A - A e T e
/\\ Journal of

, Spirochetal and
\\ Tick-borne Diseases

Fall/Winter 1996 Volume 3 » Number 3/4

ORIGINAL ARTICLES
pe—————————————————————————

Vector Competence of Ixodid Ticks (Acari) for Borrelia burgdorferi

as Determined With a Capillary-feeding Technique
Xiaohong Li, PhD and Robert S. Lane, PhD

The Role of Publicly Owned Properties in the

Transmission of Lyme Disease in Central New Jersey
Terry L. Schulze, PhD and Robert A. Jordan, PhD

lgG Antibodies to Borrelia burgdorferiin Rodents in Tennessee
Thomas M. Kollars, Jr, PhD; Donald D. Ourth, PhD;
Timothy D. Lockey, PhD; and Daniel Markowski, MS

Human Infection With Tick-transmitted Babesia microti in Rhode Island:

Serological Evidence and Risk Factor Assessment
Renjie Hu, PhD; Daniel Markowski, MS; Kerwin E. Hyland, PhD;
Colleen Kelly, PhD; and Thomas N. Mather, PhD

SreEciAL Focus
p=——— 1

Tick-borne Disease Surveillance in Massachusetts,
Delaware, Pennsylvania, Maryland, and Selected States

The Journal of the Lyme Disease Foundation



Ga\'d\og

ﬁ'f: “www.pueblo.gsa.gov

9 out of 10 mice prefer it.

If there's a mouse in your house, you even educating your children. In fact,
can catch the free Consumer Information there are more than 250 free publications —
Catalog online. There you'll find a web site  complete for you to read or download.

with the latest federal info from more than Or you can order the Catalog the way you

| 40 government agencies. always have. Just mail your name and

Just point and click your way to addressto Free Catalog, Pueblo, CO 81009.

! www.pueblo.gsa.gov to nibble on hunks But for the fastest info running, mice
|

of useful information on saving money, everywhere are scurrying to the Consumer
getting federal benefits, staying healthy, Information Catalog online.

www.pueblo.gsa.gov (It's the cat’s meow.)

A public service of this publication and the Consumer Information Center of the U.S. General Services Administration




Journal of
/ Spirochetal and
AN\ Tick-borne Diseases

Volume 3 Fall/Winter 1996 Number 3/4

GUEST EDITORIAL

Another Look at the Potential Role of Amblyomma americanum
in the Transmission of Tick-borne Disease . ... ..............cuiiuiiiiirie 113

Terry L. Schulze, PhD and Edward M. Bosler, PhD

ORIGINAL ARTICLES

Vector Competence of Ixodid Ticks (Acari) for Borrelia burgdorferi
as Determined With a Capillary-feeding Technique ......... ... ... .. ... 0000, 116

Xiaohong Li, PhD and Robert S. Lane, PhD

The Role of Publicly Owned Properties in the Transmission of Lyme Disease
in Central New Jersey .............. . i 124

Terry L. Schulze, PhD and Robert A. Jordan, PhD

IgG Antibodies to Borrelia burgdorferi in Rodents in Tennessee ....................c.oouiermonnoni.. 130

Thomas M. Kollars, Jr, PhD; Donald D. Ourth, PhD; Timothy D. Lockey, PhD;
and Daniel Markowski, MS

Human Infection With Tick-transmitted Babesia microti in Rhode Island:
Serological Evidence and Risk Factor Assessment .. ................. ... e, 135

Renjie Hu, PhD; Daniel Markowski, MS; Kerwin E. Hyland, PhD;
Colleen Kelly, PhD; and Thomas N. Mather, PhD



). N Journal of
. // 7 Spirochetal and
W\ Tick-borne Diseases

Volume 3 Fall/Winter 1996 Number 3/4

SPECIAL FOCUS: TICK-BORNE DISEASE SURVEILLANCE

GUEST EDITORIAL

Surveillance of Tick-borne Disease Really Is Important .. .......... .. ... 140
Julie A. Rawlings, MPH

ORIGINAL ARTICLES
Case Definitions for Public Health Surveillance . ...........c.cciou it riaieeneines 142
Lyme Disease and Other Tick-borne Diseases in Massachusetts ................. ..ot 147

Silvia M. Kreindel, DVM, MPH; Bela T. Matyas, MD;
Michael W. McGuill, DVM; Timothy P. Broadbent, BS;
and Alfred DeMaria, Jr, MD

Lyme Disease Surveillance in Delaware, 1990 t0 1994 . .......... ... ... i 151
David Wolfe, RN, MPH; Luis Callejas, MD, MPH; and Leroy Hathcock, PhD

The Epidemiology of Lyme Disease and Other Tick-borne Diseases, Pennsylvania, 1990t0 1995 ............ 155
Perrianne Lurie, MD, MPH, FACPM

Lyme Disease Surveillance in Maryland: Sources and Outcomes of Suspected Cases .......covvueninannn 159
César A. Peiia, DVM, MHS; Meheret Woubeshet, BA;
Jack K. Grigor, DVM, MPH; and G. Thomas Strickland, MD, PhD

Surveillance of Tick-borne Disease in Selected States . .......... ... . . it ireaenas 165
Julie A. Rawlings, MPH; John Pape; William Bigler, PhD; Jeff Berschling;
Jesse F. Greenblatt, MD, MPH; Joan Bestudik; Gianfranco Pezzino, MD, MPH;
Jim Murphy; Larry A. Shireley, MS, MPH; Craig R. Nichols, MPA;
Suzanne R. Jenkins, VMSD, MPH; Marcia Goldoft, MD;
and James J. Kazmierczak, DVM, MS

Clinical Conference: Chronic Lyme Disease .. ............ ... ittt 167
Sam T. Donta, MD; Elizabeth Aberer, MD; and Martina H. Ziska, MD



Journal of
/\\ Spirochetal and

\\\\/ Tick-borne Diseases

MANAGING EDITOR

Edward M. Bosler, PhD, Lyme Disease Foundation, Hartford, CT

DEPUTY EDITOR

Willy Burgdorfer, PhD, MD (Hon), Rocky Mountain Laboratories, Hamilton, MT

CONSULTING EDITORS

Sam T. Donta, MD, Boston University Hospital, Boston, MA
Richard C. Tilton, PhD, BBI—North American Laboratory Groups, New Britain, CT

ASSOCIATE EDITORS

Alan G. Barbour, MD, University of California, Irvine, CA
Steven W. Barthold, DVM, PhD, Yale University School of Medicine, New Haven, CT
Sandra L. Bushmich, MS, DVM, University of Connecticut, Storrs, CT
Claude F. Garon, PhD, Rocky Mountain Laboratories, Hamilton, MT
Kenneth B. Liegner, MD, New York Medical College, Valhalla, NY
James N. Miller, PhD, UCLA, Los Angeles, CA
Klaus Weber, MD, private practice, Munchen, Germany

REVIEW BOARD

Rudolf Ackermann, MD, Cologne, Germany
Elisabeth Aberer, MD, Vienna, Austria
Satyen N. Banerjee, PhD, Vancouver, Canada
Jorge L. Benach, PhD, Stony Brook, NY
Bernard W. Berger, MD, Stony Brook, NY
Elizabeth C. Burgess, DVM, PhD, Madison, W1
Patricia K. Coyle, MD, Stony Brook, NY
William U. Culbertson, MD, Miami, FL
Robert D. Evans, PhD, Blacksburg, VA
Brian A. Fallon, MD, New York, NY
H. Hugh Fudenberg, MD, Spartansburg, SC
Juan C. Garcia-Monco, MD, Galdacano, Spain
Dagmar Hulinska, PhD, Prague, Czech Republic
James H. Katzel, MD, Ukiah, CA
Mark S. Klempner, MD, Boston, MA



%

N\

2

Robert S. Lane, PhD, Berkeley, CA
Robert L. Lesser, MD, New Haven, CT

Alan B. MacDonald, MD, Huntingdon, NY
John E. Madigan, DVM, PhD, Davis, CA
Edwin J. Masters, MD, Cape Girardeau, MD
Pamela A. Paparone, RN, Ventnor, NJ
Philip Paparone, DO, Atlantic City, NJ
Charles S. Pavia, PhD, Valhalla, NY
Mario T. Philipp, PhD, Covington, LA
Julie Rawlings, MPH, Austin, TX
Ronald F. Schell, PhD, Madison, W1
Edward M. Schneider, PhD, Farmingdale, NY
Martin M. Shinedling, PhD, Saginaw, MI
Terry L. Schulze, PhD, Trenton, NJ
Steven E. Schutzer, MD, Newark, NJ
Tom C. Schwan, PhD, Hamilton, MT
Rudolph J. Scrimenti, MD, Milwaukee, WI
Irwin T. Vanderhoof, PhD, New York, NY
David J. M. Wright, MD, London, Great Britain

ILLUSTRATIVE EDITOR

James H. Katzel, MD, Ukiah, CA

Journal of
Spirochetal and
Tick-borne Diseases

The Journal of Spirochetal and Tick-borne Diseases (ISSN:1080-0051) (GST#129780468) is published quarter-
ly by SLACK Incorporated, 6800 Grove Road, Thorofare, New Jersey 08086. Dates of publication are: March,
June, September, and December, on the third week of the publication month.

Copyright 1987 by Lyme Disease Foundation Inc. All rights reserved. No part of this publication may be repro-
duced or transmitted in any form without written permission by the Executive Director of the Lyme Disease
Foundation, One Financial Plaza, Hartford, CT 06103-2610.

The Journal of Spirochetal and Tick-borne Diseases does not hold itself responsible for statements made by
any contributors. Statements of opinions expressed in the Journal reflect the views of the author(s) and not the
official policy of the Lyme Disease Foundation.

Subscription Rates: Physician: $75.00/yr; Institution: $35.00/yr; Single copies: $25.00; Students, fellows, and
residents: $45.00/yr; Foreign: add $20.00 for postage ($10.00 for Canada). To receive student/resident rate,
orders must be accompanied by name of affiliated institution, data of term, and signature of program/residency
coordinator on institution letternead. Orders will be billed at single rate until proof of status is received. Back
issues can be ordered at a cost of $25.00 per issue. Back issues sald In conjunction with a subscription are on
a prorated basis. Requests for orders should be sent to the Journal of Spirochetal and Tick-borne Diseases,
SLACK Incorporated, 6900 Grove Road, Thorofare, New Jersey 08086.

Change of address riotices, including both the old and new addresses of the subseriber, should be sent at
least 1 month in advance of effective date. Include old and new addresses and label from recent issue. The
publisher cannot accept responsibility for undelivered copies.

Postmaster: Send change of address to: Journal of Spirochetal and Tick-bome Diseases, SLACK
Incorporated, 6900 Grove Road, Thorofare, NJ 08086, Third class postage paid at Thorofare, NJ 08086.
Advertising: SLACK Incorporated, 6900 Grove Road, Thorofare, New Jersey 08086, Although all advertising
material is expected to conform to ethical standards, acceptance does not imply endorsement by the Journal,
Back Issues can be ordered at a cost of $25.00 per issue. Back issues sold in conjunction with a subscription
are on a prorated basis. Requests for orders should be sent to the Journal of Spirochetal and Tick-borne
Diseases, SLACK Incarporated, 6900 Grove Road, Thorofare, New Jersey 08086.

Editarial content: Topics relating to understanding disease mechanisms and the application of better diagnos-
tic techniques and treatment strategies for all individuals suffering from spirochetal and tick-borne diseases.
Letters to the Editor in the form of correspondence related to material published in the Journal or some
aspects of spirochetal and tick-bome diseases may be submitted. Such letters, if related to work previously
published in the journal, will be referred to the author of the original work for a response.

Business Manager
For correspondence
and submissions

Karen Vanderhoof-Forschner
Lyme Disease Foundation
One Financial Plaza
Hartford, CT 06103-2610
Telephone: 203-525-2000
Fax: 203-525-8425
e-mail: lymefnd @aol.com
Internet: www.lyme.org

Publisher
For subscriptions
SLACK Incorporated
6900 Grove Rd.
Thorofare, NJ 08086
609-848-1000

Editorial Staff
Managing Editor
Frances R. DeStefano

Associate Editor
Mary Evangelisto

Advertising Sales

Publishing
Director/Advertising
Wayne McCourt

Advertising Sales
Representative
Mike LoPresti

Vice President/Group
Publisher
Richard N. Roash

Publisher
John C. Carter

Editorial Director/Journals
Jennifer A. Kilpatrick

Circulation Manager
Lester J. Robeson, CCCP
Production Manager
Christine Malin

Production Coordinator
Joanne Patterson




Editorial

Another Look at the Potential Role of Amblyomma americanum
in the Transmission of Tick-borne Disease

Terry L. Schulze, PhD and Edward M. Bosler, PhD

Until the mid-1970s, tick-borne diseases affecting
humans in the Northeast and mid-Atlantic states
remained more of a medical curiosity than a public
health threat. Prior to that time, the only tick-borne dis-
ease of any significance in this region was Rocky
Mountain spotted fever. The principal vectors of the eti-
ological agent, Rickettsia rickettsii, are the American
dog tick, Dermacentor variabilis Say; and the lone star
tick, Amblyomma americanum L.! In most of the
Northeast, A. americanum is considered as a secondary
vector, primarily because of its limited geographical dis-
tribution. A. americanum is known mainly for its eco-
nomic importance as a serious pest of humans, live-
stock, and wildlife.2-

The relative insignificance of tick-borne diseases to
the entire spectrum of public health changed dramatical-
ly with the description of Lyme disease in Connecticut
in 1975.% Based on epidemiological evidence, the black-
legged or deer tick, Ixodes scapularis Say (formerly 1.
dammini Spielman, Clifford, Piesman, and Corwin)’
was implicated as the vector of the as yet unidentified
etiological agent.® Early investigations centered on .
scapularis, and in 1982, the spirochete Borrelia
burgdorferi was found in this tick species collected
from eastern Long Island, NY.% B. burgdorferi subse-
quently was isolated from I. scapularis from the north-
ern Midwest and 1. pacificus Cooley & Kohls in the
West.' In less than a decade, a complete understanding
of the epidemiology of Lyme disease seemed at hand.

Early studies of Lyme disease foci in New Jersey
showed that A. americanum temporally and spatially
coexisted with /. scapularis.""'> New Jersey and parts of
southeastern New York, however, mark the northern
extent of significant populations of A. americanum, so
this tick was not considered a potential vector of Lyme
disease elsewhere in the Northeast. The vector potential

Address correspondence to Edward M. Bosler, PhD, Division of
Infectious Diseases, Department of Medicine, State University of
New York, Stony Brook, NY 11794.
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of the lone star tick first became evident in 1982, when
an A. americanum female was removed from the site
where erythema migrans (EM) later developed in an 87-
year-old male from Medford, NJ. This case predated the
discovery of B. burgdorferi. In 1983, a second case of
Lyme disease associated with A. americanum was
reported when a tick was removed from the site at
which EM developed in a 37-year-old female from
Barnegat, NJ."3 Spirochetes subsequently were identi-
fied in A. americanum adults and nymphs collected
from the place of residence of the second case and else-
where in New Jersey."* Although garnering some early
interest in the scientific community, the potential impor-
tance of A. americanum in Lyme disease transmission
was dismissed when early efforts to culture spirochetes
from this species were unsuccessful, '

In the late 1980s, physicians from Georgia and
Missouri began reporting an illness clinically indistin-
guishable from Lyme discase,'®'8 but subsequent inves-
tigations failed to implicate B. burgdorferi. Although
both 1. scapularis and B. burgdorferi were present in
this region, the most commonly reported tick exposure
for patients was to A. americanum." Renewed interest
in A. americanum spurred new investigations into the
potential importance of this tick in Lyme disease trans-
mission. Other than the carlier reports from New
Jersey,™ spirochetes were found in A. americanum col-
lected from Alabama," Indiana,?® Towa,?! Missouri,??
North Carolina,?® Oklahoma,?* and Texas.2?5 Un-
successful attempts to cultivate these spirochetes and
the inability of A. americanum to transmit B. burgdor-
feri in the laboratory seemed irreconcilable,!426-28
Recently, through the use of DNA sequencing, it has
been postulated that this noncultivable spirochete
retrieved from A. americanum is a new Borrelia sp., B.
lonestari, which may be responsible for a new Lyme
disease-like illness.?® This issue is far from resolved.

As the role of A. americanum in the transmission of
Lyme disease or a new Lyme disease-like illness is being
revisited, researchers will need to address the emergence of
two new rickettsial diseases simultaneously, human mono-
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cytic ehrlichiosis (HME) and human granulocytic ehrli-
chiosis (HGE), as serious potential threats to human health.
Ehrlichia chaffeensis, the etiological agent of HME, 3! is
known to be transmitted by A. americanum.** More than
400 cases of HME have been reported in the United
States,® including nine cases from New Jersey in 1995
(T.L.S., unpublished data). Approximately 170 cases of
HGE, caused by an as yet unnamed Ehrlichia sp., have
been reported since 1994, primarily from upper midwestern
and northeastern states.3® Although I. scapularis is purport-
ed to be the vector of this new Ehrlichia sp., cases to date
have been reported from outside the geographical range of
A. americanum, so that the vector potential of this tick
regarding HGE remains unclear. Interestingly, the first
known outbreak of human chrlichiosis in New Jersey
occurred more than a decade ago in 1985,3* in July, when
both I. scapularis and A. americanum are active.

Although the emergence of the ehrlichioses is striking-
ly similar to that of Lyme disease nearly 2 decades earlier,
a number of important differences exist. Owing to the
sheer number of cases, Lyme disease has achieved a cer-
tain notoriety. As a result, public interest in other tick-
borne diseases is considerable. In contrast to the emer-
gence of Lyme disease, the recent recognition of A. amer-
icanum as another vector of Lyme disease or a new spiro-
chetal illness and its role in the transmission of HME is
likely to stimulate an already sensitized public to demand
timely information from health agencies.

An important difference in the ability to provide infor-
mation rapidly and develop strategies to deal with these
emerging tick-borne disease issues is the current state of
scientific knowledge. When Lyme disease was first
described, little was known about the distribution, ecolo-
gy, and control of 1. scapularis. Well over a decade of
research has been devoted to developing our understand-
ing of this previously unimportant tick species. In con-
trast, because of its longstanding economic importance,
the distribution, ecology, and control of A. americanum
have been investigated more thoroughly, particularly in
the southern United States. Much less is known about
this tick along the northern extent of its geographical
range. Compared to its economic importance, the role of
A. americanum as a vector of human disease has received
superficial attention. The distribution of Borrelia spp.
and Ehrlichia spp. in A. americanum throughout its geo-
graphic range is poorly understood and should receive a
high research priority.
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Vector Competence of Ixodid Ticks (Acari) for Borrelia
burgdorferi as Determined With a Capillary-feeding Technique

Xiaohong Li, PhD and Robert S. Lane, PhD

ABSTRACT

Some factors that affect the vector competence of two
ixodid ticks for Borrelia burgdorferi (Bb) were evaluated.
The ticks included Ixodes pacificus, a proven competent vec-
tor and the primary bridge vector to humans in California,
and Dermacentor occidentalis, an incompetent vector that
rarely is found infected naturally with spirochetes. Adults of
I. pacificus and D. occidentalis imbibed, on average, about
1.9%X105 and 2.7 X10° of Bb isolate CA4 in BSK-II medium,
respectively, via a capillary-feeding technique. Spirochetes
persisted in the midgut diverticula of both ticks for 5
months, but significantly more adult D. occidentalis died
after infection. Despite the large spirochetal dose, none of
the D. occidentalis (n=20) and only one of the I. pacificus
(n=20) subsequently developed generalized tissue infections.

When capillary-infected ticks were put on susceptible rab-

bits, only I pacificus successfully transmitted spirochetes.
Between 5 and 7 days after attachment to rabbits, the distri-
bution of spirochetes within these ticks differed. Spirochetes
in I. pacificus penetrated the midgut and disseminated to
the salivary glands via the hemolymph in 30% to 40% of
ticks, whereas dissemination did net occur in D. occidental-
is, and spirochetes disappeared altogether from the midguts
of 83% to 95% of ticks in different trials. These findings
suggest that the vector incompetence of D. occidentalis is
due to a midgut barrier that prevents spirochetal dissemi-
nation, to a borreliacidal factor associated with its feeding
activities, or to both. We conclude that the capillary-feeding
technique is a useful tool for studying the vector competence
of ticks for Bb and for infecting ticks to be used in experi-

mental transmission studies.

Key words: Ixodes pacificus, Dermacentor occidentalis, Borrelia burgdorferi

The Lyme disease spirochete, Borrelia burgdorferi, is
maintained and distributed in endemic foci primarily by
ticks in the genus Ixodes.! In the western United States,
B. burgdorferi is perpetuated in enzootic cycles involv-
ing ticks that do not bite humans (eg, I. neotomae, L
spinipalpis), woodrats, and other small mammalian

From the Division of Insect Biology; Department of
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California at Berkeley.

This project was funded in part by grant AI22501 from the
National Institutes of Health (R.S.L.).

Address correspondence to Xiaohong Li, Washington State
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hosts.2S Ixodes pacificus, a worrisome biter of humans
and an efficient vector of B burgdorferi,*®7 also con-
tributes to the chain of infection and serves as a bridge
vector to people. In addition/ several ticks in other gen-
era occasionally have been’found infected with spiro-
chetes in this region -of the country, including
Dermacentor occidentalis, Dermacentor variabilis, and
Haemaphysalis leporispalustris.®1! Of these, D. occiden-
talis and D. variabilis attach to humans, but experimen-
tal studies have demonstrated that both ticks are incom-
petent vectors of Lyme disease spirochetes.®”!>1¢

The vector competence of ticks for microbial agents is
influenced by various intrinsic and extrinsic factors.!?
Although specific biologic factors influencing the vector
competence of ticks for B. burgdorferi have not been
identified,'® growth-promoting factors may be present in
Ixodes vectors that are absent in other tick genera, or
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conversely, growth-inhibiting factors may occur in other
tick genera that are lacking in Ixodes species.”

As an initial step toward clucidating intrinsic factors
that may be responsible for the vector competence of I
pacificus, we compared the dissemination of B. burgdor-
feri in this tick with that in D. occidentalis after introduc-
ing spirochetes via a capillary-feeding technique.?® We
sought to determine the susceptibility and survivability of
both species of ticks after ingestion of spirochetes to dis-
cover the route of spirochetal dissemination in infected
ticks fed to partial repletion on rabbits versus unfed ticks.
Also, we determined whether capillary-infected ticks are
capable of transmitting spirochetes to rabbits.

MATERIALS AND METHODS

Lyme spirochetes

B. burgdorferi isolate CA4 (passage 6), which was
derived from an adult /. pacificus, was used to infect lab-
oratory-reared and spirochete-free ticks with the capillary
feeding technique. The antigenic and genetic characteris-
tics of this isolate have been described previously.?!??
The capillary feeding method was modified slightly from
that described by Burgdorfer.?° In brief, a nonheparinized
capillary tube (75 mm long by 1.4 mm in diameter) was
heated medially, and the two ends of the tube were drawn
apart gently to create a narrower central portion. The
medial section was then broken to fashion two capillary
tubes having diameters of about 1.4 mm and 0.6 mm at
their respective nonheated and heated ends.

The spirochetal suspension was prepared by inoculat-
ing known quantities of motile spirochetes into antibiot-
ic-free BSK-IT medium and adding adenosine triphos-
phate to a concentration of 1.5 mM. A Petroff-Hausser
counting chamber (Hausser Scientific Partnership,
Horsham, Pa) was used to count spirochetes. After the
capillary tube was embedded horizontally on a plasticine
cuboid (about 10X10X4 mm), the hypostome of the tick
was inserted into the narrow (0.6 mm diameter) end of
the tube. The apparatus was put in a covered petri dish
lined with moistened filter paper and held at 34°C for 2
to 3 hours while the ticks fed. Ticks gained up to 50% of
their prefed weights during the feeding period. Ticks
that gained less than 30% of their prefed weights were
not used in the trials described subsequently.

Source of ticks

Host-seeking adults of 1. pacificus and D. occidentalis
were collected from low vegetation in Tilden Regional
Park, Berkeley, Calif, with a 1-m? tick-drag composed of
white flannel. We used ticks from Tilden Regional Park
because of their easy accessibility and the fact that
the adults from there have rarely (I. pacificus) or never
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(D. occidentalis) been found to contain spirochetes.!!
Prior to experimentation, ticks were maintained at 21°C
in a light:dark cycle of 12 hours:12 hours
and relative humidities of 95% (D. occidentalis) or 98%
(1. pacificus) for 1 to 2 weeks. Only motile ticks that
seemed healthy were used in the capillary feeding trials.

Effects of artificial feeding

To compare the survivability of fed and unfed females,
48 I pacificus were capillary fed BSK-II culture medium
containing 2.8 10% spirochetes per mL; 40 unfed females
served as controls. Likewise, 113 D. occidentalis females
were fed identically and 45 females were not fed as con-
trols. In addition, 59 D. occidentalis females were fed only
culture medium because a preliminary trial revealed that
females fed a spirochetal suspension experienced a higher
mortality than ticks that were not fed. All ticks were placed
inside plastic vials (about 8 ticks/vial), which were held at
the same conditions noted previously. The number of ticks
that died monthly was recorded.

To determine the approximate number of spirochetes
that were imbibed by each species of tick, 30 L. pacificus
and 50 D. occidentalis females were weighed separately
before and after capillary feeding. The average weight
gains were 0.67 mg (SD=0.99) for I. pacificus and 1.004
mg (SD=3.78) for D. occidentalis. Because the density of
BSK-II medium is 1.0176 g/ml., each I. pacificus and D.
occidentalis female imbibed, on average, approximately
1.9X10° and 2.7 X103 spirochetes, respectively.

The survival of capillary-fed versus unfed nymphal
ticks also was determined. The survivability of 22 fed
versus 17 nonfed D. occidentalis nymphs and of 62 fed
and 16 nonfed I. pacificus nymphs was monitored week-
ly instead of monthly because capillary-fed nymphs had
higher mortality rates than adult ticks. The amount of
feeding material imbibed by a nymphal tick could not be
determined because the weights of nymphs before and
after feeding were too small to measure accurately.
Spirochetes were delivered to D. occidentalis nymphs in
8% filtered rabbit serum instead of BSK-II medium
because many D. occidentalis adults died after imbibing
BSK-II medium alone. Nymphs were held at either 98%
(1. pacificus) or 95% (D. occidentalis) relative humidity.

