
the haenster breeding coliny ot the Wisconsin Stato Lataratary of
Hygiene, Mudison,

This work was riod by funds from Public Henlth Service grants
Al:221%9 and AL-30T36 from the National Instituse of Allcnzy amd
Infectious Discases,

REFERENCES

I. Aberer, E., C. Brunner, G. Suchanck, H. Klude, A, Burbour, G,
Stanek, and H. Lassmann, 1989, Molccular mimicry and Lyme
baoercliosis: shared antigenic determinant betwoen Hovreda -
Wovferi and human tissue, Ann, Neurol, 26732-737,

Ada, G. L. 1989. Viccines, p. 988-1002. /n W, E. Paul (ed.)
Fundamentsl immunology. Raven Press, New York,

Barbour, A, G, W, Burgdarfer, E, Grunwaldt, and A, C. Stecre.
1943, Antihedios of patienis with Lyme discase to components of
the fudes dammini spirochete. J, Clim, Invest, 72:504-515.
Barbour, A. G, R. A, Helland, and T. R, Howe, 1985, Heteroge.

b I

-

Imer, I,

15. Fikeig, E, 8. W, Barihold, D, I, Persing, X. Sun, F. §, Kantor, and
R, A. Flavell, 1992, Borrelia bugdorfen strain 25015 chasactoriza-
tion of outer surface protein A nnd vaccinstion agaiast infection.
. Immuncl. 148:2286-2260,

16. Garcla-Monco, J, C, J. L. Coleman, ond ). L. Bensch, VS8,

Antibodies 1o myclia basic proteln ia Lyme discase patients. J, %

Infect, Dis, 158:667-648,

17. Hupes, C. A N, 8, M. Eagstrom, L. A. Celeman, C. 8. Kodaer,
ond R, (;.“ Juhnsoa, 1593, Prolective immunity is indwecd by o
Borrelia malomt that lacks A i OspB. Infect,
Immun, 61:5515-5122. o

18. Jobe, D, A, 5. M., Callister, L. C. L. Lim, 8, 1), Lovrich, and I F,
Schell. 1994, Ability of a canine Lyme discase vaceine to peotect
hamsicrs tguiml infoction with several isclates of Sorreliz hun
dorfeni. J, Clin, Microdiol. 32:018-622.

1%, Johnson, R. C., F. W, 1yde, G. P, Schmid, und . ). Neenacr, 1484,
Parvliv begeloefert xp, niw.: ctivlagic ogent of Lyme discase, I, J,
Syst. Bacteriol. Mid96-497,

20, Jubmson, R. C, C. Kodner, and M. Russell, 1985, Active immupi-
2otk of | s against cxperi o & ion with Revrelis
bowglasfers, Infect. Immun. SENIT-398,

21, Muu. R, C,, C. Kndner, and M. Russell, 1985 Proxive immu-

izatinn of humsicrs ugainst experi | infection wish the Lyme
discase spirocheie, Infoct, Immun, SX710-714,

22, Johmsun, R. C,, C, L. Kedner, nnd AL E. Russell, 1984 Viccing-
tiva of hamsiers wn‘m« vxperimental infection with Boerclie
?Wﬂ‘ Zentrainl, Bakieriol Microbiol Hyg. Ser, A 263:45-

21, Johnson, R. C., C. Koduer, M, Russell, and 1% I Durny. 1488
Experi | infection of the & with Bevrelia hurgelorfent,
Ana N, Y. Acnd. Sci. §39:258-283,

24, Jomsson, M., L. Neppa, A. G. Narhour, and S, Nergstrom. 1992,
H pencity of outer by i in Bamoba bupdor
Jori:

tison of osp vperons of three Isolutes of differont
geogr
25, Kazmierczaly J. J., and F, A, Soehage, 1990, Current undersiand.

nelty of major proteins of Lyme disease borrelive: o i
nnalysis of North Americon and European lsobites, J. Infect, Dis.
152:474-404,

. Weanch, ). L, E. M, Bosler, J. P. Hoaruhan, J. L. Colemun, G, 8.
Hubich, T, F, Blast, D, J. Cameron, J. L. Ziegler, A. G. Barhour,
W. Burgdorfer, R. Edelman, and R, A. Kaslow, 1U83. Spirochetes
soluted from the blood of wa paticnts with Lyme discase, N.
Engl. 1. Med, Mi8:740-742.

