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Abstract

In a search for the spirochetes responsible for
Lyme disease in Hong Kong, a sixty year old female,
with a clinical diagnosis of arthritis, was found to
have a rising antibody titre against Borrelia
burgdorferi by indirect immunofluorescent assay
(IFA).

This paper presents a brief review of Lyme
disease, its epidemiology, clinical features, diagnosis,
prevention and treatment, followed by a report of
this first case of Lyme disease in Hong Kong.
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History

For Americans, a discussion of the history of
Lyme borreliosis usually begins with the story of
two persevering women, Polly Murray and Judith
Mensch of Old Lyme, Connecticut. In the early
1970s, they were concerned about the occurrence
of arthritis in members of their families and in
families of the neighbouring towns of Lyme and
East Haddam. Severe headaches, skin lesions,
and subsequent recurring arthritic and neurologic
symptoms suggested to them that the physicians”
diagnosis of "juvenile rheumatoid arthritis" was
wrong. Their suspicion that something unusunal
was happening was made known to the
Connecticut State Health Department, which
sought help from Dr. Allen Steere of the
Rheumatology Department at Yale University
Medical School. In October 1975, he started a
retrospective study that eventually led to the
description of Lyme arthritis,' which was later
changed to Lyme disease,” a new complex
multisystem disorder of unknown etiology.

Unknown to most Americans, however, is the
earliest reference to manifestations of what today
is known as Lyme borreliosis. In as early as 1909,
the Swedish physician, Dr. Arvid Afzelius,
reported an elderly woman who had a ringlike
skin lesion where she had been bitten by the
sheep tick, Ixodes ricinus.® This characteristic
expanding skin lesion, erythema chronicum
migrans (ECM), has long been associated with
sheep tick bites,” and with tick-borne
meningopolyneuritis in Europe.*” The assaciation
between Lyme Disease and Ixodid ticks is now
well recognized in Europe and the United States
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of America;® it is noted as the most prevalent tick-
borne illness in the coastal regions of North
America;’ and is of world-wide distribution,
_including China.!! These syndromes are now
often subsumed under the name Lyme disease.

Although many theories have been proposed
to explain its etiology,'*!’ the causative agent of
Lyme disease remained elusive until 1982, when
Burgdorferi and associates'® isolated the
spirochete that bears his name Borrelia burgdorferi
from Ixodes dammini in New York, and linked it
serologically to patients with Lyme disease. In the
following few years, numerous workers confirmed
the spirochete nature of the disease.'®* Because
it is infectious in origin but inflammatory or
"rheumatic” in expression, Lyme disease, beyond
its intrinsic interest as a new nosologic entity,
presents a unique human model for an infectious
etiology of rheumatic disease.

Epidemiology

Lyme disease has now been recognized as a
worldwide tickborne borreliosis of public health
importance. It has become the leading
vectorborne infectious disease in the United
States, with more than 40,000 cases reported to
the Centers for Disease Control in the 10-year
period 1982 to 1991.

The Pathogen

Borrelia burgdorferi, the causative agent of
Lyme disease,’®* is a newly discovered
microaerophilic spirochete that is 2 to 20 um
long but only 0.18 to 0.25 pm wide, belonging to
the family Spirochaetaceae. B. burgdorferi occurs
mainly in wild white-footed mice, in deer, and in
ticks of the genus Ixodes. The ticks can transmit
the spirochete to humans by bites at any stage
of the tick’s life cycle (i.e. larval, nymph and
adult). B. burgdorferi is injected into the skin of
an human victim either by infective tick saliva
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during biting, or by infective tick faecal matter
that is deposited on the skin and rubbed into
the bite. The spiral organisms of medical
significance include Leptospira, which causes
human leptospirosis; Treponema, responsible for
the diseases known as treponematoses, such as
syphilis;”* and Borelia, which causes relapsing
fever.”

