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Hats Off to Willy Fundraiser

Write a message to Dr. Willy Burgdortfer in the "Hats Off to Willy"
fundraising booklet, to congratulate him for all his efforts in the fight
against Lyme Disease or write a message expressing your support of
Lyme Disease Education and Research (see conference brochure for
more information).

« All messages must be submitted by April 8

» Camera ready artwork can be included, or we will help with simple designs
» Messages and artwork can be sent to the Lyme Disease Foundation

* All submissions will be reviewed by the LDF

* Proceeds will be used to fund Lyme Disease Fellowships

Yes, | would like to show my support.

Enclosed is $ for a

size message.

Remember to enclose your message.

Scientific Journal

The LDF is producing a high level peer reviewed scientific journal that
provides a forum for new information on tick borne and spirochetal
diseases. This quarterly journal will cover: entomology, microbiology,
veterinary, pharmacology, all aspects of diagnosis & treatment,

research, and the psychological impact of these diseases. Articles:
chosen willalso have the reviewer comments printed. This new journal’

Is now accepting articles for review.

6th ANNUAL LYME DISEASE
SCIENTIFIC CONFERENCE

May 5 & 6, 1993
Bally's Park Place, Atlantic City, New Jersey

Co-Chairs:  Willy Burgdorfer, PhD, MD (hon)
National Institute of Allergy & Infectious Diseases
James Miller, PhD
University of California - School of Medicine
Derrick DeSilva, MD
Raritan Bay Medical Center
Topics to be covered:
» New Research Findings < Diagnosis « Treatment
* Testing Methods « Patient Management  Nursing Issues
» Microbiology « Immune Response » Pathogenesis
« Pathology * Regional Differences * Prevention

» Control Measures « Poster Presentations

Attention Medical Students!!

The Lyme Disease Foundation will offer a special registration fee for
medical students. $100 for students (with a letter from Chairman
certifying status).

Sponsored by: Lyme Disease Foundation, PO Box 403
Tolland, Ct 06084-0403
203-871-2900 Fax 203-870-9789



FACULTY & PRESENTATIONS

Distribution and Molecular Analysis of West Coast Spirochetes
Tom Schwan, PhD NIH - Rocky Mountain Laboratories

New Tarﬁ( Approach to Treatment Using Microbiology Technology:
Susceptibility of Bbto a Novel Antimicrggial Agent Coumermycm
Scott Samuels, PhD NIH - Rocky Mountain Laboratories

Lyme Disease: Implications to the Gastro Intestinal Tract — "~

(pediatrius) & Implications for Future Evaluation
Martin D. Fried, MD Jersey Shore Medical Center

Pediatric Neuroborreliosis
Dorothy Pietrucha, MD  Comell-New York Medical Ctr, Jersey Shore Medical Cir

B Cell Mitogenic Activity of Bb Surface Components
William Whitmire, PhDNiH - Rocky Mountain Laboratories

Evidence for OspA & OspB Recombination: Evading the Immune
System Response and Implications for Testing
Patty Rosa, PhD NIH - Rocky Mountain Laboratories

Extracellular Components of Bb - Possible Role in the
Pathogenesis of Lyme Disease
Claude Garon, PhD NIH - Rocky Mountain Laboratories

Tick borne Diseases of North America
Willy Burgdorfer, PhD NIH - Rocky Mountain Laboratories

Neuroborreliosis and the Potential for Early Involvement
Patricia Coyle, MD State University of New York at Stonybrook

The Immune Response and It's Application Towards Diagnosié
Steven Schutzer, MD University of Medicine & Dentistry New Jersey

Adverse Effects to Whole Cell Vaccination
Borreliacidal Assay: Measuring the Immune Function
Ron Schell, PhD University of Wisconsin School of Medicine

Persistent Infection Despite Extensive Treatment
Kenneth Liegner, MD New York Medical Center

Animal Findings Regarding: In Utero Lyme Borreliosis
Epidemiologic Findings in 3 County Farms
Elizabeth Burgess, DVM, PhD Univ. of Wisconsin, School of Vetennary Medicine

Epidemiology Controversy in the Midwest
Edwin Masters, MD St. Francis Hospital

Epizootiology of Lyme Borreliosis in the South East
James H, Oliver Jr., PhD Georgia Southern University

Sub-unit Vaccine Development - New Discoveries
Serologic Findings in Culture Positive EM Patients
Charles Pavia, MD New York Medical Center

Interactions of Bb with Skin Fibroblasts
Mark Klempner, MD New England Medical Center, Tufts University

Transferrin as an Iron Source for Growth of Bb
Dave Dorward, PhD NIH - Rocky Mountain Laboratories

Eye Findings in Lyme Disease
Robert Lesser, MD Yale University School of Medicine_

NationalInstitutes of Health 1993 Lyme Disease Grants P
Robert Quackenbush, PhD National Institute of Allergy & Infectious Diseases

1993 Consensus Diagnostic Guidelines
Derrick DeSilva, MD Raritan Bay Medical Center

1993 Consensus Treatment Guidelines
Paul Lavoie, MD University of California, SF

Parallels in Murine and Human Borrelia (pathology)
Paul Duray, MD Harvard - Brigham' & Women's Hospital

Doctor - Patient Communication: Improving Dysfunctional Interaction
James Katzel, MD Ukiah Valley Medical Center
Edwin Masters, MD St. Francis Hospital

Treatment and Rehabilitation
Joseph Burrascano, Jr., MD  Southampton Hospital

Symptoms of Long Term Lyme Disease
Irwin Vanderhoof, PhD New York University - Stern School of Business

Pathology Sampling Techniques for Bb Testing on Autopsy
Invitation extended

Public Health Role in Lyme Borreliosis
Julie Rawlings, MPH Texas Department of Health

Suppression of Ixodes Tick Populations in Large Residential
Communities
Terry Schulze, PhD New Jersey Department of Health
Epizootiology of Lyme Borreliosis in the West

Robert Lane, PhD University of California, Berkley

Ophthalmological Findings of Persistent Infection: New Research
Ingeborg Dziedzic, MD Northern Westchester Hospital

The Value of Well Functioning Support Groups
Susan Jacobson, PhD Tolland Center for Family Therapy

Public Forum

James Katzel, MD Ukiah Valley Medical Center

This is only a portion of topics that will be présented.
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FACULTY & PRESENTATIONS
May 5, 1993

AM
7:00 - 9:00

7:45 - 8:00

8:00 - 8:35

8:35 - 8:55

8:55 - 9:15

9:15-9:35

9:35 - 9:50

9:50 - 10:20

10:20 - 10:50

10:50 - 11:20

11:20 - 11:45

Registration, CME Sign-In, & Coffee

WELCOME
Anthony P. DeSpirito, MD, FAAP Jersey Shore Medical Center
Dorothy Pietrucha, MD Conference Co-Chair
Derrick DeSilva, MD Conference Co-Chair
KEYNOTE
Tick-Borne Diseases of North America
Willy Burgdorfer, PhD NIH - Rocky Mountain Laboratories
NEW ANNOUNCEMENTS

Session Chair - Derrick DeSilva, MD

Cospecificity of Ixodes scapularis & Ixodes dammini - Unnaming the "deer” tick
James H. Oliver, Jr., PhD Georgia Southern University

Evaluation of Human Lyme disease Vaccine for Safety and Immunogenicity
John Mays, PhD Connaught Labs

Symptoms based on Physician Speciality & Geographic Distribution: Similar or
Differing Presentations?

Irwin Vanderhoof, PhD NY University - Stern School of Business
Break
Session Co-Chair - Dorothy Pietrucha, MD Co-Chair Charlene DeMarco, MD
- Tr

Paraliels in Murine and Human Borrelia Pathology
Paul Duray, MD Harvard - Brigham & Women 's Hospital

Interactions of Bb with Skin Fibroblasts - Potentials for Persistent Infection
Mark Klempner, MD New England Medical Center, Tufts University

Extracellular Components of Bb - Possible Role in the Pathogenesis of Lyme
Disease - Potential for Autoimmune Damage
Claude Garon, PhD NIH - Rocky Mountain Laboratories

The Immune Response and It's Application Towards Diagnosis
Steven Schutzer, MD University of Medicine & Dentistry New Jersey

11:45-12:30 Lunch




12:30 - 1:00

1:00 - 1:25

1:25 - 1:50

1:50 - 2:15

2:15 - 2:40

2:40 - 3:10

3:10 - 3:30
3:30 - 3:55

3:55 - 4:20

4:20 - 4:45

4:45 - 5:15

5:15

5:30 - 6:00
6:00 - 7:15

7:30 - 9:30

DIAGNOSIS & TREATMENT | (continued)

i
Session Chair - James Katzel, MD

Pedliatric Neuroborreliosis -
Dorothy Pietrucha, MD Jersey Shore Medical Center,

Cornell-NY Medical Center

Lyme Disease: Implications to the Gastrolntestinal Tract (pediatrics) &
Implications for Future Evaluation

Martin D. Fried, MD Jersey Shore Medical Center

Pediatric Cardiac Involvement With Lyme Disease
Mitchel Alpert, MD Jersey Shore Medical Center

Adult Specialities
Session Chair - Edwin Masters, MD

Evidence For Rapid Nervous System Invasion by Borrelia burgdorferi
Patricia Coyle, MD University of New York at Stonybrook

Eye Findings In Lyme Disease

Robert Lesser, MD Yale University School of Medicine

Dermatologic Manifestations of Borreliosis
Rudolph Scrimenti, MD University of Wisconsin School of Medicine
Break

Psychiatric Aspects of Lyme disease in Children and Adults: New Research
Brian Fallon, PhD Columbia University

- Fri
Session Chair - Paul Lavoie, MD

Lyme Disease In the Midwest: Different Presentations than East Coast Bb
Edwin Masters, MD St. Francis Hospital

Persistent Infection Despite Extensive Treatment
Kenneth Liegner, MD New York Medical College

Doctor - Patlent Communication: Improving Dysfunctional Interaction

James Katzel, MD Ukiah Valley Medical Center
Edwin Masters, MD St. Francis Hospital

Conclusion of the Day & CME sign-out
PUBLIC FORUM

Lyme Disease Overview

James Katzel, MD - Moderator ~ Ukiah Valley Medical Center

Questions & Answers
All presenters are expected to participate by answering questions. All conference
attendees are welcome.

HATS OFF TO WILLY!
Reception/Fundraiser for ticket holders Only. Purchase your ticket today!




