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Availability and Nature of Commercial Tick Control Services in
Established and Emerging Lyme Disease Areas of New Jersey

Terry L. Schulze, PhD; Robert A. Jordan, PhD; and Robert W. Hung, MS

ABSTRACT

A preliminary survey of a community where Lyme dis-
ease was hyperendemic showed that a significant number of
households hired pest control firms to control ticks.
However, the availability and nature of commercial tick con-
trol services for residential property across New Jersey has
not been studied.

Questionnaires pertaining to tick control services were
mailed to all registered pest control firms in established
(Monmouth County) and emerging (Hunterdon County)
Lyme disease areas in New Jersey. Of the 208 registered
firms in Monmouth County, 63 (30.4%) responded, 30 of
which offered tick control services. In Hunterdon County, 15
of 34 (44.1%) registered firms responded to the survey, with
9 offering tick control programs. All firms in both counties
relied on acaricides as the principal control method,
although 30.0% and 55.6% in Monmouth and Hunterdon

Counties, respectively, claimed to offer non-chemical alter-
natives. In both counties, Ixodes scapularis Say nymphs were
targeted most frequently, although the majority of firms also
made applications against other life stages. Regardless of
county, woodland edge was the site treated most frequently,
while wooded areas received the fewest applications. Most
firms treated a combination of sites. Carbaryl, chlorpyrifos,
and cyfluthrin were the most commonly used acaricides, and
were often used in combination. The majority of firms in
both counties charged less than $150 to treat a 1.0 acre (0.4
ha) property.

The frequency of application and the sites targeted for
treatment suggest that many firms lack an understanding of
basic tick ecology and the role that each life stage plays in

disease transmission.

Key words: Ixodes scapularis, acaricides, Lyme disease, control

BACKGROUND

Early epidemiological investigations identified
Monmouth County as the principal focus of Lyme disease
in New Jersey, accounting for 54.7% (n = 117) of all
reported cases between 1978 and 1982." By the end of
the 1980s, Monmouth County alone reported 365 of the
state’s 1,633 Lyme disease cases (22.4%) and averaged
30.4 cases annually during that period. Between 1990 and
1995, 614 additional cases were reported in Monmouth
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County, with a yearly average of 102.3 cases (Schulze,
unpublished data). As such, Lyme disease has been estab-
lished in Monmouth County for well over a decade.
Although the average number of cases each year in
Monmouth County during the 1990s has increased over 3-
fold compared to the 1980s, Monmouth County accounted
for only 9.3% of Lyme disease cases statewide between
1990 and 1995. This disparity is due, in large part, to the
emergence of Lyme disease in a number of northern
counties, most notably Hunterdon County. By the end of
the 1980s, only 33 Lyme disease cases were reported
from Hunterdon County, representing only 2.0% of all
cases reported in New Jersey during that period.
However, Hunterdon County has experienced a signifi-
cant increase in the number of Lyme disease cases
between 1990-1995, with 1,395 cases or 21.2% of the
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state total (n = 6,588) during this period. The average
number of cases reported annually has risen from about
2.8 during the 1980s to 232.5 during 1990-1995 (Schulze,
unpublished data). This 83-fold increase in case reporting
makes Hunterdon County one of the fastest emerging
Lyme discase areas in the nation. The black-legged tick,
Ixodes scapularis Say (I. dammini Spielman, Clifford,
Piesman, and Corwin)? is now well established in both
Monmouth and Hunterdon Counties.*

Despite the fact that Lyme disease is the most impor-
tant vector-borne disease in the United States,>® and the
majority of transmission is believed to be peridomestic,”
little is known about the availability and nature of com-
mercial tick control services. As part of a tick control
study in a hyperendemic community,'® 18% of 50 sur-
veyed households reported hiring commercial pest control
firms to provide chemical tick control services at least
once per year. Stafford conducted the only comprehensive
study of tick control services to date.!' However, that state
wide study concentrated as much on the business profile
of pest control firms as it did on the nature of actual tick
control services, and did not fully probe regional differ-
ences in tick control services within the state. This study
emphasized collection of information on commercial tick
control services available to homeowners and attempted
to identify differences in these services between estab-
lished and emerging Lyme disecase areas. The need for
expanded professional training and public education pro-
grams is discussed.

MATERIALS AND METHODS

Lists of registered pest control firms operating in
Monmouth and Hunterdon Counties were obtained from
the Pesticide Control Program, New Jersey Department of
Environmental Protection. Each firm in Monmouth
County (n = 208) and Hunterdon County (n = 34), were
sent a letter of introduction and questionnaire about tick
contfrol services in 1995. The survey instrument was limit-
ed to 10 questions designed to elicit information about
control techniques against 1. scapularis, including acari-
cides and formulations used, sites of application, frequen-
cy of application, alternative control methods, and appli-
cation costs.

RESULTS

Survey response: Monmouth County

Of the 208 registered pest control firms, 63 (30.3%)
returned the questionnaires. There were 12 (5.8%) ques-
tionnaires returned with no forwarding address, suggest-
ing that the firms were no longer in business. Of the 63
firms that responded, 30 (47.6%) indicated that they
offered tick control services. These 30 firms answered all
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questions pertaining to tick control services and acaricide
use, but 9 (30.0%) declined to provide information about
fees charged for applications.

Survey response: Hunterdon County

In Hunterdon County, 15 of the 34 (44.1%) registered
pest control firms completed and returned questionnaires.
Of the 15 respondents, 9 (60.0%) claimed to offer tick
control services. These 9 firms responded to all questions
pertaining to tick control services and acaricide use, while
4 (44.4%) failed to respond to questions regarding fees.

Tick control services: Monmouth County

Of the 30 firms surveyed, 24 (80.0%) provided tick
control services as part of a lawn care-landscaping pack-
age. All 30 firms relied on acaricides as the principal
method of control, but 9 (30.0%) offered nonchemical
alternatives, principally in the form of tick habitat
removal and distribution of educational materials. Only 8
of 30 (26.7%) attempted to survey properties for ticks
prior to application.

Regarding the frequency of application, 8 (26.7%)
firms treated residential properties only once. Of these, 6
firms directed their applications against nymphs, while 1
firm each treated for adults or larvae only. Four of 30
(13.3%) firms made applications against I. scapularis
nymphs and larvae. There were 14 (46.7%) firms that
made applications against each life stage and would make
applications at the request of the homeowner. Two addi-
tional firms admitted that they would perform acaricide
applications only at the request of the homeowner. The
remaining 2 firms reported treating on a monthly basis
from March through November. Of the 30 firms, 26
(86.7%) directed control efforts against nymphs, 20
(66.7%) at larvae, and 17 (56.7%) targeted adults (Fig ).

Of the 30 firms polled, 27 (90.0%) reported making
applications to the woodland edge, 23 (76.7%) to lawns,
22 (73.3%) to landscaping, and 4 (13.3%) to woodland
(Fig 2). However, most of the applications were made to
various combinations of sites: 4 (13.3%) firms treated all
possible sites, while the largest percentage of firms
(43.3%) treated a combination of woodland edge, lawn,
and landscaping; 4 (13.3%) firms treated the woodland
edge and lawn; 3 (10.0%) the woodland edge and land-
scaping; 2 (6.7%) the woodland edge, landscaping, and
woodland; and 1 (3.3%) lawn and landscaping. Of the
remaining 3 firms, 2 (6.7%) treated the woodland edge
exclusively, while 1 (3.3%) treated only lawns.

Tick control services: Hunterdon County

Of the 9 firms performing tick control in Hunterdon
County, 6 (66.7%) offered these services as part of a
lawn care-landscaping package. All 9 firms relied on
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Fig 1. Frequency of acaricide applications by stage of L. scapularis:
Monmouth County v. Hunterdon County.

acaricides as the principal method of control, while 5
(55.6%) provided nonchemical alternatives, including
habitat modification, education, and rodent control. Only
1 firm (11.1%) attempted to survey properties for ticks
prior to acaricide application.

Regarding the frequency of application, 1 firm
(11.1%) treated residential properties once; 6 firms
(66.7%) made applications against all active stages of 1.
scapularis; and 4 of 9 (44.4%) indicated that they also
treated at the request of the homeowner. Two (22.2%)
firms treated against nymphs and adults, but 1 also indi-
cated it would make applications at the request of the
property owner. Overall, of the 9 firms, 8 (88.9%)
directed control efforts against nymphs, 6 (66.7%) at lar-
vae, and 8 (88.9%) treated for adults (Fig 1).

All 9 firms reported making applications to the wood-
land edge and landscaping: 5 (55.6%) to lawns, and 3
(33.3%) to woodland (Fig 2). However, most of the
applications were made to various combinations of sites.
All possible sites were treated by 3 (33.3%) firms, while
the largest percentage of firms (44.4%) treated a combi-
nation of woodland edge and landscaping. Two firms
(22.2%) treated the woodland edge, landscaping, and
lawn.

Acaricide usage: Monmouth County

The most commonly applied acaricide was carbaryl,
being used by 19 of 30 (63.3%) firms. Chlorpyrifos was
used by 16 (53.3%) firms, while cyfluthrin was used by
5 (16.7%). Permethrin, cyhalothrin, bendiocarb, trichlor-
fon, and fluvalinate were each used by 1 firm. There
were 16 of 30 (53.31) firms that indicated they used a
combination of up to 3 acaricides, the most common
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Fig 2. Frequency of acaricide applications by landscape feature:
Monmouth County v. Hunterdon County.

combination being carbaryl and chlorpyrifos (n = 9).
The remaining firms used a single acaricide, with car-
baryl (n = 6) and chlorpyrifos (n = 6) being the most
popular choices. Host-targeted permethrin (Damminix,
EcoHealth, Boston, MA) was used by 3 (10.0%) firms.

With respect to formulation, 22 of 30 (73.3%) firms
used liquid formulations (wettable powder, flowable,
emulsifiable concentrate) exclusively or in combination
with granular formulations. Granular formulations alone
or in combination with liquids were used by 21 of 30
(70.0%) firms. There were 13 of 30 (43.3%) firms that
used a combination of granular and liquid, while 9 of 30
(30.0%) firms used liquid formulations only, and 8
(26.7%) used granular materials exclusively.

Acaricide usage: Hunterdon County

The most commonly used acaricide by Hunterdon
County respondents was carbaryl, which was used
exclusively or in combination by 5 (55.6%) firms.
Chlorpyrifos, cyfluthrin, and permethrin were each used
by 2(22.2%) firms. Cyhalothrin, cypermethrin, bendio-
carb, and pyrethrum were each used by 1 firm. There
were 5 (55.6%) firms that used a combination of up to 4
acaricides, with no 2 firms using the same combination.
Host-targeted permethrin was used by 2 (22.2%) firms.

With respect to formulation, all 9 firms used liquid
formulations exclusively or in combination with granu-
lar formulations. Three of 9 (33.3%) firms used granular
formulations alone or in combination with liquids. Three
of 9 (33.3%) used a combination of granular and liquid,
while 6 (66.7%) firms used liquid formulations only and
3 (33.3%) used granular formulations exclusively.
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Application costs: Monmouth County

Of the 30 firms offering tick control services, 9
(30.0%) declined to provide information on fees charged
to the homeowners for acaricide applications. The 21
firms that responded provided 13 different treatment
charges ranging from $80 to $280 per acre (0.4 ha). The
mean charge was $159.05 per acre; 13 (61.9%) of the 21
firms charged less than $150 per acre.

Application costs: Hunterdon County

Of the 9 firms offering tick control, 4 (44.4%) did not
provide information on fees charged to the homeowners
for acaricide applications. The 5 firms that responded
reported fees ranging from $90 to $180 per acre. The
mean charge was $113 per acre. Only 1 firm charged
more than $150 per acre.