Tick Vectors

Ticks are not insects, but related to spiders,
scorpions and mites, and placed in the class
Arachnida.?® There are two families of ticks, the
Ixodidae (hard-bodied ticks) and the Argasidae
(soft-bodied ticks), which differ morphologically
and behaviourally. Ixodes is one of the thirteen
genera of Ixodidae, and the principal vector of B.
burgdorferi worldwide.”’

The Hosts

The Ixodes vectors of B. burgdorferi that feed
on humans as incidental hosts also parasitize a
large number of small, medium and large wild and
domestic animals, including hundreds of species of

mammals, reptiles and birds.”**

Global Distribution

Lyme disease is endemic in North America,
across Europe to Asia, including the British Isles,
western Europe and Russia (from the Baltic States
to the Pacific Coast),”* China and Japan, '
Although not yet confirmed by isolation, the
disease has also been reported from Africa, South
America, Australia and India.***¢%

Clinical Features

Lyme disease is an illness having protean
manifestations with symptoms that include:
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(1) an erythematous expanding red annular rash
with central clearing;

(2) fever, headache, stiff neck, nausea, and
vomiting;

(3) neurologic complications such as facial nerve
(Bell's) palsy and meningitis; and

(4) arthritis in about 50% of untreated patients.

These symptoms occur most frequently
from May to November, when ticks are active
and numerous, and people are engaged in many
outdoor activities. =~ The most characteristic
feature of early Lyme disease is a skin rash,
often referred to as erythema chronicum
migrans (ECM), which appears shortly (3-32
days) after a bite from an infected tick. The
lesion typically expands almost uniformly from
the centre of the bite and is usually flat or
slightly indurated with central clearing and
reddening at the periphery. It is noteworthy,
however, that many Lyme disease victims do
not recall being bitten by a tick or do not
develop classic ECM. Indeed one third of the
patients may not develop ECM. On the other
hand, at various intervals after the initial rash,
some patients develop similar but smaller
multiple secondary annular skin lesions that last
for several weeks to months. In approximately
half of the patients, the first sign to appear is
a slowly expanding red rash at the site of the
bite. Beginning as a small flat or raised
lesion, the rash increases in diameter in a
circular pattern and over a period of weeks the
diameter may reach 10-15 inches. It has an
intense red border and a red centre resembling
a bull’s eye. It can vary in shape and is
usually hot to touch. The initial tick bite may
be distinguished from a mosquito bite because
the latter itches, while a tick bite does not.*
Biopsy of these skin lesions reveals lymphocytic
and plasmacytic infiltrates.  Various flulike
symptoms such as malaise, fever, headache, stiff
neck and arthralgias are often associated with
ECM. The spirochete eventually reaches the
brain, and within several weeks or months
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about 15% of the patients develop meningitis,
which may be accompanied by excruciating
headaches and neck pain. There may be
abnormalities of the nervous system that last
for years, ranging from a mild tingling sensation
in the limbs to encephalomyelitis, partial
paralysis, or even mental deterioration. Within
several weeks after the onset of the disease,
approximately 8% of patients show cardiac
involvement indicated by heartbeat irregularity,
dizziness or shortness of breath. Within 2
weeks to 2 years after the beginning of the
disease, 80% of patients develop recurrent
arthritis, and eventually the knees or other
large joints may become swollen and painful.

Much of the damage to the body caused
by B. burgdorferi has been attributed to the
endotoxin in the outer membrane of the
spirochete. ~ The endotoxin is believed to
stimulate macrophages to produce interleukin-1,
a regulator of the body’s immune response.
Over-production of this regulator accounts for
the fever, skin rash and recurrent arthritis that
are characteristics of Lyme disease.® The late
manifestations of Lyme disease may include
migratory and polyarticular arthritis, neurologic
and cardiac involvement with cranial nerve
palsies and radiculopathy, myocarditis and
arrhythmias. Lyme arthritis typically involves a
knee or other large joint. It may enter a
chronic phase, leading to destruction of bone
and joints if left untreated. Interestingly, Lyme
arthritis is less common in Europe than in the
USA, but neurologic complications are more
prevalent in Europe. Unique strain variations
expressing antigenic subtypes between European
and North American isolates of B. burgdorferi
probably explain these dissimilarities.