FACULTY & PRESENTATIONS
May 6, 1993

AM
7:30 - 8:30
7:45 - 9:30

9:30 - 9:45

9:45 - 11:45

9:45 - 11:45

9:45 - 11:45

Registration, CME Sign-In, & Coffee

Co-Chair - Claude Garon, PhD

Break

Session Chair - Ron Schell, PhD

B Cell Mitogenic Activity of Bb Surface Components
William Whitmire, PhD NIH - Rocky Mountain Laboratories

Transferrin as an Iron Source for Growth of Bb
Dave Dorward, PhD NIH - Rocky Mountain Laboratories

Sub-unit Vaccine Development - New Discoverles
Charles Pavia, PhD New York Medical Center

National Institutes of Health 1993 Lyme Disease Grants
Robert Quackenbush, PhD National Institute of Allergy & Infectious Diseases

Session Chair - Andrew McBride, MD, MPH Director of Health, Stamford, CT

Epizoctiology of Lyme Borreliosis in the South East
James H. Oliver, Jr, PhD Georgia Southern University

Distribution and Molecular Analysis of West Coast Spirochetes & Ticks
Tom Schwan, PhD NIH - Rocky Mountain Laboratories

Suppression of Ixodes Tick Populations in Large Residential Communities
Terry Schulze, PhD New Jersey Department of Health

Epidemiologic Findings in 4 Mid-West County Farms - Variations In Animal &
Tick Infection Rates
Elizabeth Burgess, DVM, PhD  University of Wisconsin School of
Veterinary Medicine

INA - -
Session Chair - Paul Duray, MD

Infection of Calves with Bb
Sandra Bushmich, DVM, MS  University of Connecticut

Animal Findings Regarding In Utero Lyme Borreliosis
Elizabeth Burgess, DVM, PhD  University of Wisconsin School of
Veterinary Medicine

Unusual Findings In Feline Lyme Borreliosis
Colin Young, PhD TexasA&M




AM

9:45- 11:45  PATI ANAGEMEN PORT - BREAK-QUT
Session Chair - Phillip Paparone, MD
Patient Education
Pam Paparone, RN Nurse, Patient Educator
Patlent Evaluations - Increasing Primary Care Giver Efficiency
Pam Lynxwiler, RN Lyme Disease Patient Co-ordinator
Managemen'f of Treatment Options
Patricia Dennler, RN Private Practice
The Value of Support Groups to Families Coping with Potentially Chronic Disease
Susan Jacobson, PhD Tolland Center for Family Therapy
1A 1 TME R
PM Session Chair - Craig Cleveland, MD & Phillip Paparone, MD
12:30 - 12:50  Fallure of Antiblotic Therapy To Protect the Placenta from Invasion by Bb
Joseph Burrascano, Jr., MD Southampton Hospital
12:50 - 1:15  Borrellacidal Assay: Measuring the Immune Function
Ron Schell, PhD University of Wisconsin School of Medicine
1:15 - 1:40 Serologic Findings in Culture Positive EM Patients
Charles Pavia, PhD New York Medical College
1:40 - 2:05 Ophthalmological Findings of Persistent Infection: New Research
Ingeborg Dziedzic, MD Northern Westchester Hospital
69&\¢& z.~5'$’
2:05 - 2:35 1993 Consensus Diagnostic Guidelines
Kenneth Liegner, MD New York Medical College
2:35 - 260 %
2:50 - 3:20 1993 Consensus Treatment Guidelines
Derrick DeSilva, MD Raritan Bay Medical Center
3:20 - 3:45 Coumarin Susceptibility and Resistance in the Lyme Disease Agent - A New Antimicrobial
Scott Samuels, PhD NIH - Rocky Mountain Laboratories
3:45 - 4:20 Rheumatologic Manifestations of Lyme Borreliosis
Mori Schwartzberg, MD Jersey Shore Medical Center
4:20 - 5:00 Rehabllitation as a Support to Treatment
Joseph Burrascano, Jr, MD Southampton Hospital
5:00 - 5:30 Additional Questions to the Day’s Panel
5:30 Conclusion & CME Sign-Out
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BORRELIA BURGDORFERI INFECTION IN DAIRY COWS, RODENTS, AND BIRDS FROM
FOUR WISCONSIN DAIRY FARMS.

A combinatin of culture and subsequent spirochete identification with the
polymerase chain reaction technique was used to identify cows, rodents, and
birds infected with Borrelia burgdorferi. Animals were trapped on four
Wisconsin dairy farms during the summer of 1990. Farms 1 and 2 were located
in counties nonendemic for Lyme disease and Farms 3 and 4 were located in
counties endemic for Lyme disease. The results of the rodent and bird samples
were as follows given as the number yielding organisims number tested: Farm
1, 1/17 Mus musculus and 2/52 P. domesticus; Farm 2, 4/49 M. musculus, 1/2
Peromyscus maniculatus, 1/1 P. leucopus, and 1/35 P. domesticus; Farm 3, 0/27
M. musculus, 0/5 P. leucopus, 0/12 P. maniculatus and 3/58 P. domesticus; and
Farm 4, 1/24 M. musculus, 2/19 P. leucopus, 1/12 Microtus pennsylvanicus, and
0/17 P. domesticus. One P. leucopus and M. musculus from Farm 2 were
pregnant and fetal tissues form both were positive. Cow blood sample results
were as follows: Farm 1, 7/47 in July, and 2/45 in august; Farm 2, 0/28 in
August and 0/23 in October; Farm 3, 0/13 in July and 1/18 in August 29; and
Farm 4, 3/45 in August. Ticks werec found on rodents on Farm 4 and on onle
bird on Farm 3. Spirchetemic cows, rodents and birds were found in non-Lyme
endemic counties suggesting that alternate modes of transmission other than
by ticks may be important. Transplacental transmission was shown in M .
musculus and P. leucopus.

Sandra Lee Bushmich, MS, DVM
Asst. Professor of Pathobiology
University of Connecticut
Phone: 203-486-4000

INFECTION OF CALVES WITH BORRELIA BURGDORFERI

Dr. Bushmich received her DVM from the New York State College of Veterinary
Medicine. She got her MS from Texas A & M University in the Physiology of
Reproduction. Her BS came from Comell University in Animal Science. Dr.
Bushmich first became interested in Lyme Disease while in clinical veterinary
practice in central Connecticut. After joining the faculty of the Department of
Pathobiology at the University of Connecticut in 1988, she joined Dr. John Post
in research concemning the pathogenesis of Lyme Disease in Cattle.

Two studies will be discussed. In the first study, symptomatic and asymptomatic
cows from a New England dairy herd with clinical history and serological
evidence consistent with Lyme Borreliosis were evaluated using several
diagnostic techniques. Eleven dairy cows with clinical signs of lameness,
erythema, and/or joint swelling along with 15 healthy herd mate controls
were tested serologically by Immune Fluorescent Antibody (IFA) test and
Western  blot analysis. Presence of Borrelia burgdorferi in blood and urine
samples from these cows dctermined by using 3 techniques of varying
sensitivity and specificity: dark field examination, fluorescent antibody (FA)
staining and polymerase chain reaction. Serological results showed no




significant difference between symptomatic and asymptomatic' cow groups in
1. percent seropositivity (IFA) or 2. antibody response to specific proteins of
B burgdorferi (Western blot). Most cows (both symptomatic and
asymptomatic) appeared to have been exposed to B burgdorferi. Symptomatic
cows were significantly (p=.003) more likely to shed spirochetes in the urine
compared to asymptomatic control cows using the sensitive and specific PCR
technique. A similar, but not significant, trend was seen when FA was utilized
for detection of Borrelia in the urine. Preliminary results of experimental
infection of calves with Borrelia burgdorferi will also be discussed.

Elizabeth Burgess, DVM, PhD

Associate Professor

University of Wisconsin, School of Veterinary Medicine
2015 Linden Dr.

Madison, WI 53706

Phone: 608-863-6573

Co Author: Gustafson
ANIMAL FINDINGS REGARDING IN UTERQO LYME BORRELIOSIS

Dr. Burgess' education includes the Ohio State University of School of
Veterinary Medicine, DVM 1971.  University of Wisconsin-Madison Veterinary
Science MS 1978 PhD 1981. She is employed at the University of Wisconsin
School of Veterinary Medicine. Her research interests include epizootiology of
diseases of wild and domestic animals, and epizootiology of B. burgdorferi
infection. She has had 21 published papers on B. burgdorferi in wild and
domestic animals in reviewed journals.

To determine if in utero transmission of B. burgdorferi could occur in dogs, 10
female Beagles were inoculated intradermally with approximately 1000
B.burgdorferi on day 1 of proestrus and repeated every 2 wecks during the
gestation period. Ten female controls were similarly inoculated with
phosphate-buffered saline solution. Prior to the start of the experiment, all of
the females and 3 males were used for breeding seronegative for B .
burgdorferi on the basis of results of the indirect immunofluorescent antibody
test (IFA) and the western blot test (WB). Similarly results of blood culture of
B. burgdorferi were negative. All 20 of the females were bred naturally. Blood
was collected weekly for serologic tests and culture. Live pups were bled on
day 1 of life and then weckly until 6 weeks of age when they were humanely
cuthanitized and tissues cultured and tested by the polymerase chain reaction
test (PCR). Eight of 10 spirochete inoculated females (SI) became infected with
B. burgdorferi as evidenced by culture and/for PCR detected B. burgdorferi
DNA in the tissues of the females or their pups. Eight of the 10 SI females
delivered litters (3 to 7 pups) that had at least 1 pup with PCR positive tissues
for B. burgdorferi DNA in neonatal or 6 week old pups and pups from 2 litters
were -also culture positive. Three pups from 2 separate litters (a stillborn, a
neonate that survived to 30 minutes of age, and a 20 hr. old) had PCR positive
tissues demonstrating in wutero  infection. Further evidence of in utero
exposure was the presence of IgM antibodies to B. burgdorferi detectable by
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WB in 3/7 1 day old pups that did not receive colostrum, demonstrating a
primary immune response exposure.

Colin R. Young, PhD

Associate Professor

The Texas Veterinary Medical Center
Texas A&M University

College Station, TX 77843-4467
Phone: 409-845-5941

Fax: 409-845-9231

Co Authors: Michael D. Gibson, M.Tawfik Omran, John Edwards, Leon Russell,
Kathy Palma, Julie Rawlings ')C)U) —ﬂ Q’F‘rﬁ

UNUSUAL FINDINGS IN FELINE LYME BORRELIOSIS

Lyme Disease (LD) is a multisystem discasc with mainly skin, neural, cardiac,
muscular and joint manifestations. The disease is casued by the gram negative
spirochete Borrelia burgdorferi (Bb) and is transmitted by infected ticks.
Experimental models of Lyme discase have been demonstrated in species such
as mice, rats, hamsters, cats, and dogs. Recent experiments by Dr. Elizabeth
Burgess (University of Wisconsin) reported that cats are susceptible to
infection with LD but that clinical signs may or may not be apparent. We have
investigated further this feline model of LD using 20 uninfected normal
healthy cats. These cats were divided into 4 groups ecach containing 5 cats.
One group was used as a control group, whereas each remaining of the 3
groups were injected intradermally in a single sitc in the sacral region with
106 live Borrelia burgdorferi spirochetes isolated from different arthropods.
The 3 different isolates of Borrelia burgdorferi used were Bb31 (a reference
strain isolated from the tick Ixodes scapularis), Bp1579 (isolated from the Lone
%tar tick, &Lnim;% and Bb532_(isolated from a pool of 5 cat fleas,
tenocephalides from Fort Bend County in Texas). The cats were examined
daily, bled biweekly, and one cat per group was sacrificed each month for
serological and histological studies on all tissues and organs. Clinically, in the
test cats there was a variable picture ranging from front or hind-limb
lameness to hyperemia in all joint at necropsy. Gross pathology at necropsy
indicated that Bb injected cats had liver degeneration, hyperplasia of the
spleen, plasmacytosis of regional lymph nodes and occasional pneumonitis of
the lungs. Control cats had no abnormal lesions. Differential WBC counts
indicated that infected cats had cycles of reduction in the neutrophil count
accompanied by an increase in the lymphocyte and eosinophil counts. During
the course of infection of these cats we noted appearance of an "atypical cell”
in the blood films. Following staining with Hemacolor this "atypical cell” has
the following characteristics: 6-7 u in diameter, a single compact round dark
blue nucleus 1.5-3 u in diameter, blue-gray cytoplasm. These "atypical cells”
differ from the enlarged immunoblastic cells (occasionally similar to Reed-
Sternberg cells of Hodgkin's disease) or atypical enlargement plasmacytoid
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WB in 3/7 1 day old pups that did not receive colostrum, demonstrating a
primary immune response exposure.