DISCUSSION

Survey response

Although the Connecticut survey!! and this study
approached data collection in a different fashion, both
received a similar level of response. Stafford opted to sur-
vey all licensed applicators statewide and received a
response rate of 38.8%.!! In New Jersey, individual firms
were polled in an effort to avoid certain biases. It was felt
that surveying individual applicators rather than firms,
would skew the resulting data in favor of larger firms with
more applicators and, presumably, more extensive train-
ing programs. Stafford showed that larger firms tended to
be more likely to offer tick control services than smaller
firms."' Nevertheless, the level of response was similar in
Monmouth (30.3%) and Hunterdon (44.1%) Counties.
Surprisingly, only 16.4% of the 348 respondents in the
Connecticut study offered tick control services, compared
t0 47.6% of the 30 responding firms in Monmouth County
and 60.0% of the 15 firms from Hunterdon County. The
seemingly greater availability of commercial tick control
services in New Jersey may reflect the fact that both
Monmouth and Hunterdon Counties are highly endemic
for Lyme disease, whereas the Connecticut survey may
have combined data from endemic and nonendemic areas.
Since Monmouth County has 5 times the population of
Hunterdon County, the difference in the number of regis-
tered firms between the counties was expected.

Tick control services

All firms offering tick control services in both
Monmouth and Hunterdon Counties relied on acaricides,
a finding similar to that reported by Stafford in
Connecticut.'' In Monmouth and Hunterdon Counties,
70.0% and 55.6%, respectively, relied on acaricides
exclusively. The majority of Monmouth County (80.0%)

Commercial Tick Control Services/Schulze et al

and Hunterdon County (66.7%) firms offered tick control
as part of a more comprehensive pest control package.

The frequency of application varied dramatically with-
in and between counties. In Monmouth County, the num-
ber of applications ranged between once per year to
monthly for 8 months. Nearly one-half of the firms made
applications against all life stages and over one-half
would treat at the owner’s request, regardless of the sea-
sonal activity of a particular life stage. Nymphs were tar-
geted most frequently (86.7%), but two-thirds of the firms
made applications against larvae and over one-half treated
properties to control adult ticks. In Hunterdon County,
application frequency ranged between 1 and 3 applica-
tions per year, with two-thirds of the firms making appli-
cations against each life stage and 55.6% of firms treating
at the owner’s request. Nymphs and adults were targeted
by 88.9% of the firms.

Stafford reported that 61.4% of Connecticut applica-
tors treated areas upon the owner’s request.!'
Significantly fewer Connecticut applicators targeted each
life stage, compared to New Jersey, but admitted to treat-
ing properties more than 2 times during the summer
months. Nearly twice as many applicators in Connecticut
surveyed for ticks before making applications compared
to Monmouth County firms, and 4 times more often than
those offering tick control services in Hunterton County.

Regarding the sites of application, 90% of the
Monmouth County firms treated the lawn-woodland edge
interface. About 75% of firms treated lawns and landscap-
ing, while only 13.3% treated woodland. In Hunterdon
County, all firms treated woodland edge and landscaping,
with lawns and forests being included as target areas by
55.6% and 33.3% of firms, respectively. In both counties,
the majority of firms treated a combination of sites.
Connecticut applicators treated the lawn-woodland border
(60-62%) and lawn (greater than 25%) less frequently
compared to New Jersey firms.

Surveys of Connecticut applicators and New Jersey
firms revealed that a variety of insecticides were used,
However, the same compounds (carbaryl, chlorpyrifos,
cyfluthrin) were used most frequently in both studies, but
the ranking of use was different. Monmouth county firms
used liquid (73.3%) and granular (70.0%) formulations
with similar frequency, while Hunterdon County firms
seemed to prefer liquid formulations. Connecticut appli-
cators also preferred liquid over granular formulations.
Only a small percentage of applicators or firms used host-
targeted permethrin.

The per acre costs for tick control were similar in both
studies, although the range of fees was broader and the
mean fee was higher in Connecticut. It is unclear whether
the wide disparity in costs reflect a tick only application
(high) or general pest control package application (low).
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The majority of applicators or firms charged less than
$150 per acre.

Assuming that property owners are interested primarily
in disease prevention, the frequency of application and the
sites targeted for treatment seem to suggest that many
firms lack an understanding of basic tick ecology and the
role that each life stage plays in the transmission of tick-
borne pathogens. For example, two-thirds of the firms
made applications to control 1. scapularis larvae, a stage
that has little or no role in disease transmission and is
considered the most difficult stage to control.!* Over 75%
of Monmouth County firms and more than 50% of
Hunterdon County firms routinely treated lawns (Fig 2),
despite the fact that large expanses of lawn generally are
not recommended for treatment.!* Further, 80% of
Monmouth County firms and 66.7% of Hunterdon County
firms offered tick control as part of a broader pest control
package. As such, tick control in Monmouth County may
have become more of an ancillary activity achieved large-
ly through the control of other pests, compared to
Hunterdon County, where Lyme disease is considered
emergent. Although the apparent excessive treatment may
be due, in part, to the respective firms’ lack of knowledge
of tick ecology and management techniques, it is interest-
ing to note that the majority of respondents admitted that
they would treat at the request of the property owner,
regardless of tick activity. This suggests that sound tick
control practices may be in conflict with existing business

practices. As a partial solution, pest control operators

engaged in tick control services should receive training
regarding tick ecology, assessment, and management
techniques as part of the pesticide applicator re-certifica-
tion process. In addition, government agencies charged
with Lyme disease education should expand their man-
date to include the preparation and distribution of materi-
als on proper frequency and appropriate sites of applica-
tion to the general public. Such an approach will enhance
the efficacy of tick control, while limiting the amount of
acaricides applied to the environment.
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Experimental Infection of Neonatal Calves with Borrelia burgdorferi

Karen A. Molinari Clark, MS; Mazhar . Khan, DVM, PhD; Herbert J. VanKruiningen, DVM, PhD, MD; and Sandra L. Bushmich, MS, DVM

ABSTRACT

Four neonatal calves were inoculated intraperitoneally,
intramuscularly, subcutaneously, and intradermally with a
total of 2X10° organisms from a low passage culture of
Borrelia burgdorferi. Two control calves were inoculated
with sterile BSK media in a similar manner. The six experi-
mental calves were maintained for 7 to 8 weeks. The B.
burgdorferi infected calves demonstrated an erythematous
skin lesion (from which B. burgdorferi could be cultured) at
the site of inoculation 2 to 3 weeks following infection.
Rashes resolved spontaneously within 1 to 2 weeks.
Unilateral lymphadenopathy of the left prefemoral lymph
node occurred concurrent with the development of skin
lesions and persisted throughout the study in all four infect-

ed calves.

Key words: Borrelia burgdorferi, cattle

INTRODUCTION

Lyme disease is caused by the spirochete Borrelia
burgdorferi and transmitted by Ixodes spp ticks.! The dis-
ease has been recognized in humans and in a number of
domestic animal species including cattle, horses, sheep,
dogs, and cats.>'? In livestock the pathogenesis and trans-
mission of this disease remain poorly defined. Disease
expression among cattle, as well as other domestic animal
species, varies. Many animals remain clinically normal
while demonstrating antibodies to B. burgdorferi.®"13
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All infected calves developed a serological response to B.
burgdorferi, as determined by immune fluorescent antibody
(IFA) test and Western blot (WB) analysis. Dissemination of
B. burgdorferi occurred in all infected calves. B. burgdorferi
were detected, by culture and/or PCR, in urine, blood, syn-
ovial fluid, and tissue samples (kidney, bladder, spleen, and
tarsal synovium). Minimal histopathological changes
occurred in the infected calves. The most common lesion was
a lymphocytic infiltrate noted in skin; scattered lymphocytic
foci also occurred in renal cortex, heart, synovial tissue, and
liver. This study has demonstrated that neonatal calves
experimentally inoculated with B. burgdorferi develop dis-
seminated infection, shed B. burgdorferi in the urine and

produce a specific serological response to the organism.

Clinical signs of Lyme disease reported in cattle include
lameness, stiffness, swollen joints, laminitis, arthritis,
fever, weight loss, decreased milk production, erythema-
tous skin rash and abortion,*

Diagnosis of Lyme disease is often difficult and is
based on clinical signs, exclusion of other diseases, sero-
logical response to B. burgdorferi antigens and response to
antibiotic therapy.5>!® Positive serology is helpful in mak-
ing a diagnosis, but it indicates previous exposure only, not
necessarily active or clinical infection.>® In cattle it has
been suggested that antibody testing may not be as depend-
able as in other domestic animals due to cross-reacting
antibodies to other Borrelia spp (Borrelia coriaceae and
Borrelia theileri) or perhaps rumen spirochetal organ-
isms.>S It has been reported that cattle with confirmed
infection (ie, B. burgdorferi organisms demonstrated) may
develop only low antibody titers.*® Definitive diagnosis
depends on the demonstration of B. burgdorferi in body
fluids or tissues of infected animals. This is often difficult
due to: sparse numbers of organisms in affected fluids or
tissues, difficulty in recovering the organisms because of
special media requirements and low replication time, and
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the need for darkfield microscopy or special stains to
demonstrate the organisms.67%13-15

The objective of this study was to further characterize
bovine serological and pathological responses to B.
burgdorferi, as well as determine patterns of organism
dissemination in tissues and body fluids by utilizing an
experimental calf model.

MATERIALS AND METHODS

Animals

Neonatal Holstein bull calves, weighing approximately
40 kg, were obtained from the University of Connecticut
dairy herd, Storrs. Each calf was removed from the dam at
birth and not allowed to nurse. Serologic testing was not
conducted on the dams. The calves were given oral
bovine rotavirus and coronavirus vaccine (“Calf-Guard”,
Norden Laboratories) and one oral dose of synthetic
colostrum diluted to one liter. Synthetic colostrum
(Colostrix (454 g), Fisons Animal Health, Minneapolis,
MN or First Milk Formula (272 g), Land O’ Lakes, Ft.
Dodge, IA) was tested by Western blot analysis to insure
the absence of antibodies to B. burgdorferi. Calves were
transported to an isolation facility, where they were indi-
vidually housed in wire pens on wood shavings. They
were fed milk replacer (Blue Seal Lawrence, MA) for 2
weeks, then grain and hay were added to their diet ad libi-
tum.

Inoculum

A second or third passage Connecticut B. burgdorferi
tick isolate (Provided by Dr. John Anderson, Connecticut
Agricultural Experimental Station, New Haven, CT) was
used for animal inoculations. Experimental injections
contained approximately 2 X 10° log phase organisms sus-
pended in Barbour-Stoenner-Kelly (BSK) medium. Cell
counts were determined using a bacterial counting cham-
ber (Petroff Hausser bacterial counting chamber, Hausser
Scientific, Blue Bell, PA).

Experimental plan

Prior to inoculation all calves were determined to be
free of B. burgdorferi antibodies (IgG) by immune
fluorscent antibody (IFA) and Western blot analyses;
urine culture for B. burgdorferi was negative. Four calves
(calves 1-4) were inoculated with B. burgdorferi at 6 days
of age in the left flank as follows: following surgical skin
preparation (hair clipped, site scrubbed with tamed iodine
followed by alcohol wipes 3 times, then allowed to dry
prior to procedure), 0.5 mL of the inoculum was adminis-
tered intraperitoneally, intramuscularly, subcutaneously,
and intradermally for a total inoculum volume of 2 mL.
Two control calves (calves 5 and 6) were inoculated in a
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similar manner with an equal volume of sterile BSK
medium.