Diagnosis

Like syphilis, Lyme disease produces a
diverse number of clinical symptoms that can
be confused with many other disease entities.



In many cases the clinical differential is often
complex resulting in heavy reliance on the
laboratory to provide diagnostic evidence,'>*?
However, successful isolation and culture of B.
burgdorferi from skin lesions, blood and joint
and cerebrospinal fluid in suspected cases of
Lyme disease is rare,'* and most common
nonspecific laboratory tests are not helpful in
the differential diagnosis. Thus, serologic tests
provide the most important confirmatory
evidence of all stages of Lyme disease and may
be the only way of diagnosing atypical cases.
The most commonly used serologic tests are the
enzyme-linked immunosorbent assay (ELISA)
and indirect fluorescent-antibody assay (IFA)
which detect the specific antibody against B.
burgdorferi. Since antibodies to other
spirochetes, including Treponema pallidum, can
cross-react, differential diagnosis must be
undertaken using tests such as VDRL, TPHA
or RPR for all specimens showing a positive
reaction towards B. burgdorferi.

In serum, specific IgM antibody titres
against B. burgdorferi usually reach a peak
between the third and sixth week after the
onset of disease; specific IgG antibody titres
rise more slowly and are generally highest
months later when arthritis is present.

On 19 October 1990, the CDC defined
case criteria for reportable disease.” Lyme
disease is one of the diseases for which the
CDC established diagnostic clinical and
‘laboratory criteria, as follows:

Clinical case definition — Erythema migrans,
or at least one late manifestation.

Laboratory criteria for diagnosis — isolation
of B. burgdorferi from clinical specimen, or
demonstration of diagnostic levels of IgM and
IgG antibodies to the spirochete in serum of
CSF, or significant change in IgM or IgG
antibody response to B. burgdorferi in paired
acute and ~onvalescent-phase serum samples.
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Treatment and Prevention

For early stage treatment, in order of
preference, oral tetracycline 250mg four times
a day, phenoxy-methyl penicillin 500mg four
times a day, or erythromycin 250mg four times
a day each for 10 to 20 days depending on the
response, is suggested.*

For meningitis and cranial or peripheral
neuropathies, intravenous penicillin G 20 million
U a day in six divided doses for 10 days is
effective therapy.®

For established Lyme arthritis, treatment
with intra-muscular benzathine penicillin 2.5
million U weekly for 3 weeks has been proven
to be successful.® The affected joint should be
at rest, and accumulated fluid should be
removed by needle aspirations.

In vitro and in vivo susceptibility tests have
suggested that cefuroxime may be an effective
alternative therapy for Lyme disease.”

A few simple precautions will help reduce
possible exposure to Borrelia-infected ticks and
increase protection against Lyme disease.
These include wearing clothing that fully
protects the body and using repellents that
contain DEET (diethyltoluamide).*®  People
should be made aware of the typical early
symptoms of infection, such as the characteristic
skin rash. The potential for human contact
with Irodes ticks as a cause of occasional cases
of locally acquired spotted fever must not be
overlooked.

The Current Investigation

The incidence of Lyme disease has been
increasing considerably world-wide since 1975, but
it has never been documented in Hong Kong; and
the local situation regarding the disease is
unknown. In an attempt to investigate its
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occurrence in Hong Kong, since August 1992, a
survey of seroprevalence has been conducted in
patients with a clinical diagnosis of arthritis.

Blood samples of patients with a clinical
diagnosis of arthritis were collected from ten
different clinical laboratories in Hong Kong.
Whole blood specimens were centrifuged to obtain
sera for assay by indirect immunofluorescent
antibody (IFA) titre to Borrelia burgdorferi (Lyme-
spot IF, Ref. 75941 Bio Mérieux, France); to
rheumatoid factor by agglutination of IgG coated
latex particles (RA80, Eiken Chemical, Japan);
and for antibodies against Treponema pallidum by
haemaglutination assay (TPHA, Fujirebio Inc.,
Japan) and the rapid plasma reagin card test
(RPR reditest, Biokit, Spain) following the
manufacturers’ instructions. Other clinical and
laboratory data relating to the patients were also
collected and recorded as additional information.