Colin R. Young, PhD

Associate Professor

The Texas Veterinary Medical Center
Texas A&M University

College Station, TX 77843-4467
Phone: 409-845-5941

Fax: 409-845-9231

Co Authors: Michael D. Gibson, M.Tawfik Omran, John Edwards, Leon Russell,

Kathy Palma, Julie Rawlings UQ/UU -7/‘ Q\:__z)
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UNUSUAL FINDINGS IN FELINE LYME BORRELIOSIS

Lyme Disease (LD) is a multisystem disease with mainly skin, neural, cardiac,
muscular and joint manifestations. The disease is casued by the gram negative
spirochete Borrelia burgdorferi (Bb) and is transmitted by infected ticks.
Experimental models of Lyme disease have been demonstrated in species such
as mice, rats, hamsters, cats, and dogs. Recent experiments by Dr. Elizabeth
Burgess (University of Wisconsin) reported that cats are susceptible to
infection with LD but that clinical signs may or may not be apparent. We have
investigated further this feline model of LD wusing 20 uninfected normal
healthy cats. These cats were divided into 4 groups ecach containing 5 cats.
One group was used as a control group, whereas each remaining of the 3
groups were injected intradermally in a single site in the sacral region with
106 live Borrelia burgdorferi spirochetes isolated from different arthropods.
The 3 different isolates of Borrelia burgdorferi used were Bb31 (a reference
strain isolated from the tick Ixodes scapularis), Bb1579 (isolatca from the Lone
Star_tick,# A. americanum), and Bb532_(isolated from a pool of 5 cat_fleas,
atcnoccpham Bend “County in Texas). The cats were ~examined
daily, bled biweekly, and one cat per group was sacrificed each month for
scrological and histological studies on all tissues and organs. Clinically, in the
test cats there was a variable picture ranging from front or hind-limb
lameness to hyperemia in all joint at necropsy. Gross pathology at necropsy
indicated that Bb injected cats had liver degeneration, hyperplasia of the
spleen, plasmacytosis of regional lymph nodes and occasional pneumonitis of
the lungs. Control cats had no abnormal lesions. Differential WBC counts
indicated that infected cats had cycles of reduction in the neutrophil count
accompanied by an increase in the lymphocytc and eosinophil counts. During
the course of infection of thesc cats we noted appearance of an "atypical cell”
in the blood films. Following staining with Hemacolor this "atypical cell” has
the following characteristics: 6-7 u in diameter, a single compact round dark
blue nucleus 1.5-3 u in diameter, blue-gray cytoplasm. These "atypical cells”
differ from the enlarged immunoblastic cells (occasionally similar to Reed-
Sternberg cells of Hodgkin's disease) or atypical enlargement plasmacytoid
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immunoblastic cells (sometime binucleate) reported for certain' cases of Lyme
Borreliosis. To the best of our knowledge these "atypical cells" have not been
reported before any animal specied infected with Bb. The presence of this
"atypical cell" in other animal species infected with Bb is currently under
study.

Pamela Paparone, RN, MSN
714 North Harvard Ave.
Ventnor, NJ 08406

Phone: 609-823-8167

PATIENT EDUCATION

Pamela Paparone is a graduate of Rutgers and Seton Hall Universities. She is a
certified Medical Surgical Clinical Nurse Specialist and Adult Nurse
Practitioner currently in practice in nearby Absecon, NJ. She is the authur of
the Lyme Disease Coloring Book, several articles on Lyme disease and holds the
distinction of being named Nurse Educator of the Year, 1989, by the American
Association of Offic Nurses.

Pamela A. Lynxwiler, LPN
Lyme Coordinator
Family Physicians Group
Cape Girardeau, MO 63701
Phone: 314-34-0511

PATIENT EVALUATIONS - INCREASING PRIMARY CARE GIVER
EFFICIENCY

Our main goal in caring for the Lyme disease patient is t0 make their visit as
effective as possible. We want to get all the pertinent information necessary
in making a diagnosis and developing a treatment plan for each individual
patient. We send quesnonnalres and lab request forms to be filled out by the
patient before they arrive for their initial appointment. This allows more time
to bc spent on patient evaluation rather than paperwork When the treatment
is started and the patient returns for a follow-up visit, we use a patient
evaluation form so we can assess their condition since the last appointment.
This form is filled out by the patient upon arrival at the office. Using the
forms, one is able to address those problems that are most serious, urgent, or
that require additional attention. This facilitates making necessary changes
in the treatment program as well as providing a more complete and objective
medical record.




are suspected vectors. Similarly, the claim that the newly described
splrochctc, Borrelia coriaceae is the cause of bovine epizootic abortion (BEA)
in the western parts of the country, needs confirmation.

Tularemia continues to be an important health problem in the southwest-
central region (Arkansas, Kansas, Louisiana, Missouri, Oklahoma, Texas) that
reports 200 to 250 cases every year.

Finally, brief reference is made to tick-borme relapsing fevers, Colorado tick
fever, and tick paralysis.

James H. Oliver, Jr., PhD

Institute of Arthropology and Parasitology
Georgia Southern University

Landrum Box 8056

Statesboro, GA 30460-8056

Phone: 912-681-5564

Fax: 912-681-0559

CONSPECIFITY OF IXODES SCAPULARIS AND IXODES DAMMINI

Dr. Oliver received his BS degree in Biology from Georgia Southern University
in 1952; MS degree, Florida State University in Zoology, 1954; PHD degree,
University of Kansas in Entomology, 1962. He received an NSF postdoctoral
fellowship in 1962 to study with Dr. M.J.D. White at Melbourne University in
Australia, where he worked in the field of Cytogenetics. He did additional
course work at the University of Maryland, Johns Hopkins University and the
University of Michigan Biological Field Station. Rescarch experience includes
studies of natural history of birds, experimental work on blood flukes
(schistosome worms), transmission of parasitic protozoa of snakes via mites
and protozoa of deer via ticks, sensory behavior of several parasitic mites and
ticks, chromosomes, sex determining mechanisms, histology and
ultrastructure or arthropods, effects of gamma radiation, radiomimetic
chemicals, antihormones and avermectin compounds on development and
reproduction of mites and ticks, various aspects of reproductive mechanisms
and strategies of parasitic arthropods including types of parthenogenesis and
morphometric analysis correlated with chromosomal ploidy levels, hormones
of mites and ticks, fiecld ecology and vector aspects of ticks and
spirochetes/Babesia/Theileria organisms and tick-host associations. He also
spent two years in classified research in biology at Ft. Detrick, Maryland.

Reciprocal crosses between Ixodes dammini Spiclman, Clifford, Piesman &
Corwin from Massachusetts and Ixodes scapularis Say from Georgia produced
offspring through the F3 generation when the experiment was discontinued.
Reciprocal [. dammini x Ixodes pacificus Cooley & Kohls (California) and 7.
scapularis x I. pacificus crosses produced F1 progency; however, all progency
were  sterile. Assortative mating cxperiments between J. dammini and 1.
scapularis indicated that maled and females of both species mated with the




opposite sex of heterospecific or conspecific ticks when there was a choice.
Conventional discrimination analysis of morphometric measurements of ticks
from Georgia, North Carolina, Maryland, Massachusetts, and two populationsof
F1 hybrids indicated that there were recognizable differences. However, size
free (sheared) discriminant analysis indicated that these differences were
largely size dependent, with much overlap of the four eastern and two hybrid
populations but no overlap with I. pacificus from California. Analysis of
chromosomes (morphology and C band) indicated no differences between the
Georgia and Massachusetts populations but showed a difference between them
and the California population of /. pacificus. Analysis of isozymes showed that
the genetic identity value for the Georgia and Massachusetts populations was
within the normal range for conspecific populations, whereas the California
population indicated cogeneric but not conspecific relatedness laboratory
conditions showed no difference in length of feeding and molting periods
among Georgia, Massachusetts, and California populations. @ These data and
results of the work of other authors on tick host preferences and vector
compentence indicates that I dammini is not a valid species separate from
I. scapularis Say, 1821, has priority over the name Ixodes dammini Spielman,
Clifford, Piesman & Corwin, 1979, I. dammini is regulated to a junior subjective
synonym of I. scapularis (based on Article 23 of the International Code of
Zoological Nomenclature).
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Advancement of Science and has published studies and presented abstracts on
a number of subjects including Lyme Disease and meningitis. Dr. Mays
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Conspecificity of the Ticks Ixodes scapularis and I. dammini

(Acari: Ixodidae)
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ABSTRACT Reciprocal erosses between (xodes dammini Spielman, Clifford, Piesman &
Corwin from Massachusetts and Ixodes scapularis Say from Georgia produced offspring
through the F, generation when the experiment was discontinued. Reciprocal I. dammini
% lrodes pacificusr Cooley & Kohls (California} and L. scapulariz x 1. pacificus crosses
oduced F, progeny; however, all progeny were sterile, Assortative mating experiments
tween I dammini and 1. scapularis indicated that males and females of both species
mated with the opposite sex of h pecific or ific ticks when there was a choice.
~onventional discriminant analysis of morphometric measuraments of ticks from Georgia,
North Carolina, Maryland, M husetts, and two populations of F, hybrids indicated that
there were recognizable diffcrences. However, size-free (sheared) discriminant analysis
Indicated that these differences were largely size-dependent, with much overlap of the
four eastern and two hybrid populations but no overlap with I. pacificus from California.
Analysis of chromosomes {marphology and C band) indicated no dilferences between the
Georgla and Massachusetts lations but showed a difference between them and the
California population of . pacificus. Analysis of Isozymes showed that the genetic identity
value for the Georgia and M husetts populati was wilkin the normal range for
conspecific populations, whereas the California population indicated congeneric but not
conspecific relatedness to the Georgia and Massachusetts lations. Life cycle data
collected under similar laboratory conditions showed no differences in length of feeding
and molting periods among Georgia, Massachusetts, and California populations. These
data and results of the work of other authors on tick host preferences and vector compe-
tence indicate that . dammini Is not a valid specics separate from 1. scapularis. Because
the name Ixodes tcapularis Sny, 1821, has priority over the name Ixodes dammini Spiel-
mun, Clifford, Piesman & Corwin, 1879, I. dammini is relegated to a junior subjective
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synonym of I. scapularis (based on Article 23 of the International Code of Zoological

Nomenclaturel.