Daily physical examination of all calves included: rec-
tal temperature, pulse and respiration rate, evaluation of
attitude, appetite and gait, visual examination of feces,
palpation of peripheral lymph nodes, examination of
joints for swelling, and of skin for erythematous skin
lesions. Circumferences of both carpi and tarsi were mea-
sured on a weekly basis. Blood was collected 3 times
weekly aseptically from the jugular vein. Blood analyses
included packed cell volume (PCV), total protein (TP),
dark field examination and culture (3 times per week),
PCR for B. burgdorferi (once a week) and chemistry
screen (weeks 0, 3, and 7). Midstream urine was collected
3 times a week and analyzed by darkfield microscopy,
culture, and fluorescent antibody (FA) testing; weekly
samples were analyzed by PCR/slot blot for B. burgdor-
feri. Four millimeter skin biopsies of dermis and subcutis
were taken from aseptically prepared erythematous skin
lesions of infected calves 3 and 4. A carpal synovial fluid
sample was taken at the time of the skin biopsy. Control
calves 5 and 6 received similar skin biopsy and arthrocen-
tesis 2 weeks post-inoculation. Calves were maintained
for 40-60 days then killed by IV injection of euthanasia
solution (Beuthanasia D, Schering-Plough Animal Health,
Kenilworth, NJ). Necropsy and histopathological exami-
nation with culture and PCR of selected tissues was done
on each calf.

Serology

Weekly serological responses to B. burgdorferi were
evaluated by immune fluorescent antibody test and
Western blot analysis.

Immune fluorescent antibody

A previously described IFA technique was used. '
Multi-well acetone resistant slides were coated with a sin-
gle layer of whole B. burgdorferi suspension. B. burgdor-
Seri used were a cocktail of the isolate used for inocula-
tion plus several other low passage isolates. Calf sera
were prepared in two-fold serial dilutions (beginning with
1:32 and ending with 1:1024) and incubated in wells for
30 minutes at 37°C. Slides were rinsed twice in phosphate
buffered saline (PBS) and once in distilled water.
Fluorescein isothyiocynate (FITC) labeled goat anti-
bovine heavy and light chain IgG (Kirkegaard and Perry,
Gaithersburg, MD) (diluted 1:400), was applied to each
well, incubated and rinsed as before. Slides were exam-
ined at 400 X using a microscope with a UV light source.
A titer of > 1:64 was considered positive.

Western Blot analysis
Sodium dodecyl sulfate polyacrylamide gel elec-
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trophoresis was performed on cultured B. burgdorferi
using a modification of the method described by
Laemeli.!7 Spirochetes were prepared by washing 150 mL
of whole cells from log phase cultures of B. burgdorferi.
three times by centrifugation at 10,000 X g for 15 minutes
in a 0.1% solution of merthiolate and phosphate buffered
saline (PBS). Protein concentration was estimated by the
Bradford method.'® Approximately 300 pg of B. burgdor-
feri protein was mixed with 187 of pL sample buffer
(0.25 mol/L, 40% glycerol, 2% sodium dodecycl SDS,
20% 2- mercaptoethanol, 0.025% bromophenol blue) and
denatured by boiling for 5 minutes. B. burgdorferi protein
and molecular weight standards (prepared according to
manufacturer) (Beuthanasia D, Schering-Plough Animal
Health) were subjected to electrophoresis using 10%
resolving gels and 4% stacking gels. Electrophoresis was
performed at a constant current of 100 mA until dye-front
reached 1 cm from the bottom of the gel. Proteins were
pre-equilibrated in transfer buffer (25 mM Tris base, 38
mM Glycine, 20% methanol, pH 8.3) for 30 minutes, then
transferred onto 0.45 um nitrocellulose membranes (Bio-
Rad, Richmond, CA) at 70 volts for 2.5 hours using a
Trans-blot Electrophoretic Transfer Cell (Bio-Rad) as pre-
viously described by Towbin et al.!® Following transfer,
nitrocellulose membranes were stained in Ponceau’s stain
(Sigma Chemical Co., St. Louis, MO), for approximately
10 minutes to determine if proteins were properly trans-
ferred. The membranes were cut into strips, placed in a
small tray and blocked with 2% BSA and 1% horse serum
in Tris buffered saline for one hour at room temperature
with rocking. Strips were rinsed (three 10 minute washes)
in wash buffer (0.85% NaCl, .12% Tris, .05% Tween 20),
overlaid with experimental calf sera (diluted 1:100) and
incubated as before for two hours. Serum was removed,
strips were washed as described and goat anti-bovine
heavy and light chain IgG phosphatase labeled conjugate
(Kirkegaard and Perry, Gaithersburg, MD) (diluted
1:2500) was added and incubated for one hour. The strips
were rinsed as before and reacted with BCIP/NBT phos-
phatase substrate (Kirkegaard and Perry) until optimal
protein band development was achieved (1-10 minutes).
The reaction was stopped by the removal of substrate and
rinsing the strips several times with distilled water.

ANTIGEN TESTING

Culture

All urine, blood, synovial fluid, skin biopsies and post-
mortem tissues and fluids (kidney, bladder, testis, spleen,
heart (myocardium and septum), brain (cerebrum, cere-
bellum), prefemoral lymph nodes, synovial tissue (carpi
and tarsi), pericardial fluid, cardiac blood, urine, aqueous
humor, synovial fluid, and CSF were cultured for B.

Neonatal B. burgdorferi Infection in Calves/Clark et al

burgdorferi in Barbour-Stoenner-Kelly medium as previ-
ously described.!* Tubes were inoculated in tandem, using
one tube of media without antibiotics and one with
ciprofloxacin (40 mg/mL) and rifampicin (20 mg/mL)
added to retard the growth of contaminants.
Approximately 0.5 mL of fluid or 15-20 mg of minced
tissue sample was inoculated into 7 mL of sterile BSK
media. Samples were incubated at 32°C and examined by
darkfield microscopy after one week incubation, then bi-
weekly for one month. Identity of spirochete positive cul-
tures was confirmed by PCR analysis.

Darkfield examination

Darkfield microscopy was used to examine blood,
urine, and synovial fluid. One drop of fluid was examined
at 200X and 400 X magnification. Before examining
fresh urine, approximately 20-50 mL was centrifuged at
11,000 X g for 20 minutes, all but 3 mL of the supernatant
was poured off and discarded. The remaining fluid was
mixed with the sediment then examined microscopically.

Fluorescent antibody staining

Direct fluorescent antibody staining was used to test
all fluids excluding premortem blood samples. Two sepa-
rate drops of fluid were placed on a glass microscope
slide, air dried, then fixed in acetone for 10 minutes.
Urine was prepared as described above before testing.
Approximately 2 drops of fluorescein conjugated poly-
clonal goat antiBorrelia antibody (Kirkegaard and Perry)
(1:20 dilution) was applied to each droplet. Slides were
incubated at room temperature in a moisture chamber for
30 minutes, then placed in PBS for 10 minutes and rinsed
in distilled water three times. Slides were examined at
200X and 400X using a microscope with a UV light
source for the presence of stained spirochetes.

Polymerase chain reaction

Polymerase chain reaction (PCR) was used to detect B.
burgdorferi in weekly urine and blood samples as well as
the following postmortem samples: kidney, bladder,
spleen, prefemoral lymph nodes, heart (septum and
myocardivm), cerebrum, synovial fluid, and CSF.
Chromosomal DNA was extracted from body fluids and
tissues as previously described.?’ The primer pair used
amplifies a specific 309 base pair segment of B. burgdor-
feri outer surface protein A (OspA) and have been previ-
ously described by Malloy et al.?! This primer set will not
amplify Osp A of other Borrelia spp, including B. core-
aceae a pathogen of cattle. Primers were synthesized by
the Biotechnical Services at the University of
Connecticut, Storrs. A GeneAmp PCR reagent kit
(Perkin-Elmer Cetus, Norwalk, CT) was used to amplify
gene products as previously described.?’ Triplicate posi-
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Fig 1: Erythematous skin rash in a B. burgdorferi infected calf at the
site of inoculation; sutures indicate biopsy sites.

tive and negative controls were included in each PCR run;
PCR sample preparation and conduction were conducted
in a laboratory dedicated to this purpose.

Slot blot hybridization

PCR amplified DNA product of B. burgdorferi (200
ng) was used as DNA probe for slot blot hybridization. B.
burgdorferi DNA was digested using 10 units of EcoRI in
20 uL of reaction buffer 22 The digested DNA was heat
denatured (95°C for 5 minutes) and end labeled with
[gamma-32P]-dATPI using a Gibco BRL 5" DNA termi-
nus (Gibco BRL, Life Technologies, Gaithersburg, MD).

Amplified DNA products (1 pg) were digested using
EcoRI in reaction buffer. Samples were incubated with
the enzyme for one hour at 37°C, followed by the addition
of 6 X SSC (0.9 M NaCl, 0.09 M sodium citrate pH 7.0)
was added and the digested DNA was heat denatured at
95°C, 5 minutes. The samples were applied to a Zeta
Probe membrane (Bio-Rad)) using a slot blot manifold
(Bethesda Labs, Bethesda, MD) under vacuum pressure.
The membrane was air-dried, baked for 2 hours at 80°C
and sealed inside a plastic bag with prehybridization
buffer (10 X denhardts solution (0.2% Ficoll, 0.2%
polyvinylpyrrolidone, and 0.2% BSA), 6 X SSC, 20 mM
sodium phosphate, 4% SDS, salmon sperm DNA (80
pg/mL)) and incubated for 60 minutes at 59°C.

The labeled DNA probe, heat denatured at 95°C for 5
minutes, was added with fresh prehybridization buffer to
the Zeta-Probe membranes and allowed to hybridize on a
rocker overnight at 59°C. The membranes were removed
from the bag and washed once in a solution made up of
3X SSC, 1% SDS and distilled water at room tempera-
ture for 30 minutes. This was followed by a second wash
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in a solution made up 1 X SSC, 1% SDS and distilled
water at room temperature for 30 minutes. The mem-
branes were washed for a final time in a solution made up
of 0.1 X SSC, 1% SDS and distilled water at 60°C for 45
minutes. Membranes were air dried and exposed to x-ray
film for approximately 24 hours using an intensifying
screen at -70°C. 22

Pathology/histopathology

Necropsy was conducted immediately following
euthanasia. Selected tissues (listed previously) were col-
lected aseptically for B. burgdorferi culture. Tissues from
all major organ systems, excluding endocrine, were fixed
in 10% neutral buffered formalin, embedded in paraffin,
sectioned at 6 micrometers and stained with H & E.
Selected tissues with lesions were stained with the
Modified Steiner method®® and by immunocytochemistry
(ICC)** (Ying Liu, MS thesis, Storrs, CT) for the presence
of spirochetes. In the latter, polyclonal rabbit anti 5.
burgdorferi serum (ViroStat, [code No. 0301], Portland,
ME) at a dilution of 1:20,000 was applied, followed by
the addition of the secondary antibody, biotinylated goat
anti-rabbit (dilution 1:500), and then a streptavidin-horse-
radish peroxidase conjugate. Amino-ethylcarbazole
(AEC) served as the chromogen. The tissue sections were
then counterstained with Lerner-2 hematoxylin, coated
with crystal mount, and the slides were coverslipped.

Statistical analysis
The paired ¢ test was used to compare the prefemoral
lymph node sizes of the infected and control groups.

RESULTS

Clinical and laboratory findings

Calves remained bright and alert with good appetites
throughout the study. Rectal temperature, pulse and respi-
ration rates remained within normal ranges in both infect-
ed and control group calves. Three of the four infected
calves (1, 3 & 4) and both control calves (5 & 6) had mild
diarrhea, which developed between weeks 1 and 3 of
infection and resolved following oral electrolyte treat-
ment. Other clinical disorders which occurred in the
calves include: a cough from week 1-7 in calf 1, an
episode of mild bloat in calf 3 (week 7) which resolved
following stomach intubation, and a soft tissue abscess in
the buccal mucosa of calf 4 (days 23-41), which drained
and healed spontaneously; abscess material was not cul-
tured.

Erythematous skin lesions appeared at the site of inoc-
ulation (left flank) of all four B. burgdorferi infected
calves 2 to 3 weeks following infection. The skin lesions
first appeared as small red macules, which expanded to 5
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Table 1

Immune fluorescent antibody (IFA) test and Western blot (WB) values for B. burgdorferi infected calves (calves 1-4) and noninfected control
calves (calves 5 & 6). IFA results are shown as inverse titers, 1:64 is considered a low positive. WB results are shown as antibodies to 41, 39, 34 and

31 kDa proteins of B. burgdorferi.