Persistence of spirochetes in adult ticks

To determine how long B. burgdorferi could survive
in capillary-fed 1. pacificus adults, the hemolymph and
midgut diverticula of ticks were examined for the pres-
ence of spirochetes by direct immunofluorescence
according to previously described methods at 12 days, 3
months, and 5 months after feeding.”> Also, portions of
the midgut and salivary glands were put into BSK-II
medium in isolation attempts. D. occidentalis adults were
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Fig 1: Prevalence of D. occidentalis (D. occ.) and 1. pacificus (1. pac.)
adults that died after imbibition of BSK-II (BSK) medium alone or BSK-
1I medium plus B. burgdorferi (Bb) via a capillary feeding method.
Nonfed ticks served as negative controls.

likewise examined at 2, 4, and 5 months after feeding. To
minimize contamination from other tissues, especially
the midgut diverticula, the salivary glands were washed
four times with phosphate-buffered saline before place-
ment in BSK-II.

Transmission of spirochetes

Sixty days after capillary feeding, two spirochete-
infected I. pacificus females and two male ticks that were
not infected were put on each of four female New
Zealand white rabbits inside feeding capsules. An identi-
cal trial was conducted with D. occidentalis. All eight
rabbits were assayed for spirochetal infection by tick-
xenodiagnosis 4 weeks after infected adult ticks had fed
to repletion on them. About 30 spirochete-free I. pacifi-
cus larvae or 20 D. occidentalis larvae from laboratory
colonies were put on the rabbits that had been exposed to
infected adult 1. pacificus or D. occidentalis. After reple-
tion and drop-off, xenodiagnostic ticks were tested for
spirochetes by direct immunofluorescence and by cultur-
ing their tissues 4 to 5 weeks after the transstadial molt.
Moreover, six ear-punch biopsies (4 mm in diameter,
three per ear) and three pieces of skin from adult tick
feeding sites were put into BSK-II medium. Serum
obtained from each rabbit 6 weeks after infected adult
ticks fed on them was tested for antispirochetal antibod-
ies by indirect immunofluorescence.?* The B-31 strain of
B. burgdorferi was used as antigen.

The infectivity of capillary-fed nymphs of 1. pacificus
and D. occidentalis for rabbits also was tested. The den-
sity of spirochetes that nymphs were fed was
1.4X10%/mL. Because capillary-fed nymphs of both
species experienced a higher mortality rate than adult
ticks, we placed fed nymphs on rabbits within 24 hours

after they had ingested spirochetes. After repletion on
rabbits and the subsequent transstadial molt, the midguts,
hemolymph, and salivary glands of the resultant I. pacifi-
cus (n=15) and D. occidentalis (n=12) adults were exam-
ined for spirochetes by direct immunofluorescence and
by culturing them in BSK-II medium. To determine if
nymphal ticks transmitted spirochetes while feeding, ear-
punch biopsies and serum obtained from each rabbit 5
weeks after tick detachment were assayed for infection,
as described previously.

Spirochetal dissemination after a blood meal

To ascertain the course of spirochetal dissemination in
adult I. pacificus after blood feeding, 20 infected female
and 20 noninfected male ticks were put inside four feed-
ing capsules (five females/five males per capsule) on
each of four rabbits 3 to 4 weeks after capillary feeding.
Five or 6 days after the ticks had attached, the partially
fed ticks were removed manually from each rabbit.

Because D. occidentalis females experienced such a
high mortality after capillary feeding, adults were put on
rabbits 3 days after feeding rather than several weeks
later as was done in the case of 1. pacificus. Before place-
ment on rabbits, adult ticks were exposed to one of three
spirochetal densities (4.6X10%/mL, 1.7X10¥mL, or
9.7%107/mL). Female ticks in these groups imbibed, on
average, approximately 4.5X10°, 1.7X10°, and 9.6X10*
spirochetes. Four feeding capsules were fastened on each
of four rabbits to confine ticks. One rabbit received 28
ticks infected with about 4.5X10% spirochetes apiece,
another rabbit received 24 ticks infected with about
1.7X10° spirochetes each, and the remaining two rabbits
each received 12 ticks infected with about 9.6 X 10* spiro-
chetes apiece. Partially replete ticks were removed manu-
ally on either the sixth or seventh day after attachment.
Ticks whose hypostomes were damaged during removal
were discarded. Partially fed 1. pacificus or D. occiden-
talis females were dissected immediately after they were
removed from animals. Tick tissues and hemolymph, and
rabbit ear-biopsy tissues or sera, were assayed for spiro-
chetal infection by the same methods outlined previously
for the first series of experiments.

Data analysis
Fisher’s exact test (two-tailed) was used to test for dif-
ferences in prevalence of infection or mortality rates.?

RESULTS

Survival of capillary-fed adult and nymphal ticks

The mortality rates of capillary-fed I. pacificus
females at 30 and 60 days after feeding did not differ
significantly from those of the nonfed controls (P=0.13
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and 0.91, Fig 1). D. occidentalis females fed BSK-IT
medium alone or BSK-II medium plus spirochetes experi-
enced significantly higher mortality rates than nonfed
ticks (P<0.001), but no difference in mortality rates was
seen between females fed BSK-II only and those fed
BSK-II plus spirochetes at 30 or 60 days after feeding
(P=0.35 and 0.87). Among nymphal ticks, significantly
more capillary-fed I. pacificus and D. occidentalis died at
6 and 21 days after feeding than nonfed nymphs (P<0.01).
Mortality between capillary-fed nymphs of I. pacificus
and D. occidentalis did not differ significantly (Fig 2).

Survival of spirochetes in capillary-fed adult ticks

The midguts of all I. pacificus and D. occidentalis
females were found to contain spirochetes 5 months
after capillary feeding. Among I. pacificus females, the
prevalence of hemolymph-test-positive ticks at 12 days
(1/14, 7.1%) versus 3 months (1/15, 6.7%) after feeding
did not differ significantly. The prevalence of infection
in salivary glands washed in phosphate-buffered saline
12 days (1/14, 7.1%) and 3 months (2/17, 11.8%) after
feeding also was comparable. In contrast, nonwashed
salivary glands were more likely to be infected than
those that were washed 3 months after capillary feeding
(P=0.0056, Table 1).

Except for one hemolymph-positive D. occidentalis,
spirochetes were not detected in the hemolymph or sali-
vary glands of capillary-fed D. occidentalis (Table 1).

Transmission of spirochetes to rabbits by
capillary-infected ticks

Two of four rabbits exposed to spirochete-infected 1.
pacificus females seroconverted; one of these rabbits also
tested positive by ear-punch biopsy, and the other yielded
infected xenodiagnostic ticks (Table 2). Overall, 24% of the
xenodiagnostic ticks that had fed as larvae on both infected
rabbits acquired and transstadially passed spirochetes. In
contrast, none of four rabbits fed upon by capillary-fed D.
occidentalis females became infected (Table 2).

In trials involving capillary-infected nymphal ticks,
15 of 50 (30%) I. pacificus and 12 of 64 (19%) D. occi-
dentalis put on separate rabbits fed to repletion and later
molted. Three (20%) of the resultant I. pacificus and
none of the D. occidentalis adults contained spirochetes
in their midguts. Neither rabbit was found to be infected
by ear-punch biopsy or indirect immunofluorescence
examination of their sera (Table 3).

Spirochetal dissemination during blood feeding

The prevalence of spirochetal infection in capillary-fed
female 1. pacificus (n=15) and D. occidentalis (n=6) before
blood feeding was 100%. Five or 6 days after attaching to
rabbits, the midguts of 20 1. pacificus females were positive
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Fig 2: Prevalence of D. occidentalis (D. occ.) and 1. pacificus (. pac.)
nymphs that died after imbibition of 10% rabbit serum in phosphate-
buffered saline plus B. burgdorferi via a capillary feeding method.
Nonfed ticks served as negative controls.

by direct immunofluorescence, but only 1 of 15 females
tested concurrently by culture yielded spirochetes. The
prevalence of spirochetal infection in D. occidentalis
females that had been fed one of three dosages of spiro-
chetes was significantly lower (P<0.001) than that of /.
pacificus (Table 4), but the D. occidentalis females did not
differ significantly among themselves (0.53<P<1). None of
the midguts from D. occidentalis females produced positive
cultures, regardless of the spirochetal dosage to which they
had been subjected.

Hemolymph from 20 of 49 (41%) female I. pacificus
were direct-immunofluorescence-test positive, and
washed salivary glands from 3 of 10 (30%) ticks and 1
of 15 (7%) ticks were positive, respectively, by direct
immunofluorescence and culture. Spirochetes were not
detected in the hemolymph or salivary glands of D. occi-
dentalis females. Cultures of ear-punch biopsies of rab-
bits fed upon by either species of tick did not yield
spirochetes; however, all four rabbits fed upon by I.
pacificus seroconverted.

DISCUSSION

The capillary-feeding method is a simple technique
for experimentally infecting ixodid ticks with microbial
agents for use in vector competence studies.
Burgdorfer®® used a modified version of the glass capil-
lary tube technique developed by Chabaud?® to infect
several species of ticks with microbial agents including
the spirochete Leptospira pomona. Since then, European
investigators have used this method to evaluate the vec-
tor efficiency of two Ixodes ticks for the Lyme disease
spirochete.’”? Here we report for the first time the use
of the capillary-feeding method to evaluate the factors
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Table 1
Prevalence of Spirochetal Infection in Various Tissues of D. occidentalis and 1. pacificus Adults at Various Intervals After Capillary F eeding®

No. positive (%) by

direct immunofluorescence No. positive (%) by culture

Time after Washed Nonwashed
Species feeding (days) Midgut Hemolymph salivary gland salivary gland Midgut
I. pacificus 12 15/15 (100) 1/14 (7.1) 1/14 (7.1) 5/13 (38.5) 15/15 (100)
90 17/17 (100) 1/15 (6.7) 2/17 (11.8) 8/17 (47.1) 17/17 (100)
150 3/3 (100) Not available 2/3 (66.7) Not available 1/3 (33.3)
D. occidentalis 60 11/11 (100) 1711 (9.1) 0/11 (0) 0/11 (0) 10/11 (90.9)
120 1/1 (100) 0/1 (0) 0/1 (0) Not available 1/1 (100)
150 4/4 (100) 0/4 (0) 0/4 (0) Not available 4/4 (100)
*Tissues were tested for spirochetes by direct immunofluorescence or by culture in BSK-II medium.
Table 2
Infectivities of Capillary-fed 1. pacificus and D. occidentalis Females for New Zealand White Rabbits*
Tick xenodiagnosist
Positive by No. positive/no. tested (% positive)
Indirect Culture
immunofluorescence (Ear-punch Direct
Tick species Rabbit no. (Serum) biopsy) BSK-1I immunofluorescence
I pacificus 1 — — 0/20 0/20
2 - — 0/20 0/20
3 + + 0/34 2/34 (5.9)
4 + — 6/19 (31.6) 8/19 (42.1)
D. occidentalis 1 — — 0/17 0/17
2 — — 0/10 0/10
3 — — 0/10 010
4 — 0/16 0/16

*Determined by indirect immunofluorescence, ear-punch biopsy, and tick xenodiagnosis.

TAfter the transstadial molt, the midgut diverticula of xenodiagnostic nymphs were assayed

for spirochetes using direct immunofluorescence or culture in BSK-II medium.

that may affect the efficiency of a proven competent (1.
pacificus) versus that of an incompetent vector (D. occi-
dentalis) for B. burgdorferi>%" The Western black-
legged tick, I pacificus, is a competent experimental
vector of B. burgdorferi and the primary bridge vector to
humans in the far Western United States.*7° Unlike D.
occidentalis, which is incapable of acquiring and
transstadially passing Lyme disease spirochetes, I paci-
ficus can efficiently acquire, maintain, and transmit 5.
burgdorferi after having fed on naturally or experimen-
tally infected rodents. 367!

Our findings corroborate those of previous studies and
suggest that the vector incompetence of D. occidentalis
may be due to a midgut barrier to spirochetal dissemina-
tion, to physiologic changes during blood feeding that are
inimical to spirochetes, or to both factors. Thus, spiro-

chetes imbibed by I. pacificus females during capillary
feeding disseminate to the salivary glands via the
hemolymph in about 7% of ticks within 12 days. Further,
if such ticks are placed on rabbits, 30% to 40% develop
disseminated infections within 5 or 6 days of attachment.
Similarly, Ixodes ricinus females infected via the capillary
method develop systemic infections within a few days
after their placement on rabbits.?”-?® For instance, spiro-
chetes were detected in the hemolymph of 2 of 11 I rici-
nus capillary-infected females 2 days after attachment to
rabbits and in the salivary glands of 6 of 51 ticks after 3
days of attachment.?’

In marked contrast, spirochetes in the midgut diver-
ticula of artificially fed D. occidentalis females do not
disperse to other tissues with or without a subsequent
blood meal, which portends the existence of a midgut
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Table 3
Spirochetal Prevalence in Various Tissues of 1. pacificus and D. occidentalis Females Infected
By Capillary Feeding Before Partial Engorgement on New Zealand White Rabbits

No. (%) positive by direct No. (%) positive by

immunofluorescence culture in BSK-IT Infectivity for rabbits
Washed Washed
salivary salivary Ear-punch
Tick species Midgut  Hemolymph glands Midgut Front legs* glands biopsy Serum IFA
I. pacificus 3/15 (20) 0/15 0/15 0/15 0/15 3/15 (20) Negative Negative
D. occidentalis 0/12 0/12 0/12 0/12 0/12 0/12 Negative Negative

*Front legs were amputated to obtain hemolymph, and the amputated legs were cultured in BSK Il medium in isolation attempts.

Table 4
Tissue Tropisms of B. burgdorferi in Capillary-fed 1. pacificus and D. occidentalis
Females Within 5 to 7 Days After Attachment to New Zealand White Rabbits

No. (%) positive by direct No. (%) positive by

immunofluorescence culture in BSK-II

Washed Washed
Tick species salivary salivary
(Spirochetal dose)* Midgut Hemolymph glands glands Front legst Midgut
I pacificus (high) 20/20 (100) 20/49 (40.8) 3/10 (30) 1715 (6.7) Not available 1/15(6.7)
D. occidentalis (high) 1720 (5) 0/20 0/20 0/20 0/20 0/20
D. occidentalis (medium) 2/15 (13.3) 0/15 0/15 0/15 0/15 0/15
D. occidentalis (low) 2/12 (16.7) 0/12 0/12 0/12 0/12 0/12

*Ticks were fed one of three spirochetal densities: 4.6 X10%/mL (high), 1.7 X10%mL (medium), or 9.7 X107/mL (low).
TFront legs were amputated to obtain hemolymph, and the amputated legs were cultured in BSK-II medium in isolation attempts.

barrier. Also, the fact that most D. occidentalis females
lose their midgut-restricted spirochetal infections by the
fifth to seventh day after attachment indicates that intrin-
sic physiologic changes during the feeding process may
be destructive to spirochetes.

We postulate therefore that D. occidentalis contains a
borreliacidal factor that is released into the midgut
diverticula during tick feeding, either from the salivary
glands or from enzymes released by secretory cells lin-
ing the midgut. Other investigators have shown that
many complex physiologic and biochemical changes
occur in the midgut of ticks during blood feeding.?? For
example, studies on the digestive enzymes of ticks
demonstrated that protease is present in the digestive
cells or lumen of the midgut.?337 If some midgut
enzymes induced during blood feeding are species-spe-
cific, either quantitatively or qualitatively, and are detri-
mental to spirochetes, they may contribute to the vector
incompetence of certain ticks. Moreover, the viability of
B. burgdorferi varies when incubated with cell cultures
derived from different tick species.*®

Vector Competence for Lyme Spirochetes/Li & Lane

Dermacentor variabilis and Amblyomma americanum
can acquire B. burgdorferi while feeding on infected
rodents, but both ticks are incapable of maintaining
spirochetes or transmitting them to susceptible ani-
mals.'13 The limited viability of spirochetes in these
ticks after ingestion of blood is similar to that of D. occi-
dentalis in the present study.

Although cultured spirochetes are widely used in
experimental studies, the repertoire of surface proteins
and the associated infectivity of cultured versus uncul-
tured B. burgdorferi are not identical.’**® To minimize
this potential shortcoming, we used low-passaged spiro-
chetes and treated both ticks similarly during experimen-
tation. Even so, spirochetes in adult I. pacificus and D.
occidentalis behaved differently while these ticks fed on
rabbits, and only 1. pacificus transmitted B. burgdorferi.

Nymphal ticks of both species suffered higher mortal-
ity rates than adult ticks when fed spirochetes artificially,
whereas BSK-II medium alone adversely affected the
survivability of adult D. occidentalis. Consequently,
experiments with the nymphal ticks and adult D. occi-
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dentalis need to be repeated using an innocuous diluent
(eg, defibrinated mouse blood) and lower doses of spiro-
chetes. We used inocula containing approximately 10%
cells/mL to infect ticks, which resulted in adult ticks
ingesting more than 10° spirochetes.

In comparable vector competence studies with
European vector ticks, I. ricinus and Ixodes hexagonus,
Gern and coworkers?2? exposed ticks to lesser concen-
trations of spirochetes (10° to 10% cells/mL) cultured in
BSK-II medium with no apparent untoward effects.

In comparison, naturally or experimentally infected
vectors of B. burgdorferi contain only about 10? or 10°
spirochetes in the unfed state.!**! For example, the mean
number of spirochetes present in experimentally infected
L. dammini (now 1. scapularis) was estimated to be less
than 300 for nymphal and about 4000 for adult ticks,'
and the median density of B. burgdorferi in naturally
infected adult ticks from intensely zoonotic sites in
coastal Massachusetts was 1925.#! Further experimental
studies are necessary to determine the minimum thresh-
old of spirochetes that various enzootic or bridge vectors
must ingest to acquire, transstadially pass, and transmit
B. burgdorferi.

We conclude that the capillary-feeding method is
highly suitable for this purpose because previously cul-
tured and characterized microbial agents can be effi-
ciently delivered to ticks in known concentrations with
minimal expense and effort.

Acknowledgments: We thank Esther Omi-Olsen for
her technical assistance.

REFERENCES

1. Lane RS, Piesman J, Burgdorfer W. Lyme borreliosis: relation-
ship of its causative agent to its vectors and hosts in North America
and Europe. Annu Rev Entomol. 1991;36:587-609.

2. Lane RS, Brown RN. Wood rats and kangaroo rats: potential
reservoirs of the Lyme disease spirochete in California. J Med
Entomol. 1991;28:299-302.

3. Brown RN, Lane RS. Lyme disease in California: a novel
enzootic transmission cycle of Borrelia burgdorferi. Science.
1992;256:1439-1442.

4. Maupin GO, Gage KL, Piesman J, et al. Discovery of an
enzootic cycle of Borrelia burgdorferi in Neotoma mexicana and
Ixodes spinipalpis from northern Colorado, an area where Lyme dis-
ease is nonendemic. J Infect Dis. 1994;170:636-643.

5. Lane RS, Keirans JE. Ixodes spinipalpis (Acari: Ixodidae): a
potential enzootic vector of Borrelia burgdorferi in California. In:
Needham GR, Mitchell R, Horn DJ, Welbourn WC. Acarology IX:
symposia. Columbus, Ohio: Ohio Biological Survey; 1997 (in press).*

6. Piesman J. Standard system for infecting ticks (Acari:
Ixodidae) with the Lyme disease spirochete, Borrelia burgdorferi . J
Med Entomol. 1993;30:199-203.

7. Lane RS, Brown RN, Piesman J, Peavey CA. Vector compe-
tence of Ixodes pacificus and Dermacentor occidentalis (Acari:
Ixodidae) for various isolates of Lyme disease spirochetes. J Med
Entomol. 1994;31:417-424.

8. Lane RS, Burgdorfer W. Spirochetes in mammals and ticks
(Acari:Ixodidae) from a focus of Lyme borreliosis in California. J
Wildl Dis. 1988;24:1-9.

9. Lane RS, Lavoie PE. Lyme borreliosis in California: acarologi-
cal, clinical, and epidemiological studies. Ann N Y Acad Sci.
1988;539:192-203.

10. Lane RS, Loye JE. Lyme disease in California: interrelation-
ship of ixodid ticks (Acari), rodents, and Borrelia burgdorferi. J Med
Entomol. 1991;28:719-725.

11. Lane RS. Risk of human exposure to vector ticks (Acari:
Ixodidae) in a heavily used recreational area in northern California. Am
J Trop Med Hyg. 1996;55:165-173.

12.Piesman J, Sinsky RJ. Ability of Ixodes scapularis,
Dermacentor variabilis, and Amblyomma americanum (Acari:
Ixodidae) to acquire, maintain, and transmit Lyme disease spirochetes
(Borrelia burgdorferi). J Med Entomol. 1988;25:336-339.

13. Mather TN, Mather ME. Intrinsic competence of three ixodid
ticks (Acari) as vectors of the Lyme disease spirochete. J Med
Entomol. 1990;27:646-650.

14. Mukolwe SW, Kocan AA, Barker RW, Kocan KM, Murphy
GL. Attempted transmission of Borrelia burgdorferi (Spirochaetales:
Spirochaetaceae) (JD1 strain) by Ixodes scapularis (Acari: Ixodidae),
Dermacentor variabilis, and Amblyomma americanum. J Med
Entomol. 1992;29:673-677.

15. Oliver Jr JH, Chandler Jr FW, Luttrell MP, et al. Isolation and
transmission of the Lyme disease spirochete from the southeastern
United States. Proc Natl Acad Sci. 1993;90:7371-7375.

16. Sanders Ir FH, Oliver Jr JH. Evaluation of Ixodes scapularis,
Amblyomma americanum and Dermacentor variabilis (Acari: Ixodidae)
from Georgia as vectors of a Florida strain of the Lyme disease spiro-
chete, Borrelia burgdorferi. J Med Entomol. 1995;32:402-406.

17. Lane RS. Competence of ticks as vectors of microbial agents,
with an emphasis on Borrelia burgdorferi. In: Sonenshine DE, Mather
TN, eds. Ecological Dynamics of Tick-borne Zoonoses. New York,
NY: Oxford University Press, 1994;45-67.

18. Mather TN. The dynamics of spirochete transmission between
ticks and vertebrates. In: Ginsberg HS, ed. Ecology and Environmental
Management of Lyme Disease. New Brunswick, NJ: Rutgers
University Press; 1993:43-60.

19. Piesman J, Oliver JR, Sinsky RJ. Growth kinetics of the Lyme
disease spirochete (Borrelia burgdorferi) in vector ticks (Ixodes
dammini). Am J Trop Med Hyg. 1990:42:352-357.

20. Burgdorfer W. Artificial feeding of ixodid ticks for studies on
the transmission of disease agents. J Infect Dis. 1957;100:212-214.

21, Lane RS, Pascocello JA. Antigenic characteristics of Borrelia
burgdorferi isolates from ixodid ticks in California. J Clin Microbiol
1989;27:2344-2349.

22. LeFebvre RB, Lane RS, Perng GC, Brown JA, Johnson RC.
DNA and protein analysis of tick-derived isolates of Borrelia burgdor-
feri from California. J Clin Microbiol. 1990;28:700-707.

23, Burgdorfer W, Lane RS, Barbour AG, Gresbrink RA, Anderson
JR. The western black-legged tick, Ixodes pacificus: a vector of
Borrelia burgdorferi. Am J Trop Med Hyg. 1985;34:925-930.

24. Lane RS, Manweiler SA. Borrelia coriaceae in its tick vector,
Ornithodoros coriaceus (Acari: Argasidae), with emphasis on transsta-
dial and transovarial transmission. J Med Entomol. 1988;25:172-177.

25.Zar JH. Biostatistical Analysis, 2nd ed. Englewood Cliffs, NJ:
Prentice Hall; 1984.

26. Chabaud AG. Sur la nutrition artificielle des tiques. Annals of
Parasitology. 1950;25:42-47.

27.Monin R, Gern L, Aeschlimann A. A study of the different
modes of transmission of Borrelia burgdorferi by Ixodes ricinus. In:
Stanek G, Kristoferitsch W, Pletschette M, Barbour AG, Flamm H,
eds. Lyme borreliosis Il. Zbl Bakteriol Med Microbiol Hyg Suppl 18.
New York: Gustav Fischer Verlag; 1989;18:14-20.

28. Gern L, Zhu Z, Aeschlimann A. Development of Borrelia
burgdorferi in Ixodes ricinus females during blood feeding. Ann
Parasitol Hum Comp. 1990;65:89-93.

29. Gern L, Toutoungi LN, Huo CM, Aeschlimann A. Ixodes
(Pholeoixodes) hexagonus, an efficient vector of Borrelia burgdorferi
in the laboratory. Med Vet Entomol. 1991;5:431-435. :

30. Clover JR, Lane RS. Evidence implicating nymphal Ixodes
pacificus (Acari: Ixodidae) in the epidemiology of Lyme disease in

122 Journal of Spirochetal and Tick-borne Diseases « Vol. 3, No. 3/4, Fall/Winter 1996



California. Am J Trop Med Hyg. 1995;53:237-240.

31. Peavey CA, Lane RS. Transmission of Borrelia burgdorferi by
Ixodes pacificus nymphs and reservoir competence of deer mice
(Peromyscus maniculatus) infected by tick-bite. J Parasitol.
1995;81:175-178.

32. Coons LB, Rosell-Davis R, Tarnowski BI. Blood meal diges-
tion in ticks. In: Sauer IR, Hair JA, eds. Morphology, Physiology and
Behavior Biology of Ticks. Chichester, Mass: Ellis Horwood;
1986:248-279.

33. Akov S. Blood digestion in ticks. In: Obenchain FD, Galun R,
eds. Physiology of Ticks. Oxford, England: Pergamon Press; 1982:197-
211.

34. Rebeiro JMC. The midgut hemolysin of Ixodes dammini
(Acari: Ixodidae). J Parasitol. 1988;74:532-537.

35. Agyei AD, Herbert IV, Runham NW. Histochemical localiza-
tion of acid phosphatase and non-specific esterase in the midguts of
two species of tick, Boophilus microplus and Rhipicephalus appendic-
ulatus, as determined by light microscopy. Parasitol Res.
1991;77:629-634.

36. Vundla WRM, Brossard M, Pearson DJ, Labongo VL.

Characterization of aspartic proteinases from the gut of the tick,
Rhipicephalus appendiculatus Neuman. Insect Biochem Mol Biol.
1992;22:405-410.

37. Gough JM, Kemp DH. Acid phosphatase in midgut digestive
cells in partially fed females of the cattle tick Boaphilus microplus. J
Parasitol. 1995;81:341-349,

38. Kurtti TJ, Munderloh UG, Ahlstrand GG, Johnson RC. Borrelia
burgdorferi in tick cell culture: growth and cellular adherence. J Med
Entomol. 1988;25:256-261.