KEY WORDS  Ixodes scapularis, Ixodee dammini, Lyme discase

LYME DISEASE ACCOUNTED for 81% of all re-
ported cases of arthropod-trnsmitted diseases in
the United States during 1986-1990, and there
were 9,344 Lyme disease cases in 1991 (Centers
lor Disease Conteol 1992). Morcover, beeause
physictans do not always report all Lyme discase
cases, the number is likely to be greater than
slatisties  indicate. The etiologic agent that
causes Lyme disease is the spirochete Borrelia
hurgdurferi Johnson, Schmid, Hyde, Steigerwalt
& Brenner (Burgdorfer et al. 1982, Johnson et al,
1984). Reports indicate that the principal tick
veetors of Lyme disease in the northeastern and
northeentral United States are Ixodes dammint
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Spiclman, Clilford, Picsnan & Corwin, and in
the western United States, Ixodes pacificus
Coaley & Kobils (review by Lane ctal, 1991). The
proven laboratory experimental vector (Burgdor-
fer & Cage 1986, Picsman & Sinsky 1988) and
presumed natural vector in the southern United
States is the black-legged tick, Ixodes scapularis

Say. .

Refore the late 1970s, 1. denimini was not rec-
ognized as distinet from 1. scapularis; the geo-
graphie range of 1. scapularis was reported to be
roughly the eastern half of the United States,
although it was not evenly distributed (Keirans &
Clifford 1978). Subsequently, I. dammini was
described as w new species distinet from the
more southerly distributed 1, scapularis (Spiel-
et al, 1Y), Previous records of 1. seapularis
in the sortheastem United States were inter-
preted as incorrect and thaught to represent ei-
ther Ixodes muris Bishopp & Smith or the here-
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tofore unrecognized I. dammini. The description
of 1. dammin{ was based primarily on external
morphological characters of each developmental
stage and sex. The described characters thought
to be most significant in separating /. dammini
from 1. scapularis occur in the nymphal stage,
although differences were reported in all tick
stages. [n the species description, photographs of
certain marphological characters of ticks from
Nantucket Island, MA, and ticks from Savannah,
GA, did indeed show some differences, but lack
of quantitative data and stated range of morpho-
logical variation in different geographic popula-
tions were worrisome, Moreover, field-collected
specimens from various geographic areas fre-
quently do not exhibit such clear differences.
Characters of specimens are often intermediate
between the published descriptions of 1. dam-
mini and I, scapularis and raise doubts about the
validity of I. dammini as a separate species, Nev-
ertheless, the new species was generally ac-
cepted by the biomedical community, and until
now, I. dammini has been regarded as the single
most important vector of the Lyme disease agent
in North America (Lane et al, 1991).

The belief that 1. dammini does not occur
south of Maryland and that I. scapularis is a
separate and distinet species yet unproven as a
natural vector of Lyme disease has caused delays
in Lyme discase surveillance in the South. The
general attitude among physicians and veterinar-
ians has been that Lyme disease is not a problem
in that area, although patients present clinical
symptoms of it. We propose to demonstrate that
I. dammini is not distinct from I. scapularis and
that the two species should be synonymized.
Ticks identified as I. dammini should be referred
to as 1. scapularis, bused on Article 23 of the
International Code of Zoological Nomenclature,

Materials and Methods

Ticks. Laboratory colonies of 1. scapularis
(rom Statesboro, Bulloch County, GA), 1. dum-
mini (from Great Island, West Yarmouth, Cape
Cad, MA) and L. pacificus (from Point Reyes,
Mirin County, CA} were established, Immature
ticks were fed on laboratory white mive (Mus
musculus) and adults were fed on New Zealand
white rabbits (Oryctolagus cuniculus). When not
feeding, ticks were maintained at 97-100% RH
{(Winston & Bates 1960) with a 14:10 (L:D) h
photoperiad at 25-27°C. Various life cycle pa-
rameters were recorded, including fecundity and
fertility, These are presented, but other measure-
ments will be reported elsewhere.

Hyhridizotion, Reciprocal crosses were at
tempted using 1. scapularis % L dammini, 1,
seapularis X 1. pacificus, and 1. dammini X I,
pacificus. Viegin males and females of similar
ages were placed togethur in vials for 24 b hefore
being placed on New Zealand white rabbits to
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feed and continue mating. Each group consisted
of 10 males and 10 females. The interspecific
pairs of ticks were placed on ene car and an
intraspecific centrol group on the other ear of
each mbbit. Subsequent to engorgement, ticks
were monitored for fecundity and fenility and, if
progeny were produced, they were also ana-
lyzed, Statistical analysis of fertility data was per-
formed after transforming cach percentage to its
corresponding arcsine square ront,

Assortative Mating. Experiments were de-
signed to allow 1. scapularis and 1. damming fe-
males and males to mate with conspecific and
heterospecific mates. Part 1 of the experiment
involved four replicates of 10 females placed
with 10 marked heterospecific and 10 marked
conspecific males. Part 2 consisted of four repli-
cates of 10 males with 10 heterospecilic and 10
conspecific females. Controls for both parts con-
sisted of 10 conspecific pairs of cach species.
Vials containing the controls and experimental
ticks were examined at 4-h intervals for the first
48 h and daily thercafter. Mating pairs were re-
moved to individual vials and maonitored daily
for mating separation, remating, and death, Fe-
males and males were dissected for presence of
sperm upan dying or at the end of the experi-
ments.

Morphemetrics. Multivariate morphometric
analyses were conducted using ticks of the first
(or later) laboratory generation originating from
four different geographic regions, and two papu-
lations of F, hybrids produced by reciprocal
crosses between the Ceorgia and Massachusetts
populations. The four geographic arcas included
the aforementioned Georgia and Massachusetts
groups and one papulation cach consisting of
first ‘nlxm\lory generation ticks from Cape Hal-
teras, Dare County, NC, and Assateague Islamd,
Worcester County, MD. We measured 17 female,
25 male, and 23 nymphal characters, ineluding
lengths and widths of dingnostic eharcters used
to separate L dammini lrom L scapularis, Clae-
acters selected for morphometric apalyses in-
cluded those distances consistent with puli-
lished deseribed values for I dapening and 1.
seapularis (Cooley & Kohls 1943, Keirans & Clil-
ford 1978, Spielman et al. 1979). In addition, we
included measurements that were previously
represented on a relative basis (smaller, larger,
ete)), including length and width ol coxae and
internal coxal spurs, distance between cornua
“tips,” distance between auriculae “tips,” and
length of the Internal denticle file of the hypos-
tome. Some characters, such as hypostome tip
{pointed or rounded), auriculae length, and me-
dian plate punctations, proved highly variable
within groups or were difficalt to measure cone
sistently; these were excluded. Care was tuken to
avold  “weighting”  character  suites,  usually
cinsed by duplications ol measured distanees.
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Persons Interested in the complete list of 65
characters measured may contact H.J.H.

Bilateral measurements were averaged, and
all data were transformed to natural logarithms
to equalize variances. Size-in and size-free
(sheared) discriminant analyses (DA) were done
using w Digital Eguipment Corporation VAX
minicompnter running SAS GLM statistieal soft-
ware (SAS Institute 1990}, Size-free DA involved
principal components analysis wsing a covari-
ance matrix, comparison of principal component
1{PC1} with variables to canfirm positive or zero
correlution, regression of data against PCI to re-
move “size,” and DA of residuals.

Chromosomes. All chromosome observations
were made on gonads of at least 20 engorged
nymphs of each species, 4=10 d alter feeding.
Gonads were dissected in Shen's saline (9
NaCl, 0.42 g KCI, 0.25 g CaCly, | liter H,Ol;
(Oliver & Bromner 1968). Dissccted tissues were
placed on a coverslip and were subsequently
stained with 2% lacto-aceto-oreein (Breland 1961)
and squashed or Giemsa stained. Tissues to be
stainod with Giemsa were transferred to a drop
of hypotonic solution (0.45% sodium citrate) for
15 min, covered with a picce of cellophane (1 x
1 em) and squashed. The coverslip was im-
mersed in fresh Carnoy's fixative for 15 min at
room temperature, allowed to dry, covered with
Giemsa solution for 30 min before rinsing in dis-
tilled 14,0, then air dried. The C-banding pro-
cedure was hased on modifications of Avrighi &
Hsu (1970) and Sumner {(1872).

Kiryotypes were detenmined by arranging
elhiramosomes in order of decreasing lengths,
matching them according to lengths and cen-
tromere positions, then numbering them. Chro-
masomes  were  photographed  using  Kodak
Technical Pan 2415 flm and printed on Kodak
Kodabromide FS paper. Prints were used for
chromosome mvasnrements and  comparisons.
Relntive chircmosome lengths were the gquotients
wl the length of individual chromosomes divided
by totad dength of all chromosomes in a haploid
sel, inelimling e one being measaved {(Short ot
al. 1980), Comparisons among measarements of
relative lengths of ehiromosomes were made by
analysis of varianee (ANOVA) widd Tukey's HSD
multiple compirison tests, Significance was mea-
sured ut the 5% level (Zar 1984), Amount and
distribution ol heterochromatin were judged by
visuad inspection.

Isozymes. Male and female ticks from labora-
tory colonics of 1. dammint, . scapularis, or
1. pacificus, live or stored frozen at =70°C, were
homogenized individually in 6 ul (males) or
1 gl {females) of w 001N TrissHCL 0.001 M
EDTA, 10% snciose, 19 Triton-X 100, pH 7.0
Bafer. Alter centrifugation, 2zl swnples of the
supernitant were added to wells in vertical-slaly
59 polvacrylamide gels containing eithera €. Af
Tyis, 0402 M boate, 0.015 M EDTA, pH 85
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Table ). Hybridization eof 1. scapularis and I
pacificus

Craons Feouwncdity % Furtility

o No. 79 Mean = SE No, €9 Menn = SE
Y 19 KGO 154 1y S4K=4%
ip9xipd 11 R LX) ¥ 50080
1.9 % Ip. d 1 IKN £ 555 3 507213
Fap e xFapd 7 2102 022 7 a

I @ % 1o & 7 4622116 1 43
Fips @ x Fyn & 6 120= 16 q U

“La., I scopularis; L, 1, pacificus. In hybed crosses, fe-
nide patent is listed fest; Le., Fysp (s progeny from the cross
female 1. scapulariz x wale [, pacificus,

Lbuffer (TBE) or a 0.022 M Tris, 0.007 M citric
acid, pH 7.1 buffer (TC). The TBE tank buffer
contained the same concentration of buffer com-
ponents as the gel, and the TC tank buffer con-
tained half the concentration of buffer compo-
nents. Gels had been prerun for | h at 100 V.
Samples were electrophoresed at 300 V for 3 h at
4°C. TC tank buffer was replaced after 2 h, Gels
were stained for enzyme activity using standard
techniques (Shaw & Prasad 1970, Harris & Hop-
kinson 1977, Steiner & Joslyn 1979, Pasteur etal,
1988) as modified by Munstermann (1979).