Week Following

Inoculation 0 1 2 3 4 5 6 7

Calf 1

IFA - - - 32 64 64 128 128
WB 41 41 41 41,34,31 41,39,34,31 41,39,34,31 41,39,34,31 41,39,34,31
Calf 2

IFA - - - 32 64 64 128 128
WB 41 41 41 41 41,34 41,39,34,31 41,39,34,31 41,39,34,31
Calf 3

1IFA - - - 32 64 64 128 256
WB - - - 41,34,31 41,39,34,31 41,39,34,31 41,39,34,31
Calf 4

IFA - - - 32 64 64 64 64
WB 41 41 41 41 41 41,34 41,39,34 41,39,34,31
Calf 5

IFA - - - 32 32 32 32 32
WB 41,39 41,39 41,39 41,39 41,39 41,39 41,39 41,39
Calf 6

IFA - : - 32 32 32 32 64
WB 41,39 41,39 41,39 41,39 41,39 41,39 41,39 41,39

to 10 cm in diameter (Fig 1). Lesions faded within 1 to 2
weeks. Lymphadenopathy of the left prefemoral lymph
node (near the inoculation site) became apparent near the
onset of skin lesion development and remained until
necropsy in all B. burgdorferi infected calves. Control
calves did not develop skin rash or lymphadenopathy at
the site of inoculation. There was no difference in carpal
and tarsal circumference between B. burgdorferi infected
and control groups. Lameness was not observed in any of
the calves.

Serum biochemical values were within normal limits,
with the following two exceptions. Serum globulin levels
were depressed in all calves (the average value of all
calves was 1.4 vs the normal range of 3.0 to 3.5 g/dL) and
alkaline phosphatase was moderately elevated in all
calves. In both infected and control calves packed cell
volumes remained within normal range throughout the
study (average value of all calves was 35.4% vs the nor-
mal range of 24% to 48%, Schalm’s Veterinary
Hematology?®) but total protein levels were slightly below
normal reference range (average value for calves was 4.8
vs the normal reference range of 5.6 to 6.8 g/dL, Schalm’s
Veterinary Hematology 26).

Serology
Table 1 summarizes the antibody response to B.
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burgdorferi in all calves. All calves were seronegative by
IFA and Western blot analysis prior to experimental inoc-
ulation. The four infected calves developed a positive IFA
antibody titer (> 1:64) by the fourth week of infection,
which increased throughout the study in calves 1 thru 3.
Calf 4 maintained a 1:64 titer from weeks 4 to 7. Control
calf 5 remained IFA negative (< 1:64) throughout the
trial. Control calf 6 developed a positive antibody titer
(1:64) 7 weeks following experimental inoculation; how-
ever Western blot analysis of its sera did not reveal anti-
bodies specific to B. burgdorferi.

Western blot analysis of sera from all 4 infected calves
demonstrated a sequential development of antibodies to B.
burgdorferi specific outer surface proteins A and B
(OspA, 31 kDa and OspB, 34 kDa) (Table 1 and Fig 2A).
In calves 1 thru 3 these antibodies were detectable 3 to 4
weeks following experimental infection. The serological
response to these proteins was delayed and weak in calf 4.
In this calf antibody to the 34 kDa protein was not
detectable until the fifth week postinoculation and an anti-
body response to the 31 kDa protein was detectable at
week seven postinoculation (Table 1). Antibodies directed
against the nonspecific 41 kDa flagellar protein and the
reportedly B. burgdorferi specific 39 kDa protein were
apparent in both infected and control calves (Table 1 and
Figs 2A and 2B). Antibody response to the flagellar (41
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Table 2.

Urine culture and PCR results for B. burgdorferi infected calves (calves 1-4) and noninfected control calves (calves 5 & 6).

Week of

Inoculation 0 1 2 3 4 5 6 7
Calf 1 - +P +P +P -

Calf 2 - +P +P +P - +C,P,FA +C,P
Calf 3 NS - () (%) +P +P

Calf 4 - - : - (%) +P (*F#%) ) +P

Calf 5 (control)
Calf 6 (control)

NS=No Sample (There was no sample available for PCR/slot blot; the sample was examined by FA and darkfield microscopy and was negative for

Borrelia burgdorferi).

C= culture; P= PCR; FA= Fluorescent antibody staining; *Skin biopsy (+) for Bb (culture and PCR); **Synovial fluid sample for PCR (+); ***Blood
sample PCR (+); Note: Identity of all spirochete positive cultures was confirmed by PCR/slot blot hybridization

kDa) protein remained weak throughout the course of
infection in all calves. Response to the 39 kDa protein
became stronger with time in all of the infected calves,
but remained weak in the control calves (Figs 2A and
2B). Immunoblots of the synthetic colostrum fed to all
calves revealed antibody to the nonspecific 41 kDa flagel-
lar protein only.

Antigen testing

B. burgdorferi was detected in urine of all 4 experi-
mentally infected calves. Results of urine culture and
PCR (demonstrated by slot blot hybridization) are pre-
sented in Table 2. B. bungdorferi was also detected by
PCR in occasional blood and synovial fluid samples taken
from infected calves, and by culture and PCR in all skin
biopsy samples taken frém infected calves (Table 2). All
control calf samples were PCR and culture negative.
Direct darkfield microscopy of urine, blood, or synovial
fluid samples did not reveal spirochetes in either infected
or control calves, Direct fluorescent antibody (FA) stain-
ing revealed spirochetes in the urine of calf 2 during week
6 of infection; FA staining of all other samples was nega-
tive (Table 2).

At necropsy, B. burgdorferi was isolated by culture
from kidney and bladder of calf 2, and spleen and left
hock synovial tissue of calf 4. All positive cultures were
confirmed as B. burgdorferi by PCR/slot blot hybridiza-
tion. PCR performed directly on tissues and body fluids
collected post-mortem (listed previously) did not detect B.
burgdorferi.

Necropsy and histopathologic results

At necropsy the sites of inoculation were well healed
and without erythema or thickening. In all 4 B. burgdor-
feri infected calves the left (side of inoculation)
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prefemoral lymph node was significantly (p < 0.01) larger
than the right prefemoral lymph node (Fig 3). One of the
four B. burgdorferi inoculated calves had a buccal ulcer
that extended from the mucosa of the left cheek through
to the epidermis, consisting primarily of a granulocytic
infiltrate. Histologically, the 4 calves inoculated with B.
burgdorferi had lymphocytic, plasmacytic infiltration at
the site of inoculation in the left flank; control calves did
not. This appeared predominately in-between hair folli-
cles and around blood vessels. The enlarged left
prefemoral lymph node of one infected calf had cortical
hyperplasia and that of another infected animal had sinus
histocytosis. The other 2 infected calves’ prefemoral
lymph nodes were no different histologically than those of
controls.

Three of the 4 infected calves had focal tonsilitis, char-
acterized by granulocytes and foreign material in a few
crypts; so did both controls. Three of the four infected
subjects had focal patchy interstitial pneumonitis, a
change not seen in the two controls. One infected calf had
few foci of lymphocytic nephritis bilaterally; one had a
few foci of lymphocytic synovitis in one hock joint; and
another had few focal lymphocytic aggregates in portal
triads of the liver and subendocardially in the interventric-
ular septum of the heart.

These changes were not observed in the control calves.
Spirochetes were not demonstrable in the discussed foci
when stained by Steinner’s silver method or immunocyto-
chemistry.

DISCUSSION
In this study we have utilized an experimental calf
model to further define the pathogenesis of B. burgdorferi
infection in cattle. Neonatal calves were susceptible to
infection as demonstrated by the development of an ery-
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Figs 2A and 2B: Western Blot analysis of antibody to B. burgdorferi in a B. burgdorferi inoculated calf (calf 2) (A) and for a BSK inoculated control
calf (calf 6) (B). Serum was tested weekly from day 0 to post-inoculation week 7. The results in each immunoblot lane are as follows; lane 1. positive
control experimentally B. burgdorferi infected calf serum; lane 2: negative control noninfected calf serum; lane 3: conjugate control goat anti-bovine
H&L chain IgG (diluted 1:2500); lane 4: pre-inoculation; lane S: week 1, lane 6: week 2; lane 7: week 3; lane 8: week 4; lane 9: week 5; lane 10:

week 6; lane 11: week 7. Molecular weights are in kilodaltons (kDa).

thematous rash at the site of B. burgdorferi inoculation, a
serological response to B. burgdorferi and by detection of
B. burgdorferi in body fluids and tissues.

The development of an erythematous rash at the site of
inoculation was the only significant clinical sign observed
and was consistent in all infected calves. In humans, ery-
thema chronicum migrans (ECM) is a hallmark of B.
burgdorferi infection and ECM dermal tissue is a good
source for recovering B. burgdorferi, as was also shown
in this study.?®?’ Erythematous skin lesions have been
reported in naturally infected cattle.® They are rarely seen
during spontaneous infection of other animal species, pos-
sibly because of hair covering; however spirochetes have
been isolated from the skin of infected animals lacking a
rash.??° Lymphocytes, the major cellular component of
human ECM,*® were observed as the main cellular infil-
trate at the site of B. burgdorferi inoculation in all four
infected calves.

Use of a tick mode of infection, as well as a greater
number of experimental animals, may have produced
additional clinical signs. Distinct differences in clinical
and serological response have been observed in dogs
experimentally inoculated with cultured B. burgdorferi
compared to those exposed experimentally via B.
burgdorferi infected ticks.?

Disseminated B. burgdorferi infection occurred in all
infected calves. B. burgdorferi was demonstrated in the
urine, blood, premortem synovial fluid, and in several tis-
sues taken postmortem ( blood, kidney, bladder, spleen,
and synovial tissue). Pathological changes observed in
skin, lung, lymph node, heart, liver, and synovium of the
infected calves may also represent a response to dissemi-
nated B. burgdorferi infection, control calves did not have
similar lesions at these sites. In this study, B. burgdorferi.

Neonatal B. burgdorferi Infection in Calves/Clark et al
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Fig 3: Comparison of left (on left) and right (on right) prefemoral lymph
nodes from a B. burgdorferi inoculated calf (calf 2) at necropsy.

was more readily detected in pre-mortem urine and blood
samples by PCR than by culture or FA staining; however,
culture was more successful than direct PCR on tissue
samples collected at necropsy. Factors involved may
include the concentration of urine by high speed centrifu-
gation prior to PCR, the sparse numbers of organisms in
tissues, and the ability of PCR to detect nonviable organ-
isms.!