39. Schwan TG, Burgdorfer W, Garon CF. Changes in infectivity
and plasmid profile of the Lyme disease spirochete, Borrelia
burgdorferi, as a result of in vitro cultivation. Infect Immun.
1988;56:1831-1836.

40. Norris SJ, Howell JK, Garza SA, Ferdows MS, Barbour AG.
High- and low-infectivity phenotypes of clonal populations of in vitro-
cultured Borrelia burgdorferi. Infect Immun. 1995;63:2206-2212.

41. Brunet LR, Spielman A, Telford SR III. Density of Lyme dis-
ease spirochetes within deer ticks collected from zoonotic sites. Am J
Trop Med Hyg. 1995;53:300-302.

GUIDE TO
INTERNET CLINICAL
MEDICINE RESOURCES

selecled, ranked, p

ly updalted, full-text patienl care resources

@ MEDICAL NEWS @ MEDLINE @NEW ITEMS @ ABOUT MM

@ JOURNALS @ CME

@ OFFER URL @ R ASSIST

site selection by the Editorial Board @ web mastering by SLACK Incorporated

MEDICAL MATRIX

The Largest Peer-Reviewed

Internet Site for

Clinical Medicine Resources

B Reviewed and updated continuously
by an Editorial Board comprising
physicians, medical informatics
specialists and webmasters

B Visit the Medical Matrix site for
FREE ACCESS to the latest
medical information on the Web!

www.slackinc.com/matrix

Vector Competence for Lyme Spirochetes/Li & Lane

123



The Role of Publicly Owned Properties
in the Transmission of Lyme Disease in Central New Jersey

Terry L. Schulze, PhD and Robert A. Jordan, PhD

ABSTRACT

Using an ecological index to generate a relative ranking
of sites regarding potential and actual Lyme disease trans-
mission risk, 610 public parks, recreation areas, and public
school properties were surveyed during the summer of
1993. The majority of surveyed sites (56.4%) were judged
to pose low potential risk; only 60 sites (9.8%) were identi-
fied as posing a high potential risk, requiring additional
assessment to estimate actual population densities of infect-
ed ticks.

Key words: public parks, recreation areas, Lyme disease

INTRODUCTION
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Despite general acceptance that the majority of Lyme
disease cases are the result of exposure to infected black-
legged ticks at or near the patient’s place of residence,'”
other studies have suggested substantial transmission
risk among visitors, workers, and nearby residents of
some parks and recreation areas.*® None of these studies
adequately characterized habitats and use within the
areas studied and, owing to the labor intensity inherent in
surveying large areas for ticks, the number of study sites
was limited. As a result, the majority of parks and recre-
ational areas are never assessed, leaving the public
unaware of potential risk. No studies of transmission risk
associated with school properties have been published.
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High-risk sites typically were large, multiple-use parks
and recreation areas located in areas of lower human popu-
lation density. Parks and recreation areas in populated
coastal areas generally were smaller and more developed.
Publicly owned land may be surveyed effectively for Lyme
disease transmission risk using an existing ecological index
and tick survey techniques, allowing surveillance and inter-
vention efforts to be targeted toward areas posing signifi-

cant risk of transmission.

Recognizing the limitations resulting from the level of
effort required to perform tick surveys, an ecological
assessment index (Index) was designed to predict poten-
tial Lyme disease transmission risk based on the pres-
ence, amount, and accessibility of vegetation associa-
tions capable of supporting Ixodes scapularis Say and its
hosts.” The results of that pilot study suggested that the
Index provides a rapid, accurate method to identify areas
at risk for the transmission of Lyme disease.

Through a broad-scale assessment program, the study
attempted to test and refine the efficacy of the Index
throughout a county where Lyme disease is endemic. Such
research is the first step toward the creation of cost-effec-
tive management procedures to reduce the incidence of
Lyme disease in people using public properties by reduc-
ing exposure to infected I scapularis. We report here the
results of a survey of all public land in Monmouth County,
NIJ, for Lyme disease transmission risk.

METHODS

Site selection

Publicly owned land in Monmouth County, NIJ,
served as study areas for this project. Since Lyme dis-
ease became reportable in New Jersey in 1930,
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Monmouth County has accounted for approximately
22% of all reported cases statewide through 1989. The
overall goal of the project was to assess the risk of trans-
mission on all publicly owned lands in Monmouth
County as a first step in a county-wide program of Lyme
disease prevention and control. Included in the survey
were all municipal- and county-administered parks and
recreation areas, local- and county-owned open space,
state-administered wildlife management areas (WMA)
and parks, and federally owned lands. In addition, athlet-
ic fields and other open spaces associated with all public
schools were included in the surveys.

Habitat of Ixodes scapularis
in Monmouth County, NJ

L. scapularis tends to be most prevalent in wooded
areas and associated ecotones and in old fields in sec-
ondary woody succession.”!! In the coastal plain of New
Jersey, where the majority of Lyme disease cases have
been reported, habitats that support high densities of
ticks are comprised of mixed hardwood (Quercus alba,
Quercus prinus, and Quercus rubra); mixed hard-
wood/pine (Pinus rigida); and pine forests with a dense
shrub layer dominated by highbush blueberry
(Vaccinium corymbosum), lowbush blueberry
(Vaccinium angustifolium), and huckleberries
(Gaylussacia spp.). Minor species generally include
sheep laurel (Kalmia angustifolia), northern bayberry
(Myrica pensylvanica), and often dense tangles of com-
mon greenbriar (Smilax rotundifolia)."?

Brush/scrub habitats (late old fields) also may serve as
adequate habitat, as do certain ornamental landscap-
ings.!! Suburban residential foci for Lyme disease in the
Northeast frequently are associated with adjacent or near-
by woodlands.>*!3 The presence of dense shrub layers,
leaf litter, and other plant debris seems to play an impor-
tant role in the survival of subadult ticks by maintaining
conditions of high humidity.!*!> Thus, habitats generally
unfavorable for ticks include open sunny areas such as
turfgrass (lawns, athletic fields, and other recreational
areas), agricultural land, and wetlands.

Ecological assessment Index

The assessment Index used in this study relies on
documented habitat affinities of . scapularis, the black-
legged tick (formerly 1. dammini), the primary vector for
the Lyme disease spirochete Borrelia burgdorferi in the
Northeast. Assessment of potential risk relies on evalua-
tion of plant communities associated with a particular
site. Because potential risk also is dependent on human
exposure, the Index also considers the degree to which
suitable tick habitat is accessible to people potentially at
risk. The assessment of actual risk of transmission incor-
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porates I. scapularis abundance and rate of infection by
B. burgdorferi.

Assessment of potential risk

Potential risk was evaluated based on the characteriza-
tion of sites with respect to three parameters that describe
the suitability of vegetation as tick habitat, the extent of
that habitat, and its accessibility to people using the site”:

1. The habitat suitability parameter addresses the
relative suitability of available plant cover types for the
support of I. scapularis populations. A numeric value is
assigned, ranging from 1 (agricultural fields and lawns)
to 5 (mature forest with substantial shrub layer).

2. Amount of tick habitat on a given property is
represented as a percentage of the total area of the prop-
erty. Point values for habitat availability range from 1
(<20% of the property is tick habitat) to 5 (80% to 100%
of the property is tick habitat).

3. Accessibility of tick habitat recognizes that
although tick habitat may be present on a particular site,
its presence poses no risk if people do not or cannot
access it and thus become exposed to infected ticks.
Relative accessibility is ranked on a scale from 1 (no
access or no suitable tick habitat present) to 5 (suitable
tick habitat easily accessible or access is encouraged).

Availability of habitat for ticks may be assessed
throughout the year, whereas the seasonality of tick
activity restricts use of the simple presence or absence of
a given stage of . scapularis to a particular time of year.
Owing to the relative ease in collection and high infec-
tion rates in adults compared with immature 1. scapu-
laris,'™1 assessment of tick abundance is logistically
limited to the early spring and fall in New Jersey.!” Thus,
the Index permits characterization of potential risk apart
from the presence of ticks and can be performed at any
time to determine whether additional action is necessary.

Point values, ranging from a minimum of 1 to a maxi-
mum of 5, are assigned to each of the three parameters
and totaled. The resulting score is used to determine the
appropriate response action for each site and the need to
proceed to the second phase of the survey to assess actual
risk (Table 1). Sites ranked as having either a moderate
or high potential risk of Lyme disease infection are sur-
veyed for actual risk according to a predetermined
numeric priority.

Assessment of actual risk

Actual risk is evaluated using data on the presence and
size of the tick population and its rate of infection with B.
burgdorferi. Sites were surveyed for questing adult 7.
scapularis during periods of peak adult activity in October
and November 1993.'7 Adult ticks were chosen for use in
the Index because of their demonstrated high rate of infec-
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Table 1
Scoring and Response Actions: Potential Risk of Transmission

Table 2
Scoring and Response Action: Actual Risk of Transmission

Scoring Description  Response Scoring Description Response

range of risk action range of risk action

11to 15 High Place under routine tick surveillance and 211025 Definite risk Take immediate action (post area, devise
establish rates of infection. control strategy).

6to 10 Moderate Consider periodic tick surveillance and 16 to 20 Potential risk Consider action as above, place under
establishment of infection rates. routine tick surveillance.

<6 Low No action necessary at this time or any 11to 15 Limited risk Perform periodic tick surveillance.
time in the future. 61010 No presentrisk  Consider periodic tick surveillance;

no action necessary.
<6 No risk likely No action necessary at this time or at any

tion.!® Suitable habitats at all sites were evaluated system-
atically using walking surveys.!® All surveys were per-
formed by the same personnel (to avoid sampling biases)
on clear days between 10 AM and 2 PM when peak activity
was expected. Areas were surveyed for a 60-minute peri-
od. At smaller sites, the survey time was reduced as appro-
priate and the number of ticks collected was extrapolated
to the 60-minute standard for ease of comparison.

This survey technique provides a fairly accurate rep-
resentation of the expected number of adult ticks
encountered by humans.!® The methodology, however,
may be modified to permit collection of subadults.’ The
relative abundance of questing ticks was ranked using
numeric values ranging from 1 (O ticks/survey) to 5
(>30 ticks/survey).

Ticks collected during surveys were retained and eval-
uated for the presence of B. burgdorferi.'” Ticks were
dissected and midguts were triturated in phosphate-
buffered saline solution on microscope slides. A maxi-
mum of 50 fields were examined at X400 magnification
to calculate minimum field infection rates. Field infection
rates of collected ticks were ranked using numeric values
ranging from 1 (0% to 9% of ticks infected) to 5 (>40%
of ticks infected). Point values for potential risk (tick
habitat suitability, amount, and accessibility) are added to
the point values for tick abundance and infection rate to
obtain the actual risk scores used to establish priorities
for surveillance and intervention strategies (Table 2).

RESULTS

Potential risk of transmission

Within Monmouth County’s 52 municipalities, 610
sites were surveyed for potential risk of transmission,
including 415 municipal parks and recreation areas, 27
county parks, seven state parks and WMAs, three federal
properties, and 158 school properties (Table 3). Sites
ranged in size from less than 1 acre to the 16-mile?
Naval Weapons Station Earle (NWS Earle). Excluding
NWS Earle and Fort Monmouth, a total of 26,923 acres

time in the future.

of publicly held parks and recreation areas was sur-
veyed. Acreage of school properties was not available.

A total of 58 (12.8%) parks and recreation areas
demonstrated high potential risk of transmission; 136
(30.1%) parks were assigned moderate risk; and the
remaining 258 (57.1%) parks and recreational areas
received a low rating for potential risk. Of the public
school properties, only two (1.3%) demonstrated high
potential risk of transmission; 70 (44.3%) were assigned
moderate risk; and the remaining 86 (54.4%) received a
low risk rating.

Actual risk of transmission

TTnAd 1 i 1
Under normal circumstances, the Index requires sur-

vey of both high and moderate potential risk sites. Owing
to the magnitude of the study and resource constraints,
however, only high potential risk sites were surveyed to
determine actual risk. A total of 60 sites (9.8% of all
sites) in Monmouth County received numeric scores that
suggested high potential risk for Lyme disease transmis-
sion. Of the 60 sites in the high potential risk category,
34 were either undeveloped or no longer being used, and
therefore were not considered for additional assessment.
The remaining 26 sites subsequently were surveyed to
assess the level of actual risk to design future surveil-
lance activities and intervention strategies.

Ticks were collected from 11 of 24 parks and recre-
ation areas surveyed for actual risk of transmission. In
60-minute surveys, the sites yielded between 3 and 53
ticks (mean=20.2 ticks/60-minute survey). Minimum
field infection rates ranged between 0 and 50%
(mean=32.9%). As a result of tick abundance and infec-
tion rate data, three of the parks and recreation areas
(12.5%) were classified as definite risk, 11 (45.8%) as
potential risk, and 10 (41.7%) as limited risk. Tick col-
lections were made at only two of the 158 schools (1.3%)
surveyed. No ticks were collected from either site during
60-minute surveys and both were classified as posing
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limited risk for Lyme disease transmission. A summary
of tick abundance and infection rates recorded at sur-
veyed areas is provided in Table 4,

DISCUSSION

The majority of sites (344, or 56.4% of all sites)
ranked low in potential transmission risk and required no
further survey efforts. Although human resource con-
straints prevented further assessment of moderate poten-
tial risk sites, these public properties likely will require
additional attention as the goals of local authorities and
responsible agencies warrant. Surveillance of tick popu-
lations is a labor-intensive and time-consuming enter-
prise.> Therefore, depending on available human
resources and local understanding of the relative degree
that different public areas tend to be used, assessment
personnel must prioritize sites using relative potential
risk. For example, sites that score a potential risk value
of 9 or 10 should be addressed with greater urgency than
sites scoring 6 or 7 when allocating resources for subse-
quent assessments for actual risk of transmission. Local
officials can best assess whether habitat suitability,
accessibility of existing tick habitat, or another of the
measured parameters actually contributes most to trans-
mission risk at a particular site. Local knowledge of pub-
lic land can be quite useful in developing intervention or
management strategies.

Some areas yielded no ticks during surveys, yet were
classified as demonstrating high potential risk. This
apparently anomalous result is explained by the fact that
the Index relies both on the actual presence and infection
rates of ticks and on the suitability of available habitats
to support tick populations. For example, a particular
park that scored high with regard to potential risk may
be assigned limited actual risk if surveys fail to produce
many infected ticks. The high score resulting from the
assessment of the habitat parameters, however, suggests
that the potential for ticks to be present in subsequent
years is significant and underscores the need for periodic
surveillance. Even relatively low tick density can gener-
ate high transmission risk.?°

In other instances, sites yielding higher numbers of
ticks were ranked lower in actual risk of transmission
than sites with fewer ticks. For example, NWS Earle
yielded 46 ticks/60-minute survey and was classified as
having potential risk, although Turkey Swamp Park
yielded only 21 ticks/60-minute survey and was classi-
fied as a definite risk site. Turkey Swamp Park ranked
higher in potential risk of transmission because of a high
accessibility score compared with NWS Earle, which is
a secured facility with severe access restrictions.

During the course of this project, it became apparent
that although the Index provided a flexible survey instru-
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Table 3

Summary Statistics for Parks, Recreational Areas, Open Space, and
Public School Grounds Surveyed for Potential Risk of Lyme Disease
Transmission in Monmouth County, NJ, June to November 1993

Number of sites

Site type Acreage®  High' Moderate Low
Municipal parks 4278 44 (10.6%) 115 (27.7%) 256 (61.7%)
School grounds - 2(1.3%) 70 (44.3%) 86 (54.4%)
County parks 8374 10 37.0%) 16(59.3%) 1(3.7%)
State lands 12671 3 (42.9%) 4 (571%) -
Federal lands* 1600 1 1 1
Total 26923  60(9.8%) 206 (33.8%) 344 (56.4%)

*Acreage of municipal lands is approximarte; acreage for school
grounds unavailable.

THigh potential risk indicates need for additional survey work to
ascertain actual risk; moderate potential risk=additional survey work
should be considered; low potential risk=no additional action
necessary.”

tExcludes NWS Earle and Fort Monmouth.

ment allowing the rapid assessment of potential and
actual risk of Lyme disease transmission over large geo-
graphic areas, some operational modification of the
methodology would be required. The utility of the Index
generally was limited to large tracts; primarily because
as tract size increases, habitat diversity increases, and
larger tracts tend to feature multiple-use facilities. The
risk of exposure at larger parks, then, generally is use
dependent. For example, park visitors accessing hiking
trails that run through forested areas suitable as tick
habitat will experience significantly greater risk of expo-
sure to 1. scapularis than those who limit their activity to
athletic fields and paved courts.

Similarly, certain areas tend to be of limited use or
used by a limited public constituency. For example, state
WMAs are relatively undeveloped and generally are
used by hunters and anglers rather than the public at
large. Exposure to I. scapularis is, therefore, user group
related. Consequently, any future assessment of risk trans-
mission performed as part of an integrated management
program should address the specific constituency at risk.
For larger sites with more than one type of suitable tick
habitat or use, and where some type of intervention is
anticipated, the assessment of potential risk should
address each habitat and use separately.

Data on the geographic distribution of public properties
at risk for Lyme disease transmission suggest certain
trends. In general, high-risk sites were limited in number
and confined to the western portion of the county. Coastal
towns consistently had the greatest number of low-risk
municipal parks, recreation areas, and schools. Of the
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Table 4

Summary of Ixodes scapularis Abundance and Infection Rates (IR) From Recreational Areas and School
Properties Yielding Ticks in Monmouth County, NJ, and Resultant Actual Risk of Lyme Disease Transmission

Municipality Location Number of ticks* IR (%) Relative risk{
Colts Neck Township NWS Earle 46 38.9 Potential risk
Eatontown Township Wall Street Park 4 0 Potential risk
Woodmere School 0 - Limited risk
Freehold Borough Lake Topanemus 9 333 Potential risk
Freehold Township Turkey Swamp Park 21 41.7 Definite risk
Whittier Oaks Park 24 333 Definite risk
Woodgate Farms 0 - Potential risk
Freehold High School 0 - Limited risk
Holmdel Township Holmdel County Park 3 0 Limited risk
Howell Township Allaire State Park 53 37.8 Definite risk
Oak Glen Park 4 0 Limited risk
Manalapan Deerway Mobile Park 0 Potential risk
Gordons Corner Park 0 Limited risk
Pinewood Drive Park 0 Potential risk
Middletown Hartshorne County Park 0 - Potential risk
Huber Woods County Park 0 - Limited risk
Poricy Park 4 50.0 Potential risk
Tatum Park 0 Limited risk
Thompson Park 0 . Limited risk
Millstone Township Assunpink WMA 33 30.0 Potential risk
Neptune Shark River County Park 21 14.3 Potential risk
Sea Girt Crescent Park 0 - Limited risk
Tinton Falls Pinebrook Recreation 0 = Limited risk
Wall Township Marigold Park 0 - Limited risk
West Long Branch Wall Street Park 0 - Limited risk

*Adult ticks/60-min survey.

FResponse actions recommended’:
definite risk—take immediate action (post area, devise control strategy);

potential risk—consider action as stated above but with lower priority, place under routine tick surveillance;

limited risk—perform periodic tick surveillance.

one third (n=17) of municipal parks and recreation areas
with the lowest mean scores, 15 (88.2%) were in coastal
towns. Parks and recreation areas in these communi-
ties—primarily urban areas with high development
intensity—tend to be of low suitability for the support of
tick populations. Developed parks tend to be maintained
lawns or beach areas; areas supporting woody vegetation
tend to be maritime forest with poorly developed under-
story structure, which offers poor habitat for ticks.
Demographic data show that the majority of the popula-
tion in Monmouth County is concentrated in the shore
communities; consequently, limited resources available
for prevention and control activities can be more appro-
priately targeted to specific areas that demonstrate the
highest risk of transmission.

Although most (54.4%) school properties demonstrat-
ed low risk, a significant number (n=70) were assigned
moderate potential risk. A total of 61 of the 70 schools,

however, received a score of “6,” indicating that suitable
tick habitat was located on private property adjacent to
the school grounds. As such, prevention and control
options may be limited.

Park managers had mixed reactions to the results of this
study. Some felt that as only a small number of public
properties posed any real risk of Lyme disease transmis-
sion, public concerns regarding the relative safety of parks,
recreation areas, and schools should be allayed. Some man-
agers of parks identified as having high risk, however,
voiced concerns that a decrease in park use and loss of rev-
enue would follow public disclosure of the study. Clearly,
public health officials and park administrators should work
in concert to develop ways to inform park visitors about
habitats and behaviors that may reduce risk of exposure to
infected ticks. Ideally, information obtained from these
educational efforts will carry forward and have an impact
on reducing peridomestic exposure.
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Where intervention is deemed a next step at high-risk
sites—which generally are large, multiple-use parks and
recreation areas—tick management through the use of aca-
ricides may be impractical and may not receive public sup-
port. Rather, the goal of prevention and control activities
should be “exposure management,” where an integrated
approach (education, posting, vegetation control, etc) is
used to reduce transmission risk. Targeting areas most at
risk for transmission of Lyme disease also will assist in
directing educational efforts at human populations at risk.
Awareness signs and other efforts may be most productive-
ly used in parks and recreational areas where the risk is
highest and the user groups are more clearly defined.

Where the use of acaricides is deemed appropriate, con-
trol efforts directed against vector ticks should be limited
to areas that provide suitable habitat for ticks, thus elimi-
nating unnecessary applications and reducing the amount
of acaricide placed into the environment. This is particu-
larly important around schoolyards and other areas where
children spend significant periods of time. Because acari-
cide use is minimized, the costs of intervention are
reduced significantly.

Results of this project may be used to identify man-
aged areas at risk for Lyme disease prospectively.
Previously, areas at risk could be identified only retro-
spectively, either by randomly conducted tick surveys or
by plotting locations of case reports. Use of the Index
allowed the majority of public areas to be systematically
eliminated from public health concern after initial assess-
ment efforts indicated low potential risk for Lyme disease
transmission because existing vegetative cover did not
provide adequate habitat for I. scapularis.
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An author of “The Jarisch-Herxheimer Reaction in Patients with Erythema Migrans,” which appeared in the June
1996 issue, would like to add the following note to go along with Table 1: Single EM lesions were noted in 43 of 50
patients (86%) with Jarisch-Herxheimer reactions (JHR) and in 243 of 305 patients (80%) without JHR.
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I¢G Antibodies to Borrelia burgdorferi in Rodents in Tennessee

Thomas M. Kollars, Jr, PhD; Donald D. Ourth, PhD; Timothy D. Lockey, PhD; and Daniel Markowski, MS

ABSTRACGT

Goat-anti white-footed mouse (Peromyscus leucopus) 1gG
was used in an enzyme-linked immunosorbent assay
(ELISA) and a Western blot assay to test for borrelial anti-
bodies in sera from cricetid rodents captured in Tennessee.
The conjugate was cross-reactive between cricetids (New
World rodents) but was weakly or not cross-reactive with
murids (Old World rodents) and sciurids (squirrels). Using
the ELISA, 9% of cotton rats (Sigmodon hispidus), 19% of
woodland voles (Microtus pinetorum), 31% of white-footed
mice (Peromyscus leucopus), 57% of golden mice
(Ochrotomys nuttalli), and 100% (one captured) of cotton
mice (P. gossypinus) were positive for borrelial IgG antibod-
ies; neither rice rats (Oryzomys palustris) nor Eastern har-
vest mice (Reithrodontomys humilis) were positive for borre-

lial IgG antibodies. Using Western blot, neither cotton rats

or cofton mice were positive; 10% of woodland voles, 7% of
golden mice, and 6% of white-footed mice were positive
using the presence of 31 or 34 kDa bands present with other
bands (15, 21, 26, 39, 41, 66, and 83 kDa). In rodents, unlike
borrelial antibodies in raccoons from Shelby county, a high-
er ELISA titer was not associated with a positive Western
blot. In addition, the distribution of rodents with borrelial
antibodies was independent of raccoons with borrelial anti-
bodies, indicating that interaction between these mammal
groups may not be a factor in animals becoming infected.
The immunologic evidence reported in this study and the
recent isolations of Borrelia burgdorferi in the southern
United States indicates that further research on Lyme bor-
reliosis in Tennessee is necessary, including isolation of the

spirochete.

Key words: Borrelia burgdorferi, Lyme disease, antibodies, enzyme-linked immunosorbent assay, Western blot,

Cricetidae, rodent
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INTRODUCTION

Borrelia burgdorferi, the causative agent of Lyme dis-
ease, has been isolated from many wild mammals. B.
burgdorferi was first isolated from white-footed mice and
raccoons.>? Since then, a number of different wild mam-
mals, birds, and ticks have been tested for presence of the
spirochete or antibodies to B. burgdorferi using enzyme-
linked immunosorbent assays (ELISA) and immunofluo-
rescent assays (IFA).36 Magnarelli, Oliver, Hutcheson, and
Anderson found ELISA to be more sensitive than IFA, and
more suitable for testing numerous serum samples for anti-
bodies to B. burgdorferi” In the southern United States,
ELISA have been used to detect borrelial antibodies in sera
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from white-tailed deer (Odocoileus virginianus), cotton
mice (Peromyscus gossypinus), white-footed mice
(Peromyscus leucopus), and raccoons (Procyon lotor).313
Western blot analysis has been used to detect borrelial anti-
bodies and confirm ELISA tests in humans and other mam-
mals.”?!415 No reports of borrelial antibodies in rodents
have been made in Tennessee.

The Memphis and Shelby County Health Department
began a tick research project in 1990 to ascertain the risk of
Lyme disease to the human population in western
Tennessee. One aspect of this project was to determine if
rodents have antibodies to B. burgdorferi. Sera from
rodents were tested for antibodies to B. burgdorferi using
the ELISA and Western blot methods to determine if the
potential for Lyme disease is present in Tennessee.

METHODS

Study sites and sampling

A total of 49 one-acre sites were selected for trapping
rodents from June 1990 through August 1991. Within each
site, 40 live traps (Sherman Trap Company) were placed in
a line transect or grid, depending on topography. Captured
rodents were euthanized with rompun, examined for ticks,
and blood was collected by heart puncture. Serum samples
were stored at -70°C until they were tested.

Serologic tests

The ELISA method was used with modifications.??
Microwell plates adsorbed with whole cell sonicated
(WCS) B. burgdorferi strain B-31 were provided by Zeus
Laboratories, Raritan, NJ. Goat-anti white-footed mouse
(P. leucopus) 1gG-peroxidase conjugate (Kirkegaard and
Perry Laboratories, Gaithersburg, Md) was absorbed with
diluent containing Treponema phagedenis (MHA-TP,
Miles Laboratories, Elkhart, Ind) to reduce nonspecific
binding (1:100 dilution). Goat-anti white-footed mouse
IgG conjugate detected IgG of cricetid rodents but was
not effective in detecting IgG from murid or sciurid
rodents. Other researchers should note that the goat-anti
white-footed mouse conjugate cross-reacted with the
WCS, but with absorption with MHA-TP, all cross-reac-
tivity ceased.