For a potential patient to be defined as
positive for antibody to Borrelia burgdorferi, the
patient had to have a clinical diagnosis of arthritis,

a titre of 1:160 or greater for antibody to Borrelia
burgdorferi by indirect immunofluorescent antibody
(IFA), together with non-reactive results in the
remaining three assays, namely: (a) rheumatoid
factor (RA), (b) Treponema pallidum
haemaglutination assay (TPHA) as well as (¢)
rapid plasma reagin (RPR).*

Case Report

In September 1992, a sixty year old female
patient recruited into the scheme mentioned
above with joint pains but no other symptoms of
arthritis was found to provide the results shown in
Table 1. The patient, who had travelled to the US
and Australia prior to seeking medical assistance,
had no previous history of skin lesions, etc. She
was later treated only with a two weeks course of
tetracycline 250mg q.i.d. and has since recovered
from her arthritis. The Borrelia burgdorferi
antibody titre (IFA) in her blood sample has
fallen from 1:320 to less than 1:160 nine months
after the treatment.

Table 1: Laboratory results of the first reported Lyme disease patient in Hong Kong

Test Result (unit) Reference range
Haemoglobin 138 (g/dL) 12.0 - 16.0
Haematocrit 41 (%) 36-48
Red cell count 44 (x 10"1L) 40-50
White cell count 74 (x 10°/L) 5.0-10.0
ESR 35 (mm/hr) 0-20
Hepatitis B surface antigen Negative Negative
Uric Acid 45 (mg/L) 25-75
Rheumatoid factor (RA) Negative Negative
TPHA Negative Negative
RPR Non-reactive Non-reactive
ANA Negative Negative
Borrelia burgdorferi
antibody titre (IFA)

First sample Positive 1:160

Second sample (4 weeks apart) Positive 1:320 < 1:160

Nine months after treatment

Negative < 1:160
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Discussion

The situation regarding Lyme disease in Hong
Kong is unclear. Although little is known about
the prevalence of the Ixodes ticks in this area,
there are several possible routes for Lyme disease
to gain entrance into Hong Kong.

1. Domestic animals, such as dogs and cats, are
found to be commonly infested by B.
burgdorferi carrying Ixodes ticks in endemic
areas.’>*? But pets imported into Hong Kong
are not known to have been de-ticked before
entrance. Irodes ticks have been noted in
pets visiting local veterinarians.*

2. 49 species of birds have been found to be
infested by Ixodes ticks,” and migrating birds
have already been suspected to be a route of
transmitting Lyme disease.*

3. Other than Ixodes ticks, possible transmission
of B. burgdorferi to humans by blood-sucking
insects such as fleas, mosquitoes and horse
flies has been reported.”**

4. The tremendously high volume of visitors, re-
immigrants, and travellers to and from
endemic areas each year has increased largely
the possibility of Lyme disease infection.

Like syphilis, Lyme disease has been called a
"great imitator” and is often difficult to diagnose
clinically.  Less than one third of patients
presenting with ECM recall having been bitten by
ticks.>”® Up to 50% of patients presenting with
Lyme arthritis may not recall the pathognomonic
ECM rash, flulike illness, or tick bite.* The ECM
rash may be unrecognized or mistaken for another
annular dermatosis. Even in endemic areas of the
United States, such as eastern New York and
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Connecticut, ECM went unrecognized by most
physicians until the early 1980s. In children, the
rash can be totally missed, when occurring in the
scalp area or other unobserved locations.>®

In almost all clinical bacteriological
investigations, laboratory culture of causative
microorganisms is the prime tool for diagnosis;
however, for the screening of Lyme disease,
laboratory culture is not a practical option.
Isolation of Borrelia burgdorferi from blood serum,
joint fluid, cerebrospinal fluid, or tissue has
proven to be very difficult, if not impossible.
Successful positive cultures have been reported in
less than 5% of patients with otherwise proven
Lyme disease.?