Spirochetes were detected in the urine of all infected
calves but in the blood of only one. Early or intermittent
spirochetemia may have contributed to the difficulty in
demonstrating B. burgdorferi in the blood of the
calves.?>3? The pattern of urine shedding of B. burgdorferi
in infected calves was variable and persisted over a period
of weeks in some calves. Positive urine cultures obtained
demonstrate that live organisms are present in the urine of
infected calves. More frequent analysis of urine and blood
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may provide a clearer pattern of urine shedding and spiro-
chetemia. The demonstration of B. burgdorferi in the
urine of infected cattle has lead investigators to speculate
that perhaps, like leptospirosis, B. burgdorferi may be
transmitted among cattle by contact with urine.*”%3 B,
burgdorferi is more labile than Leptospira spp and, there-
fore this type of transmission would likely require direct
contact between voided urine and mucous membranes.®

The 4 infected calves developed a specific serological
response to B. burgdorferi as determined by IFA and
western blot analysis. Antibody titers increased through-
out the course of infection in all infected calves with the
exception of calf 4. Calf 4 produced a low antibody titer
and its response to Osp A and B was both weak and
delayed compared to the other infected calves. This calf
also demonstrated the most widely disseminated infec-
tion; B. burgdorferi. was detected in its blood, ante-
mortem urine, and several tissues post-mortem. The phe-
nomenon of B. burgdorferi. infection with weak serologi-
cal response has also been observed in natural dis-
ease, >3

Antibodies to the nonspecific flagellar protein (41
kDa) of B. burgdorferi were detected by Western blot
analysis in all of the calves beginning on day 0, as well as
in the synthetic colostrum fed to the calves. Antibodies to
this protein are common in adult cattle and probably rep-
resent antibodies formed against other flagellated flora in
ruminants.>® The antibodies appear to have been passive-
ly transferred from the synthetic colostrum. The positive
IFA titer seen in control calf 6 is also a response to the
flagellar protein, as supported by western blot analysis.
An antibody response to the reportedly B. burgdorferi
specific 39 kDa protein®® was also common to both B.
burgdorferi infected calves and noninfected control
calves. This response in the infected calves became more
distinct throughout the course of infection but remained
weak in the control calves. Antibody to the 39 kDa has
been commonly found in sera of cattle from nonendemic
regions and therefore, may not be a specific marker of B.
burgdorferi infection in cattle (Bushmich, unpublished
data). In human disease, the presence of antibodies to the
39 kDa protein is commonly seen in patients with late
manifestations of disease but antibodies against this pro-
tein have also been found on occasion, in patients with
syphilis suggesting that there may be cross-reactive epi-
topes within this protein,¥’

The serum chemistry panels in both infected and con-
trol calves did not reveal any major organ dysfunction,
and hematocrit levels were within normal range.
Depressed serum globulin and total protein levels may
reflect lower levels of immunoglobulins present in syn-
thetic compared to natural colostrum. Alkaline phos-
phatase elevations may be due to elevated bone isoen-
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zyme commonly observed in young animals (W Hoffman,
personal communication).® The diarrhea observed in the
infected calves is not thought to be related to, or the con-
sequence of, the B. burgdorferi inoculation; control calves
also experienced diarrhea. The miscellaneous clinical
signs observed in the infected calves (cough, bloat, buccal
ulcer) may or may not be related to the introduction of B.
burgdorferi.

This study utilized neonatal calves as an experimental
model for studying the pathogenesis of Lyme borreliosis
in cattle. We have demonstrated that following experi-
mental inoculation with B. burgdorferi there is a sequen-
tial development of antibodies to specific B. burgdorferi
proteins in these calves. Experimentally infected calves
developed an erythematous rash from which B. burgdor-
feri was cultured. They also shed B. burgdorferi in urine
for several weeks duration and B. burgdorferi was dis-
seminated to other organs/tissues. It was demonstrated
that calves can be spirochetemic and spirocheturic with-
out the development of clinical disease. Further investiga-
tions are needed to determine the pattern and duration of
spirochetemia and spirocheturia in cattle as well as clarify
the clinical and pathophysiological manifestations associ-
ated with B. burgdorferi infection in naturally infected
cattle.
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Bone Marrow as a Source for Borrelia burgdorferi DNA

Lesley Fein, MD, MPh and Richard C. Tilton, PhD

ABSTRACT

The diagnosis of persistent Lyme disease has depended on
the detection of serum antibody to Borrelia burgdorferi.
Patients may lose their immune response over time or it may

be abrogated by antimicrobial therapy. These case reports

describe patients with chronic Lyme disease and a reactive
bone marrow polymerase chain reaction (PCR). After
appropriate and aggressive treatment, specific DNA may

persist in sequestered sites such as bone marrow.

Key words: polymerase chain reaction, outer surface protein A gene, B. burgdorferi DNA

INTRODUCTION

Diagnosis of Lyme disease by laboratory methods con-
tinues to be difficult. Most tests rely on the production of
IgM and/or IgG antibody to Borrelia burgdorferi.
Antibody production may be abrogated by antimicrobial
agents' or may not occur at all. IgM and IgG antibody
responses may fluctuate over time. Complicating these
immune responses is the lack of reliability of many of the
commercially available serological tests.>? Only recently*
has standardization of confirmatory Western blot testing
been discussed in an organized forum and recommenda-
tions published for the use of proficiency panels.®

There is a need for methods to directly detect B.
burgdorferi in body fluids. Gene amplification, notably
polymerase chain reaction (PCR), satisfies the require-
ments for both sensitivity and specificity. Several reports
document the advantages of PCR for detection of DNA in
synovial fluid® cerebrospinal fluid”® as well as other body
fluids such as blood and urine.” Relatively few, if any
reports, have cited bone marrow as a diagnostic specimen.

The following case reports describe patients who had a
reactive PCR for B. burgdorferi DNA in the bone marrow
and positive B. burgdorferi antibody tests.

From private practice (Dr. Fein), West Caldwell, NJ and BBI-
North American Clinical Laboratories (Dr. Tilton), New Britain,
CT.

Address correspondence to Lesley Fein, 1099 Bloomfield
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Case #1

This 51-year-old female was seen for the first time in
April 1989 with a Lupus-like illness. There were insuffi-
cient clinical and laboratory data to fulfill the American
Rheumatology Association criteria for Systemic Lupus
Erythematosus (SLE). She was treated with nonsteroidal
anti-inflammatory agents. From October 1989 to January
1991, she reported frequent respiratory infections, -sinusi-
tis, increasing joint pains, headaches, and fatigue. She was
started on Plaquenil (hydroxychloroquine sulfate) for
autoimmune arthritis in March 1991, but was sympto-
matic through June of 1991 with frequent upper respirato-
ry infections on intermittent antimicrobial agents. By
September 1991, she complained of severe headaches,
fatigue, nausea, joint swelling, and urinary symptoms.
She was again placed on various regimens of oral antimi-
crobials in addition to Plaquenil and tapering doses of
steroids.

In June 1992 she was admitted to the hospital with
chest pain (left hilar) and aorticopulmonary adenopathy.
All of her laboratory tests were within normal limits,
except antinuclear antibodies (ANA), which were present
at a titer of 1:40. The gallium scan was positive in the left
hilum and mediastinum. An abdominal CT scan was unre-
markable. A biopsy of a mediastinal lymph node revealed
noncaseating granulomas, which were atypical for sar-
coidosis. Progressive improvement was seen through
January of 1993 when she developed an acute influenza-
like illness associated with severe arthritis and neck stiff-
ness. The patient was started on oral Biaxin (clar-
ithromycin) and Suprax (cefixime) for presumptive
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seronegative Lyme disease. Initiation of treatment was
followed by a flare of an acute necrologic syndrome
including vertigo, headaches, and profound fatigue. She
became progressively worse until March 1993 when she
began intravenous antimicrobial (IV) therapy with
Claforan (cefotaxime). By that time her ANA was repeat-
edly negative but she experienced multiple Herxheimer
reactions on Claforan requiring adjustment of dosage.

After 2 months of IV antimicrobial agents, her condi-
tion improved. She had no additional antimicrobials until
March 1994 when she developed gradually recurring
symptoms of headaches, joint pains, fevers, paresthesia,
profound fatigue, and difficulty with word-finding. The
ANA’s remained either negative or weakly positive. An
ELISA antibody test for Lyme disease was performed
with a commercial kit and was reactive on June 2, 1994
but was not confirmed by Western blotting. She was
maintained on Zithromax (azithromycin) and Plaquenil.
She continued to have severe fatigue, requiring total bed
rest. Immunological studies were normal except for IgG
and lambda monoclonal gammopathy. In September
1994, a bone marrow biopsy was performed. The PCR for
B. burgdorferi DNA was reactive. She was again started
on IM 1.2 mu BiCillin (penicillin} on October 3, 1994 and
oral Zithromax 250 mg BID. The patient was maintained
on the above regimen until clinical remission with pro-
gressive improvement of all her symptoms. Repeat
immunological studies continue to be within normal lim-
its.

Case #2

This 59-year-old female was seen for the first time on
April 8, 1994 after being treated by another physician for
Lyme disease. She had multiple influenza-like illnesses in
1992 through 1993 and was treated with short courses of
oral antibiotics. She went to Spain in 1993. This trip was
followed by the onset of severe pain and weakness. The
patient had been a professional singer and could no longer
sing. When tested for Lyme disease, the IgM Western blot
was reactive. She was started on treatment for Lyme dis-
ease in August 1993 consisting of IV Claforan
(Cefotaxime) for 8 weeks. She initially felt better but then
relapsed. Intravenous ampicillin was administered for 1
month followed by Claforan (9 g/d) for 2 weeks which
was reduced to 6 g/d. By May of 1994, there was lack of
response and she was started on IV vancomycin. The
patient responded well but relapsed when vancomycin
was discontinued. Vancomycin was restarted in June of
1994 and the patient responded well.

Therapy was continued through July followed by pulse
vancomycin and BiCillin LA (penicillin). By August
1994, she was very symptomatic with fevers and arthritis.
The IV vancomycin was stopped and Plaquenil started in

Bone Marrow as a Source for Borrelia Burgdorferi DNA/Fein and Tilton

addition to intramuscular (IM) BiCillin. The patient was
noted to have hypogammaglobulinemia and anemia and
treated with IV gammaglobulin and transfusions. The
patient did well until October 1994 when both symptoms
and anemia recurred. The consulting hematologist per-
formed a bone marrow biopsy that was unremarkable
except for a positive PCR (B. burgdorferi). By November
1994 she had recurrent fevers and arthritis. Her anemia is
stable on Epogen (epoetin alpha) and her strength is
improving on Plaquenil. She has had two gammaglobulin
transfusions for recurrent hypogammaglobulinemia.
Throughout this time, both her IgG and IgM Westem
blots have remained consistently positive. The patient
now reports that she is feeling better.

DISCUSSION

B. burgdorferi DNA was detected from bone marrow
samples of these patients. The DNA was amplified with
specific primers for the highly conserved OspA (outer sur-
face protein A) gene sequence of B. burgdorferi. The
amplification and detection system used detected 10
copies of the OspA gene in the sample. The unique OspA
primers are highly specific for B. burgdorferi and do not
cross-react with closely related organisms such as B. herm-
sii. Known positive serum and urine samples, as well as a
standard curve of B. burgdorferi DNA are included in each
assay to confirm assay sensitivity and reproducibility
throughout the sample processing, amplification and
detection steps. Since PCR can be adversely affected by
inhibitors of Taq polymerase commonly found in clinical
specimens, all samples are required to pass a strict inhibi-
tion test that consists of the amplification, and detection of
a small amount of a known DNA sequence added to an
aliquot of the test sample. Samples that fail the inhibition
test are repurified and retested. Negative controls included
a series of buffer controls, extracts from normal human
cells, and negative patient material. All negative controls
must test negative before the PCR process can be validat-
ed. Amplification products were detected using a propri-
etary microtiter-based capture hybridization assay for the
OspA gene. This system generates a strong signal with
greater sensitivity than conventional hybridization formats.
Southern blot hybridization with nonradioactive alkaline
phosphatase probes specific for the OspA sequence, was
used as a confirmatory method for amplicon detection.

To assure the validity of the sensitive PCR system,
stringent quality control practices were observed. Sample
processing, preparation, and reagent formulation func-
tions were carried out in separate areas within the labora-
tory dedicated exclusively for PCR. Reagents were
pretested and prealiquoted for one time usage. Further
precautions included the use of uracil-N-glycosylase to
minimize amplicon cross-contamination. In cases such as
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these, the presence of B. burgdorferi DNA can be detect-
ed in patients with active infection. Body fluids have been
shown to contain small levels of Borrelia, which may be
difficult to detect by culture, but may be detectable with
the use of the PCR assay that is capable of detecting as lit-
tle as the equivalent of less than 10 organisms per mL of
fluid.? This laboratory performs more than 2500 PCR
tests per month for a variety of infectious agents and has
never had a contamination incident. Manak et al'® sug-
gested that PCR reactivity could be cyclical. That is, B.
burgdorferi DNA may be released into the circulation in
small amounts at unpredictable time intervals but appar-
ently associated with antibiotic therapy. They also report-
cd that reactive PCR tests may be observed in patients
with no detectable antibody to B. burgdorferi and who
fulfilled the Centers for Disease Control’s criteria for
Lyme disease. Of 16 patients with chronic Lyme disease
and a reactive PCR, only 4 were seropositive.