Dr Louis Magnarelli (Connecticut Agricultural
Research Station) graciously provided sera from two posi-
tive and one negative white-footed mouse control. Sera
were screened at a dilution (in PBS-Tween) of 1:160, also
used by other researchers.'® If positive, sera were serially
diluted to an end titer or estimated using a standard curve
based on positive controls. The substrate used was o-
phenylenediamine (1,2-benzenediamine). Nine sera from
white-footed mice testing negative by Western blot were
used in addition to the negative control provided by Dr
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Magnarelli. A net optical density (OD) =0.05 was consid-
ered positive for the diluted sera from rodents based on the
mean OD of negative controls (0.02) plus three standard
deviations (0.03). All sera testing positive by ELISA were
then tested by Western blot analysis.

Western blot analysis was conducted to confirm all
serum samples that tested positive using ELISA. Western
blot analysis was conducted following Kollars, Ourth, and
Lockey,” using test strips from the Lyme Disease MAR-
BLOT strip test system using B. burgdorferi strain B-31
{(March Diagnostics Inc, Carlsbad, Calif). A serum sample
was considered positive using the Mardx criteria from
1993 (31 and 34 kDa bands occurring together or one of
these two bands occurring with at least one of the follow-
ing bands: 25, 39, 41, or 83). Sera from the same positive
and negative controls used in the ELISA tests were used
as controls for Western blots. Statistical comparisons
between the percent of rodents positive by ELISA and
Western blot were conducted using Chi-square analysis
and stepwise Bonferroni adjustment. Chi-square and
Fisher’s exact test for small sample size were used to test
whether the distribution of rodents positive by both
ELISA and Western blot were independent of the distrib-
ution of raccoons found positive by both tests.’

RESULTS

Sera from 37 of 170 individuals from seven cricetid
rodent species (22%) tested positive for borrelial antibodies
using ELISA. Titers ranged from 1:160 to 1:2560 for borre-
lial antibodies. Using the ELISA, none of 17 rice rats
(Oryzomys palustris), neither of two eastern harvest mice
(Reithrodontomys humilis), 9% (4/47) of cotton rats
(Sigmodon hispidus), 19% (4/21) of woodland voles
(Microtus pinetorum), 31% (21/68) of white-footed mice
(P. leucopus), 57% (8/14) of golden mice ( Ochrotomys nut-
talli), and 100% (1/1) of cotton mice (P. gossypinus) were
positive for borrelial IgG antibodies. No cotton rats or cot-
ton mice were positive; 10% of woodland voles, 7% of
golden mice, and 6% of white-footed mice were positive
using the presence of 31 or 34 kDa band in individuals pos-
itive by ELISA tested by Western blot analysis. Seven
rodents tested positive for borrelial antibodies by Western
blot analysis, representing 4% of total rodents tested (137)
or 19% of positive ELISAs (37) (Table). The 41 kDa band
was the most commonly found band using positive ELISA
but negative Western blot serum data. No significant differ-
ences between the percentage positive by both tests with
titers of 160 through 2560 (P=0.05) were found. Three of
five areas of positive Western blot rodents co-occurred with
three of six positive Western blot sites of raccoons. The
distribution of rodents positive by both tests was indepen-
dent of raccoons positive by both tests (x?=0.11, Fisher’s
P=0.05). A map of Shelby County showing sites from
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Table

Cricetid Rodents With Positive ELISAs and Negative Western Blots* and Individual
Rodents Positive by Both ELISA and Western Blot| for Antibodies to Borrelia burgdorferi

Without
Titers bands 15 18 21 31 34 39 41 60 66 75 83
Negative rodents 160-2560 5 3 1 2 5 22 16 18 8 7
Positive rodents with
identification number
Microtus pientorum
(woodland vole)
820 160 - - - X X X
856 160 - - - X - - -
Ochrotomys nuttalli
(golden mouse)
622 320 - X X X X X X X
Peromyscus leucopus
(white-footed mouse)
76 1280 - - - X - X - -
280 1280 - - - - X - - E
481 160 X - - X . -
740 640 - - - - X - X

*Individuals may have more than one antibody shown.
tIndividual bands shown.

which rodents tested positive using Western blot assay are
shown in the Figure.

DISCUSSION

The ELISA results in this study (22% positive) were
similar to results in other Eastern states. White-footed
mice and cotton mice from other states in the southern
United States were positive at 36% and 27%,
respectively.” Sera positive by the ELISA were confirmed
using commercially available Western blot strips. Cross-
reactivity of antibodies can occur in human disease; this
also may be true for wild mammals.'* Serologic testing for
B. burgdorferi may give false positive results due to
shared antigens with other spirochetes.'™!? Although rare,
cross-reactivity to 31 or 34 kDa bands (OspA and OspB,
respectively) by serum antibodies to other diseases can
occur in humans. Reactivity to both 31 and 34 kDa bands,
however, only occurred in positive control patients.”?
According to Hilton, Devoti, and Sood,?! the presence of 5
of the following 12 bands is considered a positive Western
blot: 18, 21, 28, 30, 31, 34, 39, 41, 45, 58, 66, and 93 kDa.
The 18, 21, 31, 34, 41, and 66 kDa bands were present in
some rodents (Table); however, because of the controver-
sial nature of Lyme disease in the southeastern United
States and the lack of an isolate of B. burgdorferi in
Tennessee, we chose a conservative approach.

The percentage of rodents having borrelial antibodies
was reduced (ELISA vs Western blot results) from 22% to

4% (Table). Few reports of Western blots of wild captured
mammals have been reported. In deer, the presence of anti-
bodies to 31 and 34 kDa proteins in Minnesota was 2% in
experimentally inoculated deer.’® In Tennessee, 47% of
raccoons tested positive by ELISA and 12% by Western
blot using the 31 and 34 kDa criteria.’

Although conservative criteria may exclude detecting
antibodies to non-Borrelia species, antibodies against
another or multiple Borrelia species may have been
detected as indicated by the presence of other B.
burgdorferi diagnostic bands.?! Apparent geographic
variation and heterogeneity of Borrelia species exist in
the United States. A Borrelia species was isolated from
dogs in Florida®® and a new species (B. andersonii) has
been described from rabbits collected in the eastern
United States.?® In addition, phenotypic variation has
been shown to occur in Borrelia isolates from Illinois®*
and Missouri (personal observation, T.M.K.); mixed
infection of different Borrelia species has been shown to
occur in wild mammals® and ticks (personal observa-
tion, T.M.K.). Isolates of B. burgdorferi from cotton
mice and cotton rats have been made in the southern
United States®: 1 of 45 1. scapularis was PCR positive
using flagellin primer (personal observation, T.M.K.),”
and B. burgdorferi may be endemic in some southeast-
ern states, unlike previous assumptions.”®

The use of local strains of B. burgdorferi does not
appear to be required for optimal sensitivity of ELISA%;
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however, differences in Western blots can occur when
different strains are used for human sera.’® Different
strains of B. burgdorferi also show the same ELISA (no
variance) and Western blot (with variance) pattern in lab-
oratory-inoculated white-footed mice.3!

Positive titers were found in rodents from rural areas
of Shelby County and urban areas within the city of
Memphis and indicate that rodents are infected with B.
burgdorferi or possibly some other Borrelia species.
Similar reductions in the number of animals positive by
ELISA and positive Western blots occurred in rodents
and raccoons in Shelby County. The data indicate that in
rodents, unlike borrelial antibodies in raccoons from
Shelby County, a higher ELISA titer was not associated
with a positive Western blot. In addition, the distribution
of raccoons with borrelial antibodies is independent of
rodents with borrelial antibodies. This indicates that
interaction between raccoons and cricetid rodents is not
necessary for animals to become infected; ie, ticks from
mice are not necessarily needed to infect raccoons.

Human cases of Lyme borreliosis have been reported
in Tennessee.*? Serologic testing of wild mammals such
as raccoons and rodents can provide important informa-
tion in surveillance programs’ and may indicate areas of
increased risk for Lyme disease in Tennessee. We sug-
gest that B. burgdorferi or another Borrelia spp. infects
raccoons and rodents in western Tennessee. The occur-
rence of B. burgdorferi in the southeastern United States
has been documented and isolates have been made from
southeastern Missouri about 150 miles north of
Memphis.** Although tick species shown to be vectors
of B. burgdorferi in other states®3® have been collected
in Shelby County,>*#? the isolation of B. burgdorferi
from ticks or wild mammals is necessary to confirm the
presence of this spirochete in Tennessee and is the focus
of ongoing studies.

Ixodes dentatus commonly is found on rabbits in
Shelby County and also has been found on a white-foot-
ed mouse in the county.*® This tick species probably
plays an important role in maintaining B. burgdorferi or
other Borrelia species in an enzootic cycle in rabbits in
nearby southeastern Missouri and other areas of the east-
ern United States.*3344 Recent evidence of a possibly
new Borrelia species from the lone star tick (Amblyomma
americanum)® and the variability of B. burgdorferi iso-
lated from southeastern Missouri* indicate the wide vari-
ety of Borrelia species or strains wild mammals are
exposed to in the southeastern United States. Based on
the serologic evidence, further research of the interac-
tions and ecology among borrelial spirochetes, ticks, and
hosts is necessary in Tennessee.
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Human Infection With Tick-transmitted Babesia microti in Rhode
Island: Serological Evidence and Risk Factor Assessment

Renjie Hu, PhD; Daniel Markowski, MS; Kerwin E. Hyland, PhD; Colleen Kelly, PhD; and Thomas N. Mather, PhD

ABSTRACT

Background: Human babesiosis, like Lyme disease, is
transmitted principally by Ixodes scapularis in the United
States. Babesiosis cases, however, have been reported far less
frequently than Lyme disease, despite the same natural
maintenance cycles of their causative pathogens.

Methods: Human sera were collected during 1994 and
1995 from Rhode Island residents and tested for anti-
Babesia microti IgG antibodies using an indirect immunoflu-
orescent antibody assay. A multiple logistic regression model
was developed to assess predictive factors for the risk of
acquiring the infection.

Results: Of 589 serum samples tested, 24 (4.1%) subjects
exhibited titers ranging from 1:64 to 1:256. None had been

diagnosed clinically. The prevalence of antibodies was signif-

icantly greater for subjects also seropositive for Lyme dis-
ease spirochetes, Borrelia burgdorferi (9.7%, n=154), than B.
burgdorferi seronegative subjects (3.2%, n=185) (P<0.05). In
addition, B. burgdorferi seroreactivity was the only signifi-
cant risk predictor of B. microti infection (odds ratio
[OR]=3.68, 95%; CI=2.71 to 4.65; relative risk [RR]=3.42);
age and sex did not constitute significant risk factors of
acquiring the infection.

Conclusion: This study suggests that people exposed to B.
burgdorferi infection and frequent encounters with I. scapu-
laris are at greater risk for infection with B. microti, and that
within certain geographic regions of Rhode Island with
abundant I. scapularis ticks, human infection with this

pathogen is more common than previously thought.

Key words: Ixodes scapularis, Babesia microti, Borrelia burgdorferi, tick-borne disease, serological survey, risk factor

INTRODUCTION
Infection with the tick-transmitted piroplasm Babesia
microti is the most common cause of human babesiosis in
the United States. Most infections are transmitted by the
black-legged tick, Ixodes scapularis,® which also is the
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vector of Lyme disease spirochetes, Borrelia burgdorferi.®
In endemic areas, white-footed mice (Peromyscus leuco-
pus) serve as the principal reservoir hosts for both infec-
tions.>* Where both pathogens occur, coinfection in this
rodent host is common.® Consequently, I. scapularis can be
infected concurrently and is capable of simultaneous trans-
mission of both pathogens to susceptible hosts.!%!!

Lyme disease is the most frequently reported arthro-
pod-borne disease in the United States; human babesiosis
cases appear far less commonly. In 1994, 13083 Lyme
disease cases from 43 states were reported to the Centers
for Disease Control and Prevention.!? In comparison,
only a few hundred cases of human babesiosis have been
documented within the United States in recent years.!3-16
Clinically, human babesiosis is a malaria-like disease,
often presenting symptoms of fever, headache, fatigue,
chills, malaise, and anemia.''” Symptoms usually are
vague and infections self-limiting except in asplenic,
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immunocompromised, or certain elderly patients.!”>"
Most recognized human babesiosis cases have been clus-
tered on several islands along the southern coastal region
of New England and New York,>'*!*21.22 where 1. scapu-
laris and P. leucopus occur together in abundance. More
rarely, infections acquired by blood transfusion have been
documented.?>2° The bite of an infective tick appears to
be the main route of transmission to humans for B.
microti and B. burgdorferi?’® and coinfection in humans
has been demonstrated serologically.?*0

The relatively widespread distribution of the tick vec-
tor and the overlapping natural maintenance cycles of B.
microti and B. burgdorferi suggest that many more B.
microti infections should be expected to occur. Studies
have demonstrated, however, that this piroplasm is trans-
mitted less efficiently than Lyme disease spirochetes from
host to vector,3! and that vector population densities
required for natural maintenance of B. microti may need
to be higher than those required for B. burgdorferi main-
tenance.’? Both factors help explain the disparity in the
number of B. microti and B. burgdorferi infections.
Human B. microti infection could be limited to subsets of
areas within the geographical distribution of 1. scapularis
where these ticks attain the required minimum population
density. Additionally, human infection with B. microti
perhaps is more common within . scapularis-endemic
areas even though its symptomatic presentation is rare.
Recent tick surveillance studies in Rhode Island have
shown that /. scapularis densities throughout the state
vary from nonexistent to hyperabundant.** To get a better
understanding of the risk factors that determine human
infection with B. microti, we conducted a serological
study of patient cohorts derived from areas where L.
scapularis abundance was either high or low. In particu-
lar, we determined the prevalence of anti-B. microti 1gG
antibodies in serum samples submitted for Lyme disease
testing and other reasons unrelated to tick-borne diseases,
evaluated risk of exposure to babesial infection in 1.
scapularis abundant and rare areas, and assessed the sig-
nificance of epidemiologic factors, including age and sex,
for the risk of exposure to B. microti infection.

MATERIALS AND METHODS

Source of sera

Human serum samples used in this study were provid-
ed by three regional hospitals and the Rhode Island
Department of Health Laboratories (DOHL). Sera origi-
nally were submitted to these laboratories either for sero-
logical diagnosis of Lyme disease or for other tests unre-
lated to tick-borne diseases. Participating serum providers
were located within the portion of Rhode Island where 1.
scapularis is abundant (Westerly and South County

Hospitals and DOHL) or outside of that area (Newport
Hospital).*® Thus, sera presumably were collected from
patients from either tick-abundant or rare areas. Reactivity
to B. burgdorferi of sera submitted for the diagnosis of
Lyme disease was determined by the individual laborato-
ry to which they were submitted.

Detection of anti-B. microti antibodies

All sera were tested for anti-B. microti IgG antibodies
by an indirect immunofluorescent antibody (IFA) assay
procedure.’*3435 To prepare B. microti antigen slides for
use in the IFA, two 4-week-old, female, Syrian golden
hamsters (Mesocricetus auratus) were inoculated
intraperitoneally with the Webster strain of B. microti.
This strain originally was derived from a hamster inocu-
lated with a pool of blood taken from five P. leucopus
captured live at the site of a 1992 fatal case of human
babesiosis in Charlestown, RI. After isolation, aliquots of
infected blood were diluted in an equal volume of 20%
dimethyl sulphoxide (DMSO) and stored at -70° C.
Hamsters used to make the antigen were inoculated
intraperitoneally with 0.2 mL of this solution.

After inoculation, thin blood smears were prepared
weekly and examined for parasitemia using a Giemsa
staining procedure. Four weeks after inoculation, ham-
sters were anesthetized using halothane (Halocarbon
Laboratories, North Augusta, SC) and 0.2 mL of blood
was taken by cardiac puncture from each animal. The
blood was mixed with ethylenediaminetetraacetic acid
(EDTA) to prevent coagulation, and then centrifuged at
2000 rpm for 10 minutes to separate erythrocytes from
plasma. Plasma was removed and erythrocytes were
washed three times in 0.01 M phosphate buffered saline
(PBS) (pH=7.6) by centrifugation at 2000 rpm for 10
minutes. After the final wash, erythrocytes were resus-
pended in 700 pL of PBS (to yield a concentration of
approximately 5X 108 cells/mL) and thick smears were
prepared on 8-well slides (Cel-line, Newfield, NJ). After
air drying at room temperature, the slides were stored at -
70°C until they were used 3 to 16 weeks later.

All human sera were diluted at 1:32 in 0.01 M PBS
(pH=7.6), placed onto IFA slides, and incubated for 30
minutes at 37°C in a humid chamber. After incubation
with patient sera, slides were washed in PBS for 10 min-
utes, air dried, and treated with 1:64 dilution of a goat
antihuman immunoglobulin (IgG) conjugate labeled with
fluorescein isothiocyanate (Sigma) and 0.01% Evans Blue
added as a counterstain. Slides were reincubated at 37°C
for 30 minutes, after which they were washed again, air
dried, and examined by epifluoresence at X400 magnifi-
cation. Controls used in each run included known positive
and negative human sera against B. microti and a PBS
sham in place of human serum. All positive sera were
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Fig: Seroprevalence (%) of Babesia microti infection established for age
groups of Rhode Island residents. The number above each bar indicates
total number of subjects tested in that age group.

retested to determine their IgG titers. A dilution of 1:64
was considered the cutoff point for positives.

Statistical analysis of results

A Mantel-Haenszel test®® was used to detect the differ-
ence in anti-B. microti antibody prevalence in tick-abun-
dant or rare arcas. A Chi-square tes(*® was used to deter-
mine differences in the prevalence established for groups
of B. burgdorferi positive and negative, sera collected for
reasons not related to tick-borne diseases, and between
males and females. In addition, a multiple logistic regres-
sion model*® was developed to evaluate risk factors asso-
ciated with B. microti infection, including infection with
B. burgdorferi, age, and sex. A backward stepwise
method of elimination was used in the model to determine
significant risk predictors of the infection.

RESULTS

A total of 589 serum samples collected during 1994 and
1995 were tested for anti-B. microti IgG antibodies by IFA.
Overall, 24 (4.1%) patients exhibited detectable titers rang-
ing from 1:64 to 1:512 (mode=1:64). The median age of
patients sampled was 41 (range=2 to 93); the median age of
individuals seropositive to B. microti was 45 (range=3 to
86 years). The highest seroprevalence was detected among
the group older than 69 (6.7%, n=60); the lowest occurred
among 20- to 29-year-olds (1.3%, n=80) (Fig).
Seropositivity among males (4.3%, n=207) and females
(3.3%, n=329) was not statistically different (}2=0.36,
P=0.55). Age and sex were unknown for 53 subjects.

Overall, the prevalence of anti-B. microti antibodies

Human Babesia microti Infection in Rhode Island/Hu et al

Table

Prevalence of Anti-Babesia microti IgG Antibodies Detected in Rhode
Island Residents From Areas Where Vector Ticks, Ixodes scapularis,
Are Either Abundant or Rare

Tick-abundant area Tick-rare area

Sera source* No. tested % positive  No. tested % positive
Positive 154 9.7 3 0
Negative 185 32 30 0
Unknown 166 1.8 51 0
Total 505 4.8 84 0

*Sera were grouped based on their reactivity to Borrelia burgdorferi.
Denotes significant difference detected in the three groups of subjects
by Chi-square test (P<0.05).

detected in serum samples from the L. scapularis abundant
region (4.8%, n=505) was not significantly higher than that
from tick-rare areas (0%, n=84) (M2=1.19; P=0.275)
(Table). Within tick-abundant regions, the prevalence of
anti-B. microti antibodies was significantly higher in
patients whose samples were submitted for Lyme disease
testing (6.2%, n=339) than in patients whose samples were
submitted for tests unrelated to tick-borne diseases (1.8%,
n=166) (x’=4.74, P<0.05). Among those tested for Lyme
disease, patients with sera reactive to B. burgdorferi exhib-
ited significantly higher prevalence of anti-B. microti anti-
bodies (9.7%, n=154) than those found to be B. burgdorferi
negative (3.2%, n=185) (x*=6.11, P<0.05).

A multiple logistic regression model that included
information on B. microti seroreactivity, B. burgdorferi
seroreactivity, age, and sex indicated that B. burgdorferi
seroreactivity was the only significant risk factor con-
tributing to B. microti infection (P<0.05). Neither patient
age (P=0.43) nor sex (P=0.81) contributed significantly to
the risk of acquiring B. microti infection. Following step-
wise elimination of independent variables of age and sex
from the model, an odds ratio (OR) and relative risk (RR)
were calculated for the only remaining valid variable:
seroreactivity to B. burgdorferi. The odds of exposure to
babesial infection were nearly four times higher in B.
burgdorferi seropositive patients than B. burgdorferi
seronegative individuals (OR=3.68, 95%; CI=2.71 to
4.65). In addition, the probability of exposure to B. microti
infection was more than three times higher (RR=3.42)
among B. burgdorferi seropositive patients than among
those lacking evidence of exposure to spirochetes.

DISCUSSION
Human babesiosis caused by B. microti remains a rela-
tively rare tick-borne disease despite being maintained and
transmitted in the same enzootic cycle as Lyme disease
spirochetes in the northeastern and upper midwestern
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United States. Rhode Island has one of the highest Lyme
disease incidence rates in the country (eg, 46.9/100 000 in
1994). Since 1989, the incidence rate of babesiosis cases
reported annually has averaged only about 0.1/100000.
Nevertheless, human infection with B. microti may be far
more common than anticipated from case reports.
Serological surveys conducted in the northeastern region
have indicated that prevalence of the infection among
selected cohorts ranges between 1.8% and 9.4%.3%%73% In
our study, 24 (4.1%) of the 589 Rhode Island residents test-
ed for the presence of anti-B. microti 1gG antibodies exhib-
ited evidence of previous or current infection. Although
none of these studies estimates the overall prevalence of B.
microti infection in the population, they suggest that, at
least in coastal New England, human babesial infections
may occur more frequently than are diagnosed or reported.

Risk of exposure to B. microti will be greatest in
regions where vector ticks are abundant. A study recently
completed in Rhode Island demonstrated that zoonotic B.
microti infection in white-footed mice was detected only
among mice captured in areas where vector ticks were at
least moderately abundant (>20 nymphal I scapularis/hr
flagging) and never in areas where tick populations were
low or nonexistent.>? In the current study, we derived
human serum samples from sources located in 1. scapu-
laris-abundant portions of the state (South County
Hospital, Westerly Hospital, and DOHL) as well as from
a region where these ticks rarely are present (Newport
Hospital). Anti-B. microti antibodies were not detected
from patients seeking medical attention in the tick-rare
region (Newport, n=84). Apparently, risk of acquiring B.
microti infection is greater among residents in regions
where . scapularis occurs abundantly than among those
in arcas where this tick rarely is present. Unfortunately,
our sample size from the tick rare region would need to be
more than twice the number actually collected to obtain
statistical significance. Achieving such a sample size dur-
ing the study period in areas where Lyme disease tests
rarely are requested by physicians was impossible.

Our study indicated that an individual’s age and sex
were not significant risk factors for acquiring B. microti
infection. Seroreactivity to B. burgdorferi was the only
predictive risk factor of acquiring B. microti infection
among independent variables tested; 9.7% of B. burgdor-
feri seropositive subjects also had evidence of B. microti
infection. Similarly, high rates of anti-B. microti antibod-
ies have been observed previously among patients with
clinical Lyme disease or B. burgdorferi seropositives in
New York and Connecticut.?3%3% Because both B.
burgdorferi and B. microti can be transmitted by I scapu-
laris, and these ticks may be infected with both
pathogens,10 the observed positive association between B.
burgdorferi and B. microti seropositivity may be related

largely to coinfection events. This need not be the case,
however, as infection with these pathogens can result
from exposure to several infected 1. scapularis. Most peo-
ple with either infection are at greater risk of tick expo-
sure and may have experienced multiple tick bites. That
3.2% of B. burgdorferi-seronegative people in our study
exhibited anti-B. microti IgG antibodies supports the idea
that human infection with B. microti can occur indepen-
dently from infection with B. burgdorferi.

None of the patients in the current study was diagnosed
clinically with babesiosis, and our purpose was not to dis-
tinguish active infections from those contracted previous-
ly. Studies have suggested that IgG levels in patients with
active B. microti infection can be elevated above 1:1024
and patients with titers of around 1:64 probably have
developed infection at least 6 months carlier.** In our
study, positive titers ranged between 1:64 and 1:256, sug-
gesting that none was experiencing active infection. The
few individuals (3.2%, n=185) whose sera were B.
burgdorferi negative but B. microti seropositive may have
been infected recently and possibly were in an early phase
of anti-B. burgdorferi antibody development.

Clinical symptoms of babesiosis usually include fever,
chills, fatigue, splenomegaly, and anemia. The gross simi-
larity of these symptoms with those of Lyme disease and
newly recognized human monocytic and granulocytic
ehrlichioses*!#? suggests that diagnosis of B. microti
infection, if not overlooked, frequently may be confound-
ed with other infections, especially in areas where vector
ticks are abundant. The intensity of clinical manifestations
caused by B. microti appears to be greater in adults older
than 40 than in younger adults or children,'*!7 although
debilitating illness can occur among all age groups.®

Studies to delineate the full spectrum of disease in B.
microti-infected individuals have yet to be carried out.
With the prospect of more severe disease expression in
individuals coinfected with B. microti and B.
burgdorferi,”>**5 or coinfected with monocytic or granu-
locytic Ehrlichia,® physicians must consider the exposure
of the patient to all of these infections when any of these
tick-borne diseases is diagnosed or suspected.
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Special Focus

Guest Editorial

Surveillance of Tick-borne Disease Really Is Important

Julie A. Rawlings, MPH

With every issue, the Journal of Spirochetal and
Tick-borne Diseases strives to educate health profes-
sionals about tick-borne disease. This special section
focuses on tick-borne disease surveillance. We intend to
inform readers about surveillance processes, illustrate
the importance of disease reporting, and summarize epi-
demiologic features of Lyme disease and other tick-
borne diseases throughout the United States.