Results

Hybridization. Recipraeal crosses using [
scapularis % I pacificus and 1. dunoning x I
pacificus resulted in mating, engorgement of fe-
males, oviposition, and production of F hybrids.
Hybrids were reared to adults and crossed
among  themselves (sib matings) and back-
crossed with parent species. Matings were suc-
cessful, but fertility was zero imong Fy sib-
mating pairs (Tables 1 and 2) and zero, or (among
four pairs) pactically zero, wmong hack-crosses
(Table 3). Revipracal erasses hetween Loscapu-
Taris wdd 1. edommind anel their 1) e Fg progeny
were fully fertile (Table 4). Comparison of fertil-
ity wnong the three parent laboratory colonies of
1. xcapularis, 1 dammiad, o L pacificus i
cated n highly significant difference among the
wroups (F = 9.675, P = 0.0006). Schelé's multi-

Table 2. Hybeldieation of /. dammini and 1. pacificus

Fucwnddity % Ferility

Lieg’ No. 9 Mean 2 SE No. 99 Mean 2 SE
I ®xidd 0 70217 5 898z 36
Ip. ¢ xlpd 1 3+ 4 S0u: 8
1d. ® x1lp.d 3 6MWsx T 2 6J3:=u
Fulp @ % Fylp & S 1= 27 5 0
o ¢ xld d 2 204 = 270 2 203 A"
Faod ¥ x Fguld 8 2192 w2 3 0

w b, 1. dammiing; 1., 1 pacificns, 1 hybrld crasses, fewahe
parent is Hsted Rrst; e, Fyelp is progeny from the cress female
1 ddammini % wale L pacifienr.

* Epgs were contaminatod with mald.
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Talle 3, Backcrowing Fy K parents, [, scapularis, I.
dammini, and I, pacificus
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Table 5. Assortatlve mating of 1. scopularis and I
dammini

Cooai Fecundity %o Fectility Group® Mitings

No. % Mean £ SE No. 99 Maun = SE Spevies “;::"l Conspecific Nolerospecific 'N::“
Iy ?xFpdd 3 125% TI5 3 0 i
Fipd @ x Ip. 4 4 1022 £ 30 4 [ I. damming 9 40 16 14 5
1. @ x Fulpd 3 830 £ 734 3 02 1. dammeini 8 W " 4 22
Fulp @ x 1d. & ] 1164 = 375 8 0 I, scapularis 9 40 25 n 5
Ipm ?xFped 5 240 = 124 5 005" I scapularis & 40 12 " 1
Fapr® xlyd B 7150=240 8 002
Fuap @ x12.4¢ 4 350 = 108 4 o Successful mating delommined by presance of spermato.

1, 1 demmind; Lp, I pec 0; Lo, L. scapuloris. In
hybrid crosses, female parent Is Hited Rrst; ie, Fop is pro-
gency from the cross fersale 1, scapularis X male I, pacificus.

® A few larvae hatched from one female in each group.

F' N)o data for reclprocal cross {female 1. scapularis X male

[High

ple comparison F test showed no difference be-
tween [. scapularis and I, dammini but a signif-
icant difference (P < 0.05) between [. scapularis
and [, pacificus and between 1, dammini and 1.
pacificus. There was no significant difference
(F = 0,885, P = 0.5264) in fertility among the I.
scapularis and I, dammini parent colonies and
the F, and Fy hybrids (Table 4),

Fecundities among 1, scapularis x 1, pacificus
F, sib crosses were low (means,120 and 273
eggs) (Table 1) as were I dammini % I, pacificus
crosses (means, 193 and 213 eggs) (Table 2)
when compared with fecundities of 1. scapularis
(mean, 860 eggs) and 1. dammini {mean, 790
eggs), but not as low when compared to [. paci-
ficus (mean, 379 egizs). Fecundity of back-crosses
of F| x parent species were variable (Table 3).
When superficially comparing fecundity among
I. scapularis X I, dammini crosses and their hy-
brids, there appeared to be a slight reduction in
fecundity of the inbred Fy females (Table 4).
[ndeed, an ANOVA confirmed a difference (F =
3.172, P = 0.007) in mean fecundities amony all
gronps, However, only the 1. dammini % 1, scap-
ularis cross and the Fy sd (scapularis female x
dunonini male) cross had significantly dilferent

Talle 4, Hybridization dats lor lxades colonies and
Loscapularie x 1. damminl ernsses

Mated 99 Fecundity % Fentility
(speclesicross Ny, 99 Mean = SE No. 99 Mean # SE
1.t. colony 19 860 £ 154 19 BB 24N
1.d, colony 10 790 £ 217 5 598 =34
1.p. colony 11 379+ 103 9 504 =80
1d. % Lo 5 1731 = 3% 5 4.1 205
Fydsx Fyde 1 764 I ™.
Fpde x Fyds 7 468 = 148 4 BGO 2 4.4
lr. % 0d, L] WK = 66 L] 032 245
¥yl x Fy ool 5 50 = 175 q Ay ¥
¥y oael % Fyud 7 = 7 5 s 217

First spocies listed in all crusses s the fenale; samwe se-
nuence applies in hybeid crmxses; e, Fy e s progeny fomm
cross female ). dammini % male | seapelaris

“La, 1 scapdariv; L., ) dammini,

phore In female.

* Each growp consisted of fowr replicates of 10 of the limited
sex and 10 conspocific and 10 heterospecific oppasite sex.

& Significantly differcut (P < 0.05, Student’s ! test with iso-
lation index [Malogolowkin-Cohen ct al, 1965]).

fecundities (Schefle's multiple comparison F
test, P < 0,05); the I. dammint % [, scapularis
group had the highest fecundity (mean, 1731)
and the F, sd group the lowest (mean, 314) (Ta-
ble 4). Fecundities of none of the crosses was
significantly different from those of the twao par-
ent colonies (I. scapulariz and . dammini). In-
terestingly, the ANOVA of mean fecundities
among laboratory colonies of the three groups (1.
scapularis, 1. dammini, 1. pacificus) showed no
significant difference (F = 2313, P = 0.1131).

Assorlative Mating, When given a chaice of
mates, female 1. dammini did not show a prefer-
ence hetween conspecific and heterospecific
males, but female I, scapularis prefered conspe-
cific males. Male I, dammini preferred conspe-
cific females, whereas male !, seapularis pre-
ferred heterospecific 1 dammini females (Table
35). These experiments showed that there was no
barrier to mating between the Georgia and Mas-
sachusctts ticks even when potential mates from
their geographic populations were available.
Moreover, even in the two experiments tha
showed preference for conspecific mtes, inter
specific matings vecurred.

Morphometrics, Although 1. dampiing males
were deseribed as having the geeatest number of

dingnostic characters separating them [rom 1.

scapularis (Spiclman et al, 1979), individuals
among the different geographic groups were vir-
tlly indistinguishable. Morcover,- they were
the most variable when compared with females
and nymphs. The first two principal components
(PCs) were responsible for 58 and 13% in fe-
males and 52 and 16% in nymphs, respectively,
whereas the variance in males was more equally
distributed among the remaining PCs; in males,
PCs 1 and 2 were responsible for only 32 and
17% of the total variance. In females, the internal
spur on coxae 1 was used in the deseription of 1.
dammini as one of two dingnostic characters sep-
arating L scaprlaris from I, davening This cli-
acter was the most steongly correlated with gen-
eral size, suggesting L is sizes andd perups
environmentally dependent. The other charcter
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Fig. 1. Scatterplot showing size-free discriminant
analysis (DA) of geographic populations of 1. scapu-
laris, I, dammini, I. pacificus and laboratory hybrids.
CAN1 and CAN2, canonleal scores (diseriminant fune.
tions) one and twa, respectively; ASMD, I. damminl,
Assatengue Island, Worcester County, MD (n = 200);
CHNC, I, scapulariz, Cape Hatteras, Dare County, NC
(n = 149); DFSM, F, hybrids, from 1. dammini female
x I, scapularis mule (n = 39); CA, L. tcapularis, Bul-
loch County, GA (n = 41); MASS, L. dammini, Creat
Island, MA (n = 59); PACIF, L Jmcfﬁcus, Sonoma
County, CA (n = 50); SFD, F, hybrid from I. scapularis
fomale x I dammini male (n = 40),

used to separate females of these species is
based on differences in auriculae. Differences in
this characler among groups appear o be less
distinet and highly variable within groups. The
progeny of I, scapularis females and I. dammini
males were more similar to groups from North
Carolina and Ceorgia than were the progeny of
the reciprocal cross. This suggests a possible ma-
ternal effect.

OF the stages studied, nymphs demonstrated
the most distinct marphological  differences
among the included geographic populations, lab-
oratory colonivs, und laboratory hybrids, Al
thongh they were compared on a multivariate
level, chnmeters associated with the basis capit-
alum showed the most significant differences
(" < 0.01). Conventionnl (size-in) diseriminant
anilysis (DA) suggested recognizable difler-
ences, hut sheared (size-free) DA indicated these
dilferences were largely size-dependent. There
wias much overlap of the four eastern and two
hybrid groups but none with nymphal I, pacfﬁ-
cus from Car(fnmh (Fig. 1). To insure that inclu-
sion of I. pacificus in analyses did not cause the
remaining groups to overlap, we performed an
alternate sheared DA on adulis and nymphs with
similar degrees of overlap and arrangement in
marphological space (figure not shown).

Chromosomes, Chromosome analysis of 1.
seapularis, Lodoammeind, ol 1. pacificus revealed
wo grass differences among the three species. All
share the same chiromosome number (2n = 28),
sex chromosome mechanism (XX female, XY
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male), and relative lengths of chromosomes at
mitotic metaphase. Moreover, there are no con-
sistent differences between the C bands of ¢hro-
mosomes of the three except that 1. scapularis
and 1. dammin{ share an additional interstitial C
band in chremosome 7, which is lacking in I,
pacificus.