The significance of B. burgdorferi DNA in the bone
marrow is unclear. Some investigators believe that B.
burgdorferi is an intracellular bacterium. It is possible
that the bone marrow serves as a reservoir for the Lyme
disease agent and that sporadic appearance of nucleic acid
in the circulation occurs after a DNA shower from the
bone marrow, possibly stimulated by antimicrobial
induced cell lysis. Thus, the bone marrow biopsy, albeit
invasive, may prove to be a clinically significant proce-
dure in a patient whose signs and symptoms are not sufti-

ciently focused to rule out other diseases.

Unlike many suspected Lyme disease patients, these 2
individuals had a serologic diagnosis of Lyme disease and
received extensive and seemingly adequate antibiotic
treatment over a several-year period. They developed
hematologic abnormalities, which resulted in a bone mar-
row biopsy. Symptoms of Lyme disease persisted in spite
of aggressive treatment.

This report demonstrates several phenomena:

1. Despite aggressive IV and oral antimicrobial treat-
ment, B. burgdorferi may persist in sequestered areas of
the body such as bone marrow.

2. The yield on PCR testing for Lyme disease may be
enhanced by testing bone marrow specimens or, by
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extrapolation, testing leukocytes, ie, buffy coat, where the
organism may reside intracellularly protected from
immune defenses. The bone marrow provides a specimen
resource rich in nucleated cells, which may harbor the
spirochete in dormant or active form. We clearly do not
advocate this invasive testing for all patients but rather
those who are refractory to standard therapy and have
concomitant immunologic or hematologic abnormalities.

3. There does not appear to be a clear correlation
between reactive Lyme serology and PCR positivity,
although one patient had a persistently positive IgG and
IgM Western blot and the other a positive ELISA test.

In conclusion, these case reports suggest that bone
marrow may be an important site for detection of B.
burgdorferi DNA.
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Kenneth B. Liegner, MD; Paul Duray, MD; Martha Agricola, FNP; Carl Rosenkilde, MD, PhD; Lawrence A. Yannuzzi, MD;
Martina Ziska, MD; Richard C. Tilton, PhD; Dagmar Hulinska, PhD; Jeff Hubbard, MD; and Brian A. Fallon, MD

ABSTRACT

Intensive study of four patients with chronic meningo-
encephalomyelitis believed due to Lyme disease revealed
seronegativity and/or variable seroreactivity and chronic
persistent infection as common threads. Evaluation of these
complex cases required determined study over time using all

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

histochemical, electron micrographic, direct antigen detec-
tion as well as standard serologic methods) on tissues as well
as serial study of blood, cerebrospinal fluid (CSF) and urine.
Prolonged intravenous antibiotic therapy conferred clinical
benefit in each case and withholding of treatment resulted in

clinical deterioration.
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INTRODUCTION

It is commonly held that patients with late Lyme dis-
ease are almost invariably seropositive! and antibiotic
treatment of limited duration is generally curative.?
However, the phenomenology of chronic neuroborreliosis
has not been fully elucidated.® We have encountered a
significant number of patients who have been seronega-
tive for months to years despite serious neurologic illness
of long standing thought due to Lyme disease. Antibiotic
treatment in these cases, while conferring benefit, has
seemed unable to eradicate the infection regardless of
route of administration or duration of therapy. Four such
cases of chronic meningoencephalomyelitis have been
extensively studied and their response to treatment care-
fully documented. Detailed presentation of these cases
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may serve to illumine this cryptic disorder, which can be
as difficult to treat as it is to diagnose.

CASE REPORTS

Case #1

A 39-year-old woman with a two-year history of pro-
gressing spastic quadraparesis, cranial nerve palsies, and
persistent unexplained CSF pleocytosis was evaluated
beginning in 1989. She had been diagnosed with idio-
pathic thrombocytopenic purpura (ITP) in 1975 and
underwent splenectomy in 1976. She had lived in north-
ern Westchester county, New York and northern
California but gave no history of tick attachments or of
erythema migrans.

No diagnosis was established after a year of observation
and testing, and serologic studies for Lyme disease in
serum and CSF were repeatedly negative. CSF examina-
tion in 1990 showed lymphocytic pleocytosis, elevated
IgG, and absence of oligoclonal bands or myelin basic pro-
tein. Anticardiolipin and antinuclear antibodies were pre-
sent and Raji cell assay and C1Q immune complexes were
elevated. HIV and HTLV-1 antibodies were negative.

An empiric trial of intravenous antibiotic treatment
with cefotaxime (CFOTX) for 21 days in April 1990
resulted in no clinical improvement and no change in
CSF pleocytosis. Thereafter she was treated with 4
months of minocycline with no clinical benefit. The
patient remained wheelchair-bound.
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Fig 1, Case 1: Computed axial tomography of the chest showing sizable
pleuropericardial effusions that developed after institution of high dose
corticosteroids for the patient’’s “lupus-like"” illness.

Fig 3, Case 1: Modified Steiner silver stain showing spirochete-compati-
ble form within pericardial tissue [original magnification 1000X ].

B. burgdorferi grew from CSF in December 1991 at
which time the patient first became seropositive despite at
least 4 years of clinical illness. She was treated with
CFOTX (4 g IV Q 8 hrs once weekly) with complete res-
olution of pleocytosis after 13 weeks and constitutional
symptoms improved. Despite continuation of once weekly
IV therapy for 10 months, there was gradual neurologic
deterioration. Intravenous antibiotics were discontinued
December 1992.

Methylprednisolone sodium succinate was given intra-
venously, 1 g daily for 5 days, followed by prednisonc
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Fig 2, Case 1: Hematoxylin and eosin stain of pericardium removed
when pericardial “window” was created, showing pericarditis with
infiltration by plasma cells and macrophages [original magnification
400x].

Fig 4, Case 1: Phycoerythrin stain of pericardial tissue demonstrating
up-take by spirochetal-compatible form [original magnification 1000X ].

over a six-week period for the possibility of systemic
lupus erythematosus. Pleural effusions developed within
one week of starting steroids along with severe
encephalopathy and debilitation. She could not remember
conversations held minutes earlier and was unable to hold
a cup, roll over in bed, or transfer from bed to wheelchair.
Computed axial tomography of the chest revealed pleu-
ropericardial effusions (Fig 1).

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

Intravenous CFOTX 6 g daily was administered for the
next 3fi months with dramatic improvement of her
encephalopathy. The pleuropericardial effusions
improved (Fig 6). The patient was able to walk 500 feet
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Fig 5, Case 1: Touch preparation of pericardium, showing spirochete-
compatible structure [original magnification 1000x],

with a rolling walker and was able to go home. A further
3 months of daily CFOTX was administered but the
patient’s health insurer refused authorization for any sub-
sequent intravenous antibiotic therapy.

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

Several specimens of plasma and urine between
February and July of 1995 were found to be PCR positive
for B. burgdorferi-specific DNA. From July 1995 through
April 1996 the patient was treated with intramuscular ben-
zathine penicillin. On this treatment she felt poorly,
encephalopathy worsened, and she lost the ability to
ambulate. Plasma PCR for B burgdorferi-specific DNA
was again positive February 1996. CSF analysis March
1996 showed 14 lymphocytes/mm?, elevated protein (57
mg %) and slight elevation of IgG. Oligoclonal bands
were present in both CSF and serum. Myelin basic protein
was absent. CSF Lyme PCR and OspA antigen were neg-
ative as were Lyme-specific immune complexes in serum
and CSF. Authorization for additional intravenous antibi-
otic therapy was refused by the insurer. Encephalopathy
and debilitation worsened (Table I).

Case #2

In the fall of 1985 a 61-year-old outdoorsman residing
in the Catskill region of New York State developed a
large round rash on one thigh. A physician was consulted
but no treatment was given. The following winter unre-
lenting headache, low grade fever, paresthesias and trun-
cal instability developed. Lumbar puncture demonstrated
lymphocytic pleocytosis. Lyme ELISA was negative.
Dysphasia and a progressive stroke syndrome developed.
A diagnosis of “vasculitis” was given and the patient was

Chronic Lyme Meningoencephalomyelitides/Liegner et al

Fig 6, Case 1: Computerized axial tomography of chest at comparable
level to Figure 1, after patient had received some two months of daily
intravenous cefotaxime following creation of pericardial “window.”
Pericardial effusion and bilateral pleural effusions are significantly
diminished.
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Fig 7, Case 2: Computerized axial tomography of the head showing
massive hydrocephalus, May 1992, 6fi years after an untreated skin
eruption historically compatible with erythema migrans.

treated with steroids and cyclophosphamide for a number
of months with progressive deterioration to a level of
functioning slightly above a persistent vegetative state.
Lyme ELISA was positive in 1988. Treatment with intra-
muscular ceftriaxone (CFTRX) for 14 days resulted in
slight improvement.

In 1992, computed axial tomography of the brain
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Fig 8 Case 2: Coronal section of brain at level of the temporal horns Fig 9, Case 2: Floor of the fourth ventricle and brainstem viewed fol-
showing massive hydrocephalus at autopsy, July 1993 lowing removal of cerebellum, at autopsy, July 1993. Prominent
ependymitis is evident,

Fig 10, Case 2: Section through cerebellar cortex overlying floor of the Fig 11, Case 2: Floor of the IVth ventricle showing mixed granuloma-
Sfourth ventricle ar the foramen of Luschka, showing florid granuloma- tous and acute inflammation [original magnification 40 X ],

tous meningoencephalitis and ependymitis [original magnification

40 X |.

|

ik ; |

* == . ST SN Fig 13, Case 2: Higher power view of the foramen of Luschka granulo-

Fig 12, Case 2: Anterior quadrant of thoracic spinal cord showing matous inflammation showing giant cells, mononuclear cells, and poly-
meningitis and focal myelitis [original magnification 40 X . morphonuclear leitkocytes [original magnification 400 X |.

Chronic Lyme Meningoencephalomyelitides/Liegner et al 65
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Fig 14-1, Case 2: Transmission electron microscopy of brain tissue from
a formaldehyde-fixed autopsy. This cross section shows localization of
dense bacteria (arrows) in collagen fibers (cf) and in fibroblast (f) near
an altered capillary (ac). nc indicates the nucleus of the fibroblast.
Denotation A, B, and C indicate the locations where bacterial structures
were visualized [original magnification 12,500; 1 um = 12.5 mm (scale
bar)].
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Fig 15-1B, Case 2: High magnification insert from Fig. 14, location B
shows cluster of bacteria (arrows) cut in varying diameters. Some sec-
tions are from the thin longitudinal ends and some are from central 0.22
micron thick dense region of the spirochetes (arrow) [original magnifi-
cation 60,400x, uranyl acetate, lead citrate].

showed massive hydrocephalus (Fig 7). Electro-
encephalogram revealed status epilepticus and phenobar-
bital was prescribed. Lyme serology was negative in one
laboratory, yet positive in another. Western blot was non-
diagnostic, showing only a 41 kiloDalton band. CSF
examination revealed the presence of oligoclonal bands
without myelin basic protein and very elevated CSF IgG.
Serum showed elevated C1Q immune complexes. OspA
antigen capture assay in CSF was strongly positive.

The patient was given daily intravenous CFTRX for
one month, then weekly CFOTX (4 g IV Q 8 hr x 3 doses)
for one year, with modest improvement in his neurologic
status. The patient succumbed to his disease July 1993.
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Fig 15-1A, Case 2: High magnification insert from Fig 14-1, location A.
Arrow points to cross section of spirochetal bacteria-compatible struc-
ture with dense ribosomes surrounded by a surface membrane near the
collagen fibers (cf) [original magnification 46,400x, uranyl acetate, lead
citrate].