. Burpderfer, W., A. G. Barbour, 5. F, Hayes, ). L. Menach, E.

Gruswaldt, and J. P, Davies, 1982, Lyme discasc—i tick-baene

spirechelasis? Science 216:1317-1319.

Culisier, 8, M,, K, L. Case, W. A. Agger, R, F. Schell, R. C.

Juhasen, aod J. L. E. Ellingson. 1990, Effects of bonine sersm

ulbemin oa ihe ability of Barbour-Stocnnee-Kelly medium ta

erect Bovrolin bumglovferd, ). Clin, Microbiol, 28:303-365,

Centers fur Disease Contral, 1993, Lyme discuse—United States,

1991- 1992, Mawkicd, Mortal. Weekly Rep. 42:M45-348,

Cha, 113, 1L G, Chave, Jro, 1 M. Blumer, R. W. Schring, T, 1.

Wasancn, and W. M, Acree, 192, Immunogenicity ind eflicocy

susly of & commerciol Mambie bumvorferi binderin. 3, Am, Vel

Muil. Assc, 208400411,

Erdide, Lo Foy M. A, Benndi, 1, 5 Warakomski, G. 1 Westrek, 8,

Suelene, A G, Burbour, und J. P, Muys, 1995 Role of ittached

Bipid in immuenogenivity of Buoelin fealorferd OspA. Infeqr,

Tmman, 61:X1-90

Fikrig, K., S, W. Barthold, and B A, Flavell, 1903, OspA viccina.

Vi oof mice with established Momolls Migpdevfirs infectnm adters

thacane het nod infoction. lnfecl. o, 61:2553-2557,

12, Fikrig, B S, W, Barthold), F. S, Kantor, and K. A. Flavell, 19090,
Proteetion of mice againsl the Lyme dJiscase agent by insminizi-
i with recombinint Osp. Scicnee 28%553.585.

13 Fikrig, ., 8. W, Barthold, F, 5. Kantor, and R, A, Fluvell, 1992,
Losg-term protection of mice from Lyme dewase by viccination
with OspA. Infect. Immun, 66:773-777,

14, Fikrig, E., 5. W. Barthold, N. Marcantenin, K. Deponte, F, S
Kantor, snd K. A Flavel, 1992, Rokes of OspA, Ospls, and
Mugellia fa pe e ity 10 Lyme borreliosts in Laby ¥

-

-

=

=

origins. Infect, Immun. 60:1845-1853,
ing of Boerclia buepvdorferd Infection, with emphasis ve its preven.
thon in dogs. J. Am. Vet Medl, Aswoc, 203:1824-1528
26, Lavy, S, A, B, A, Lissman, and C, M. Ficke, 199). Perfornmne of
 Boorelia heycdovfery in in Borrcliveds-endemic ureis, J, Am,
Vet Med, Assoc. 202:1834-1H38.
27 Lim, L. C, L., Y. F. Lig, K. Schell, S. 1. Lavrich, S, M. Callister,
und R, F. Schell. 199, Detection of borrelincklal antibody by
using wcridine orange and Baw cytomeiry, Clin. Disgn. Lab.
Imeunol, 1:44-50.
", Lovrich, S, D, 8. M. Callister, L. C. L. Liss, B, K, DuChateou, and
R. ¥, Schall, Seroprotective groups of Lyme horrelionks spicochetes
from North America uml Ewrope. 1. Iafecl, Dis, in pres,
249, Lawrich, 8. 1), 8. M. Callister, L. C, L. Lim, and R. F, Schell. 1993,
Scropeetective groups amaong Revrein bungforfiri, Infect. Immun,
6143074374,
M, Fanrich, 8. 1D, 8. M. CaMister, J, 1. Schmitz, 1. F. Abder, amd R. F,
Nebell, 191 Boeneliacidal netivity of sern from hamsten infocied
with the Lyme discane spirochcie. Infocr, losmun, S9:2522-2828,
30 Murconi, K1, M. E, Keukel, and C. ¥, Guron, 13, Yariahility
o e pones il gene protets amag species of Lyme discase
spieheies, Infect. Immum, 60:2000-20617,
A2 Wavia, 8., V. Kissel, 8, Bierkee, B, Cabicllo, nanl 8, Levine. 191
Antiboerclial activity of serim froem rals injecied with 1he Lyme
diseive spirachete, J. Infect, Dis 1hYAS6-459,
M Prenc-Mursic, V., B, Wilike, E, Putsswriz, §. Jaurds, G, Wi, £
Suelschek, 8. Rolnhordt, G, Lehnert, V. Klotkmann, aml P,
Mehenein, 1902, Active inmunizition wish pC protein of Bl
Buenrfert protects porbils against Mol brloefini infevtion,
Infection 20:342-14
M. Sadakene, A, P A Thomsin, nad A, G, Barboar, 19, In viteo
imhibition of Rovrelin bunglifori growth by satibodices, J, Inkel,
Dis. 162:165-172,