The word “surveillance” refers to watching over
someone or something to monitor or control activity. In
public health, surveillance involves collecting and ana-
lyzing data used to identify variations in trends or dis-
case distribution; detecting and responding to disease
threats; identifying risk factors; and recommending and
assessing intervention and prevention strategies.
Another component of surveillance is providing feed-
back of information to health care providers and policy
makers. The ultimate goal is to improve public health
and welfare and reduce health care costs.

Surveillance data are acquired through disease
reporting, over which the states have authority. Each
state has its own regulations regarding reporting proce-
dures and a list of notifiable conditions. Reports can be
provider initiated (passive surveillance) or health
department solicited (active surveillance).! Either way,
health care professionals are very important to the
reporting process and must be cognizant of the benefits
of reporting. After a case report has been received, pub-
lic health officials often conduct case investigations to
assess sources of exposure and implement specific con-
trol measures. These officials also try to provide timely
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feedback, supply physicians with knowledge necessary
to make accurate diagnoses, and educate the public
about the risks of disease.

Not all diseases are reportable. The list of notifiable
conditions differs from state to state. At least one tick-
borne disease, however, is notifiable in every state; a
variety are reported each year. Some, including
Colorado tick fever, Rocky Mountain spotted fever
(RMSF), tick-borne relapsing fever (TBRF), and
tularemia, were first identified many years ago. Newly
recognized, emerging, or reemerging tick-borne infec-
tions include human monocytotropic ehrlichiosis,
human granulocytotropic ehrlichiosis, Lyme disease,
and possibly, babesiosis. By definition, emerging infec-
tions pose a public health threat. Although not as sinis-
ter as ebola or hantavirus pulmonary syndrome, tick-
borne illnesses can be, and often are, very serious.

Over the years, analysis of surveillance data has shown
a significant decrease in the incidence of TBRF and
tularemia, although endemic foci remain. According to
these data, RMSF cases occur nationwide—the disease is
not limited to the Rocky Mountain states as the name
implies. Likewise, Lyme disease cases regularly occur out-
side the northeastern United States. As epidemiologists
gather data pertaining to ehrlichiosis and babesiosis, they
will sec similar trends and, in all probability, find evidence
for previously undetected tick-borne infections.

Although the concepts of surveillance and reporting are
fairly straightforward, difficulties are associated with sur-
veillance, diagnosis, and reporting of tick-borne diseases.
Surveillance capability varies across the United States. As
mentioned, the list of notifiable tick-borne illnesses varies
from state to state. As is the case with many infectious dis-
eases, underreporting persists; tick-borne diseases such as
RMSF may be underreported by at least a factor of four.?
To make matters worse, relatively little is known about the
incidence and etiologic agents of rickettsial ilinesses. Many
health care providers have been told that Lyme disease
does not occur or rarely occurs in most parts of the United
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States, so these diagnoses may not be considered. Varying
strains of tick-borne bacteria, or concurrent infection with
two or more organisms, may produce atypical illnesses that
do not meet accepted case definitions. Even when tick-
borne infections are considered, not many laboratory tests
uscful during the acute stage of illness when decisions
regarding therapy must be made are available. Because
of these problems, data concerning tick-borne diseases con-
tinue to be collected.

As you read the following surveillance articles, think
about reporting. If you are not a designated “reporter,”
remind someone who is about the importance of report-

Guest Editorial/Rawlings

ing. You may play a part in ensuring that a physician
correctly diagnoses a case of Lyme disease, that
a patient with ehrlichiosis receives an appropriate antibi-
otic, or that a research scientist gets a grant to study
babesiosis.
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Case Definitions for Public Health Surveillance

INTRODUCTION

Public health officials rely on health providers, labora-
tories, and other public health personnel to report the
occurrence of notifiable diseases to state and local health
departments. Without such data, monitoring trends or
evaluating the effectiveness of intervention activities
would be difficult.

The Council of State and Territorial Epidemiologists
(CSTE) has recommended that state health departments
report cases of selected diseases to the National Notifiable
Diseases Surveillance System (NNDSS) of the Centers for
Disease Control and Prevention (CDC). The usefulness of
such data, however, has been limited by the lack of uni-
form case definitions for public health surveillance.'
Without explicit criteria for identifying cases, state health
departments and individual practitioners have used vari-
ous criteria for case reporting. This document, prepared in
cooperation with the CSTE, provides uniform criteria for
reporting purposes. States that wish to improve the speci-
ficity of reporting may find the definitions helpful. As uni-
form case definitions are adopted, the incidence of report-
ed diseases in different geographic areas may be com-
pared more meaningfully.

In the United States, requirements for reporting diseases
are mandated by state laws or regulations, and the list of
reportable diseases in each state varies. A summary of state
requirements for notifiable discases recently has been pub-
lished.? National data from the NNDSS are collated and
published weekly in the Morbidity and Mortality Weekly
Report MMWR). In general, cases reported by state health
departments to the NNDSS are provisional. Updated final
reports are published annually in the Summary of
Notifiable Diseases.

Additionally, state health departments provide CDC
information about these and other conditions of public
health interest through supplementary surveillance sys-
tems that collect more detailed, condition-specific infor-
mation.> These conditions may or may not be included in
the state laws or regulations that mandate reporting.

The CSTE/CDC surveillance case definitions included
in this document vary in their use of clinical, laboratory,
and epidemiologic criteria to define cases. Some clinical

syndromes do not have confirmatory laboratory tests, but
laboratory evidence may be one component of a clinical
definition; toxic shock syndrome is an example. Other dis-
eases (eg, mumps) have such a characteristic clinical pre-
sentation that, even in the absence of confirmatory labora-
tory testing, a diagnosis may be based only on clinical
findings. In most instances, a brief clinical description is
provided. Unless the clinical description is explicitly cited
in the “Case classification” section of each definition, it is
included only as background information.

Some diseases require laboratory confirmation for
diagnosis, regardless of clinical symptomatology, and
some are diagnosed on the basis of epidemiologic data.
Many of the childhood vaccine-preventable diseases
include epidemiologic criteria (eg, exposure to probable
or confirmed cases of disease) in the case definitions. In
some instances, the site of infection may be important;
for example, pharyngeal diphtheria is notifiable, whereas
cutaneous diphtheria is not.

For many diseases, substantial amounts of informa-
tion, including results of laboratory tests, must be col-
lected before a final case classification is possible. State
health departments are requested to continue reporting
provisional cases to the NNDSS promptly, and records
should be updated when additional surveillance informa-
tion becomes available.

Surveillance demands uniformity, simplicity, and
brevity. These case definitions are intended to establish
uniform criteria for disease reporting; they should not be
used as sole criteria for establishing clinical diagnoses,
determining the standard of care necessary for a particular
patient, setting guidelines for quality assurance, providing
standards for reimbursement, or initiating public health
actions. Use of additional clinical, epidemiologic, and lab-
oratory data may enable a physician to diagnose a discase
even though the surveillance case definition may not be
met. For example, an adolescent with bilateral orchitis
who attends a school in which a mumps outbreak is occur-
ring would not meet the surveillance case definition for
mumps unless the mumps virus was isolated. Clinical
judgment, however, would suggest that in this situation,
viral isolation is not necessary.
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As knowledge increases and diagnostic technology
improves, some definitions will change to reflect those
trends. For example, many cases of non-A, non-B hepatitis
are due to the recently described hepatitis C virus.*
Therefore, revisions, additions, and deletions can be
expected in the future.

DEFINITION OF TERMS USED
IN CASE CLASSIFICATION?®

Confirmed case: a case classified as confirmed for
reporting purposes.

Probable case: a case classified as probable for
reporting purposes.

Laboratory-confirmed case: a case confirmed by one
or more of the laboratory methods listed in the case defini-
tion under “Laboratory criteria for diagnosis.” Although
other laboratory methods may be used in clinical diagno-
sis, only those listed are accepted for laboratory confirma-
tion for reporting purposes.

Clinically compatible case: a clinical syndrome gen-
erally compatible with the disease, but no specific clini-
cal criteria must be met unless noted in the case classifi-
cation.

Supportive laboratory results: specified laboratory
results consistent with the diagnosis but not meeting the
criteria for laboratory confirmation.

Epidemiologically linked case: a case in which the
patient has or has had contact with one or more persons
who have or have had the disease, and transmission of the
agent by the usual modes of transmission is plausible. A
case may be considered epidemiologically linked to a lab-
oratory-confirmed case if at least one case in the chain of
transmission is laboratory confirmed.

Meets the clinical case definition: meets precisely the
clinical case definition. Although in clinical practice the
diagnosis may be made with the use of other criteria, for
reporting purposes the stated criteria must be met.

CASE DEFINITIONS
Lyme Disease’

Clinical description

A systemic, tick-borne disease with protean manifesta-
tions, including dermatologic, rheumatologic, neurologic,
and cardiac abnormalities. The best clinical marker for the
disease is the initial skin lesion, erythema migrans (EM),
that occurs among 60% to 80% of patients.

Clinical case definition

e EM, or

e at least one late manifestation, as defined in the fol-
lowing, and laboratory confirmation of infection.

Case Definitions

Laboratory criteria for diagnosis

o Isolation of Borrelia burgdorferi from clinical
specimen,

o demonstration of diagnostic levels of IgM and IgG
antibodies to the spirochete in serum or CSF, or

e significant change in IgM or IgG antibody response
to B. burgdorferi in paired acute- and convalescent-phase
serum samples.

Case classification
Confirmed:; a case that meets one of the clinical case
definitions listed previously.

Comment

This surveillance case definition was developed for
national reporting of Lyme disease; it is NOT appropriate
for clinical diagnosis.

Definition of terms used in the clinical description and
case definition:

A. EM. For purposes of surveillance, EM is defined as a
skin lesion that typically begins as a red macule or papule
and expands over a period of days to weeks to form a large
round lesion, often with partial central clearing. A solitary
lesion must reach at least 5 ¢cm in size. Secondary lesions
also may occur. Annular erythematous lesions occurring
within several hours of a tick bite represent hypersensitivity
reactions and do not qualify as EM. For most patients, the
expanding EM lesion is accompanied by other acute symp-
toms, particularly fatigue, fever, headache, mild stiff neck,
arthralgia, or myalgia. These symptoms typically are inter-
mittent. The diagnosis of EM must be made by a physician.
Laboratory confirmation is recommended for persons with
no known exposure.

B. Late manifestations. Late manifestations include
any of the following when an alternate explanation
is not found:

e Musculoskeletal system; recurrent, brief attacks
(weeks or months) of objective joint swelling in one or a
few joints, sometimes followed by chronic arthritis in one
or a few joints. Manifestations not considered as criteria
for diagnosis include chronic progressive arthritis not pre-
ceded by brief attacks and chronic symmetrical polyarthri-
tis. Arthralgia, myalgia, or fibromyalgia syndromes alone
are not criteria for musculoskeletal involvement.

e Nervous system; any of the following, alone or in
combination: lymphocytic meningitis; cranial neuritis, par-
ticularly facial palsy (may be bilateral); radiculoneuropa-
thy; or, rarely, encephalomyelitis. Encephalomyelitis must
be confirmed by showing antibody production against B.
burgdorferi in the cerebrospinal fluid (CSF), demonstrated
by a higher titer of antibody in CSF than in serum.
Headache, fatigue, paresthesia, or mild stiff neck alone are
not criteria for neurologic involvement.
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e Cardiovascular system; acute onset, high-grade (2nd
or 3rd degree) atrioventricular conduction defects that
resolve in days to weeks and are sometimes associated
with myocarditis. Palpitations, bradycardia, bundle branch
block, or myocarditis alone are not criteria for cardiovas-
cular involvement.

C. Exposure. Exposure is defined as having been in
wooded, brushy, or grassy areas (potential tick habitats)
sin a county in which Lyme disease is endemic no more
than 30 days before EM onset. A history of tick bite is
NOT required.

D. Disease endemic to county. A county in which
Lyme disease is endemic is one in which at least two defi-
nite cases have been acquired previously or in which a
known tick vector has been shown to be infected with
B. burgdorferi.

E. Laboratory confirmation. As noted, laboratory
confirmation of infection with B. burgdorferi is estab-
lished when a laboratory isolates the spirochete from tis-
sue or body fluid, detects diagnostic levels of IgM or
IgG antibodies to the spirochete in serum or CSF, or
detects a significant change in antibody levels in paired
acute- and convalescent-phase serum samples. States
may determine the criteria for laboratory confirmation
and diagnostic levels of antibody. Syphilis and other
known causes of biologic false-positive serologic test
results should be excluded when laboratory confirmation
has been based on serologic testing alone.

Rocky Mountain Spotted Fever?

Clinical description

An illness most commonly characterized by acute
onset and fever, usually accompanied by myalgia,
headache, and petechial rash (on the palms and soles in
two thirds of the cases)

Laboratory criteria for diagnosis

¢ Fourfold or greater rise in antibody titer to the
spotted fever group antigen by immunofluorescent anti-
body (IFA), complement fixation (CF), latex agglutina-
tion (LA), microagglutination (MA), or indirect hemag-
glutination (IHA), or a single titer =64 by IFA or =16
by CF.

¢ Demonstration of positive immunofluorescence of
skin lesion (biopsy) or organ tissue (autopsy).

e Isolation of Rickettsia rickettsii from clinical speci-
men.

Case classification

Probable: a clinically compatible case with supportive
serology (fourfold rise in titer or a single titer =320 by
Proteus OX-19 or OX-2, or a single titer =128 by LA,

IHA, or MA test).
Confirmed: a case that is laboratory confirmed.

Tularemia’

Clinical description

An illness characterized by several distinct forms,
including:

¢ Ulceroglandular—cutaneous ulcer with regional
lymphadenopathy.

¢ Glandular—regional lymphadenopathy with no
ulcer.

* Oculoglandular—conjunctivitis with preauricular
lymphadenopathy.

* Intestinal—pharyngitis, intestinal pain, vomiting,
and diarrhea.

® Pneumonic—primary pleuropulmonary disease.

* Typhoidal—febrile illness without early localizing
signs and symptoms.

Clinical diagnosis is supported by evidence or history
of a tick or deerfly bite, exposure to tissues of a mam-
malian host of Francisella tularensis, or exposure to
potentially contaminated water.

Laboratory criteria for diagnosis

e Isolation of F. tularensis from a clinical specimen;

® demonstration of F. tularensis in a clinical speci-
men by immunofluorescence; or

e fourfold or greater rise in agglutination titer
between acute- and convalescent-phase serum specimens
obtained =2 weeks apart, analyzed at the same time and
in the same laboratory.

Case classification

Probable: a clinically compatible case with supportive
serologic results (tularemia agglutination titer of =160
in one or more serum specimens obtained after onset of
symptoms).

Confirmed: a case that is laboratory confirmed.

Babesiosis

Identification

A potentially severe and sometimes fatal disease
caused by infection with a protozoan parasite of RBCs.
The clinical syndrome may include fever, chills, myal-
gia, fatigue, and jaundice secondary to a hemolytic ane-
mia and may last from several days to a few months.
Asymptomatic infections occur, but their proportion is
not known. Cases caused by parasite species found in
Europe are more likely to be severe or fatal than those
caused by the species prevalent in the United States.
Dual infection with B. burgdorferi is known to occur.
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Diagnosis is made by identification of the parasite
within red blood cells on a thick or thin blood film.
Demonstration of specific antibodies by serologic analy-
sis (IFA) and isolation of the parasite in appropriate lab-
oratory animals provide supportive evidence for the
diagnosis. Differentiation from Plasmodium falciparum
on blood film examination may be difficult in patients
who have been in malarious areas or who may have
acquired infection by blood transfusion; if diagnosis is
uncertain, manage as if it were a case of malaria and
send thick and thin blood films to an appropriate refer-
ence laboratory.

Infectious agents
Babesia microti and other Babesia spp., especially B.
divergens in Europe.

Occurrence

In the United States, the geographic distribution of B.
microti infection has increased along with the widening
range of the tick vector, I. scapularis (formerly 1.
dammini). Babesiosis is endemic on Nantucket and other
islands in Massachusetts, Block Island, Shelter Island,
eastern Long Island, and southeastern Connecticut.
Infection also has been reported from Wisconsin and
perhaps Minnesota. Human cases due to species other
than B. microti have been identified in the United States
(California and Washington state) and Mexico. In
Europe, human infections caused by B. divergens have
been reported from Belgium, France, Ireland, Scotland,
Spain, Sweden, Russia, and Yugoslavia.

Reservoir
Rodents for B. microti and cattle for B. divergens.

Mode of transmission

B. microti is transmitted during the summer months by
the bite of nymphal Ixodes ticks (I. scapularis) that had
fed on infected deer mice (Peromyscus leucopus) and
some other small mammals (eg, voles, Microtus pennsyl-
vanicus).

The adult tick normally is found on deer (which are
not infected by the parasite) but also may parasitize and
be spread by a variety of mammalian and avian hosts.

The vector of B. divergens in Europe appears to be 1.
ricinus.

Occasionally, cases of babesiosis have been reported
to have been transmitted by blood transfusion from
asymptomatic but parasitemic donors. Patients usually do
not recall a tick bite.

Incubation period
Variable; 1 week to 12 months has been reported.,

Case Definitions

Period of communicability

Not transmitted from person to person except by
blood transfusion. Asymptomatic blood donors have
been shown to be infectious for as long as 12 months
after initial infection.

Susceptibility and resistance

Susceptibility to B. microti is assumed to be universal;
immunocompromised, asplenic, and elderly persons are at
a particular risk of symptomatic infection.

From Control of Communicable Diseases Manual, 16th
Edition. Copyright 1995 by the American Public Health
Association. Reprinted with permission.

Methods of control

For details on methods of control, consult the American
Public Health Association’s Control of Communicable
Diseases Manual.b

Ehrlichiosis

Identification

An acute, febrile, bacterial illness caused by a group
of small pleomorphic organisms that survive in the
phagosomes of mononuclear or polymorphonuclear
leukocytes of the infected host. The organisms some-
times are observed within these cells.

Sennetsu fever, so far documented convincingly only
in Japan, is characterized by sudden onset with fever,
chills, general malaise, headache, muscle and joint pain,
sore throat, and sleeplessness. Generalized lym-
phadenopathy with tenderness of the enlarged nodes is
common. Lymphocytosis with postauricular and posteri-
or cervical lymphadenopathy is similar to that seen in
infectious mononucleosis. The disease course usually is
benign; fatal cases have not been reported.

Human ehrlichiosis in the United States is a newly
recognized disease. The spectrum of disease ranges from
an illness so mild that no medical care is sought to a
severe, life-threatening, or fatal disease. Symptoms usu-
ally are nonspecific; the most common complaints are
fever, headache, anorexia, nausea, myalgia, and vomit-
ing. The disease may be confused clinically with RMSF
but differs by rarity of a prominent rash. Laboratory find-
ings include leukopenia, thrombocytopenia, and eleva-
tion of one or more liver function tests. In hospitalized
cases, the laboratory findings may be slightly abnormal
on admission and become more abnormal during hospi-
talization.

Differential diagnosis includes RMSF, Lyme disease,
toxic shock syndrome, and other multi-system febrile ill-
nesses. The clinical diagnosis of sennetsu fever is con-
firmed by IF tests, using the etiologic agent isolated in
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macrophage cultures. Diagnosis of e¢hrlichiosis in the
United States is based on clinical and laboratory findings
and the development of antibodies to Ehrlichia chaffeen-
sis in the IF test, using an antigen derived from a human
isolate. Occasionally, inclusions typical of Ehrlichia may
be observed in the cytoplasm of circulating monocytes or
granulocytes.

Infectious agents

Ehrlichia sennetsu is the etiologic agent of sennetsu
fever. These organisms are members of the genus
Ehrlichia, tribe Ehrlichieae, and family Rickettsiaceae;
until 1984, they were classified as members of the genus
Rickettsia. The causative agent of the majority of human
cases of ehrlichiosis found in the United States is E. chaf-
feensis (the first human isolate was from a patient in Fort
Chaffee, Arkansas). Recently, human cases have been
reported to be associated with infection by an organism
closely related to E. phagocytophilia or a closely related
species causing human granulocytic ehrlichiosis (HGE).

Occurrence

Sennetsu fever appears to be confined to western
Japan. Ehrlichiosis in North America has been concentrat-
ed in the southeastern and south central areas of
the United States; more than 320 cases with 9 deaths have
been identified through laboratory-based surveillance
from 1987 through 1993. More than a dozen human cases,
including 3 deaths, caused by a granulocytic ehrlichia
related to E. phagocytophilia have occurred in northern
Minnesota, Wisconsin, Connecticut, Maryland, and
Florida.

Reservoir
Not known for
American ehrlichiosis.

either sennetsu fever or

Mode of transmission

Not known for sennetsu fever, although patients with
the disease frequently are reported to have visited rivers
or swampy areas near rivers within 3 to 4 weeks of onset.
Ticks, probably Amblyomma americanum, are the vectors

of American monocytic ehrlichiosis; most patients report
a tick bite or an association with wooded, tick-infested
areas several weeks prior to onset of illness. Ehrlichiosis
caused by the E. phagocytophilia-related organism in the
northern Midwest and eastern seaboard may be vectored
by I. scapularis ticks.

Incubation period
Fourteen days for sennetsu fever; 7 to 21 days for
American ehrlichiosis.

Period of communicability
No evidence of transmission from person to person.

Susceptibility and resistance

Susceptibility is believed to be general. No data are
available on protective immunity in humans from infec-
tions caused by these organisms.

From Control of Communicable Diseases Manual,
16th Edition. Copyright 1995 by the American Public
Health Association. Reprinted with permission.

Methods of control

For details on methods of control, consult the
American Public Health Association’s Control of
Communicable Diseases Manual.®
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Lyme Disease and Other Tick-borne Diseases in Massachusetts

Silvia M. Kreindel, DVM, MPH; Bela T, Matyas, MD; Michael W. McGuill, DVM; Timothy P. Broadbent, BS;

and Alfred DeMaria, Jr, MD

ABSTRACT

Objectives: To describe Lyme disease and other tick-
borne diseases in Massachusetts in an effort to assess inci-
dence, identify risk factors, and develop and implement pre-
vention and control measures.

Methods: Data were obtained through passive surveillance
involving local boards of health and physician and laboratory
reporting for cases of Lyme disease, Rocky Mountain spotted
fever (RMSF), babesiosis, and human granulocytic ehrlichio-
sis (HGE) cases reported to the Massachusetts Department of
Public Health from 1988 through 1995.

Results: The annual incidence rate for reported Lyme
disease remained relatively stable from 1988 to 1990 (1.3 to
2.2 cases per 100 000 population), peaked during 1991 (4.4
cases per 100 000 population), and ranged between 2.5 and
4.1 cases per 100 000 population thereafter. Sixty-four per-
cent of the reported cases had onset of Lyme disease
between May and August. Data from 1993 through 1995
show that approximately 45% of cases included reports of
erythema migrans (EM). Children ranging in age from 5 to
9 accounted for 9% of reported cases for 1988 through 1995
and had the highest age-specific cumulative incidence at
33.7 cases per 100000 population. Adults from 45 to 49 had
a cumulative incidence of 30.0 cases per 100 000 population

for this time period.

For babesiosis and RMSF, reported annual incidences
were relatively stable and low over the period 1988 to 1995
(0.01 to 0.24 cases per 100 000 population for each).
Adults aged 35 to 39 and 30 to 34 had the highest
cumulative incidence rates for reported babesiosis and
RMSF, respectively.

Discussion and conclusions: Lyme disease, babesiosis,
and RMSF cases are reported regularly in Massachusetts.
HGE cases among Massachusetts residents also have been
reported in the literature. Lyme disease represents the
most prevalent tick-borne disease in the state. Although the
distributions of reported cases of these tick-borne diseases
are not uniform throughout the state, and the exposure
risks for these diseases are believed to be predominantly
regional, cases have been reported statewide, particularly
for Lyme disease. As a consequence of the state’s current
passive surveillance system and other factors, tick-borne
diseases are believed to be underreported in Massachusetts.
Active surveillance may be necessary to document the fre-
quency and patterns of tick-borne diseases in the state
accurately. Implementation of recently developed serodiag-
nostic testing recommended by the Centers for Disease
Control and Prevention is being encouraged to avoid mis-

classification of cases.

Key words: Lyme disease, babesiosis, Rocky Mountain spotted fever, passive surveillance
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Lyme Disease in Massachusetts/Kreindel et al

BACKGROUND

Lyme disease is the most commonly reported tick-
borne disease in the United States.' In 1994, 13 083 hu-
man cases of Lyme disease were reported to the US
Centers for Disease Control and Prevention (CDC). Six
northeastern states largely accounted for a 95% increase
in reported Lyme disease cases for 1994.2 In
Massachusetts, the deer tick, Ixodes scapularis, is
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believed to be the common vector of Lyme disease,
babesiosis, and human granulocytic ehrlichiosis (HGE);
Rocky Mountain spotted fever (RMSF) generally is
transmitted by the dog tick, Dermacentor variabilis. In
1985, Lyme disease and babesiosis were made reportable
in Massachusetts; RMSF was made reportable in the
carly 1950s. Although HGE is not yet reportable in the
state, voluntary reporting to the Massachusetts
Department of Public Health (MDPH) is encouraged.

Efforts to improve public health surveillance of tick-
borne diseases date to the 1950s with the requirement for
reporting RMSF. Lyme disease has been recognized in
Massachusetts since the late 1970s. Not surprisingly,
changes in case definitions and other surveillance mea-
sures as well as changes in vector and pathogen preva-
lence over time affect the number of reported cases.
Tick-borne disease surveillance in Massachusetts is pas-
sive in nature, involving a combination of laboratory-
based reporting where applicable and reporting by physi-
cians to local boards of health (which, in turn, report to
the MDPH). Some factors associated with underreporting
by physicians include lack of knowledge of the reporting
requirements or mechanisms, low priority among activi-
ties, and lack of familiarity with the diseases in non-
coastal Massachusetts areas.

METHODS

Data for tick-borne disease cases were obtained from
the MDPH communicable disease surveillance system.
Local boards of health collect case reports through physi-
cian reporting, the receipt of laboratory reports, or anoth-
er board of health. These case reports are then forwarded
to the MDPH. A follow-up form for each case is sent to
the board of health that reported the case or to the board
of health where the patient with a positive serodiagnosis
resides (in the case of laboratory reports sent directly to
the MDPH). The original case reports and follow-up
reports are recorded by the MDPH in the surveillance
database. A more extensive surveillance data set has been
available at the MDPH since 1993. Lyme disease,
babesiosis, and RMSF cases that meet the CDC surveil-
lance case definition criteria are counted as cases. !