Nearly all patients with Lyme arthritis have
antibodies to Borrelia burgdorferi detectable in
their sera. Antibody screening, therefore, remains
the most practical method for the detection of the
disease, pending the discovery of a better, more
reliable, faster methodology.  False-positive
results, attributable to antibodies cross-reactive to
Borrelia burgdorferi, can also be seen, however, in
the serum of patients with other spirochetal
infections.”” Thus, confirmation of the diagnosis
of Lyme disease is only possible if results obtained
from the TPHA and RPR test are negative.

Routine laboratory testing is often not helpful
in the differential diagnosis of Lyme disease, since
some patients with Lyme disease may not have
laboratory abnormalities. Table 2 summarizes
laboratory findings during early Lyme disease,
where rheumatoid factor (RF) and ANA are
typically absent from the sera of Lyme disease
patients' and, as can be seen from the results, less
than 60% showed any abnormality.

Table 2: Laboratory Findings in Early Lyme disease.”

Test Number of patients (%) with abnormal values* Median (range) of abnormal values
Haematocrit 37 (12) 35 (31 - 36)

Leukocytes  >10 cells x 10%/mm’ 24 (8) 12 (11 - 18)

ESR >20 mm/hr 166 (53) 35 (21 - 68)

IgM >250 mg/dL 104 (33) 310 (252 - 930)

*Total number of patients = 314
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The availability of laboratory tests and the
awareness of clinicians for ordering the test
therefore play the most important roles in
diagnosing the disease. However, most clinical
laboratories in Hong Kong do not carry out the
test for Lyme disease and it is not included in
“arthritis profile test". A recent survey of eight
local laboratories revealed that clinicians ordered
the test for Lyme disease less than once per year
per laboratory. It is not surprising that, although
Lyme disease is such a worldwide illness,
previolsly there has not been one single case
officially reported in Hong Kong.

It has been reported that Lyme disease is
endemic in China in the forested northeastern
regions, particularly in Hailongjiang and Jilin
Provinces;!'° yet little is known about Ixodid ticks
in Hong Kong. It is not known whether this first
reported case of Lyme disease is due to a local
infection or not. However, the clinical
manifestations together with a seropositive rising
titre of antibody to Borrelia burgdorferi by IFA has
already met the criteria for national reporting of
Lyme disease in the United States.” The
Department of Health of the Hong Kong
Government has confirmed with the authors that
no cases of Lyme disease have been reported in
Hong Kong® and, therefore, we consider the
present investigation to be the first. The possible
reservoirs of the vectors for the spirochete —
Borrelia burgdorferi — are now being studied.

Acknowledgements

The University of Hong Kong for financial
and supervisory support; Dr. Chi Wing Chan,
Consultant Pathologist at the Hong Kong Central
Hospital for reviewing the manuscript; all those
who gave of their time during the survey; and the

patients involved for their cooperation. [l

References

1. Steere AC, Malawista SE, Snydman DR, ef al. Lyme arhritis: An epidemic
of oligoarthritis in children and adults in three Connecticut communities.
Arthritis Rheum 1977; 20: 7-17.

376

10.

11.

12.

13.

14

15.

17.

18.

15.

21.

29.

3L

Steere AC, ef al. Erythema chronicum migrans and Lyme arthritis: The

enlarging clinical spectrum. Ann frntem Med 1977, 86: 685-698.

Afzelius A, Verbandlungen der Der logischen gesellschaft zu

Stockholm. Arch Derm Syph 1910; 101: 404.

Thone AW. Irodes ricinus and erythema chronicum migrans (Afzelius).

Dermatologica 1968; 136: 57-60.

Wallis RC, Brown SE, Kloter K, Main A. Eryth chronicum mig and

Lyme arthritis: Field study of ticks. Ann J Epidemiol 1078; 108: 322-327.