. Sumbed, V., S, Armati, ond R, Cevenind, 19935, Anioasd und humin
ntibodies reagtive with ihe omtee suifiee protein A and 1Y of
Horrelie hugslerfert e borrebiscidal, in vitny, in Ihe prownee of

e

@

mive, Infect, Imeun. 60:657-601,

P FEMS | 0, Med, Microbiol, T:67-71
26 Schaible, U, E., L. Gern, R. Wallich, M, 1), Kramer, M. Prester,




(|

Vin, 62, 194

wintl A, AL, S, 19920, Distinct patterns of protective antibodics
are gencrated agiiast Homshn boulivfon in mice esperineatally
inoculated with Wegh and low doses of antigen, Inmuaol, Lo,
M:219-224,

A7, Schaive, U, = AL D, Krumer, Ko Elchmnna, M, Modeld!, C,

M,

A

Al

4

g

4

-

44,

a8,

dh.

47,

45,

Muscignnn, snd M. AL Shawn, 199, Mosockoal antitodics
speviliv Tor the vuter sueface protein A (Osp A) of Horelin
Pvarglenfers prevemt Lyme horrelisis in sowsre combined i .
debciemy {wid) mive. Proc, Nodl Acid. Sci USA KT:NI08-N772,

L Schible, U, B, G Wallich, M. D, Keamer, Lo Gern, Jo F.

Anddersan, C. Muscieana, and AL M, Simoa, 1993, Iamene seri o
Thividual Momlie dvabufon isolaies o reconsbinamt OspA
therend protect SCTD mice sgadnst dnfection with hontoligoss
stritiis bt only paciiadly v noe o8l sgainst thise of differen
OspAXsplt gemniype, Vaecne I 1089< 1084,

Nehimbte, L b Ko FoSchell, AL G, gk, sud 1. AL Engliond, 194,
Hassive i Fetiom prevests induction of Lynwe actheitis in 1SH
Barsters, Infect, Dimanin, S Ed4- 148

Schimlte, 5. L, R F, Nehedt, 8, D, Lavrieh, S, AL Collister, and J. 1.
Coe, 1991, Chise Feation 0 the protestive sntitisly resposse 1o
Thowrehin in csperimentally infoced LS11 hamsters,
Infect, inmun, $9:1916-1921

Scrita, M., J. 5. Ehrahim, T, Schiett, and 1§, Eilfery, 199, The
AKikndateon proteln of Bomefin bvgerferi: n lorged for hucleris
citkal B monechonal antibodics, Infect, Tmmun, 61:4520-4524,
Sigal, L 1, 1993 € ivity | Horo buowlorferi
Maagellin and n human swonal 62K nudeculir weight protein, 3,
Infest, Dis, 16T INT2=10TK,

Steaon, M. M., U 1 Schailibe, B, Wullich, nnd M. 1) Kramer,
1991, A paouse maded Foe ol wpslofert Infection; appevach
1o viceine ngalnse Lywse diacaxe. Immusol, Toduy 12:01=16.
Sionun, M. M., U, E. Schalble, R. Wallich, und M. D, Krumer.
191, Recombinum outer surface protein A from fomeiia

Seri induces uatiadios pritective againdt spirachetal infection ia
mice. ). Infect, Dis, 164023132,

S

A

L) 8

VACCINATION-INDUCED DUSTRUCTIVE LYME ARTHRITIS ELAR]

clinical und & penctic diMl fativa from th W oare
thritis, A Tvern. Med, SG:896-201,

Steere, A, C R, L. Grodelekl, A, N, Kueablatl, J. E, Crali, A, G.
Marbowe, W, Bunidarfee, G, P, Schmid, E. Juhnsen, und 8, E.
Malawista, 1953, The splecchetsl etiology of Lymw diserse, N,
gl J. Med, ME:131-740,

Kteere, A, C,and 8, E Mulswlstu, 1979, Cuses of Lymse disease in
the United Stutes: kcatioas corrcluted with distribetion of dwles
dlmpemini. Ann, Inteen, Med, 9170073

. Steere, Ao Co, S K. Maluwlsta, J. A Narding S, Ruddy, I, VY,

und AY. AL Andi 1977, Erythemsa chrosicwm mi
prans sl Lyme antheitic the alarging clinienl xpecirum, Ann.
Twern, Med.