Cases are defined as Massachusetts residents reported
to the MDPH and subsequently confirmed to meet the
CDC case definition for Lyme disease (n=1389),
babesiosis (n=63), or RMSF (n=39) during the period
from 1988 to 1995. Demographic variables were analyzed
for the 1988 to 1995 period. Information on variables
such as geographic location where the exposure could
have occurred and early and late manifestations of Lyme
disease were analyzed for the 1993 to 1995 period.
Incidence rates were based on the 1990 US Census.
Descriptive statistics were generated using Epi Info

6.02. Univariate analyses (x? and ¢ tests) were used to
assess associations.

RESULTS

Cumulative data

Lyme disease: Of 1986 reports of Lyme disease
received by the MDPH from 1988 to 1995, 1389 (70%)
met the CDC’s surveillance case definition and were
included in this analysis. Most (61%) of these case
reports were received from local boards of health.
Children from 5 to 9 had the highest rate of Lyme dis-
case, with a cumulative incidence of 33.7 cases per 100
000 population for the time period from 1988 to 1995,
representing 9% of reported cases. Adults aged 45
through 49 had the second highest rate, with a cumulative
incidence of 30.0 cases per 100 000 population for the
time period, representing 7.4% of the reported cases.

For the period from 1988 to 1995, 64% of the report-
ed cases had onset of symptoms during the months of
May through August. Nantucket, Barnstable, and Dukes
counties (these counties represent Cape Cod and the
Islands) represented the likely county of exposure for
56% of the cases reported from 1993 to 1995, with
Nantucket County the most likely county of exposure
(35% of cases).

Forty-five percent of Lyme disease case reports for
the 1993 to 1995 period indicated the presence of erythe-
ma migrans (EM). Of the cases reporting EM, 35% noted
arthritic manifestations, 9% noted neurologic manifesta-
tions, and 4% noted cardiologic manifestations. Of the
235 cases not reporting EM, arthritic manifestations
occurred in 77%, neurologic manifestations in 20%, and
cardiologic manifestations in 2%.

Babesiosis: Of the 67 reports of babesiosis from 1988
through 1995, 63 met the CDC’s surveillance case defini-
tion and were included in this analysis. Adults from 35 to
39 had the highest age-specific cumulative incidence at
1.66 cases per 100000 population for the time period
1988 to 1995, and comprised 14% of reported CDC-eligi-
ble cases. Most (89%) of these reported cases resided in
Nantucket County. Cases were reported most frequently
during the fall (43%).

RMSEF: Of the 70 reports of RMSF received from 1988
through 1995, 39 met the CDC’s surveillance case defini-
tion and were included in this analysis. Adults aged 30 to
34 represented 15% of the reported CDC-eligible cases
from 1988 to 1995. Barnstable County reported the highest
cumulative incidence of RMSF at 4.3 cases per 100000
population for this time period, representing 21% of report-
ed CDC-eligible cases for 1988 to 1995. A majority (64%)
of cases were reported during the summer months, with
remaining cases reported during the fall months.
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Fig 2: Incidence of Lyme disease in Massachuseits (1988 to 1995)

based on 1990 US Census (per 100 000 population). Source: Massachu-

setts Department of Public Health.

Temporal trends

Fig 1 illustrates the number of cases of tick-borne
disease reported to the MDPH from 1988 through 1995.
For Lyme disease, the annual incidence rates remained
relatively stable from 1988 to 1990 (1.3 to 2.2 cases per
100 000 population), peaking during 1991 (4.4 cases
per 100 000 population), coincident with the change in
the CDC’s surveillance case definition and ranging
between 2.5 and 4.1 cases per 100 000 population there-
after (Figs 1, 2).

Fig 3 illustrates the age distribution of cases of Lyme
disease reported from 1988 to 1995 in relation to the
age distribution for Massachusetts.

During the 8 years evaluated, 64% of the reported cases
of Lyme disease had onset during the months
from May through August. Most cases were reported either
during the months of July through October,
reflecting typical delays in reporting of cases in a passive
surveillance system, or in December, reflecting an end
of the calendar year “catch up” artifact for disease
reporting (Fig 4).

From 1993 to 1995, 45% of case reports indicated the
presence of EM. No significant trends in these 3 years in

Lyme Disease in Massachusetts/Kreindel et al
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Fig 3: Age distribution of Lyme disease cases, Massachusetts, 1988 to
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Fig 4: Tick-borne diseases in Massachusetts, cases by month of report
(1988 to 1995). Source: Massachusetts Department of Public Health.

the reporting of early or late Lyme disease manifestations
were noted (Fig 5).

For babesiosis and RMSF, annual incidence rates for
reported cases were relatively stable and low over the
period from 1988 to 1995 (0.01 to 0.24 cases per 100000
population for each). The 1995 incidence rate for babesio-
sis was 0.21 cases per 100000 population, and the rate for
RMSF was 0.01 cases per 100000 population.

DISCUSSION AND CONCIL.USIONS

Lyme disease, babesiosis, and RMSF cases are report-
ed in Massachusetts regularly. HGE cases among
Massachusetts residents also have been reported in the lit-
erature. Although the distributions of reported cases of
these tick-borne diseases are not uniform throughout the
state, and the exposure risks for these diseases are
believed to be predominantly regional, cases have been
reported statewide, particularly for Lyme disease.

Lyme disease represents the most prevalent tick-borne
disease in Massachusetts. Over the past decade, Lyme dis-
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Fig 5: Lyme disease in Massachusetts, percentage of cases with late
manifestations (1993 to 1995). Source: Massachusetts Department of
Public Health.

ease has spread throughout the state, with major foci on
Cape Cod and the islands of Nantucket and Martha’s
Vineyard and smaller foci in North Shore communities
and in areas of western Massachusetts. Cases of Lyme
disease have been confirmed in individuals with presump-
tive exposure in all counties in the state. Nantucket has
reported the largest number of Lyme disease cases in
Massachusetts and had the highest incidence of Lyme dis-
ease by county in the United States in 1994.

The data for Lyme disease from 1988 to 1995 (Figs 1,
2) are confounded by a significant change in the CDC
surveillance case definition for Lyme disease in 1991.
Most of the increase in the incidence between 1990 and
1991 may be attributable to the change in case defini-
tion. The year-to-year variation in reported cases of
Lyme disease for 1991 to 1995 parallels changes in cli-
mactic factors (eg, hot, humid summers) that might
affect potential exposures to deer ticks. Variations in
reporting behavior over this time period, however, can-
not be assessed and, given the small numbers of reported
cases, could be significant.

The age distribution for Lyme disease cases (Fig 3) is
similar to the age distribution for Massachusetts residents,
except for a peak in Lyme disease cases among children
from 5 to 14 and another peak in cases among middle-
aged adults. This age distribution of cases likely reflects
exposure risks due to age-specific behaviors.

Annual variations in reported cases and incidence rates
for babesiosis and RMSF are even more difficult to
interpret. Reporting-related artifacts may have more sig-
nificant effects on the reported incidence rates for these
two diseases, given their smaller numbers. Insufficient
awareness of the clinical presentations of babesiosis and

RMSF by many primary care providers is a major factor
in underreporting for these diseases. This factor can be
addressed through targeted education for providers.

HGE is not a reportable disease in Massachusetts.
Voluntary reporting of HGE is encouraged,but few
case reports have been received by the MDPH to date.
Given that the deer tick serves as a shared vector for Lyme
disease, babesiosis, and HGE in Massachusetts, and given
the prevalence of exposure to deer ticks in the state, both
babesiosis and HGE may be more prevalent than is
indicated by reporting of these diseases. Insufficient
provider awareness of the clinical presentation of HGE
is likely in view of its recent identification as a
tick-borne disease.

The MDPH surveillance system is based on passive
surveillance for tick-borne diseases and involves a combi-
nation of physician reports to local boards of health and
laboratory reports of appropriate indicators to local boards
of health or to the MDPH, with follow up with health care
providers. A passive surveillance system underestimates
actual discase incidence for a variety of reasons. With
tick-borne diseases, local prevalence of disease, geo-
graphic dependence of exposure risk recognition, and rel-
atively low incidence complicate diagnosis and result in a
nonuniform pattern of tick-borne disease recognition and
reporting that does not reflect the underlying epidemiolo-
gy of exposure risk. In combination with other factors
inherent in passive surveillance, this may result in under-
reporting of tick-borne diseases in Massachusetts.

Active surveillance involving a combination of sea-
sonal vector (exposure risk) surveillance, training of sen-
tinel physicians, and targeted serosurveys might be nec-
essary to document accurate incidence and geographic
patterns of tick-borne diseases in Massachusetts. The
adoption of new CDC recommendations? for serologic
testing for Lyme disease involving a two-step process
(enzyme immunoassay or immunofluorescent assay fol-
lowed by Western blot for confirmation) is being encour-
aged by the MDPH to help decrease problems associated
with misclassification of cases.
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Lyme Disease Surveillance in Delaware, 1990 to 1994

David Wolfe, RN, MPH; Luis Callejas, MD, MPH; and Leroy Hathcock, PhD

ABSTRACT

Background: Since 1989, when Lyme disease became
reportable in Delaware, 434 cases have been confirmed.
Tularemia and Rocky Mountain spotted fever rarely are
reported. Delaware’s disease reporting system is passive,
Hospital and private laboratories report the majority of
cases. This study was conducted to describe the temporal,
geographic, and demographic characteristics of Lyme dis-
ease in Delaware and to assist health planners in developing
and implementing control strategies.

Methods: All physician-submitted Centers for Disease
Control and Prevention (CDC) follow-up Lyme disease
report forms from 1990 through 1994 were reviewed for
completeness. Data were gathered only from completed

forms. All cases were classified according to the 1990 CDC

surveillance case definition.

Results: Reported cases of Lyme disease increased 113%
between 1990 and 1994. The 1994 statewide incidence rate
was 16.7 cases per 100 000 population. During the study per-
iod, whites were three times more likely to contract Lyme
disease than were blacks. The majority of cases were report-
ed between May and September,

Conclusion: The Delaware State Board of Health made
Lyme disease reportable in September 1989. This require-
ment increased the quality of Lyme disease surveillance;
however, the disease probably is underreported, as Delaware
does not actively solicit Lyme disease reports. Delaware’s
case data reflect national data that indicate an increase in

reported cases.

Key words: Lyme disease, Borrelia burgdorferi, Ixodes scapularis, surveillance, erythema migrans

BACKGROUND

Delaware requires the reporting of three tick-borne
diseases: Lyme disease, Rocky Mountain spotted fever
(RMSF), and tularemia. RMSF and tularemia have been
reportable since the mid-1970s, and the Delaware State
Board of Health made Lyme disease reportable in
September, 1989. Since then, 434 cases of Lyme disease
have been confirmed. During 1994, 111 cases of Lyme
disease were confirmed, yielding a statewide attack rate
of 16.7 cases per 100000 population.

From the Delaware Division of Public Health (Mr Wolfe and Dr
Hathcock), Dover; and the Centers for Disease Control and
Prevention (Dr Callejas), Atlanta, Georgia.

Address correspondence to David Wolfe, RN, MPH,
Delaware Division of Public Health, PO Box 637, Dover, DE
19903.

Lyme Disease in Delaware/Wolfe et al

During Delaware’s November, 1988 deer season, the
University of Delaware, the Delaware Department of
Natural Resources and Environmental Control, and the
Delaware Division of Public Health tested ticks found on
harvested white-tailed deer for the presence of Borrelia
burgdorferi. Ixodes scapularis was the only tick species
harboring the spirochete.!

Fig 1 depicts Delaware’s communicable disease surveil-
lance system. Reports are not solicited actively; therefore,
the reporting system is passive. Physicians, laboratories,
and hospitals report Lyme disease to the Delaware
Division of Public Health through a mail-in postcard-sized
disease report card. The Epidemiology Branch follows up
the report by mailing a standard Centers for Disease
Control and Prevention (CDC) Lyme disease case report
form to the attending physician. The physician completes
the form and returns it to the Epidemiology Branch. The
CDC report form is then reviewed, and the case is classi-
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Fig 1: Delaware’s Lyme disease surveillance system, 1990 to 1994.
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Fig 2: Delaware cases of Lyme disease and Rocky Mountain spotted
fever (RMSF), 1990 to 1994.

fied as either confirmed or unconfirmed based on the
October 1990 CDC/Council of State and Territorial
Epidemiologists (CSTE) case definition.

Data gathered from these forms were used to prepare
this article, which describes the temporal, geographic, and
demographic characteristics of Lyme disease in Delaware.

METHODS

All physician-submitted CDC follow-up Lyme disease
report forms from 1990 through 1994 were reviewed. Data
about RMSF was gathered only from the disease report
cards. Further characterization of RMSF and tularemia
cases was not performed as few cases are reported in
Delaware. Data used to prepare Table 1 (percent Lyme dis-
ease cases by source of report) and RMSF data (Fig 2) were
gathered from the disease report cards; all other Lyme dis-
ease data was gathered from the CDC report forms.

A Lyme disease case was considered confirmed if it
met one of the following criteria: The patient had erythe-
ma migrans (EM), as noted by the physician on the
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Fig 3: Cases by month of onset of Lyme disease in Delaware, 1990 to
1994.
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Fig 4: Delaware Lyme disease rate by county, 1990 to 1994.

report form; or a patient had a positive serologic test
and at least one rheumatologic, neurologic, or cardio-
logic manifestation.

RESULTS

Confirmed cases of Lyme disease and RMSF reported
from 1990 through 1994 are shown in Fig 2. Between
1990 and 1994, the number of confirmed cases of Lyme
disease has more than doubled. No confirmed cases of
tularemia, ehrlichiosis, babesiosis, relapsing fever, or
Colorado tick fever were reported between 1990 and
1994.

Lyme disease cases by month of onset are depicted in
Fig 3. The majority of Lyme disease cases are reported
between May and September.

Fig 4 summarizes Lyme disease at the county level.
New Castle County had consistently higher rates per
100000 population than did Kent or Sussex counties.
New Castle County’s rate increased 125%, from 9.72
cases per 100000 population in 1990 to 21.9 cases per
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100000 population in 1994. Kent County’s rate increased
16%, from 4.5 cases per 100000 population in 1990 to
6.3 cases per 100000 population in 1994. Sussex
County’s rate increased 138% between 1990 and 1994.

Fig 5 summarizes case rates by 10-year age group.
Age-specific incidence rates were highest among the age
group 50 to 59.

Fig 6 summarizes the case rates per 100000 popula-
tion by race. The case rate for whites increased 115%,
from 8.3 cases per 100000 population in 1990 to 17.9
cases per 100000 population in 1994. The case rate for
blacks showed little variation, averaging 4.2 cases per
100 000 population. On average, whites were three times
more likely to contract Lyme disease than were blacks.

Table 1 summarizes Lyme disease cases by source of
report. Private laboratories reported the majority (30% to
74%) of Lyme disease cases in Delaware.

Table 2 summarizes Lyme disease signs and symptoms

Lyme Disease in Delaware/Wolfe et al

Table 1
Percent of Lyme Disease Cases by Source of Report, 1990 to 1994

Year Physician Hospital lab Private lab  Other* Total
1990  19% (10) 42% (22) 30% (16) 9% (4) 52
1991  11% (10) 26% (22) 52% (45)  11% (10) 87
1992 4% (3) 22% (19) 70% (59) 4% (3) 84
1993 4% (3) 30% (25) 63% (52) 3% (2) 82
1994 2% (2) 22% (24) 74% (82) 3% (3) 111

*Public health nursing, other states, and the Dover Air Force Base.

Table 2
Delaware Lyme Disease, Signs and Symptoms

Joint Bell’s Other Total
Year EM* signs palsy neurologic Cardiac cases
1990 52% (27)  15% (39) 4% (2) 17% () 4%(Q2) 52
1991 49% (41) 55% (48) 8% (7) 12% (10) O 87
1992 53%(44) 49% (41) 19% (16) 8% (7) 1% (1) 84
1993 46% (38) 45% (37) 7% (6) 5%4) 0 82
1994 57% (63) 52% (58) 14% (16) 5% ((6) O 111

*EM=erythema migrans.
Note: A physician can report several signs; therefore, totals are greater
than 100% for each year.

as reported by Delaware physicians. Delaware physicians
noted erythema migrans (EM) as a sign on average in
50% of their patients The most common neurologic sign
was Bell’s palsy. Cardiac signs rarely were observed.

Fig 7 depicts the date of onset of patients who demon-
strated EM at diagnosis. The majority of cases developed
EM between May and September of each year.

During 1990 and 1991, females were at slightly more
risk of contracting Lyme disease then were males. This
trend was reversed in 1992. Fig 8 represents the distribu-
tion of cases by sex.

Table 3 summarizes the location of exposure. Most
(52% to 75%) of Delaware’s patients with Lyme disease
believed they were exposed in Delaware. Over a 5-year
period, an average of 8% (2% to 17%) feel they were
exposed in another state, and 24% (15% to 31%) did not
know where they were exposed to Lyme disease.

DISCUSSION

Prior to 1989, reporting was voluntary, and only 19
cases were reported. Delaware’s Lyme disease cases
have doubled since 1990. Several factors have con-
tributed to this increase: a standardized case definition,
increased physician and public awareness, increased lab-
oratory testing, required reporting, and an increase in the
number of cases. Underreporting, however, is a major
limitation of passive surveillance systems such as the
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Fig 7: Delaware Lyme disease cases of erythema migrans by month of
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Fig 8: Delaware Lyme disease rate by sex, 1990 to 1994.

physician/laboratory-based postcard system now used in
Delaware.? For the more common outpatient diseases,
only 10% to 25% of the actual number of cases occur-
ring in a community may be reported.?? Therefore, even
though case counts have increased since 1990, these
counts probably underestimate the true incidence of
Lyme disease in the state.

Between 1990 and 1994, whites were three times
more likely to contract Lyme disease than were blacks.
Factors that may contribute to this disparity include fre-
quency of outdoor activity, tick feeding preferences, liv-
ing location (suburban versus urban), susceptibility to
the disease, and accessibility of medical care.

Table 3

Delaware Lyme Disease, Percent of Cases by Source of Exposure,

1990 to 1994

Year In state Unknown Out of state Total
1990 52% (27) 31% (16) 17% (9) 52

1991 68% (59) 25% (22) 7% (6) 87

1992 75% (63) 15% (13) 10% (8) 84

1993 2% (59) 24% (20) 4% (3) 82

1994 1% (79) 27% (30) 2% (2) 111

The age distribution of Lyme disease cases in Delaware
reflects national trends. Most Lyme disease cases occur
from the ages of 1 to 19 and 40 to 69 in the United States.*

EM is present in 50% to 85% of Lyme disease cases and
appears within 3 days to 3 weeks following infection. The
lesion may resolve spontaneously or persist for weeks to
months.>” When present, however, the lesion is diagnostic
of Lyme disease. Delaware physicians noted EM on aver-
age in 50% of Delaware cases during 1990 and 1994. This
observation agrees with other published data.®31°

Delaware’s Lyme disease temporal, demographic, and
numeric trends reflect regional and national data. These
trends include an increasing number of reported cases, a
disproportionate number of whites affected as compared
with blacks, and a majority of cases occurring during the
spring and summer months.
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The Epidemiology of Lyme Disease and Other
Tick-borne Diseases, Pennsylvania, 1990 to 1995

Perrianne Lurie, MD, MPH, FACPM

ABSTRACT

Objectives: The study was conducted to describe the
temporal, geographic, and demographic characteristics of
tick-borne diseases in the Commonwealth of Pennsylvania.

Methods: All physician and laboratory reports of tick-
borne diseases with dates of onset from 1990 to 1995 were
reviewed to determine whether they met surveillance case
definitions from either the Centers for Disease Control and
Prevention or the Pennsylvania Department of Health.
Cases meeting the case definitions were entered into a cen-
tral database for analysis. Detailed analyses of the 1993
cases were conducted.

Results: Reported cases of Lyme disease increased 53 %,
from 758 cases in 1990 to 1600 cases in 1995. The 1993
statewide incidence rate was 7.62 per 100 000 population.
The 914 cases of Lyme disease with onset in 1993 ranged in

age from 1 to 87 (mean 37.6 years, standard deviation

Key words: Lyme disease, tick-borne disease

BACKGROUND

Tick-borne diseases, particularly Lyme disease, are a
major public health problem in Pennsylvania. Lyme dis-
ease is a tick-borne, spirochetal, zoonotic disease trans-
mitted by the deer tick Ixodes scapularis (formerly I.
dammini). The spirochete Borrelia burgdorferi causes
dermatologic, rheumatologic, neurologic, and cardiac
signs and symptoms; most commonly, erythema migrans
(EM), arthritis and arthralgia, heart block, and Bell’s
palsy.

The Centers for Disease Control and Prevention
(CDC) initiated Lyme disease surveillance in 1982, and
in January 1991, Lyme disease became reportable
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21.6). There was a slight preponderance of males (relative
risk=1.23). The 1993 incidence rate in whites (8.32) was more
than five times higher than that in blacks (1.59) and more
than twice that of other races (3.30). The majority of 1993
cases had dates of onset between June and August. The inci-
dence of other tick-borne diseases in Pennsylvania is much
lower, and has remained relatively stable over time.
Conclusion: The Pennsylvania Department of Health
has required reporting of several tick-borne diseases since
1987 or earlier. Lyme disease, however, probably is under-
reported, as Pennsylvania does not actively solicit reports
of Lyme disease. The age, gender, and racial distribution of
Lyme disease cases in Pennsylvania is similar to that seen
in the rest of the United States and the increase in inci-
dence and widening geographic spread of this disease par-

allel regional and national trends.

through the National Electronic Telecommunications
System for Surveillance. Since reporting was initiated, 47
states have reported cases of Lyme disease. In 1993,!
Lyme disease accounted for more than 90% of all vector-
borne illnesses in the United States, with 9895 cases
reported. In 1994,2 13 043 cases of Lyme discase were
reported in the United States.

The 1993 national incidence rate was 3.8 cases per
100000 population. Connecticut reported the highest state
rate, with 61.98 cases per 100000 population; New York
State, with 5200 cases, had the highest number of cases
reported in 1993.

Lyme disease has been reportable in Pennsylvania
since 1987. Physicians and clinical laboratories are
required to report all cases and positive laboratory tests
for Lyme disease to the Department of Health.

Other tick-borne diseases are reported less commonly
in Pennsylvania. All rickettsial diseases, including Rocky
Mountain spotted fever (RMSF) and human ehrlichiosis
are reportable. Laboratories, but not physicians, are
required to report positive laboratory tests for
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Table
Number of Cases of Reportable Tick-borne Diseases in Pennsylvania,
1990 to0 1995

Year of onset

Disease 1990 1991 1992 1993 1994 1995

Lyme disease 758 958 991 1061 1566 1600
Rocky Mountain

spotted fever 3 6 13 10 8 10
Tularemia 0 0 0 0 0 ]
Ehrlichiosis 0 0 0 0 0 0

tularemia.Babesiosis, relapsing fever, and Colorado tick
fever are not reportable in Pennsylvania.

The reporting system in Pennsylvania is passive and
relies on voluntary compliance by physicians and labora-
tories. Approximately 10% of all disease reports received
by the Pennsylvania Department of Health are from
physicians; 90% are from clinical laboratories. No formal
mechanism for patients to report cases to the Department
of Health exists. The Department of Health, however, will
contact the physician of any patient who attempts to
report his or her own illness to determine if the patient’s
illness meets the case definition (see following). Every
physician or laboratory report is investigated by staff at
the Pennsylvania Department of Health or one of nine
county/municipal health departments to determine if it
meets the case definition; if it does, it is entered into the
central computerized database of reportable diseases at
the Department of Health.

METHODS

Surveillance data in the computerized reportable dis-
ease database from 1990 through 1995 for tick-borne dis-
eases in the Commonwealth of Pennsylvania were
reviewed and analyzed using the CDC’s Epi Info soft-
ware. Maps were created using CDC’s Epi Map software
package.

The CDC’s case definition for Lyme disease® is used
by the Commonwealth of Pennsylvania. A confirmed case
must have either EM or at least one late manifestation
(recurrent brief attacks of objective joint swelling, lym-
phocytic meningitis, cranial neuritis, radiculoneuropathy,
encephalomyelitis, or acute onset 2° or 3° atrioventricular
conduction defects) and laboratory confirmation (by isola-
tion of B. burgdorferi from a clinical specimen, diagnostic
levels of Lyme-specific IgM and IgG in serum or cere-
brospinal fluid, or significant change in Lyme-specific
IgM or IgG in paired acute and convalescent sera).

CDC case definitions for RMSF? and tularemia® also
are used by the Commonwealth of Pennsylvania. As no
CDC case definition for ehrlichiosis exists, we developed

a case definition for use in Pennsylvania: A suspect case
of ehrlichiosis is defined as an unexplained, acute febrile
illness associated with all three clinical symptoms (fever
=101°F, malaise, and headache) and at least one of the
laboratory findings (thrombocytopenia, leukopenia, or
elevated transaminase levels). A confirmed case of ehrli-
chiosis meets the definition for a suspect case and is labo-
ratory confirmed by serology or polymerase chain reac-
tion testing for Ehrlichia species.

Cases of reportable diseases in Pennsylvania are ana-
lyzed by date of onset rather than date of report. The data
year is “closed out” on March 30 of the following year.
Thus, for routine analysis, only cases with onset in a
given year reported prior to April 1 of the following year
are included. Cases of Lyme disease may not be reported
for many months or even years after onset of the first
symptom. Therefore, the routine analysis will fail to
include a significant number of cases. To compensate for
this time lag, updated totals for Lyme disease are prepared
on an ongoing basis. The totals presented in this report
reflect all cases reported through February 20, 1996.

Cases of reportable diseases with onset in 1990 to 1993
have been validated individually. Cases reported for 1994
and 1995 have not yet been validated, so some of the
“cases” included in the totals for these years may not meet
the case definition, thus inflating the estimates for those
years. In addition, reporting for 1995 is still incomplete,
leading to underestimates for that year. As the most recent
year for which validated data are available is 1993, the
detailed analyses were conducted for this data year.

RESULTS

A total of 6934 Lyme disease cases with dates of onset
in 1990 to 1995 have been reported among residents of
Pennsylvania. Fifty cases of RMSF and one case of
tularemia were reported during this time period. Although
we received one report of human ehrlichiosis in 1995, it
did not meet our case definition. The Table shows the
number of cases of reportable tick-borne diseases in
Pennsylvania by year of onset.

The 914 cases of Lyme disease with onset in 1993
reported as of March 30, 1994, ranged in age from 1 to 87
(mean 37.6, SD=21.6). There was a slight preponderance
of males (relative risk [RR]=1.23). Fig 1 shows the distri-
bution of incidence rates by age and gender. The inci-
dence rate in whites (8.32) was more than five times high-
er than that in blacks (1.59) and more than twice that of
other races (3.30, Fig 2). The highest incidence rates in
the Commonwealth were seen in the southeast, in coun-
ties surrounding Philadelphia (Fig 3). The majority of
1993 cases had dates of onset between June
and August (Fig 4).