Isozymes. Enzyme allele [requencies for
seven polymorphic loci of 1. scapularis, I. dam-
mini, and I. pacificus were analyzed. They in-
cluded adenylate kinase (AK), fumarate hy-
dratase (FUM), glucose phosphate isomerase
(GP1), two forms of glycerol-3-phosphate dehy-
drogenase (GPD), hexokinase (HK), and isoci-
trate dehydrogenase (IDH). Although resolution
of additional enzymes is required to define more
precisely the genetic relatedness of 1. scapularis
and L. dammint, a similarity matrix using Nei's
genetic identity (Nei 1972) with respect to the
seven loci indicates that /. scapularis and I, dam-
mini are closely related to each other. In fact, the
genetic identity value (0.902) for these species is
within the normal range for conspecific popula-
tions (Ayala et al. 1974, Avise 1975). “If simi-
larities between populations are arranged on a
scale from 0 to 1, with | indicating genetic iden-
tity, conspecific populations usually fall above
0.85." (Avise 1975). The corresponding Nei's ge-
netic distance (0.103) further indicates limited
evolutionary divergence between I. scopularis
and 1. dammini, Additionally, neither species-
dingnostic nor species-diseriminatory enzyme
phenotypes were identified. Neither [, scapu-
laris nor I. dammind showed close relatedness to
1. pacificus. The pairwisc comparisons of Nei's
genelic identity between 1. scapularis and I
pacificus (0.306) and [. dammini and 1, pacificus
(0.403) fall within the normal range of conge-
neric populations, whereas comparisons be-
tween 1. dammini and Dermacentor variabilis
(0.09) and 1. scapularis wd 12, variabilis (0.0} do
not {Ayali et al, 1974, Avise 1975).

Life Cyeles. There appear to he no consistent
differences in most life evele pammeters that
would convincingly refute conspecificity be-
tween 1. seapularis and 1. dammini when reared
under similar laboratory conditions. However, as
noted in the section on hybridization, ANOVA
showed a significant difference in fertility among
1. scapularis, I, dammini, and 1. pacificus labo-
ratory colonies (F = 9.675, P = 0.006). Scheffe's
multiple comparison F lest indicated no differ-
ence between [. scapularis and 1. dammini, but
significant differences (P < 0.05) between both I.
scapularis and I, pacificus and 1. dammini and
1. pacificus; no difference in fenility was found
among 1. scapularis, I, demmini, and Fy and F,
hybrids (Tnl)‘c 4). Although fecundity varied in-
tra- and interspecifically wmong 1. seapularis
{mean, 86O), 1. demianing (mean, 790), and L. paci-
ficus (mean, 379), ANOVA indicated no signifi-
cant difference nmong the three species, The
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variation of fecundity within each group was as
great as or 5rcalcr than the variation ameng the
species. Additional data on various parameters of
laboratory life cycles are being investigated.

Discussion

The question of accurate identity of Lyme dis-
ease vectors is of more than ncademic biosystem-
atic interest. It is essential to know the correct
identity of the primary vectors of Borrelia burg-
dorferi in all parts of the United States, The large
number of human cases of Lyme disease makes
vector identification a medical necessity, espe-
cially in view of the difficulty of rapid clinical
diagnosis of this disease,

The description of I. dammini as & new species
stimulated questions as to whether there also
might be biological differences between I, dam-
mini and [. scapularis; e.g., different tick host
preferences (especially among the immature
stages), tick developmental differences, and dif-
ferent vector competencies between the two tick
species. [l such differences are present, they inay
well affect the natural enzoatiology of the Lyme
disease spirochete and consequently the risk of
infection to humans. Because 1. dammini was
thought to be restricted to the northern United
States, there were questions whether Lyme dis-
ease would ever be more than a medical curios-
ity in the South, especially because at that time it
was not known whether 1. scapularis was an efe
ficient vector of B. burgdarferi. If I. scapularis
was not an cfficient vector, or if it also deman-
steated other eritical differences, peaple in the
South had little reason to fear contracting Lyme
disease, Unfortunately, there were repeated in-
stances of southerners presenting clinical symp-
toms of Lyme discase, Accepted dogma is that
Lyme discase is not a serions problem in the
southeastern United States, This misconceplion
continues among some seientists and physicians,
even though human cases {us defined by CDC
case definitions) are diagnosed in this region.
Indeed, 715 human Lyme disease casus were
reported in Georgla during 1989 (Centers lor
Discuse Control 1990), although there is some
question about the wvalidity of the number of
cases (Kaslow 1992),

The strongest evidence that I, dunmini is not
a different species from 1. seapulariz is obtiuined
from data on hybridization and assortative mat-
ing. These data are supported by studies of inul-
tivariate morphometric analysis, chromosomes,
isozymes, and laboratory life cyeles. Further sup-
port for conspecificity is derived from published
results on tick host preferences (James & Oliver
1990}, published (Burgdorfer & Gage 1986, Pics-
man & Sinsky 1988) and unpublished (W, Burg-
doefer, pursonal communication) ohservations on
veetor competencies, and ribosomal DNA se-
nuences ol several geographic populations of 1.
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scapulariz, [ dammini, and 1. pacificus (1D, Wes.

son etal,, unpublished data). DNA sequencing ol

ITS 1 and ITS 2 of tDNA sogests that 1. seapi-
laris and I damonind are a single species in
which even geographically iselated popnlations
are very similar and distinet from 1, pacificus.

Iybridization and Assortative Mating. As
noted in the Results section, reciprocal crosses
were made between I pacificus from California,
1. scapuleris from Georgin, and 1. demmini from
Massachusetts, Results of these experintents in-
dicated that 1. mc?ﬁcus is genetically fneompat.
ible with 1. scapularis and I. dammind as dem-
onstrated by sterile F, hybrids. [. scapularis and
I. dammini are genetically similar as shown by
fertile hybrids. The latter crosses were discon-
tinued alter third-generation hybrid adults were
produced. Although there was no reluctance n
mate and no genetic incompatibility between
ticks of the Georgia (1. scapularis) and Massa-
chusetts (I, dammini) populations, experimental
design allowed no choice regarding selection of
mates belween cach  geographic population.
Thus, it could be nrguuflhnt had such a choice
heen available, ticks from cach region would
have selected mates from their own populations
{conspecific) in preference w the other (het-
crospecific). 1f such assodative matings oe-
curred, then there might be reproductive isola-
tion of ticks from Georgia and Massachusetts
even if representatives of cach population were
to come together in nature, Thus, it is of interest
1o know whether there is a preference for mates
from one’s own geographic region when jiven
cheice. To answer this question, assortative nel-
ing experiments were conducted.

Experimental results (Table 5) show that not
only are the I, scapularis ticks from Georgin and
1. dammini ticks from Massachusetts genetically
compatible, they wlso readily mate with cach
other in the presence of potentinl mates from
their own region, Thus, should ticks Trom hese
twao |mpn|smous come together in natire hy pop-
ulation overlap or tansport by hosts, the ticks
would readily mate and produce viable progeny.

Morphomeltrics, Multivariate statisties linearly
combine values and compare entire morphole:
ical character suites simultaneously, thus they
may compensate for intercorrelations wmong
individual wvariables otherwise neglected by
univariate ANOVA (Willig & Owen J957). Dis-
eriminant function (DA) and principal conpo-
nent (PC) analyses are two of the mast widely
used multivariate methods (Marcus 1990). To
equalize variances among groups, raw datit iy
be transformed to natural logarithms (Relfinado-
Buker and Houck 1989). Multivariale statistical
procedures that partition size as o vaviable ap-
pear to be the most aeeurate means ty compare
piatterns ol claracter varintion and covariation
among geaeaphic populations. Stractures e
compased of two major Faetors: size and shape
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{Bookstein et al, 1985). Variation in size may
be related to temporal, environmental, or onto-
genelie Getors and may be responsible for
wmorphological variation within or among groups,
thus having a confounding cflect on conven-
tional morphometric analyses used to evaluate
differences  among  geographic  populations
(Humphries et al. 1981, Strauss 1985, Rohlf &
Bookstein 1987). Nesults of sheared DA are in-
tonded to he compared with, as opposed to re-
placing, results of conventional DA (Bookstein
1989, Somers 1989, Sundberg 1989); therefore
distinetions in morphological space illustrated
Dy conventional DA scatterplots of nymphs may
prove uselul to identify geographic populations.

Morphological characters of I, scapularis and
I. dammini vary among individnal specimens in
nature. Of the nine characters used in the specics
duscription to distinguish 1. dammini from [.
seapularis (Spiclman ct al. 1979), five were rel-
ative and not measured (auriculae, hypostome
apex, coxae | internal spurs, median plate setae,
soblets); four were measured characters (palpal
L:W ratio, internal denticle file, spiraculur plate
length, median plate punctations), We measured
characters that had not been measured but used
as relative characters (smaller, larger, ete,) in the
species description of 1 dammini. In addition, a
much larger number of characters (17 female,
25 male, 23 nymphal) were analyzed during our
investigation. Interestingly, when size-in dlis-
criminant analysis was evaluated, nymphs from
Massachusetts could be recognized as morpho-
lagically diffierent from thase from Georgia, but
ize-free diseriminant analysis indicated these
dilferences were size-dependent. This size dif-
ferenve may be caused by different environmen-
tal selection pressures of northern and southern
climates. The scatterplot (Figg. 1) of size-free dis-
criminant analysis of ticks {rom Massachusetts,
Maryhund, North Caroling, Georgin, California,
andd veciproeal 17, hyhrids of Massachuselts x
Geovgia clearly shows that I pacifiens fom Cal-
ilorniiis iorphologically distinet from the cast-
e Uit States popaebations amd that there is
averlap of worphiologival claracters among the
vastern populations. The ditiv suggest a north-
sonth eline of n stngle speeies along the Atlntic
Coast and further support the conclusion drawn
from the hybridization and assortative mating ex-
periments that there are no consistent recogniz-
able dilferences between 1. scapularis and I
dunming,

Chromosomes and Isozymes, Chromosome
analysis of ticks from California (1. pacificus),
Guorgin (1. seapuleris), and Massachusetts (1.
demaing) imdicated  great similarity  ameng
karyotypes. The one consistent difference noted
was an additional interstitial C band in chromo-
come 7 of 1 seapuleris and 1, dammini, which
was absent in I opocificns, These chromosome
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data indicate that I. scapularis and 1. dammini
are similar, whereas 1. pacificus is different.

As noted in the Results section, Isozyme anal-
ysis of 1. scapularis, 1. dammini, and [. pacificus
indicates that the genctie identity value (0,902}
for I. scapularis and L. dammini is within the
normal range for conspecific populations; the
values for 1. scapularis and 1. pacificus (0.305)
wnd for L. dammdni and 1, pacificus (0.403) are not
within conspecific range but are within conge-
nerie range (Ayala et al. 1974, Avise 1975). Inter-
estingly, teveral enzymes distinguished 1. puci-
ficus from either 1. scapularis or I. dammini,
including FUM, GP1, GPD, and esterases.

Life Cycles. It was reported that there was a
marked difference in nymphal molting times be-
tween I, scapularfs and I dammini (Krinsky
1979). This alleged difference was based on lab-
oratory rearing data of I. dammini, which were
compared with published data on 1. scapuleris.
Such a difference has not been confirmed. In-
deed, our data collected under similar laboratory
conditions show molting times of nymphal 1.
scapuleris, 1. dammind, and 1. pacificus to be
similar. There were differences (P < 0.05) in
fertility between I. scapularis and [ pacificus
and I. dammini and 1. pacificus, but not between
1, scapularis and I. demmini.