Garin-Bujadoux C. Paralysic par lestiques. J Med Lyone 1922; 71: 765767,

Bannwarth A. Zur Klinik und Pathogenese der “chronischen lymphozytaren

Meningitis” Arch Psychiat, Nervenkr 1944; 117: 161-185.

McCarty D). Arthritis and allied fiti A textbook of rh logy. ed
11. Lea & Febiger, Philadelphia. 1989; 1955pp.

Hyland KE, Amr Z$, Hu R. Lyme borreliosis and other lick-borne diseases
in Rhode Island, Rhode Island MedJ 1988; 71: 475-486.

Al C, Wea Y, Zhang Y. Clinical manifestation and epidemiological
h istics of Lyme di in Hailin County, Heilongjiang Province,
China. Ann New York Acad Sci 1988; 539: 302-313.

Ai C, Hu R, Hyland KF. Epidemioclogical and aetiological evidence for

of Lyme di by adult Ixodes persulcatus in an endemic area

in China. Int J Epidemiol 1990; 19: 1061-1065.

Lipschutz B. Uecber eine seltene Erythemform (Erythema chronicum
migrans). Arch Derm Syph 1913; 118: 349,

Hellerstrom S. Erythema chronicum rmigrans Afzelii. Acta Derm Venereol
1930; 11: 315,

Askani H. Zur Atiologie des Eryth hroni ig D. {
Wacherschr 1936; 102: 125.

Binder E, Doepfmer R, Hi in O. Expen
Erythema chroni igrans von Mensch zu M
454,

Weber K. Erythema chronicum migrans Meningitis - ¢ine bakterielle
Infektionskrankheit? Munch Med Wochenschr 1974; 116: 1993.

Degos R, Tourraine R, Arouete J. L'erythema chronicum migrans. Syph
1962; 89: 247.

Burgdorfer W, Barbour AG, Hayes SF, Benach JL, Grunwaldt E, Davis JP.

Lyme disease ~ A tick-bome spirochetosis? Science 1982; 216: 1317-1319,

Benach JL, Bosler EM, Hanrahn JP. Spirochetes isolated from the blood

of two patients with Lyme disease. N Engl J Med 1983; 308: 740-742.

Bosler EM, Col JL, Benach, JL. N ! distribution of the Irodes

dammini spirochetes. Science 1983; 220: 321-322.

Burgdorfer W & Keirans JE. Ticks and Lyme disease in the United states.

Ann inlern Med 1983; 99: 121.

Steere AC, Groudzicki RL, Komblait AN. The spirochete etiology of Lyme

disease, N. EnglJ Med 1983; 308: 733-740.

Steere AC, Bartenhagen NH, Craft JE. The early clinical manifestation of

Lyme discase. Ann Intem Med 1982; 99: 76-82.

Holmes KK. Spirochetal disease. In: Wintrobe MM, ed. Harrison's

Principles of Internal Medicine ed 7. McGraw-Hill Co. 1974; 876.

Southem PMIJR & Sanford JP. Relapsing fever. Medicine 1969; 48: 129.

Krantz GW. A Manual of Acarclogy ed 2. Corvallis 1978 Oregon State
University.

Baosler EM. Tick Vectors and Hosts, In: Coyle FK ed. Lyme diseasre. Moshy

Year-book Inc, 1993; 18-19,

Mamschka FR, Eiffert H, Ohlenbusch A, Spielman A. Amplifying role of

edible dormice in Lyme di ission in central Europe. J Infect Dis

1994; 170: 122-27.

Anderson JF. Mammalian and avian reservoirs for Borrelia burgdorferi. Ann

NY Acad Sei 1988; 539: 180.

And JF. Epizootiology of Borrelia in Ixodes tick vectors and reservolr

hosts. Rev Infect Dis 2 (Suppl 6) 1989; S: 1451.

Lane RS, Piesman J, Burgdorferi W. Lyme borreliosis: relation of is

causalive agent to its vector and hosts in North America and Europe. 4nn

Rev Entomol 1991; 36: 587.