Fig 16-1. Case 2: View of brain section through axodentritic terminals
near a blood vessel surrounded by pericytes (cp) [original magnification
3900x, formaldehyde-fixed tissues]. At the synapse (sd) the intracellular
gap is increased (arrow) and there is dense extracellular material
applied to the cytoplasmic side from which insert is made.

Fig 16-1A, Case 2. Insert shows some sections of dense ribosome-rich
bacteria (arrow) surrounded by a neuroglial process (ap) with mito-
chondria (m) and by dendritic terminals (dt) [original magnification
52,600x, uranyl acetate, lead citrate]

Journal of Spirochetal and Tick-borne Diseases © Vol. 4, Fall/Winter 1997



Clinlcal

10/83 61 year old Catskill reglon outdocorsman
davelops eruption compatible with erythema
migrans one thigh.

1/86 Develops unrelenting headaches,low grade
fever, paresthesias, truncal instability. Evolves to
progressive stroke syndrome.

Diagnosis of "vasculitis” made.

Progressive neurologic deterioration

Slight improvement noted.

1988-1992 patient cared for at home. Exists at
primitive level of neurologic function; dependent on
others for total care.

5/92 status epilepticus; primitive emotive
vocalization; slightly above vegetative state.

7/92-6/93 modest neurologic improvement
corroborated by visiting nurses.

7/93 patient dles.

Table il {Case 2)

Diagnostics Treatment

1/86 CSF lymphocytic pleocytosis. Lyme Elisa
negative.

Winter-Spring1986 prednisone and
cytoxan given

1988 Lyme Elisa +
CFTRX 2 g/day IM X 14 days

5/92 CSF: WBC WNL CSF IgG 17.2 mg/DI CSF

1gG synthesis rate 43.4 mg/24 hr. OCB + CSF

MBP neg. CSF OspA antigen + 0.12/.04 CSF

Lyme speclific immune complexes strongly +(P.

Coyle); serum C1Q immune complexes + 37.5

meg AHG Eq/M ACLA IgG 25.9 GPL Lyme

Elisa seroequivocal. WB negative.
5/92-8/92 CFTRX 2 g/day X 28d
7/92-6/83"pulse” CFOTX4gIvVQ 8
X 3 consec. doses weekly.

2/93 Lyme Elisa .150/.107 WB negative C1Q
immune complexes 54.4 meg AHG Eq/M

Autopsy: fulminant meningoencephalomyelitis
and ependymitis; CSF OspA antigen + .087/.074
Lyme-specific immune complexes 1gG +
.9447.053 (P. Coyle); Silver staining and
immunohistochemistry fails to reveal any definite
spirochete-compatible structures (P. Duray, M.
Philipp). Bb PCR positive widely in CNS tissues;
Electron microscopy reveals borrelia- compatible

structures (D. Hulinska)

Autopsy revealed severe hydrocephalus (Figs 8,9) and
florid meningoencephalomyelitis and ependymitis (Figs
10-13). The CSF was positive for OspA antigen and
Lyme-specific immune complexes. Spirochetes were not
visualized on histopathologic and immunohistochemical
study by light microscopy but borrelia-compatible struc-
tures were visualized in formalin-fixed tissues studied by
electron microscopy (Figs 14-16) and brain tissue and dura
mater were PCR positive for detection of B. burgdorferi-
specific oligonucleotides (Figs 17A,B)” (Table II).

Case 3

A 37-year-old woman removed a tiny tick from her left
shin in the spring of 1982 while visiting Dutchess County,
New York and developed an eruption about the site that
persisted for several years. Biopsy of the lesion was read
as granuloma annulare. Multisystem symptomatology
developed within months of the attachment including

Chronic Lyme Meningoencephalomyelitides/Liegner et al

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

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

In the spring of 1993 the patient used minocycline spo-
radically, and in the summer of 1993 she developed neu-
rologic symptoms. MRI of the cervical spinal cord
showed high intensity lesions (Fig 18). Cerebrospinal
fluid examination revealed 70 cells (mostly lymphocytes)
and markedly elevated protein and IgG. Oligoclonal
bands were present in CSF but myelin basic protein was
within normal limits. Lyme serologic tests were negative
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Marker
18 Up

1456 BB

1456 GG

1456 PC

1456 2x PC

1456 VS

Neural

tissue

Fig 17-A, Case 2: PCR detection of B. burgdorferi in brain autopsy tis-
sues. DNA mass was isolated by the DNA QIA Amp Tissue kit QIAGEN
(Boehringer Manheim) and subjected to analysis by PCR amplification
using primers BB, GG, PC, VS. The reqction products were elec-
trophoresed in 1.5% agarose gel and detected by UV transillumination
after being stained with ethidium bromide. Lanes 2,3,6 did not contain
PCR products with European primer sets BB, BG (for B. garinii), VS
(for B. afzelii). Lane I contains DNA marker pUC18 Hae Il digest
(Sigma), lanes 4 & 5 contain PCR products amplified with primer set
PC from a North American isolate.

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

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

The patient has been maintained on weekly intramus-
cular benzathine penicillin (4.8 million units IM), com-
bined with azithromycin (750 mg/day) since that time,
remaining clinically well. Western blots from February
1996 showed the 39 kDa band on IgM blot and 28, 30, 39,
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Marker
18 Up
1461 BB

1461 GG

1461 PC

1461 2x PC

1461 VS

Dura Mater

Fig 17-B, Case 2: PCR detection of B. burgdorferi DNA in dura mater
using primers BB, GG, PC, VS, and Fla IIl. Lanes 2, 3, & 6 did not con-
tain PCR product. Lanes 4 & 5 contain PCR product with primer set PC
(fragment of 102 base-pairs and lane 7 contain a specific fragment of
372 base pairs).

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

Case 4

In October 1989 a 40-year-old fire captain developed
optic neuritis, constitutional symptoms, and progressive
neurologic symptomatology believed on clinical grounds
to be multiple sclerosis. MRI of the neuraxis showed
hyperintense lesions at a variety of levels. CSF examina-
tion was not performed. His condition progressively dete-
riorated to a wheelchair-bound status despite treatment for
multiple sclerosis, including beta interferon. There was no
history of deer tick attachments nor of erythema migrans
but he had had a large-type tick attachment occurring in
the 1970s on Parris Island, South Carolina, followed by
some joint symptoms. He had spent a great deal of time in
shore areas of Rhode Island, Connecticut, and
Massachusetts. All Lyme serologic tests and research
assays in blood and CSF were negative in September
1994 and CSF showed a pattern thought pathognomonic
for multiple sclerosis.

In view of the patient’s lack of response to treatment

Journal of Spirochetal and Tick-borne Diseases © Vol. 4, Fall/Winter 1997
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Table IV {Case 4)
Chiniea! Diagnostics Treatment
ABIs Tick removed while Marine at Paris Island,
BN Larona
19603 SEMImIeTs 00 CoaLi

Comnectand B
In'deer; a'so hikes on Block Island and
dhenia fwa Wadth HA, Rhode |sland.

AN -7 realte. of leniosynovias base of one
UMK also knee pamn

169 Righl optic neurilis 1989 Lyme Elisa neg

119G Right optic neurilis, TP M OF AN, GR VBEASEY NSNS COGNS
radiala

390 Back pain MRI LS spine L4-5 disc protiusions
W90 Kitee pain,

L4-5 discectomy HNP

1M1 Faligue, snoulcer pau

1T Fresumplive M B Sagnset, Winker-Spong
needs cang o walk

AL 1Y & B A | 1 T Benesl
Spring '92 prednisone giveni; no
benefil

TRAAL Leg WRSATTLS, SONNCEDE, DRpEECn
£ LOBEE WOIR.

Y93 Worsening Neuroiogic skalus.

12192 Dysartine, nystagmes, hwetacuve refexes,
ASITOAY, BYMPET, SCAnNg

PequEres wlat, »i\! il PG¢
diticulty, Gal lurching. Bakimybs « Mndechiay
Spasiicly Bwer yrinemen

12/93 Bela-Inlerferon: no beneliL

9184 MRI brain muliple nigh intensity lesions
deap white matter periventricular adjzcent body
of lateral veniricie and femporal hom; mid
corebesl, conbelar, pors, and

steehy. 594 CSF: WaC Y protan WAL
+OCH {ranam neg) +MBP CEF 156 6.5 mpth
CSF 10 wymihesa by 128 mgf24 hr VDRL
neg. Pared Lyma Elsas & WBs neg; 8b PCR
neg; serum, urine, CSF; Bb CSF culture neg;
OspA antigen in CSF neg; Lyme-specific
\mMune complexes neg in CSF and seum
Vi LTS BRARES PO, RS 200 10194-5/95 empiric IVAB Rx CFOTH|
2gQshr

11194 Synovitis overlying knuckles

2195 CSF: WEC 0/mm” prol WNL OCB neg in

both CSF & serum MBP neg CSF 1gG 3.9 IgG

synth rate 832 paired Lyme Elisas neg WB.

serum: IgM 43,60,96,93 IgG 62,66,94 OspA

anipen TSF rag, Il Lyme-apecs mmmans

coenglaxzs + iy, g I CEF 00 POR rag

serum, utine. C5F

1 WPEAD OIS COQITON, OGS BFE FETErT, 3795 MR Besker diminished number and size of
oy wl  lesions in deep while matter

weliter, gventuasy wading ol leas! 1007 Linb
rewadtmniy wad apeech mara fuid. Cyclic synovitis

3/35 WB serunmight 30,45,58,93

IgG 41,64,66.80

4795 WB serumcigM 41,43,60,68,93 IgG
39,43,45,58,60,61,62,64,68

6/95 WB serum ight 66,93 IgG 39,84 6/95 Benzathwe PON 2 4 MU
IMiweek begun; azithromycin
added, 500 mg/day.

7195 Berzathine PCN increased 10
4.8 MUweek.

5/95-9195 Chinically deterforates markedly; loses
abity (o ambutate and develops paralysis of
legs Loses bowel and biadder control

0755 MAYof L spme; o mmechanical cawa foo
Peuitiogic impainmest, no new cord lesions

seen.

/95 CSF: WBC 11/mm3 prot 63

OCB + CSF, neg serum MBP 10 2 meg/ml CSF

1gG 84 mg/Dl IgG synlhesrs rale 20 6 mg/24

hr. Paired Elsas

WB serum [gM 60 |ge 39,60
995 CFOTX 2. Q8 1V begun
11/5 CFOTX disconlinued,
imipenemyciiastalin begun 00 .
vQBhr

9/95-3196 Neurologic stalus improves; eventuatly

can wolk severa hundred feel wilh & walker,

3196 GSF: WBC 0/mm® OCB + in CSF and

serum; MBP WNL CSF 19G 67 g/D) IgG

synthesss rate 16 mgi24 hr Bb PCR aeg urine,

plasma, CSF 8b cuturs neg

WBserwm Lgmsmgeassosz CSF: no

bands OkpA shibigen CSF nog. Lyme-

e-oscmmune comrplevds n CSF and serum

pending
4736 Imiperserytiastatin dose
increased to 19 Q 8; anticipale
need for open-ended IVAB

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

MRI of neuraxis at completion of therapy showed
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Abbreviations and Normal Reference Ranges (in parentheses)
for Tables I-IV

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

ANA: antinuclear antbodies

Anti-DS DNA AB: anti-double stranded desoxyribonucleic acid
antibody

C1Q immune complexes: (less than 30 micrograms AHG Eq/mL)
CSF: cerebrospinal fluid

CSF IgG (0.70-3.50 mg/dL)

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

CSF prot: CSF protein (20-45 mg/dL)

HIV: Human immunodeficiency virus

HTLV-1: Human T-cell lymphotropic virus
MBP: myelin basic protein (0-5.0 micrograms/L)
OCB: Oligoclonal bands (absent)

OspA: Outer surface protein A

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

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

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

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

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

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

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

Case 1 showed clinical illness for at least four years
prior to proof of diagnosis. Compelling laboratory evi-
dence for chronic persistent infection was developed
numerous times throughout her course including culture,
demonstration of spirochetal-compatible forms in pericar-
dial biopsy, and repeated PCR positivity all despite prior
and sometimes very prolonged intravenous antibiotics.
Weekly treatment with CFOTX was apparently not ade-
quate to control the infection in her case. Maximal
improvement was seen only after 6 months of daily intra-
venous antibiotic therapy, but the patient had suffered a
degree of irreversible neurologic injury, and had relapses
whenever treatment was discontinued.