Host Preference. Ixodes scapularis and 1. dam-
mini feed on a wide varicty of animals. Adults
feed most commonly on large mammuls, espe-
cially white-tailed deer, Odocoileus virginianus
(Zimmermann) (Lane et al. 1991). In nature, the
white-footed  mouse, Peromyscus  leucopus
(Rafinesque), is the principal host of immature 1.
dammini (Lane et al, 1981). L. scapularis imma-
tures parasitize small mammals, bircks and rep-
tiles, especially lizards (Bishopp & Trembley
1945; Rogers 1953; J.H.O. & Gregory A. Cum-
mins, nnpublished data). Before the laboratory
study on feeding and host preference of imma
tare 1. yeapularis, 1. damming, and 1. pucificus
was done (James & Oliver 1990), it was pre-
stnmed thut dillerential host preference of inns-
res wins additional suppost for the separvation of
1. dannerind anal 1. seapularis as distinet speeies.
Now It is elear that, ot leastin the labortory, 1
scapularis, I dammini, ad I pacifices camot
be distinguished from each other hased on larval
and nymphal feeding success or preference for
mice, chickens, ond lizards (James & Oliver
1990). More larvae of all three tick species fed on
mice than lizards and more on lizards than chick-
ens. In host choice experiments, they preferred
mice, lizards, and chickens in that order, exce
for I. pacificus larvae, which showed no signifi-
et difference (P > 0.05) in preference belween
mice and chickens. Nymphs of the three species
showed no significant difference in feeding sne-
cess er host preference between mice and liz-
ardls. More nymphs fed on mice than o ehickens
when placed on hosts, wd they preferred mice to
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chickens, except for I. dammini nymphs, which
showed no preference between hosts. More
nymphs fed on lizards than chickens and chose
them except for nymphal I pacificus, which
showed no preference. Larvac and nymphs of all
three species fed for longer periods on lizards
than on mice or chickens; they typically fed for
3-5 d on mice and chickens and for 7=13 d on
lizards. Thus, in nature, perhaps one reason in-
matures may be detected more often on lizards
than on homeotherms is because they remain on
them approximately 3 times longer,

Vector Competence for the Lyme Disease Spi-
rochete, Published reports of vector competence
experiments in the laboratory indicated that 1.
scapularis was a [ully competent vector of B.
burgda?'cd (Burgdorfer & Cage 1986, Piesman
& Sinsky 1988). Although no rigorously con-
trolled simultaneous experiments of vector com-

tence between I. scapularis and [. demmini

ave been reported, there appears to be no dif-
ference between them regarding vectarial ability
for this spirachete in the laboratory (W. Burgdor-
fer, personal communication). . scapuluris from
feral animals in nature (Magoarelli et al. 1986,
Luckhart et al. 1991) and from vegetation
{Levine et al. 1989) have also been shown ta be
infected with B. burgdorferi. We have detected
B. burgdor{erl-infcctcd . scapularis in nature
{from animals and vegetation In Georgia. A Geor-
gia steain of B, burgdorferi has also been inocu-
lated into hamsters and subsequently transmit-
ted ,:Z 1. scapularis to mice (JLHO, F. W.
Chandler, M. P. Luttrell, AM.J., D. E. Stall-
knecht, B, S. McGuire, H.J.H., G. A, Cummins &
. 8. Lane, unpublished data).

Significance of Results. There are many rea-
sans for needing to know the relatedness of I
seapularis and [. dammini. The knowledge that
they are conspecific should alert physiciang and
public health officials in geographic regions not
nstally considered at risk for Lyme disease that,
il 1, scapularis is present, at least ene part of the
Lyme discase equation is present. The ecology
of different geographic populations of 1. seapi-
taris likely will vary, however, reflecting the lo-
cal density-dependent and independent lictors,
Although much knowledge of Lyme diseasc and
1. dammini gained in the northeastern and north-
central United States can be extrapolated to the
southern regions, detailed investigations will be
neceded to consider dilferent ecological parame-
ters. Clearly, developmental periods of ticks,
availability of hosts for ticks, and reservoir hosts
to the spirochete are likely to vary among difer-
ent regions.

There are many basic evolutionary questions
regrarding the relatedness of tick species in the 1.
ricinus/persuleatus species complex. We are in
the process of assessing genetic relatedness of
species in this complex, which ineludes the fonr
maost important Lyme disease veetors; 1 seapne-
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laris (including I. dammini), I. pacificus (North
America), [, rieinus (L) (Europe), and 1. persul-
catus Schulze (Asin). One approach nsed to study
species-diagnostic dilferences is based on a ribw-
somal DNA (rDNA) internal transcribed spacer
segment (1TS2), which has been vsed success
fully in  distinguishing  sibling  species  of
anopheline mosquitoes (Porter & Callins 1991).
Therefore, we decided o use sequences of 1T52
clones of polymerase chuin reaction (PCH)-
amplificd DNA from ticks from various parts of
the world. Concurrently, as ulready noted, in col-
laboration with D. Wesson and F. H. Collins
(Centers for Disease Control, Atlanta), these se-
quences are being used to determine species
relationships of several geographic populations
of 1. dammini (including ticks from Massachu-
setts, New York, New Jersey, Maryland, and Wis-
consin), I. scapuluris (Georgia, North Carolinn),
and 1, pacificus {Arizona, Californiu). Analysis of
sequence  variation  (e.g,,  oeighbor-joining
method, UPGMA) indicates that [ pacificus is
distinet species but that J. scapulans and [, dawm-
mind are conspecifie (e.g., undifferentinted mem-
bers of a cohesive gene pool) (Templeton 1959),

Conclusion. Although there are numerous def-
initions of a species (Mayr 1963, White 1478,
Templeton 1989), all invelve divergence in sonie
characters. Because no major divergence could
be demonstrated hetween I, scapularis and I
dammini in experiments involviag hybridiz-
tion, assortative mating, morphometrics, chromo-
somes, Isozymes, and life cycles by us or diver-
gences in host preferences, veclor competencies,
and DNA sequences by others, we conclude that
1. dammini is not a valld species, and that nus!
ticks identificd as such are probably 1. scapu-
laris. Based on Article 23 of the International
Code of Zoological Nomenclature (1985), the
nume [xodes scapularis Say, 1821, has priority
aver the nime frodes damming Spiehan, Clil-
ford, Picsman & Corwin, 1979, and i dummini is
therelore relegated to o junior subjedtive syn-
onym of I scapularis.
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Established tick-borne diseases of humans and/or animals in the United States
Name Agent Tick vector(s) Geographic
distribution
Lyme disease Borrelia burgdorferi Ixodes dammini Northeastern and
1. pacificus midwestern United
I. scapularis States, California,
Amblyomma Oregon, southern and
americanum southeastern U.S.,
southern and eastern
US.
Rocky Mountain Ricketisia rickettsii Dermacentor andersoni Throughout U.S.
spotted fever D. variabilis except Maine, Alaska,
A. americanum Hawaii
Tick-borne relapsing B. hermsii Ornithodoros hermsi Northwestern U.S.,
fever B. turicatae O. turicata southern Canada,
B. parkeri O. parkeri southwestern U.S.,
Western U.S.
Human babesiosis Babesia microti I. dammini Massachusetts, New

Tularemia

Human ehrlichiosis
Colorado tick fever

Tick paralysis

Canine ehrlichiosis

Equine ehrlichiosis

Potomac horse fever

Anaplasmosis

Epizootic bovine
abortion

Francisella tularensis

Ehrlichia chafeensis
CTF virus

Toxin (unidentified)

E. canis

E. equi

E. risticii

Anaplasma marginale

B. coriaceae (?)

other tick spp.
D. andersoni

D. variabilis
A. americanum

14

D. andersoni

Dermacentor spp.

Rhipicephalus
sanguineus

Dermacentor spp.

4

Dermacentor spp.

0. coriaceus

York, Rhode Island,
Wisconsin, Mexico
Throughout U.S.,
especially Missouri,
Kansas, Tennessee,
Kentucky, Arkansas,
Oklahoma, Illinois,
Texas, Colorado, Utah

Southeastern U.S.

Rocky Mountain
region

Northwestern and
eastern U.S., western
Canada

34 states of southern
and southwestern
regions

California, Illinois,
Colorado, Florida

Throughout U.S.

Western and southern
U.S.

Western U.S.
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Derrick M. DeSilva, Jr., MD :
760 Amboy Ave.
Edison, NJ 08837
Phone: 201-738-8080

1993 CONSENSUS TREATMENT GUIDELINES

Dr. DeSilva is a practicing Internist in Edison, New Jersey. He is an attending
staff member at Raritan Bay Medical Center and JFK Medical Center in Edison.
He is a medical consultant for Hoechst-Roussel Pharm. Inc. on product line
altasc (ramapril). Dr. DeSilva is a member of the Lyme Disease Foundtion's
Medical Advisory Board, American Heart Association, American Society of
Internal Medicine, and the American Medical Association. His is Medical
Director of Carbonudum Company in Keasbey, New Jersey (BP America
affiliate), and is on the Medical Advisory Board of Physicians Computer
Network in Lawrence Harbor, NJ. Dr. DeSilva is the weekly Host of Med Line
(WCTC Radio) and has made appearances on CBS Moming Show, CBS Evening
News, CNN Sonya Live.

D. Scott Samuels, PhD

Laboratory of Vectors and Pathogens
NIAID, NIH

Rocky Mountain Labs

Hamilton MT 59840

Phone: 406-363-9224

Fax: 406-363-9204

COUMARIN SUSCEPTIBILITY AND RESISTANCE IN THE LYME DISEASE
AGENT

Dr. Samuels, PhD did his undergraduate education at Rensselaer Polytechnic
Institute, Troy, NY and Colorado College in Colorado Springs, CO. He received
his PhD in Molecular and Cellular Biology from the University of Arizona,
Tucson. He did his dissertation research on the phosphorylation of DNA
topoisomerase I in mammalian cells. Post-doctoral Fellow in the Laboratory of
Vectors and pathogens (Claude F. Garon, Chief), at Rocky Mountain
Laboratories.  Current research on DNA-protein interactions, particularly the
role of DNA gyrase whic is the molecular target of coumermycin A, in the
Lyme diseasc agent, Borrelia burgdorferi.

Coumermycin Al is an inhibitor of DNA gyrase, an enzyme that catalyzes super
coiling of DNA and is required for bacterial DNA replication. We have recently
shown that Borrelia burgdorferi, a spirochete and a causative agent of Lyme
disease, is more susceptible than many other eubacteria to coumermycin, as
well as novobiocin, another coumarin antibiotic; this contrasted with its
relative resistance to the DNA gyrase inhibitors nalidixic acid, oxolinic acid,
and ciprofloxacin. Coumermycin at 0.2 ug/ml inhibited growth (MIC) in BSK
II medium and the slightest inhibitory dose of 0.003 ug/ml induced the
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seversible relaxation of two negatively-super coiled circular plasmids within 2
zours (20% of the doubling time). Because there are very few B. burgforferi
mutants of any sort derived from selection, we isolated 11 coumermycin-
resistant clones from approximately 1010 cells. All had a MIC of at least 20
ug/ml and maintained coumermycin resistance after at least 30 generations in
the absence of selection. Two variants produced proteins not found significant
levels in parental cells. CR9B had an outer surface protein with a molecular
mass of approximately 27 kDa and CR9C overproduced OspC, a 23 kDa protein
that is coded for by the only gene mapped to a circular plasmid in B.
burgdorferi. None of the variants appeared to have lost the circular plasmids.
In the absence of coumermycin, three of the variants (CR8a, CR9C, and CROE)
maintained circular plasmid super coiling while the others had relaxed
circular plasmids. Unfortunately, coumermycin is not 2 clinically useful anti
microbial agent; we hopc that further work on the coumarin drugs yields an
effective treatment for Lyme disease.