3, Steere, A Co, 8. K Mubawistu, 1) R, Synitmun, K E Shope, W, A

Andiman, ML R, Rosl, unel Fo AL Steele, 1977, Lyme antheltis: an
epidenic of oligaariicutat sobrits in children and sdelis in three
Connccticul communities, Arihitis Rheum, 2m7-17.

Steere, A €, Ko T, Schuen, and K. Tuylue. 1987, The chinical
evvition of Lyme ursheiis, Ana. Iniern. Mo, 107:925-731,
Stever, €, Ko G, 1% Husaul, M. S, Hansen, J. B, Rurldn, 8. R,
Polaszynskl, J, F. Young. S, Keenly, D. I Young, A, Sadeicne, weid
A G, Barbour, 1992, Protective i ity eliched by W
Bacille Calmette-Guerin (BCG) exprensing uier surlace privcin
A (OxpA) Hpopraein: n candidate Lyni diseass vicelne, J. Byp
Madl, 178:197-31,

. Telford, S, K., 111, E. Fikeig, S, W, Barthold, L R, Heunet, A.

Spleimua, and K. A, Flavell, 1%, P e upainst wntig ¥
varkulibe Mesvelie huagdovferi conforred by secnmbinant vaccines, 1.
Lxp. Med. 17H:775-758,

Wilske, W., Y. Frenc-Mursle, S, Juuris, A, llofmunn, |, I'eadel, E.
Sowlschel, E. Schwab, G, Will, und G. Wanner, 1%9), Immuno-
logicrl and molecutar polymorphisas of OspC, an inmunodami.
nast major ovler surfoce peotein of Rovrelle bugelodfen. Infect.
Immua, 61:2182-21491,

Wilske, B, V. Presc-Mursic, G. Schierz, and K, V, Nusch. 1985,
M chomien sew) & Soatcal oanheshi of. B .

Steet, R G D, nad 1, 11 Tueele, 1900, Principles and fures
of stutisthos with xpecial referepces to the blologicl ssiences, p
451 McGraw- 11l Baot Co, New York,

Steere, A, Co 1URY. Lyme discuse, N. Bngl, J, Mcd. 321:586-896
Steere, A. G, N 1L Barteahagen, J. E, Craf, G. J. Ifutchinson,
1. 10, Newsann, 10 W, Raha, L. 11, Sigal, P, N, Spicler, K. 8, Stenn,
and S, £ Matawista, 18N, The chnul ifestutions of

refia strnias, Zeatrallsl, Baktcriol, Perusitenkd. Infck:
tioskr, Hyg. Abt, 1 Orig. Reibe A 26382102,

. Wilske, B, V, Presc-Mursle, G, Schierz, R Kuhbeck, A, Barbour,

and M. Kramer, |988, Antigenic varinhility of Borrelle bungdovfer,
Ann. N, Y. Aced, Sci, 839:126-14),
Zumsteln, G, R. Fuchs, A, Hofmann, V. Preac-Mursic, £ Sout-

Lyme discise, Ana, Istera. Med, 99:76-82.
Sttere, A, C., A, Gibetsky, M, E. Putureoyo, R, J, Winchester, J. A,
Wardin, and 8. E. Molawlstu, 1979, Cheonic Lyme urtheitis:

schok, and B, Wilske, 1992, Genetic polymuephism of the gene
eacoding Ihe culer surface protein A (OspA) of Borrelia llm::nw
ferd, Med. Microbiol, immuncl. 181:57-20,

man Mmm eEm o ofEm AEm

> l

mm M| EE T AE e




VIII ANNUAL SCIENTIFIC CONFERENCE ON LYME BORRELIOSIS

Call For Abstracts

you would like to present data, in poster form, please send your abstracy/s to the LDF by November 30, 1994. Sclected abstracts will

published in the Compendium. Abstracts should be typed within the abstract box outline. No additional pages are allowed. Pleasc
+ capitol letters for the title, underline main author and include the address where research was done & the timeframe. A conference
mmittee member will contact you regarding more information, as needed. Selections will be made by the end of February, 1995.