Patients with Lyme disease or their physicians were
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Fig 1: Lyme disease incidence by age and sex.

asked detailed questions about clinical symptoms.
Responses to these questions are available for only 866 of
the reported cases. Of these 866, a total of 551 (63.6%)
reported having EM. Fig 5 shows the distribution of these
cases by month of onset. Ninety (10.4%) patients reported
a history of Bell’s palsy and 364 (42.0) had a history of
arthritis. Information on the prevalence of arthralgias is
not available.

Patients were asked about exposure history. This infor-
mation is available for only 435 of the cases.
Of these, 164 (37.7%) could recall being bitten by a
tick. Information on out-of-state travel was not available
for analysis.

The 10 patients with RMSF with onset in 1993 ranged
in age from 5 to 71 (mean 27.9, SD=24.7). There were
more men than women (RR=1.5), but this difference was
not statistically significant. Cases were reported from
seven counties, mainly in the southeastern portion of
the Commonwealth.

DISCUSSION

The number of reported cases of Lyme disease has
been increasing steadily in Pennsylvania since it was
made reportable in 1987. The reasons for this increase are
complex and probably include increased awareness and
diagnosis of the disease; ecological changes*> that have
brought deer ticks, white-footed mice, and deer into closer
contact with human beings; a population explosion among
white-tailed deer in Pennsylvania®’; and an overall
increase in the proportion of infected ticks in the
Commonwealth (J. Humphries, Indiana University of
Pennsylvania, personal communication).

As is the case throughout the region,®'' men outnum-
ber women among cases of Lyme disease in Penn-
sylvania. The age distribution and seasonality in
Pennsylvania also resemble those for the Northeast and
mid-Atlantic states.

The most common presenting symptom is EM, which
is not surprising as the case definition allows the inclusion
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Fig 2: Lyme disease incidence by race.

of EM cases that are not laboratory confirmed. Arthritis
also is a common symptom; Bell’s palsy is reported less
frequently. Only 38% of cases can recall a tick bite; a pro-
portion similar to that found in other published studies of
Lyme disease.

RMSF is seen less commonly in Pennsylvania, with an
average of only 10 cases a year, and no increase in the
number of cases over time has been noted. As the vector
of this disease is a different species of tick, Dermacentor
variabilis, the fact that the incidence rates do not parallel
the trends seen in Lyme disease is not surprising. The age
and sex distribution is similar to that seen for Lyme dis-
case in Pennsylvania and for RMSF nationwide.!?
Behavioral risk factors leading to exposure to infected
ticks, which vary by age and sex, probably account for
these similarities.

As reporting of all tick-borne diseases is passive, sig-
nificant underreporting of these conditions probably
occurs. Studies of passive surveillance systems conducted
in Vermont showed a 50% to 60% rate of underreporting
for other reportable diseases when compared with active
surveillance of primary care practitioners' or hospital dis-
charge diagnoses,'* and a recently published study in
Maryland'® found that Lyme disease was underreported
by ten- to twelve-fold in 1992 and 1993. In addition,
many cases of these diseases are misdiagnosed. Often,
especially in the case of Lyme disease, the correct diagno-
sis may be delayed for months or years.

The Lyme disease surveillance case definition used by
CDC and the Commonwealth of Pennsylvania undoubted-
ly excludes some cases of the disease. Many Lyme dis-
case-associated conditions have been reported in the liter-
ature that are not included in the case definition, leading
to an underestimation of the number of cases. Problems
with the quality and interpretation of many commercial
laboratory tests used in the diagnosis of Lyme disease
also exist; the most frequent problem is false positive
results, which would lead to overdiagnosis of Lyme dis-
ease by physicians and overestimation of the number of
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Fig 4: Lyme disease by month of onset.

cases. Changes in the case definition should be considered
in light of recent advances in knowledge about this dis-
easc and in the laboratory techniques used in its diagnosis.
Consideration must be given to comparability of data
from year to year and changes in surveillance case defini-
tions should not be undertaken lightly.
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Lyme Disease Surveillance in Maryland:
Sources and Outcomes of Suspected Cases

César A. Pefia, DVM, MHS; Meheret Woubeshet, BA: Jack K. Grigor, DVM, MPH: and G. Thomas Strickland, MD, PhD

ABSTRACT

Background: Prior to 1993, Lyme disease had been under-
reported in Maryland. The Maryland Lyme disease Registry
was created in an attempt to improve reporting through the
use of a thorough statewide Lyme disease surveillance.

Methods: Suspected cases of Lyme disease were detected
by one of three data sources including physicians, laborato-
ries, or patients. Each case was investigated and subsequently
categorized by one of five different outcomes based on data
collected from the reporting physician. Cases diagnosed as
Lyme disease were classified according to the Centers for
Disease Control and Prevention (CDC) surveillance case defi-
nition. Cases meeting the CDC criteria were analyzed for this
report.

Results: A total of 2571 suspect cases of Lyme disease were
investigated during the surveillance period of April 1, 1993,
through March 31, 1996. Of these, 1843 were diagnosed as
Lyme disease by the reporting physicians; only 990 cases
(53.7%), however, met the CDC criteria. Reporting sources
for the 990 cases included laboratories (59.5%), physicians

Key points: Lyme disease, state surveillance

INTRODUCTION
The first reported case of Lyme disease in Maryland
was in Cecil County in 1979.' Lyme disease became a
reportable disease for physicians in the state in 1989.2 The
Epidemiology and Disease Control Program of the
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(39.2%), and patients (1.3%). Family practice, internal medi-
cine, and pediatrics were the most common physicians’ spe-
cialties reporting cases of Lyme disease. Most of the patients
had month of onset (69.2%) and diagnosis (68.1%) of illness
between May and August. In the majority of cases (63.1%),
erythema migrans was present (mean=11.1 cm, median=10.0
cm), Joint symptoms were reported in 44.6% of the cases. A
total of 1193 antibody tests were performed for 884 (89.3%) of
the 990 cases.

Conclusion: Lyme disease surveillance in Maryland relies
on two main reporting sources: physicians and
laboratories. The incidence rate per 100 000 population
increased from 3.9% in 1992 to 6.7% in 1995, suggesting that,
although an actual increase in Lyme disease may
exist, Lyme disease surveillance has been greatly enhanced
through the coordinated efforts of the Lyme disease
Registry, local health departments, the assistance of
the reporting laboratories, and the participation of

health care providers.

Maryland State Department of Health and Mental
Hygiene (EDCP-DHMH) adopted the Centers for Discase
Control and Prevention (CDC) national surveillance case
definition for Lyme disease (ILDCD) in 1991. From 1979
through 1992, more than 1000 cases of Lyme disease were
reported to the EDCP-DHMH.* In April 1993, the
EDCP-DHMH and the University of Maryland at
Baltimore created the Maryland Lyme Disease Registry
(LD Registry) to provide thorough statewide surveillance
for Lyme disease and to supply data for an ongoing Lyme
disease study on antibiotic therapy.

The EDCP-DHMH obtains reportable disease data
through passive surveillance. According to an article pub-
lished in 1995, the completeness of reporting in Maryland
ranges anywhere from 10% for Lyme disease to 90% or
more for tuberculosis.® Due to the underreporting of Lyme
disease cases, the registry made changes in the methods of
conducting surveillance (ie, processing an increased num-
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ber of laboratory reports, new Lyme disease form).
Modifications to surveillance, increased awareness of
Lyme disease, and higher usage of antibody testing may
have precipitated changes in the sensitivity in case detec-
tion of the registry.”

This article describes the surveillance process of the
Maryland LD Registry from 1993 to 1995. The source of
the Lyme disease case report and the surveillance outcome
for each suspected Lyme disease case received by the reg-
istry are discussed. Additionally, emphasis is placed on
describing characteristics of the surveillance outcomes for
Lyme disease cases that met the LDCD.

METHODS

Surveillance procedures

The registry was established in April 1993 with the col-
laboration of local health departments from the 24 jurisdic-
tions in Maryland (23 counties and Baltimore City). The
surveillance period covered in this article is from April 1,
1993, through March 31, 1996. March 31 was the deadline
for case inclusion to assure the reporting of cases diag-
nosed at the end of 1995.

In April, 1993, the registry mailed a letter and new
Lyme disease case report form to every physician in
Maryland who had reported a Lyme disease case prior to
1993. This mailing was undertaken to introduce physicians
to the Lyme disease reporting process and the form. The
form was labeled with the name and address of each physi-
cian. Physicians were instructed to use copies of their
blank forms to report any new Lyme disease case to the
registry. Also included in the mailing were fact sheets
reporting the results of analysis of 1992 Lyme diseasc sur-
veillance data as an example of the type of information
available through the registry and to stress the importance
and benefit of reporting Lyme disease cases.

Reporting of suspected cases to the registry

Initial identification of new suspect cases of Lyme dis-
ease was through one of three data sources: physicians
(DR), laboratories (LAB), or patients (PT). Physicians and
laboratories mailed the initial information directly to the
registry or to local health departments. Patients identified
themselves through telephone calls to the registry. The
data sources were categorized as follows:

Physicians (DR): Any Lyme disease cases reported by
a health provider using the Maryland Confidential
Morbidity Card, the Lyme disease form from the CDC, or
the form from the registry were categorized as a DR report.

Laboratories (LAB): Although Lyme disease in
Maryland is not a reportable disease for laboratories, many
laboratories performing Lyme disease testing sent reports
of patients with positive test results to the registry. These

reports contained the patient’s name and the name and
address of the physician who requested the test.

Patients (PT): Cases that originated from a telephone
call made by a person who thought he or she, or his or her
child had Lyme disease, were PT sources of data. The reg-
istry mailed a form to the physician whose name was pro-
vided by the potential Lyme disease case.

Case investigation

When a new suspect case was identified through any of
the three reporting sources, the registry entered the name
and address of the patient into a database. The name and
address of the physician were entered into a separate data-
base that served as a special directory. If data were incom-
plete, the registry called the reporting source to gather the
missing information.

The registry generated a one-page individualized form
with basic case information included. This form was mailed
to the patient’s physician with a letter explaining the study
and fact sheets reporting analysis of Lyme disease surveil-
lance data for the preceding year. The form collected infor-
mation necessary for reporting cases to the CDC and addi-
tional information needed for the study. Questions included
information on tick exposure, presence of general symp-
toms (fever, fatigue, headache, and myalgia), size and loca-
tion of the erythema migrans (EM), location of swollen
joints, neurologic and cardiac symptoms, antibiotic therapy,
and antibody testing for Borrelia burgdorferi.

If the form was not returned to the registry within 3
weeks of the date it was mailed to the physician, the physi-
cian’s office was called and prompted to complete the
form and return it to the registry.

Data entry

When the form was returned to the registry, it was
reviewed to ensure that all questions were answered with-
out obvious mistakes. Physicians’ comments (ie, “not
Lyme” or “not my patient”) also were reviewed. The reg-
istry then classified the case report according to one of the
following outcomes:

Unable to contact: cases in which the registry was
unable to get sufficient information from the physician
after making several attempts at contact.

Non-Maryland cases: patients who were residents of
other states but were seen by a physician in Maryland.

Non-Lyme disease cases: suspected cases in which
physicians made a final diagnosis other than Lyme disease.

Old cases: any case of Lyme disease meeting the
LDCD but previously reported to the EDCP-DHMH
before 1993.

New Lyme disease cases: new Lyme discase cases
diagnosed and reported to the registry and residing
in Maryland.
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Table 1

Sources and Outcomes of Suspected Cases of Lyme Disease Received by the Maryland LD Registry (1993 to 1995)

Outcomes n (% by sources) [% by outcomes]

Non-Lyme Old Lyme New cases
Case source Total Unable to contact Non-Md case disease case disease case Not met CDC Met CDC
Physician 637 (100,0) 7(1.1) 9(1.4) 41 (6.4) 0 192 (30.2) 388 (60.9)
[24.8] [6.2] [11.5] [7.9] [22.5] [39.2]
Laboratory 1903 (100.0) 102 (5.4) 69 (3.6) 475 (25.0) 17 (0.9) 651 (34.2) 589 (30.9)
[74.0] [91.1] [88.5] [91.2] [100.0] [76.3] [59.5]
Patient 31(100.0) 30970 5(16.1) 0 10 (32.3) 13 (41.9)
[1.2] [2.7] [0.9] [1.2](1.3]
Total 2571 (100.0) 112 (4.4) 78 (3.0) 521 (20.3) 17 (0.7) 853 (33.1) 990 (38.5)
[100.0] [100.0] [100.0] [100.0] [100.0] [100.0] [100.0]

The registry entered a code in the patient database to
record the outcome status of each case report.

Lyme disease cases meeting the LDCD

All cases categorized as “new Lyme disease cases” were
entered into a separate Lyme discase database and classi-
fied according to the LDCD.? Classification resulted in two
groups: those meeting the LDCD (Met CDC) and those not
meeting the CDC case definition (Not met CDC).

Characteristics and clinical manifestations
of cases meeting the LDCD

Demographics and clinical manifestations for cases
meeting the LDCD were analyzed and comparisons of the
two main sources of case identification (DR and LAB)
were made. Cases from PT sources were not considered
because of the small size of the group.

Three major categories of clinical manifestations were
created for grouping patient symptoms:

e EM alone: Any EM (size =5 cm) accompanied by
associated symptoms such as myalgia, headaches, fatigue,
or fever, but without Lyme disease systemic manifestation.

o Systemic symptoms (SS) alone: Any of the three
main systemic manifestations of Lyme disease. This
includes three subcategories of symptoms (symptoms in
italics combined with positive antibody testing meet the
LDCD. Other symptoms may be present but do not meet
the LDCD): arthritic (arthritis or arthralgia); neurologic
(Bell’s palsy, radiculoneuropathy, lymphocytic meningitis,
encephalitis, encephalomyelitis, memory problems, and
optic neuritis); and cardiac (atrioventricular block, palpita-
tions, bradycardia, bundle branch block or myocarditis).

* EM plus SS: Any size of EM and one or more of
the SS subcategories.

Data analysis

Data analysis was performed using Epi-Info 6.0. Odds
ratios (OR) and 95% confidence intervals (CI=95%) were

Lyme Disease in Maryland/Pefia et al

used to compare proportions. Student’s ¢ test was calculat-
ed for comparing means.

RESULTS

Sources

A total of 2571 suspect cases of Lyme disease seen by
1241 physicians were investigated by the registry during
the period of April 1, 1993, through March 31, 1996.

Physicians reported 637 (24.8%) of the 2571 suspected
Lyme disease cases (Table 1). The most common special-
ties of the 320 reporting physicians (DR group) were inter-
nal medicine (30.9%), pediatrics (26.3%), and family prac-
tice (23.1%). Reports from 12 different laboratories
accounted for 1903 (74.0%) of the suspected Lyme disease
cases. The specialties of the 902 physicians requesting lab-
oratory antibody tests (LAB group) were internal medicine
(39.0%), family practice (24.3%), and pediatrics (10.6%).
Thirty one (1.2%) of the suspected cases were patients
who called the registry themselves.

The three main specialties of the 19 physicians from
which patient information was requested (PT group) were
family practice (31.6%), internal medicine (31.6%), and
pediatrics (31.6%).

Outcomes (Table 1 lists distribution
of outcomes by source)

Unable to contact: The registry was unable o get a
response or sufficient information for 112 (4.4%) of the
2571 cases.

Non-Maryland cases: Seventy-eight (3.0%) of suspect-
ed cases were residents of other states.

Non-LD cases: In 521 (20.3%) of 2571 suspected cases,
the physician determined the case was not Lyme disease.

Old cases: Seventeen cases (0.7%) had been reported
prior to 1993,

New LD cases: A total of 1843 (71.7%) new Lyme dis-
ease cases was reported to the registry.
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Fig 1: Lyme disease in Maryland, 1993 to 1995 (cases meeting the CDC
Lyme disease surveillance case definition), Distribution by county.

Cases meeting the LDCD

Of the 1843 new Lyme disease cases, 990 (53.7%) met
the LDCD and 853 (46.3%) did not. Of the 990 cases
meeting the LDCD, 388 (39.2%) were reported from DR,
589 (59.5%) from LLAB, and 13 (1.3%) from PT.

Characteristics and clinical manifestations
of cases meeting the LDCD

Source: Of the 637 cases from the DR group, 388
(60.9%) met the LDCD. Only 589 (30.9%) of the 1903
suspected cases from LAB met the LDCD. Thirteen
(41.9%) of the 31 cases from PT met the LDCD.

Specialty of the reporting physician: The three most
common physician specialties of the 990 LDCD cases
were family practice (33.6%), internal medicine (33.7%),
and pediatrics (17.3%). Family practitioners were 1.5
times more likely to be in the LAB group than in the DR
group (CI=95%, [.1 to 2.0, P=0.005). For physicians in
internal medicine, there were no differences between the
LAB and DR groups (P=0.18). Pediatricians were 3.2
times more likely to be in the DR group than the LAB
group (CI=95%, 2.2 to 4.6, P<0.001).

Age, gender, and race: The mean and median age of
cases was 35 (range, 1 to 87). Cases from the DR group
were younger (mean 31, median 30) than the LAB group
(mean 38.2, median 38.0) (CI=95%, 5.0 to 9.9, P<0.001).
Of the 990 cases, 462 (46.7%) were female and 528
(53.3%) were male. Of the 931 patients for whom race was
known, 844 (90.7%) were white, 69 (7.4%) were black,
and 18 (1.9%) were of other races. No differences between
DR and LAB groups regarding gender and race were noted
(P values 0.14 and 0.64, respectively).

Place of residence: Cases from the LAB group were
1.4 times more likely to be residents of the Eastern shore
than cases from the DR group (C1=95%, 1.0 to 1.8,
P=0.03). The distribution of cases by place of residence
and incidence rates for each of the 24 jurisdictions in
Maryland are displayed in Fig 1.

The month of onset and diagnosis: The month of
onset for most of the patients (69.2%) was between May
and August, with peak onset in June (27.6%). Most

patients (68.1%) were diagnosed between May and
August, with the peak month of diagnosis in July (24.1%).
The DR group was 1.5 and 1.4 times more likely to have
the month of onset (CI=95%, 1.2 to 2.1, P=0.003) and
diagnosis (CI=95%, 1.0 to 1.9, P=0.02), respectively,
between May and August than the LAB group.

Tick exposure: According to physician reports on
the form, 407 (41.1%) of the 990 cases recalled a
tick bite. There were no differences between patients recall-
ing tick bites in the DR (41.8%) and LAB (40.6%)
groups (P=0.71).

EM: In 625 (63.1%) of the 990 cases, EM was present.
The mean size of the EM was 11.1 cm (median 10.0 cm,
range from 2 to 52.5 ¢cm). No statistically significant dif-
ference regarding the size of the EM between the LAB and
DR groups (P>0.10) was noted. Eighty (12.8%) patients
had more than one EM lesion. The most common locations
of the EM were legs (34.5%), arms (20.3%), back
(19.8%), and chest (13.2%). EM was 2.2 times more fre-
quent in cases from the DR source than in those from the
LAB source (CI=95%, 1.6 to 2.9, P<0.001). The propor-
tion of pediatricians reporting EM cases was 3.0 times
higher in the DR group than in the LAB group (CI=95%,
1.9 to 4.9, P<0.001). Younger age group cases were more
likely to be reported by the DR group than the LAB group
(x? for linear trend=14.2, P<0.001).

Arthritis and arthralgia: Joint problems were report-
ed in 442 (44.6%) of the 990 LDCD cases. A total of 260
(26.3%) had arthritis; 182 (18.4%) only had arthralgia.
Knees (51.3%), wrist/hands (21.0%), and elbows (11.6%)
were the most afflicted joints. Cases from LAB reports had
1.6 times more arthritis that those from the DR group.

Neurologic manifestations: Patients with neurologic
problems were 1.8 times more likely to be in the LAB
group than in the DR group (CI=95%, 1.3 to 2.5, P<0.001).

Cardiac manifestations: Cardiac symptoms such
as atrioventricular block, palpitations, and bradycar-
dia were reported more commonly in the LAB than DR
group (P=0.18).

Associated symptoms: No statistically significant dif-
ference between the LAB and the DR groups regarding
general symptoms such as headache, myalgia, fever, or
fatigue (P>0.20) were noted.

Categories of clinical manifestations: The EM-only
category was 1.8 times more frequently reported by the DR
group than the LAB group (CI=95%, 1.4 to 2.4, P<0.001).
The EM plus SS category was evenly reported by the DR
and the LAB groups (CI=95%, 0.9 to 1.7, P=0.21). The SS-
only category was 2.2 times more likely to be reported
from LAB than from DR (CI=95%, 1.7 to 2.9, P<0.001).
Fig 2 (Venn diagram) displays the clinical findings for the
990 cases meeting the LDCD. Table 2 contains clinical
manifestations by source of suspected cases.
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Antibody testing: Of the 990 cases meeting the
LDCD, 884 (89.3%) had 1193 tests at the time of diagno-
sis (1.4 tests per case). Of the 1193 tests performed, 86.9%
were screening tests and 13.1% were confirmatory tests. A
total of 86.9% of the 1193 tests were positive, 11.6% were
negative, and 1.5% were equivocal. Of the specimens sent
to the laboratory, 96.0% were serum, 3.5% were cere-
brospinal fluid, and 0.5% were another type.

All 589 cases meeting the LDCD from the LAB group
had antibody testing, with 216 (36.7%) having two or more
tests at diagnosis (1.4 tests per case). In the DR group, only
287 (74.0%) of the LDCD cases had antibody testing prior
to diagnosis and reporting. Results for the first test were
negative 3.5 times more frequently in the DR group than in
the LAB group (CI=95%, 2.2 to 5.5, P<0.001).

DISCUSSION

These findings show that Lyme disease surveillance in
Maryland relies on two main reporting sources: physicians
and laboratories. Although the DR source represents only
24.8% of all Lyme disease suspected cases, 60.9% of these
cases met the LDCD. The LAB source represents 74.0% of
the 2571 suspected cases, but only 30.9% met the LDCD.
An explanation for this result is the number of other illness-
es that present a false-positive reaction to the screening test,
as supported by the 475 (25.0%) non-Lyme disease cases
out of the 1903 suspected cases from the LAB group.

Possible cases that the registry was unable to contact
(4.3%) are considered a normal lack of response or lost to
follow up. Despite cases that could not be contacted, the
registry had a response rate (95.7%) much higher than pre-
vious Lyme disease surveillance in Maryland (87.8% in
1991 and 87.5 in 1992).>° The majority (91.1%) of cases
unable to be contacted were from the LAB group, which
often meant that the patient did not return to the physician’s
office for final diagnosis. In other situations, the physician
was hesitant to diagnose and report a case of Lyme disease.

The registry was unable to determine cases that were
from other states until the patient address was submitted
on the form. Most of these patients sought medical care in
Maryland and had submitted a serum sample to a laborato-
ry while under the care of a Maryland physician. The labo-
ratories reported these cases to the registry, assuming the
patient was a resident of Maryland.

The high proportion of non-Lyme disease cases
reported by LAB (91.2% of total non-Lyme disease
cascs) indicates that many physicians use antibody test-
ing to rule out other health problems. More than 25% of
the time such a test was requested, specialties and sub-
specialties such as neurology, orthopedic surgery,
rheumatology, gynecology, and cardiology concluded
that the patient did not have Lyme disease. Another
explanation is the availability of confirmatory tests (ie,

Lyme Disease in Maryland/Pefa et al

2 EM+A+NS+CS
8 A+NS+CS
I NS+CsS

EM Erythema migrans
A Arthritia

NS Neurologleal symptoms
| CS Cardiac symptoms

Fig 2: Clinical findings for 990 cases meeting CDC criteria.

Western blot). A negative confirmatory test after a posi-
tive screening result (reported to the registry by
the laboratory) might change the initial diagnosis of
Lyme disease.

All LD cases determined as old came from the LAB
source due to a medical follow up in which a lab test was
requested. The registry was able to determine cases diag-
nosed and reported before 1993 on return of the form. The
form included dates of onset and diagnosis, which were not
included on the laboratory report. The registry compared
these dates against previously reported cases.

Although only 30.9% of LAB cases reported met the
LDCD, this source represents the backbone of Lyme dis-
ease surveillance in Maryland, contributing 59.5% of the
total cases meeting the LDCD. Due to underreporting of
Lyme disease cases in Maryland,!° the registry began thor-
ough case investigations on all laboratory reports. Because
of this approach, the incidence rate of Lyme disease per
100 000 population in Maryland increased steadily from
3.91in 1992 t0 4.2 in 1993 to 6.9 in 1994 and to 6.7 in 1995
(registry records).!"""* This increment may reflect not only
increased surveillance but an actual increase in Lyme dis-
ease cases. This pattern observed in Maryland is similar to
the national trend.'>'3

Of the 990 cases meeting the LDCD, 827 (83.5%) were
reported by primary care physicians (internal medicine,
family practice, pediatrics, emergency room) and 122
(12.3%) by physicians from other specialties and subspe-
cialties such as orthopedic surgery, rheumatology, neurol-
ogy, dermatology, and cardiology. Similar results were
found previously in Maryland'®!? and Connecticut.’ The
high number of primary care physicians reporting Lyme
disease indicates that even though primary care physi-
cians often refer patients to specialists (ie, a neurologist,
rheumatologist, surgeon, or cardiologist) for a second
opinion, the primary care physician makes the final diag-
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Table 2

Distribution of Clinical Manifestations Categories by Source for Cases Meeting the LDCD Received by Maryland LD Registry (1993 to 1995)

Source n (%)

Clinical manifestation category Patient Physician Laboratory Total
Erythema migrans (EM) only 7 (53.8) 197 (50.8) 214 (36.3) 418 (42.2)
EM + systemic symptoms (SS) 1D 88 (22.7) 114 (19.4) 203 (20.5)
SS only 5 (38.5) 103 (26.5) 261 (44.3) 369 (37.3)
Arthritis 3 (23.1) 59 (15.2) 129 (21.9) 191 (19.3)
Neurologic 0 24 (6.2) 76 (12.9) 100 (10.1)
Cardiac 0 2 (0.5) 3(0.5) 5(0.5)
Two or more SS 2 (15.4) 18 (4.6) 53 (9.0) 73 (7.4)
Total 13 (100.0) 388 (100.0) 589 (100.0) 990 (100.0)

nosis and reports the case.