Mori Schwartzberg, MD
10 Neptune Blvd.
N Neptune, NJ 07753
908-988-5030

RHEUMATOLOGIC MANIFESTATIONS OF LYME BORRELIOSIS

Dr. Schwartzberg is a Rheumatologist at the Jersey Shore Medical Center. He
also treats many Lyme disease patients on a daily basis at his private practice
in Neptune, New Jersey.

J. Joseph Burrascano, Jr.,, MD
Southampton Hospital
139 Springs Fireplace Road
Southampton, NY 11937
Phone: 516-324-7337
¢ Fax: 516-329-9520

REHABILITATION THERAPY AS A SUPPORT TO TREATMENT

4 A significant number of patients with chronic Lyme Disease present in very
- poor physical condition. They complain of exhaustion, poor stamina, soreness

of tendons, ligaments, and joints, and, especially of the neck. On exam, many

have gained weight, have increased percentage of body fat, display

generalized muscular weakness, loss of range of motion, and elevated resting

heart rates, even in the absence of clinical myopathy or markers of

inflammation, such as elevated CPK and sedimentation rates. Because of these
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immunoblastic cells (sometime binucleate) reported for certain' cases of Lyme
Borreliosis. To the best of our knowledge these "atypical cells" have not been
reported before any animal specied infected with Bb. The presence of this
"atypical cell" in other animal species infected with Bb is currently under
study.

Pamela Paparone, RN, MSN
714 North Harvard Ave.
Ventnor, NJ 08406

Phone: 609-823-8167

PATIENT EDUCATION

Pamela Paparone is a graduate of Rutgers and Seton Hall Universities. She is a
certified Medical Surgical Clinical Nurse Specialist and Adult Nurse
Practitioner currently in practice in nearby Absecon, NJ. She is the authur of
the Lyme Disease Coloring Book, several articles on Lyme disease and holds the
distinction of being named Nurse Educator of the Year, 1989, by the American
Association of Offic Nurses.

Pamela A. Lynxwiler, LPN
Lyme Coordinator
Family Physicians Group
Cape Girardeau, MO 63701
Phone: 314-34-0511

PATIENT EVALUATIONS - INCREASING PRIMARY CARE GIVER
EFFICIENCY

Our main goal in caring for the Lyme disease patient is t0 make their visit as
effective as possible. We want to get all the pertinent information necessary
in making a diagnosis and developing a treatment plan for each individual
patient. We send quesnonnalres and lab request forms to be filled out by the
patient before they arrive for their initial appointment. This allows more time
to bc spent on patient evaluation rather than paperwork When the treatment
is started and the patient returns for a follow-up visit, we use a patient
evaluation form so we can assess their condition since the last appointment.
This form is filled out by the patient upon arrival at the office. Using the
forms, one is able to address those problems that are most serious, urgent, or
that require additional attention. This facilitates making necessary changes
in the treatment program as well as providing a more complete and objective
medical record.




WB in 3/7 1 day old pups that did not receive colostrum, demonstrating a
primary immune response exposure.

Colin R. Young, PhD

Associate Professor

The Texas Veterinary Medical Center
Texas A&M University

College Station, TX 77843-4467
Phone: 409-845-5941

Fax: 409-845-9231

Co Authors: Michael D. Gibson, M.Tawfik Omran, John Edwards, Leon Russell,
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4 Fleas

UNUSUAL FINDINGS IN FELINE LYME BORRELIOSIS

Lyme Disease (LD) is a multisystem disease with mainly skin, neural, cardiac,
muscular and joint manifestations. The disease is casued by the gram negative
spirochete Borrelia burgdorferi (Bb) and is transmitted by infected ticks.
Experimental models of Lyme disease have been demonstrated in species such
as mice, rats, hamsters, cats, and dogs. Recent experiments by Dr. Elizabeth
Burgess (University of Wisconsin) reported that cats are susceptible to
infection with LD but that clinical signs may or may not be apparent. We have
investigated further this feline model of LD wusing 20 uninfected normal
healthy cats. These cats were divided into 4 groups ecach containing 5 cats.
One group was used as a control group, whereas each remaining of the 3
groups were injected intradermally in a single site in the sacral region with
106 live Borrelia burgdorferi spirochetes isolated from different arthropods.
The 3 different isolates of Borrelia burgdorferi used were Bb31 (a reference
strain isolated from the tick Ixodes scapularis), Bb1579 (isolatca from the Lone
Star_tick,# A. americanum), and Bb532_(isolated from a pool of 5 cat_fleas,
atcnoccpham Bend “County in Texas). The cats were ~examined
daily, bled biweekly, and one cat per group was sacrificed each month for
scrological and histological studies on all tissues and organs. Clinically, in the
test cats there was a variable picture ranging from front or hind-limb
lameness to hyperemia in all joint at necropsy. Gross pathology at necropsy
indicated that Bb injected cats had liver degeneration, hyperplasia of the
spleen, plasmacytosis of regional lymph nodes and occasional pneumonitis of
the lungs. Control cats had no abnormal lesions. Differential WBC counts
indicated that infected cats had cycles of reduction in the neutrophil count
accompanied by an increase in the lymphocytc and eosinophil counts. During
the course of infection of thesc cats we noted appearance of an "atypical cell”
in the blood films. Following staining with Hemacolor this "atypical cell” has
the following characteristics: 6-7 u in diameter, a single compact round dark
blue nucleus 1.5-3 u in diameter, blue-gray cytoplasm. These "atypical cells”
differ from the enlarged immunoblastic cells (occasionally similar to Reed-
Sternberg cells of Hodgkin's disease) or atypical enlargement plasmacytoid
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immunoblastic cells (sometime binucleate) reported for certain' cases of Lyme
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evaluation form so we can assess their condition since the last appointment.
This form is filled out by the patient upon arrival at the office. Using the
forms, one is able to address those problems that are most serious, urgent, or
that require additional attention. This facilitates making necessary changes
in the treatment program as well as providing a more complete and objective
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seversible relaxation of two negatively-super coiled circular plasmids within 2
zours (20% of the doubling time). Because there are very few B. burgforferi
mutants of any sort derived from selection, we isolated 11 coumermycin-
resistant clones from approximately 1010 cells. All had a MIC of at least 20
ug/ml and maintained coumermycin resistance after at least 30 generations in
the absence of selection. Two variants produced proteins not found significant
levels in parental cells. CR9B had an outer surface protein with a molecular
mass of approximately 27 kDa and CR9C overproduced OspC, a 23 kDa protein
that is coded for by the only gene mapped to a circular plasmid in B.
burgdorferi. None of the variants appeared to have lost the circular plasmids.
In the absence of coumermycin, three of the variants (CR8a, CR9C, and CROE)
maintained circular plasmid super coiling while the others had relaxed
circular plasmids. Unfortunately, coumermycin is not 2 clinically useful anti
microbial agent; we hopc that further work on the coumarin drugs yields an
effective treatment for Lyme disease.
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Dr. Schwartzberg is a Rheumatologist at the Jersey Shore Medical Center. He
also treats many Lyme disease patients on a daily basis at his private practice
in Neptune, New Jersey.
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REHABILITATION THERAPY AS A SUPPORT TO TREATMENT

4 A significant number of patients with chronic Lyme Disease present in very
- poor physical condition. They complain of exhaustion, poor stamina, soreness

of tendons, ligaments, and joints, and, especially of the neck. On exam, many

have gained weight, have increased percentage of body fat, display

generalized muscular weakness, loss of range of motion, and elevated resting

heart rates, even in the absence of clinical myopathy or markers of

inflammation, such as elevated CPK and sedimentation rates. Because of these
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Claude F. Garon, PhD

Chief

Laboratory of Vectors and Pathogens

National Institute of Allergy and Infectious Discases
Rocky Mountain Laboratories

Hamilton, MT 59840-2999

Phone: 405-363-9228

Fax: 406-363-9204

Co Authors: David W Dorward, and William M Whitmire “Blelos ¥

EXTRACELLULAR COMPONENTS OF BORRELIA BURGDORFERI-POSSIBLE
ROLE IN THE PATHOGENESIS OF LYME DISEASE

B.S Louisiana State University, 1964; MS Louisiana State University,
Microbiology/Biochemistry, 1966; PhD Georgetown University,
Microbiology/Biochemistry, 1970. Dr. Garon has received the NIH Award of
Merit and the NIH Director's Award, serves as Chairman of the Board of
Directors - Center of Excellence in Biotechnology - Montana Science and
Technology Alliance. He is a faculty affiliate in the Division of Biological
Sciences - University of Montana, a member of the Advisory Committee -
University of Montana Electron Microscopy Facility. Dr. Garon serves as
Chairman, Montana Govemrnor's focus Group in Biotechnology and as a member
of the Editorial Board of thc Joumal of Clinical Microbiology. His major
rescarch interest: To exploit the potential of rocombinant DNA technology for
the detection and amplification of DNA sequences that arc important in
microbial pathogenesis.

Borrelia burgdorferi, the causative agent of Lyme disease, appears during
periods of growth to shed membranous materials from its surface. Using an
antigen capture/detection method developed in the laboratory, this material
could be demonstrated on the surface of spirochetes, free in culture medium
and in infected animals and ticks. Similar results were obtained using various
tissues and fluids from human patients with Lyme disease. Although the
captured antigens were initially assayed by immune -electron microscopy,
other methods have been used recently to characterize the nature these
bioproducts and to assess their possible role in the pathogenesis of Lyme
disease.  Researchers in the laboratory have been able to demonstrate that
extracellular components of B. burgdorferi: 1) appear to be present wherever
active growth of the organism is taking place and therefore, may be useful as
a diagnostic indicator of active infection and/or treatment effectiveness; 2)
are involved in the packaging and protection of intact DNA molecules
containing a few known and many unknown genes and gene products; 3)
appear to specifically interact with immunoglobulin M molecules in a unique
fashion, perhaps to escape immune surveillance; and 4) possesses potent, non-
specific mitogenic activity which may cause an inappropriate and non
effective stimulation of the immune system triggering autoimmune discase
components. The Laboratory of Vectors and Pathogens continues to apply a
multidisciplinary approach to these and other problems with the aim of
providing a rational solution to the improved prevention, treatment and
diagnosis of Lyme discase.