ategory (check onc):

| Microbiology LYME DISEASE SURVEILLANCE IN ATLANTIC CANADA. H.Artsob, M.
| Pathogenesis Garvie, D. Dick, B. Homey, R. Maloney and H. Whitney. Laboratory Centre for
| Diagnosis Disease Control, Health Canada, Ottawa; Atlantic Veterinary College, Charlottetown;
e —— Department of Forestry and Agriculture, St. John’s. Timeframe: 1989-1994.

o nsst A §tu_dy was Emdertaken to moni-tor for the possible presence of Borrelia
s — burgdorferi in Atlantic Canada. Isolation attempts were undertaken on Ixodes

T scapularis and ]. uriae ticks, a serosurvey initiated on dogs and deer, and diagnostic
u-:p;damf)logy serology performed on humans and dogs that exhibited symptoms possibly consistent
I Other spirochetal, with Lyme disease. Three isolates of B. burgdorferi were obtained - one from an adult
ck-bome diseases Ixodes scapularis taken off a cat in Charlottetown, Prince Edward Island in 1991 and
10ther (list) two from adult I. scapularis taken off dogs in Summerside and Brudenell, Prince
Edward Island in 1994. Serological studies indicated infection with B. burgdorferi in
one dog that had recently travelled outside of Atlantic Canada and three deer from
Anticosti Island, Quebec which is situated in the Gulf of St. Lawrence.

Several human Lyme disease infections were diagnosed. The majority of these
infections were recognized in individuals who had histories of travel to known Lyme
endemic areas. One infection was encountered in a taxidermist in New Brunswick who
had mounted the head of a deer shot in a known Lyme endemic area in New York
state.

Serological studies do not indicate that B. burgdorferi has a widespread
distribution in Atlantic Canada at present. A possible role of birds in the distribution
of I. scapularis in this region will be presented.

Name: Dr. Harvey Artsob phone: (613) 954-0757
Title: A/Chief, Nat'l Lab. for Special Pathogensfax: (613) 954-0207

Affiliation: Lahoratory Centre for Disease Contro, Health Canada
St. Address: virus Bldg. @10, Tunney's Pasture
' Stale _Ontario zip_ K1A OL2

City: Ottawa
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ABSTRACTS OF ORAL PRESENTATIONS

Oliver, Jr., James H., MD

Callaway Professor of Biology and Director, |.A.P.
Georgia Southern University

Georgia Avenue, Landrum Box 8056

Statesboro, GA 30460-8056

UPDATE ON THE ENZOOTIOLOGY OF B, BURGDORFERI IN THE
SOUTHERN U.S.

Dr. James H. Qliver, Jr., Institute of Arthropodology & Parasitology
Georgia Southern University, Statesboro, GA 30460-8056

We have isolated B. Qgrg. dorferi_from cotton mice (Perom

(Peromyscus _gossypinus),
cotton rats (Sigmodon hispidus), woodrats (Neotoma floridana) and the ticks
is and Ixodes dentatus. Locations of isolates extend along the

coast from Cape Canaveral , FL northward to the northern coasts of South
Carolina and inland in central Georgia and southeast Missouri. Prevalence of

n fi in rodents may be quite high in some foci (75%). Currently it is
unclear whether there are several separate parallel enzootic cycles operating
or if there are weblike overlap among them. B, burgdorferi strains are more
genetically heterogenous in the southern U.S. than those reported from the
northern states. Infectivity varies among the isolates and one wonders if there
are resulting differences in clinical symptoms and pathology produced in
humans.

Anderson, John F., Ph.D.

Director, The CT Agricultural Experiment Station
123 Huntington St.

New Haven, CT 06511

ECOLOGY OF LYME DISEASE IN NORTHEASTERN UNITED
STATES

John F. Anderson, Ph.D.; The CT Agricultural Experiment Station,

P.O. Box 1106, New Haven, CT 06511

Some of the highest incidence rates of Lyme disease (>200,000
cases/100,000 population/county) occur in Northeastern United States. The
primary tick vector is Ixodes scapularis which is extremely abundant in many
wooded and suburban areas where white-tailed deer are common. This tick
has been recorded feeding on 120 different species of animals (birds,
mammals, lizards). The causative-agent, Borrelia burgdorferi sensu stricto, has
frequently been recovered from humans, Ixodes scapularis, and white-footed