Patients in the DR group were younger than in the
LAB group, which correlates with the higher distribution
of pediatricians in this group. The distribution by gender,
race, recollection of tick bite, and seasonal onset of Lyme
disease was similar to the distribution found in 1992.°

The high proportion of reported cases diagnosed dur-
ing the warmer months suggests that physicians from the
DR group saw more acute cases (EM) during this period
than physicians from the LAB group. In contrast, most of
the cases from the LAB group had onset late in the sum-
mer or thereafter; the physician awaited the results of
antibody testing. The higher number of cases reported
from the LAB group presenting systemic manifestations
(arthritis, neurologic, and cardiac problems) without the
presence of EM indicates that the lab report was received
by the registry and the case investigation ensued before
the physician made a final diagnosis.

Based on the results of this analysis, Lyme disease
surveillance in Maryland has been greatly enhanced
through the coordinated efforts of the registry, local
health departments, the assistance of the reporting labora-
tories, and the participation of health care providers. The
registry has increased awareness of Lyme disease
through dissemination of information, which has led to
an increased reporting by physicians throughout
Maryland and surrounding states.
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Surveillance of Tick-borne Disease in Selected States

Julie A. Rawlings, MPH; John Pape; William Bigler, PhD; Jeff Berschling; Jesse F. Greenbiatt, MD, MPH; Joan Bestudik;
Gianfranco Pezzino, MD, MPH; Jim Murphy; Larry A. Shireley, MS, MPH; Craig R. Nichols, MPA; Suzanne R. Jenkins, VMSD, MPH;

Marcia Goldoft, MD; and James J. Kazmierczak, DVM, MS

In anticipation of publishing an issue of the Journal of
Spirochetal and Tick-borne Diseases focusing on sur-
veillance, a letter requesting tick-borne disease data was
sent to each of the 50 states. A manuscript containing
detailed epidemiologic information was solicited from
the states considered “endemic” for Lyme disease.
Epidemiologists in “nonendemic” states were asked to
answer several questions regarding their experiences
with tick-borne diseases.

The Journal received manuscripts from Delaware,
Maryland, Massachusetts, and Pennsylvania. Tick-borne
disease surveillance information was submitted from an
additional 13 states: Colorado, Florida, Georgia, Idaho,
Illinois, Kansas, Montana, North Dakota, Texas, Utah,
Virginia, Washington, and Wisconsin. Although only 17
states elected to participate, most arcas of the United States
are represented.

Lyme disease and Rocky Mountain spotted fever
(RMSF) are notifiable conditions in all 13 of the states who
responded; tularemia is reportable in 11; tick-borne relaps-
ing fever (TBRF) is reportable in four; Colorado tick fever
is reportable in three; ehrlichiosis is reportable in two; and
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tick paralysis is reportable in one. Although not reportable,
Washington identified its first case of babesiosis in 1991.

Lyme disease was made reportable as early as 1984
(Wisconsin) and as late as 1991 (Florida). Other tick-borne
diseases have been reportable for longer periods of time.
For example, RMSF or tularemia were reported in Florida,
Utah, and Washington during the 1920s. Tularemia was
reported in Texas during the 1920s and RMSF and TBRF
were reported in the 1930s.

Reporting requirements differ from state to state. For
instance, in Colorado, Utah, and Washington, five tick-
borne disease are reportable (no tularemia cases in Utah
have been associated with tick bites; tularemia has been
associated only with deerfly bites and handling infected
rabbits). Four tick-borne diseases are notifiable in Florida,
Idaho, Montana, and Texas; three are reportable in
Georgia, Illinois, North Dakota, Virginia, and Wisconsin.
In many states, penalties can be imposed for not reporting,
although these provisions are rarely, if ever, used. In
Colorado, reporting of ehrlichiosis and tick paralysis is
encouraged but not mandated, and cases are documented.
When received, ehrlichiosis cases are recorded in Virginia,
ehrlichiosis soon will become reportable in Wisconsin.

Montana and Virginia use a combination of active and
passive tick-borne disease surveillance. Surveillance for
tick-borne diseases in Colorado, Florida, Illinois, North
Dakota, Texas, Utah, Washington, and Wisconsin is entire-
ly passive. Nearly 100% of Lyme disease reports come
from physicians in Utah and Wisconsin. In Washington,
Lyme disease, TBRF, and tularemia are reportable diseases
for health care practitioners. Only tularemia is reportable
for laboratories. In Texas, although physicians are required
to report, tick-borne disease surveillance is primarily labo-
ratory-based. In North Dakota, laboratory reporting was
not mandatory until July 1, 1996.

Each of the states uses the Centers for Disease Control
and Prevention (CDC) case definition to confirm Lyme
diseases cases. Minor variations exist. For instance, before
a case can be credited to Colorado, it must meet the CDC
criteria and have been acquired in the state. Imported cases
may be referred to the state of acquisition but are not
counted as Colorado morbidity for national statistical pur-
poses. On the other hand, states such as Texas will count
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Table
Demographic Characteristics of Tick-borne Diseases,
1990 to 1995, Selected States

State Disease No. cases Age range Sex
Colorado  Colorado tick fever 242 1to 84 161 M, 81 F
Ehrlichiosis 3 4,8, 34 1M,2F
Lyme disease 2 43,57 IM,1F
RMSF 16 6 to 60 10M,6F
TBRF 15 5to 77 6M,9F
Tularemia 23 1to79 17M,6F
Florida Ehrlichiosis N/A
Lyme disease 86 <1 to 81 47 M, 36 F
RMSF 22 5 to 68 10M, 12 F
Tularemia 4 23t0 75 4M,0F
Illinois Lyme disease 183 1 to 60+ 86 M, 97 F
RMSF 38 1 to 60+ 19M, 19F
Tularemia 23 1 to 60+ 13M, 10F
Kansas Lyme disease 156 1to &3 58 M, 98 F
RMSF 38 1to0 83 22M, 16 F
Tularemia 33 5t079 27M,6F
Montana Colorado tick fever 47 31094 36 M,11F
Lyme disease 0
RMSF 24 1to 69 16 M, 8 F
Tularemia 35 1to 85 27M,8F
Texas Ehrlichiosis 22 11to 78 16 M,6F
Lyme disease 395% 1to 85 162 M, 233 F
RMSF 29 2t078 23M,6F
TBRF 14 25to0 47 11M,3F
Utah Colorado tick fever 83 N/A N/A
Lyme disease 15 5 to 68 4aM, 11 F
RMSF 5 N/A N/A
TBRF 1 N/A N/A
Tularemia 16 N/A N/A
Virginia Ehrlichiosis 14 7t073 10M,4F
Lyme disease 684 1to 84 329 M, 355 F
RMSF 142 1to 80 52M,90F
Tularemia 5 45 to 57 1M,4F
Washington Ehrlichiosis 2 48and52 1M, 1F
Lyme disease 76 21076 35M,41F
RMSF 4 6 to 38 3M,1F
TBRF 34 <1 t099 17M, 17F
Tularemia 15 Tto76 I9M,6F

* A total of 1229 possible cases were reported.
M=male; F=female; RMSF=Rocky Mountain spotted fever;
TBRF=tick-borne relapsing fever; N/A=not available.

NOTE: This map does not reflect sites of disease exposurs,
nor does | reflect Incldence (rates) of Lyme disease.

Fig: Reported cases of Lyme disease by county of residence, Wisconsin,
1991 to 1995 (n=2128).

all cases in residents no matter where the infection was
acquired. Several respondents proposed that the CDC case
definition be improved. Each of them suggested strength-
ening the criteria for laboratory confirmation. In addition,
one respondent recommended distinguishing between
imported and indigenous cases to reflect the distribution
of Lyme disease more accurately.

Conceding that few, if any, surveillance systems are
completely satisfactory, the authors are generally happy
with their state’s system. Several thought that mandatory
laboratory reporting would increase the number of case
reports and allow for more timely case investigations. On
the other hand, they acknowledged that laboratory report-
ing will not be practical until more standardized, accurate
assays are available,

The demographic characteristics of tick-borne diseases
for selected states are contained in the Table. The number
of reported cases of Lyme disease by county of residence
in Wisconsin is shown in the Figure. This information is
included to remind medical professionals that many tick-
borne diseases continue to occur in the United States.

As international travel becomes increasingly common-
place, along with an expanded risk for importing and
exporting disease, health care practitioners should remem-
ber that the diseases discussed here occur in other parts of
the world. Perhaps a future issue of the Journal of
Spirochetal and Tick-borne Diseases will focus on surveil-
lance for tick-borne infections outside the United States.
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Clinical Conference: Chronic Lyme Disease

Sam T. Donta, MD; Elizabeth Aberer, MD; and Martina H. Ziska, MD

INTRODUCTION

The presentations at the Ninth Annual International
Conference on Lyme Borreliosis and Other Tick-borne
Disorders, Boston, Mass, April 19-20, 1996, focused on
“Chronic Lyme Disease: Basic Science and Clinical
Approaches.” The term “chronic Lyme disease” is being
used to describe the long-term, frequently ongoing, symp-
toms and sequelae of infection with Borrelia burgdorferi.
Patients with chronic Lyme disease may manifest objective
findings (eg, arthritis), but much more commonly have
subjective symptoms of encephalopathy, peripheral and
radicular neuropathy, arthralgias or myalgias, and fatigue.

ANIMAL MODELS OF
CHRONIC LYME DISEASE

In this session, mouse, hamster, and rhesus monkey
models were reviewed. In both the mouse and hamster
models, the joint manifestations are prominent; in con-
trast, the neurologic system seems to be the primary target
of infection in the monkey. Stephen Barthold (Yale
University, New Haven, Conn) noted that the OspA pro-
tein of infecting spirochetes is downregulated when ticks
begin to take a blood meal, and that other proteins are
expressed that probably are required for tissue invasion in
the mouse. Host humoral, but not cellular, immune
responses can protect against and help resolve infection
initiated by intraperitoneal inoculation, but immune serum
does not protect against natural, tick-mediated infection.
Differences in the susceptibility of inbred strains of mice
should provide greater insight into host defenses against
B. burgdorferi infection.

Ronald Schell (University of Wisconsin, Madison)
described the chronic synovitis that occurs in the hamster

From the Boston University Medical Center (Dr Donta); the
University of Graz Austria (Dr Aberer); and Lyme Disease
Foundation (Dr Ziska), Hartford, Conn.

Address correspondence to Sam T. Donta, MD, Boston
University Medical Center, 88 E. Newton St-Evans, 6th Floor,
Boston, MA 02118.
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following intraarticular injection. A severe arthritis
occurs when hamsters previously vaccinated with a killed
whole cell preparation of B. burgdorferi are challenged
with any of six different serogroups of B. burgdorferi.
CD4 cells appear to be responsible for the development
of arthritis, and CD8 cells may be involved in the milder
form of synovitis that occurs in nonvaccinated infected
hamsters. The results of this work could have implica-
tions for the development of safe vaccines.

Mario Philipp (Tulane University, New Orleans, La)
reviewed the development of humoral and cellular
immune responses and the various organs involved in
chronic Lyme disease in the monkey. By Western blot
analysis, antibodies against the 39kd protein of B.
burgdorferi were particularly prominent by 10 weeks
postinfection. In the monkey, an erythema migrans (EM)
rash develops at the sight of inoculation, characterized by
perivascular and perineural infiltrates. A chronic arthritis,
with synovial hyperplasia and periarticular fibrosis simi-
lar to that seen in the human disease, was noted. The neu-
rological involvement included necrosis of sensory gan-
glia, a peripheral neuropathy characterized by perivascu-
lar infiltrates, and a chronic meningitis. Live spirochetes
were recovered in the first 10 weeks, but none could be
cultured in the chronic stages.

PATHOGENESIS OF
CHRONIC LYME DISEASE

In this session, five presentations focused on mecha-
nisms that may be involved in the persistence of B.
burgdorferi in vivo. Alan Barbour (University of Texas,
San Antonio) reviewed several possibilities and findings
that would explain or support the persistence of the
organism: poor immunogenicity, antigenic variation,
intracellular localization, niches (brain, eye), and the
presence of microbial DNA. Other borrelial species are
known to undergo antigenic variation to avoid the host
immune response (eg, Borrelia hermsii) or to occupy spe-
cial niches (eg, Borrelia turcoti). Analogies of some of B.
hermsii polymorphic proteins to the OspC proteins of B.
burgdorferi exist.
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Janet Weis (University of Utah, Salt Lake City) pre-
sented evidence of less spirochetal DNA in tissues of
infected BALB/c mice compared with C3H/Hel] mice to
help explain the differences seen in clinical disease
between these two inbred species. Nitric oxide, which is
highly toxic to B. burgdorferi, was increased in the urine
of both species of mice 7 to 10 days postinfection; inhibi-
tion of nitric oxide formation, however, did not alter the
kinetics and quantity of spirochetes found in tissues or the
clinical disease. These results suggest that this cytokine
might not play a primary role in the control of the disease.
In studies of pregnancy, mice with chronic infection had
no abnormal fetal outcomes compared with those infected
during pregnancy (12% fetal deaths).

David Dorward (National Institutes of Health [NIH],
Rocky Mountain Laboratories, Hamilton, Mont) detailed
the interactions of B. burgdorferi and human B and T lym-
phocytes in vitro. The spirochetes were shown to attach to,
invade, and kill lymphocytes. Intracellularly, they were
observed in vacuoles that did not fuse with lysosomes.
Spirochetes emerging from lymphocytes were surrounded
by host cell membrane, suggesting a mechanism by which
the bacteria could avoid recognition by the immune system.

Mark Klempner (Tufts University, Boston, Mass)
demonstrated that B. burgdorferi binds to host proteases
(eg, plasminogen activator), using these to help invade tis-
sues and to perhaps evade immune responses.

Elizabeth Aberer (University of Graz, Austria) exam-

ined the reasons for borrelial persistence in the chronic skin
lesions of Lyme disease, ie, acrodermatitis chronica atroph-
icans, and found that the Langerhans cell, the most impor-
tant cell for local antigen presentation, is heavily damaged.
MHC class I molecules were strongly downregulated on
Langerhans cells in both early and late Lyme disease.
These findings might help to explain the impaired capacity

of the host to eliminate B. burgdorferi from skin sites.

LABORATORY CONFIRMATION
OF CHRONIC LYME DISEASE

The laboratory diagnosis of Lyme disease has suffered
primarily from a lack of sensitivity of existing tests; the
diagnosis relies on clinical criteria. The role of humoral
immunity in preventing the establishment of chronic dis-
ease also is in question. In this session, the various serolog-
ic tests and PCR assays were examined for sensitivity and
specificity. In addition, the antiborrelial activity of serum
from patients with late Lyme disease was reported by
Charles Pavia (New York Medical College, Valhalla) to
protect mice from infection; sera from patients with early
Lyme disease failed to provide protection. All of the late
disease sera had borreliacidal activity; in contrast, 30% to
40% of early disease sera had any borreliacidal activity.
Pavia also detailed the sequential human immune responses

to infection, noting the absence of antibodies to the OspA
(31kd) and OspB (34kd) proteins during the EM stage, and
an expansion of antiborrelial responses in untreated patients
with EM that correlated with the duration of the rash.

Richard Tilton (BBI-North American Laboratory
Groups, New Britain, Conn) reported that the use of the
Centers for Disease Control and Prevention (CDC) criteria
for standardization of Lyme disease Western blot serolo-
gies results in the underdiagnosis of patients with Lyme
disease because: a) the CDC criteria rely on greater num-
bers of reactions than are seen in many patients; and b) the
CDC criteria fail to include certain responses (eg, 31kd,
34kd, 83kd) that are highly specific reactions. Tilton noted
that some test strains do not express all of the antigens.
Based on the available information, it was concluded that
the criteria should be reexamined and revised to focus on
specific reactivities rather than numbers of reactions.

Both Mark Manak (Biotech Research Laboratories,
Bethesda, Md) and Bruno Schmidt (Ludwig Boltzmann
Institute, Vienna) emphasized the value of PCR-DNA
analyses in the diagnosis of Lyme disease. In prospective
studies, Manak reported that 11 of 22 untreated patients
with Lyme disease had OspA-specific gene sequences
detected in plasma and buffy coat preparations; within 1
week of treatment, most of the patients became PCR nega-
tive. The buffy coat preparations appeared to be more sen-
sitive than plasma. No good correlation between PCR
assays and seroreactivity was noted. Overall, patients with
chronic Lyme disease have a low incidence of PCR positiv-
ity. Schmidt reported that nested PCR assays gave greater
reactivities, especially in urine specimens. He noted that
89% of patients with EM were urine PCR positive; this
positivity decreased to 20% in patients with chronic Lyme
disease.

PREVENTION OF LYME DISEASE

This session focused on the two Lyme disease vaccines
in human clinical trials. Francois Meurice (SmithKline
Beecham, Philadelphia, Pa) and John Zahradnik
(Connaught Labs, Swiftwater, Pa) both reported on their
Phase I and Phase II trials of a recombinant OspA vac-
cine. Meurice noted that the vaccines appeared to be safe,
including patients with a prior history of Lyme disease.
Reactions including headache, fatigue, and arthralgias
were reported by 40% or less of these patients. Phase III
trials have been initiated, using two injections of 30 wg of
OspA protein. Zahradnik noted that his company’s vac-
cine protected dogs against tick infection, and that phase 1
and phase 2 studies demonstrated the safety of the vac-
cine. In dose-escalation studies, 30 g provided the
greatest responses. Headaches, fatigue, and arthralgias
were noted in patients with or without known prior Lyme
disease; this incidence was no higher in those receiving
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the vaccine when compared with those receiving placebo.
A phase 3 study is in progress that uses 10 200 subjects
and an immunization schedule of two monthly injections
followed by a booster 1 year later.

EMERGING TICK-BORNE DISEASES

In recent years, it has been appreciated that other poten-
tial human pathogens can be transmitted by the bite of the
Ixodes tick. Louis Magnarelli (Conn Agricultural Station,
New Haven) reported that 50% of adult Ixodes scapularis
ticks sampled from Connecticut contained DNA sequences
of the human granulocytic ehrlichiosis (HGE) agent. The
rickettsial agent of HGE, ic, Ehrlichia equi, and the agent
of HME (human monocytic ehrlichiosis), ie, Ehrlichia
chaffeensis, can be found in other tick species (eg,
Dermacentor, Amblyomma) as well. In persons with Lyme
borreliosis, antibodies to either ehrlichial species or
Babesia microti, the parasitic agent of babesiosis, were
detected in 8% to 20% of their sera. Magnarelli speculated
that more organisms remain to be discovered.

David Persing (Mayo Clinic, Rochester, Minn) reported
that 9% to 20% of patients from the northeastern United
States with Lyme disease have been coinfected with
Babesia. He speculated whether the parasitic infection
might lead to some immunosuppression, with a decreased
host immune response to the Lyme spirochetes, an
increased frequency of PCR positivity for spirochetal
DNA, and a more severe Lyme disease. This hypothesis
" has not yet been validated. He also reported evidence that
HGE has been present since the 1970s in the Midwest.

Stephen Dumler (University of Maryland, Baltimore)
detailed the clinicopathologic features of HGE and HME,
and compared them with Lyme disease. The Ehrlichia are
capable of intracellular persistence, and phagolysomosomal
fusion is blocked by these rickettsiae. They have been
known to cause diseases in horses, goats, and dogs, and
were only recently discovered to be the cause of a severe,
acute illness in humans. This illness is characterized by
fever, headaches, myalgias, leukopenia, and thrombocy-
topenia. The diagnosis is made on clinical grounds, as sero-
logic responses may not be positive in the acute phase. In
patients with Lyme disease, an average of 13% have anti-
bodies to HGE. The roles of coinfection and persistence of
HGE and HME must be evaluated.

CLINICAL DIAGNOSIS OF

CHRONIC LYME DISEASE
Nancy Shadick (Harvard University, Cambridge,
Mass) reported the results of a long-term follow up of
patients with Lyme disease in Nantucket. She found a
higher prevalence of arthralgias, fatigue, and
memory/word finding difficulties in patients compared
with controls. Almost one third of patients reported

Chronic Lyme Disease Gonference/Donta et al

relapses after initial treatment.

Martina Ziska (Lyme Disease Foundation, Hartford,
Conn) found that none of nine women who had chronic
Lyme disease and then became pregnant suffered any
adverse fetal outcomes. All of these women, however,
were treated during their pregnancy. The prevailing
thinking is that the risk to the fetus occurs if the woman
is infected during the early part of her pregnancy. Further
studies are needed to better define the incidence of
adverse outcomes.

Kenneth Liegner (private practice, Armonk, NY) used
four of his cases to demonstrate the clinical spectrum of the
chronic meningoencephalomyelitides. All four cases were
initially seronegative, but positive by culture or other CSF
antigen or antibody detection. They all had deteriorating
neurologic function: one patient with hydrocephalus died,
another satisfied the diagnostic criteria for multiple sclero-
sis, and two others with relapsing clinical courses eventual-
ly became seropositive and responded to prolonged antibi-
otic therapy. The frequency of these types of cases is
unknown. Liegner concluded that some current tenets like-
ly are incorrect, ie, that short-term antibiotic therapy is
effective in the treatment of chronic Lyme disease; the dif-
ferentiation between multiple sclerosis and Lyme disease is
simple; patients with Lyme disease always have positive
serologic tests; and CSF antibody analysis is a reliable
means of diagnosing CNS Lyme disease.

Patricia Coyle (State University of New York [SUNY],
Stony Brook) detailed the various late Lyme disease neuro-
logic syndromes. The most common is an encephalopathy;
the others include a chronic polyradiculoneuropathy (eg,
paresthesias) and an encephalomyelitis. Symptoms prevail
and clinical signs are uncommon. Patients may be seroposi-
tive or seronegative, although Coyle believes that detailed
CSF analyses, some using experimental procedures (eg,
OspA antigen detection), may be helpful.

Brian Fallon (Columbia University, New York, NY)
reviewed the neuropsychiatric manifestations of Lyme
disease, noting that depressive and cognitive disorders
predominate and can become difficult to diagnose as
Lyme disease. In controlled studies, these manifestations
were three times as likely to occur in Lyme disease com-
pared with patients with systemic lupus or other arthri-
tides. Simple cognitive tests (eg, Buschke selective
reminding) can be helpful in documenting dysfunction.
SPECT scans are proving helpful in the diagnosis of CNS
Lyme disease; 52% of 35 patients studied with Lyme dis-
ease had abnormal blood flow patterns, primarily to the
frontal and temporal cortical regions. The specificity of
these patterns is uncertain, although typical in chronic
Lyme disease. The pathophysiologic basis for these
changes remains to be defined.

Leslie Fein (private practice, West Caldwell, NJ)
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reported on her clinical experience with chronic Lyme
disease patients. She noted that many patients were misdi-
agnosed with autoimmune disorders, fibromyalgia, chron-
ic fatigue syndrome, and Epstein-Barr virus diseasc.
Patients with Lyme disease frequently had reactivities to
cardiolipin, theumatoid factor, and nuclear antigens,
which reactivities disappeared or diminished with treat-
ment. Seropositivity in patients increased from 70% at
initial diagnosis to 89% with long-term treatment.
Improvement of clinical symptoms correlated with dura-
tion of antibiotic treatment: 15% improved with up to 2
months of therapy, 32% with 2 to 3 months of therapy,
and 54% with 6 months of therapy. Repeat courses of
therapy also increased the incidence of improvement.

TREATMENT OF CHRONIC LYME DISEASE

Benjamin Luft (SUNY, Stony Brook, NY) reviewed
the evolution of understanding of chronic Lyme disease.
Key factors include heterogeneity of the spirochetal agent,
the possible association of different genospecies with dif-
fering clinical manifestations (eg, neurologic vs rheumat-
ic), and differing host responses and expression of clinical
disease. He also cited the difficulties in making the diag-
nosis because of generally nonspecific signs and the need
for better serologic and other assays, necessitating making
the diagnosis on primarily clinical grounds.

Claude Garon (NIH, Rocky Mountain Laboratories,
Hamilton, Mont) described the effects of melittin, a smiall
polypeptide found in bee venom, on Borrelia burgdorferi.
On exposure to micromolar concentrations, the spiro-
chetes became immotile and surface membranes became
unglued, with bleb formation, followed by death of the
organism. Further research will be needed to examine any
potential role of mellitin in the control of Lyme disease.

Sam Donta (Boston University, Mass) reported on his
results of treating 277 patients with clinically defined
chronic Lyme disease with tetracycline. Patients who were
seronegative had similar rates of cure, improvement, or
failure as seropositive patients. Of note, enzyme immune-
assays (EIA, ELISA) were much less sensitive (negative in
>50% of patients with positive Western blots) than were
Western blot assays, supporting the earlier presentations in
the conference that the currently recommended CDC crite-
ria, ie, performing Western blots only to confirm positive

ELISA tests, are inappropriate and result in an underdiag-
nosis of Lyme disease. A key finding was the correlation
between the prior duration of symptoms and treatment out-
come, ie, patients with longer durations of symptoms prior
to treatment had slower response times (ie, onset of
improvement), lower cure rates, and higher failure rates.
Overall, most patients (90%) were cured (no recurrences
of any symptoms for >1 year) or improved with a course
of tetracycline treatment (500 mg tid) that averaged 4
months (range 1 to 11 months). A second course of treat-
ment with tetracycline led to further cures or improvement
in most patients. Controlled trials will be needed to vali-
date these observations.

Louis Corsaro (Columbia University, New York, NY)
reported on his experience with intramuscular benzathine
penicillin in the treatment of 25 children with chronic
Lyme disease, most of whom were seropositive. Most of
these patients had been treated previously with IV or oral
antibiotics, usually beta-lactam antibiotics. The duration
of IM treatment ranged from 4 to 38 weeks, and resulted
in improvement in all patients.

Joseph Burrascano (private practice, East Hampton,
NY) detailed his experience with vancomycin in 19
patients who had failed other therapies. Vancomycin was
administered twice weekly for an average of 7 weeks.
Two failures and three cures were achieved; the remain-
ing patients had good or partial responses. Burrascano
concluded that vancomycin was a “salvage” protocol to
be used when other agents have failed.

NIH INTRAMURAL-EXTRAMURAL
COLLABORATIVE STUDY OF CHRONIC
NEUROBORRELIOSIS

The final presentation of the conference was by
Adriana Marques. She reviewed an upcoming study of the
NTH that would examine seropositive patients who have
neurological symptoms for more than 3 months, including
routine and specialized laboratory tests, in the hope of
better understanding the disease. Patients would also be
offered treatment with 4 weeks of IV ceftriaxone and fol-
lowed for an additional year after therapy. In the discus-
sion section, criticism of the proposed 4-week treatment
duration was expressed, as evidence presented at the con-
ference supported longer duration treatment periods. The
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