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

Chronic Lyme Meningoencephalomyelitides/Liegner et al

= EIED

=
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Fig 18, Case 3: MRI of cervical spine showing high intensity lesion
within the cord in Case 3.

That her borrelial isolate showed resemblance to strains
from the West Coast of the United States on pulse-gel elec-
trophoresis, and that she had lived in California for a few
years prior to the development of her ITP makes one won-
der whether borrelial infection may have caused her ITP.
One attempt to identify B. burgdorferi-specific DNA in tis-
sue in paraffin blocks from the patient’s splenectomy was
negative, however. Her case prompts speculation on the
possible role of borrelial infection in other autoimmune dis-
orders previously thought to be idiopathic.'6:17

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

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

Case 4 demonstrates how closely neuroborreliosis can
mimic multiple sclerosis. Given now that seronegativity
occurs in Lyme disease, distinguishing the two disorders
may be a daunting task. The patient showed resolution of
markers thought to be pathognomonic for multiple sclero-
sis in CSF along with clinical improvement following
intensive intravenous antibiotic treatment. Relapse of
abnormal CSF findings and of neurologic signs occurred
with suspension of intensive treatment. Resolution again
followed a second course of intravenous therapy. This
case suggests that neuroborreliosis may be misdiagnosed
as multiple sclerosis.!®1

On the other hand, a significant body of research data
had been developed in pre-World War II Germany sug-
gesting a relationship between spirochetal infection and
multiple sclerosis.?*2! Steiner averred that the Spirocheta
myelophthora he visualized morphologically resembled
borreliae rather than treponemes.?? Additional studies
using modern direct antigen detection techniques should
be conducted to re-examine a potential relationship
between borrelial infection and multiple sclerosis.

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

CONCLUSION
Chronic persistent infection and seronegativity are not
without precedent in spirochetal disese and are now well
accepted phenomena in syphilis. Prolonged and combina-
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tion antibiotic therapy are being utilized by an increasing
number of clinicians to attempt to avert progressive
neurosyphilis.?® The hypothesis has been proposed that
syphilis may not be a curable infection in the sense of
total bacterial eradication with available treatment
approaches.?’

Relapses following use of potent antibiotics and detec-
tion of the Lyme organism or its DNA following treat-
ment likewise demonstrates an inability to completely
eradicate the pathogen and permanently halt the patholog-
ic process with current methods of treatment in some
patients.?#47 This is a problematic situation because inten-
sive antibiotic treatment is costly, is inconvenient, and
carries associated risk for the patient.*® Such antibiotic
usage may foster the emergence of strains of other types
of bacteria resistant to the antibiotics employed and thus
has public health implications. For some patients, howev-
er, this may be the only presently available alternative to
progressive neurologic deterioration®* In view of this
dilemma, the international biomedical research communi-
ty must give high priority to the development of improved
and/or alternate methods of treatment that can definitively
cure persisting borrelial infections responsible for neuro-
logic and other manifestations of chronic Lyme disease.
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Ixodes scapularis (black legged tick): female, male, and nymph (left to right) compared to Sesame
seeds. (above)

Ixodes scapularis mating adults: female below ventral side facing up and male above dorsal side fac-
ing up. Background squares = 1mm per side.

James L. Occi

Biology Department

Union County College
Cranford, New Jersey 07016
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INFORMATION FOR AUTHORS
AND EDITORIAL POLICY

The following guidelines are in accordance with the
“Uniform Requirements for Manuscripts Submitted to
Biomedical Journals” and the International Committee of
Medical Journal Editors (the “Vancouver Group”) state-
ment, agreed at the January 1993 Meeting.

The Journal of Spirochetal and Tick-borne Diseases
publishes quarterly reviews and original work studies
about any aspect of spirochetal and tick-borne diseases.
The primary purpose is to broaden our understanding
of spirochetal and tick-borne diseases. Special focus
is given to Lyme borreliosis (also known as Lyme
disease), as the most prevalent spirochetal and tick-borne
disease. The clinical topics may involve all medical dis-
ciplines, nursing, and pharmacy, as well as the social,
ethical, and biological features of spirochetal and tick-
borne diseases.

The Journal is composed of two major sections. One
section is devoted to the review of a specific topic that is
established by the Associate Editors, and a special guest
editor is invited to coordinate the development of up to
six manuscripts relating to the specific topic. The second
section of original works is composed of unsolicited
manuscripts that are subsequently reviewed by the
Review Board, as well as external reviewers, depending
on the potential for conflict of interest within the editorial
panel and the potential interest by the readership.

Expeditious review of all manuscripts is carried out
with a projected response time of not more than 6 weeks.
Rejected manuscripts usually are returned to authors
within 6 weeks. Decisions about potentially acceptable
manuscripts may take somewhat longer.

The Journal will publish material defined within the
categories described in the following.

Reviews

Each issue includes a series of state-of-the-art articles
on a topic related to spirochetal and tick-borne diseases.
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The articles represent invited presentation by authorities
in the field on topics related to spirochetal and tick-borne
diseases, with an emphasis on Lyme borreliosis.

Submissions to this category should present a compre-
hensive state-of-the-art analysis and should be accompa-
nied by an abstract of 300 words or less summarizing
major points.

Peer Review Articles

Original articles of 5000 words or less may be submit-
ted to the editorial office. Each article should be accom-
panied by an abstract of 300 words or less describing the
findings of the original research. All articles will be peer
reviewed within a 3-week period with subsequent notifi-
cation to the authors within 5 weeks of submission.

Case Reports

Specific clinical case reports describing a unique
approach to Lyme disease and other related disorders in
the area of diagnosis or treatment may be submitted
for review. An abstract of 250 words or less should
accompany the text.

Correspondence

Letters to the Editor in the form of correspondence
related to material published in the Journal or some
aspect of Lyme borreliosis and other spirochetal and
tick-borne 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. Letters to the Editor should be submitted in
duplicate, typewritten and double-spaced, not exceeding
400 words of text and a maximum of five references.
Letters should have no more than three authors, and
should be signed by all of the authors. Please include a
word count.

Receipt of letters is not acknowledged, but corre-
spondents will be notified when a decision regarding
publication is made.
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Editorials

Editorials may be published, usually at the solicitation
of the Associate Editors, but unsolicited submissions that
relate to an unusual topic of interest exceeding the usual
designation of correspondence, i.e., 1000 words$ or less,
will be considered.

Photographic Section

The topical photographic section will be a regular fea-
ture. Photographs pertinent to articles presented in the
Journal, as well as other photographs related to any
aspect of spirochetal or tick-borne diseases, will be con-
sidered for the publication. The guidelines for the sub-
mission are designated in Illustrations.

Contflict of Interest

The Journal asks authors to disclose at the time of
submission any financial or other arrangements they may
have with a company whose product figures in the sub-
mitted manuscript or with a company making a compet-
ing product. Such information will be held in confidence
while the paper is under review and will not influence the
editorial decision, but if the article is accepted for publi-
cation, the editors will discuss with the authors the man-
ner in which such information is to be communicated to
the reader.

Because the essence of reviews and editorials is selec-
tion and interpretation of the literature, the Journal
expects that authors of such articles will not have any
financial or other interest in a company (or its competi-
tor) that makes a product discussed in the article.
Potential authors who have questions about these issues
should contact the Managing Editor.

Submission of Manuscript
An original and three copies of the manuscript should
be submitted to:

Journal of Spirochetal and Tick-borne Diseases
SLACK Incorporated
6900 Grove Road
Thorofare, NJ 08086

Manuscripts containing original material are accepted
with the understanding that neither the article nor any
part of its essential substance has been or will be pub-
lished or submitted for publication elsewhere before
appearing in the Journal.

All manuscripts should be accompanied by a letter of
copyright transmittal. This must be signed and dated by
all authors. The letter is required before any manuscript
can be considered for publication and should contain the
following wording:
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“In consideration of The Lyme Disease Foundation
taking action in editing my (our) submission, the
author(s) undersigned hereby transfers, assigns, or other-
wise conveys all copyright ownership to The Lyme
Disease Foundation. The copyright so conveyed includes
any and all subsidiary forms of publication, such as elec-
tronic media. The author(s) declares that the manuscript
contains no matter that is, to the best of the author’s
knowledge, libelous or unlawful, or that infringes upon
any U.S. copyright.”

All manuscripts should be submitted with a cover let-
ter indicating the category for which the manuscript
should be reviewed. Copies of any closely related manu-
scripts should be submitted to the Editor along with the
manuscript that is to be considered by the journal.

A cover letter, signed by all authors, should identify
the person (with the address and telephone number)
responsible for negotiations concerning the manuscripts;
the letter should make it clear that the final manuscript
has been seen and approved by all authors and that they
have taken due care to ensure the integrity of the work.
Manuscripts should include a title page, abstract, and
text, with tables, illustrations, and references below.

For the integrity of the published material, manu-
scripts describing clinical aspects of Lyme borreliosis
must disclose: criteria for patient enrollment into the
study and criteria for defining “successful’’ or “nonsuc-
cessful” Lyme borreliosis treatment.

Manuscripts without these requirements will be auto-
matically rejected.

Titles and Author’s Names

With the manuscript, provide a page giving the title
of the article; titles should be concise and descriptive
(not declarative). Also include a running head of fewer
than 40 letter spaces; the name(s) of the author(s),
including the first name(s) and academic degree(s); the
name of the department and institution in which the
work was done; the institutional affiliation of each
author; and the name and address of the author to whom
reprint requests should be addressed. Any grant support
that requires acknowledgment should be mentioned on
this page.

Abstract

Provide on a separate page an abstract of not more
than 300 words (original and review articles) or 250
words (case report). This abstract should consist of four
paragraphs, labeled Background, Methods, Results, and
Conclusion. They should briefly describe the problem
being addressed in the study, how the study was per-
formed, the results, and what the authors conclude from
the results.
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Text

All material should be typed and double-spaced.
Standard sequence of methods and materials, results, and
discussion should be employed with tables and figures
numbered in the order in which they are cited in the text.
A disk in text format should accompany this.

Tables

Submit tables typed and double-spaced and provide a
heading for all columns with a comprehensive title on
separate sheets. A disk copy with a separate file for each
table should be on the disk containing the text.

IMustrations

Photographs and figures should be submitted as glossy
prints 5X7 in., with one copy of each print for each copy
of the manuscript. Figure legends should be provided on a
separate sheet with identification of the figure. The back of
the glossy print should indicate the number of the figure.

References

References should be numbered in order of citation in
the text, following the American Medical Association
guidelines for references. The standard journal abbrevia-
tions from Index Medicus should be followed. Numbered
references to personal communications, unpublished data,
and manuscripts either “in preparation” or “submitted for
publication” are unacceptable.
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Drug Names

Generic names generally should be used. When propri-
etary brands are used in research, include the brand name
in parentheses in the Methods section.

Units of Measure

Authors should express all measurements in conven-
tional units, with Systeme International (SI) units given in
parentheses throughout the text. Figures and tables should
use conventional units, with conversion factors given in
legends or footnotes.

Permissions

Materials taken from other sources must be accompa-
nied by a written statement from both author and publish-
er giving permission to the Journal for reproduction.
Obtain permission in writing from at least one author of
articles still in press, unpublished data, and personal com-
munication. Contributors are obligated to disclose that
submissions constitute their own work unless otherwise
specified. Contributors shall indemnify the Journal for
any claims or actions instituted against the Journal by
individuals claiming that the contribution is not the work
of the contributor.
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