Dekonenko ET, et al. Lyme borreliosis in the Sovier Union: a cooperative

US-USSR report. J Infect Dis 1988; 158: 748,

Schmid GP. The global distribution of Lyme disease. Rev Infect Dis 1985;

7:41.

Al CX. Lyme disease in China. In Stanek, editor: Lyme borreliosic i,

Zentralbl Bakteriol Mikvobiol Hyg [A] (suppl) New York, Gustav Fischer

1989; 18: 76.

Carlberg H & Naito S. Lyme borreliosis — a review and preseni situation

in Japan. J Dermatol 1991; 18: 125.

la ubertragung des
h. He 1955; 6

(Continued on page 378)



Lyme Disease

47,

378

Schafrank SN, Kurba AK, Martone G. Lyme disease acquired in South

Africa. Arch Dermatol 1990; 126: 685.

Stewart A, ef of. Lyme arthrilis in the Hunter Valley. Med J Aust 1982; 1:

139,

Patial RE, ef o/, Lyme distase in a Shimla boy. JAP India 1990; 38(7): 503-

4,

Schmitz J. After the bite. Hippocrates May, 1989,

Barbour AG & Fish D. The biclogical and social significance of Lyme

disease. Scierice 1993; 260: 1610-1616.

Gologhty M Dattwyler. Lyme disease vs. rheumatic disease.

Immunopathology 1986; 10: 4.

Steere AC, Grodzicki MS, Komblatt AN. The spirochetal etiology of Lyme

disease. N Engl J Med 1983; 308: 733,

Anonymous. Lyme disease surveillance United States 1989-1990. MMWR;

1991; 40: 417.

Steere AC, ef al. Treatment of the early manifestations of Lyme disease.

Ann Interm Med 1983; 99: 22-26.

Steere AC, Pachner AR, and Mal

Lyme di & fal

Ann Intern Med. 1983; 99: 767-772.

Steere AC, ef al. Successful parenteral antibiotic therapy of established

Lyme arthritis. N Engl J Med 1985; 312: 869-874

Joh RC,etal. C in vitro and in vivo susceptibilities of the

Lyme di pirochete Bomelia burgdorferi 1o cefuroxime and other
timicrobial egents. Antimicrobial Agents and Chemotherapy. 1990; 34(11):

SE. Ni 1roie ah lities of

-

with high-dose intravenous penidllin.

21336.

49.

50,

51,

52,

53.

54.

55.

6.

7.

58.

59.

61.

Anderson JF. Preventing Lyme discase. Rheum Clin North Am 1989 15:
757.
Magnarelli LA, Anderson JF, Johnson RC. Cross-reactivity in serological

tests for Lyme disease and other spirochetal infections. J Infect Dis 1987,
156: 183,

Serologic studies of the occurrence of Borelia burgdorfer in
animals in Berlin. Berl-Murch-Tierarztl-Wochenschr. 1990 Nov 1; 103(11):
374-8.

Antibodies to Borreli
1990; 34(12): 1005-12.
Eng TR, «f al. Greater risk of Bomelia burgdorferi infection in dogs than
people. J infect Dis 1988; 158: 1410.

Personal communication. Dr. E Leong DVM, 1994,

Lord R. (In press).

Luger SW. Lyme disease transmitted by a biting fty. N Engl J Med 199(;
322: 1752,

Magnarelli LA, Anderson JF, Barbour AG. The etiologic agent of Lyme
disease in deer, horse and mosquitoes. J Infect Dis 1986; 154: 355,
Asbrink E & Olsson I. Clinical manifestati of erthy h

migrans Afzelius in 161 patients. Acta Derm Venereol (Stockh) 1985; 65: 43,
Steere AC, et. al. The early clinical jife of Lyme di Ann
Intern Med 1983; 99:76.

Steere AC, ef. al. Lyme disease. N Engl J Med 1989, 321: 586,

Lyme disease - Connecticut. MMWR 15, 1988; 37(1): 1.

Hong Kong Govemment, Depanment of Health, Statistics on Lyme
Discase - Personal Communication, 20 November 1992,

burgdorferi in dogs in Hokkaido. Microbiollummaol




