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YME borreliosis (or Lyme disease) is a systemic

disorder caused by the spirochete Borrelia burgdor-

Jeri, a newly discovered species of borrelia.2 The dis-

ease usually begins with a characteristic skin lesion;

neurologic, cardiac, and joint involvement may devel-

op weeks to months later. Some manifestations may
last for years or even decades.?

Lyme borreliosis is transmitted by arthropods, es-
pecially by ticks of the genus ixodes and by some taba-
nid species. The area in which it is endemic includes
most of the United States,* all of Europe,’ the Euro-
pean and Asian parts of Russia,® China,’ and Japan.®
Cardiac abnormalities induced by Lyme borreliosis
were reported even before the discovery of its etiologic
agent.®

In this report we describe a patient who had had
dilated cardiomyopathy for approximately four years.
He had antibodies to B. burgdorferi on both enzyme-
linked immunosorbent assay (ELISA) and immuno-
blotting. The high antibody concentration and the in-
tense immunoblot reaction suggested a chronic form
of Lyme borreliosis. Cardiomyopathy associated with
B. burgdorfer infection was established by a positive
culture of endomyocardial-biopsy tissue.

Case REPoOrT

A 54-year-old man was admitted to our hospital with a diagnosis
of dilated cardiomyopathy. He had been in excellent health until
1985. He had enjoyed hunting, hiking, and tennis. In the early
spring of 1985 he had a severe influenza-like infection accompanied
by a high temperature (up to 39°C), cough, generalized arthralgias,
headache, and fatigue. There was no skin rash. The illness lasted
about 14 days. The patient took co-trimoxazole (dosage unknown)
for one week as prescribed by his general practitioner. Although
the symptoms subsequently disappeared, an arrhythmia with su-
praventricular and ventricular beats was noted during routine
checkups.

In April 1986 echocardiography revealed an enlarged left ven-
tricle with overall hypokinesia and markedly reduced function.
The valvular function was normal. Dilated cardiomyopathy was
suspected. Radionuclide ventriculography disclosed a reduced
ejection fraction of 39.7 percent in the left ventricle and 28
percent in the right ventricle. A 24-hour Holter electrocardio-
graphic recording (ECG) documented a sinus rhythm with a supra-
ventricular and complex ventricular arrhythmia of Lown Grade
VB, displaying frequent, multiform ventricular premature beats,
with bigeminy, couplets, triplets, and nonsustained runs of up
to six beats.

In July 1987 the patient reached a workload of 200 W during a
standardized bicycle exercise test; the ECG showed a Lown Grade
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IVB ventricular arrhythmia. Cardiac catheterization confirmed
the diagnosis of dilated cardiomyopathy. The left ventricle was
highly dilated and hypokinetic. The left end-diastolic pressure was
22 mm Hg, and the pulmonary arterial pressures were elevated
(systolic, 48 mm Hg; diastolic, 18 mm Hg; mean, 28 mm Hg). The
cardiac index was 2.6 liters per minute per square meter. Coronary
angiography showed only a small lesion in the right coronary artery,
which was interpreted as a focal spasm induced by the catheter.
Myocardial-perfusion imaging with thallium-201 and challenge
with dipyridamole showed a diffuse, myopathic pattern without
marked signs of redistribution.

All blood indexes, including the erythrocyte sedimentation
rate, were normal. Tests for rheumatoid factor (the Rose~Waaler
test and latex-agglutination test; Behring nephelometer ana-
lyzer), C-reactive protein (Behring nephelometer analyzer), cir-
culating immune complexes (Behring nephelometer analyzer),
and syphilis (Venereal Disease Research Laboratory test, Gamma
Biologicals; and Treponema pallidum hemagglutination test, Fuji-
rebio) were negative. An immunofluorescence assay revealed
no antibodies against myocardial fibers. Frozen sections of rat
myocardium were used as the substrate for the immunofluores-
cence assay. The patient’s serum was first diluted 1:10, and
then doubling dilutions were used. Goat antihuman IgG (the Fc
region) conjugated with fluorescein isothiocyanate was used as
the antibody (Atlantic Antibodies). Immunoglobulin levels, as-
sessed with a Behring nephelometer analyzer, were within normal
ranges.

The patient remained free of symptoms until June 1988, when he
presented with increasing dyspnea and fatigue. The clinical exami-
nation revealed signs of moderate heart failure, with left ventricular
enlargement as well as mild pulmonary congestion with basal rales.
The liver was not palpable, and there was no peripheral edema. The
chest film showed predominantly left-sided cardiac dilatation; the
cardiothoracic ratio was 0.36. Treatment with diuretics and an
angiotensin-converting-enzyme inhibitor was started, During a
routine serologic screening in October 1988, an ELISA showed
antibodies to B. burgdorferi. The ELISA was repeated and immuno-
blotting was performed; both were clearly positive.

An endomyocardial biopsy was performed, and the specimens
were used for culture and histologic examination. Geftriaxone (1 g
per day) was administered intravenously for 14 days. The clinical
findings remained unchanged during an observation period of six
months.

Resurts
Seroimmunologic Studies

The presence of serum antibodies to B. burgdorfer:
was determined by ELISA, with the supernatant of
sonicated B. burgdorferi strain B31 used as the anti-
gen. Peroxidase-conjugated goat antihuman IgG
antibody (Nordic Immunological Laboratories) was
used as the reactant. The results were analyzed
with a 400 AT photometer (SLT Laboratory In-
struments) at a wavelength of 492 nm. The re-
sults were considered positive if a serum sample
in a dilution of 1:1000 exceeded an absorbance of
0.200. Blood samples were drawn from our patient
on October 6, November 24, and December 12,
1988, and on January 19 and July 20, 1989. The
absorbance values of the samples were 0.953, 0.985,
1.035, 0.995, and 0.841, respectively, indicating that
the concentration of antibodies to B. burgdorferi was
clearly elevated. The results obtained by ELISA
were confirmed by immunoblotting. The absorbance
values and the intense immunoblot reactions were
comparable to those found in patients with culture-
proved chronic manifestations of Lyme borreliosis,
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such. as chronic arthritis or acrodermatitis chronica
atrophicans.

Culture

One endomyocardial-biopsy specimen (3 mm in di-
ameter) was placed in 12 ml of BSK (Barbour—Stoen-
ner-Kelly’s II) medium'® immediately after removal
and kept at 34°C for four weeks. Subcultures were
made after the first day of incubation and every week
thereafter. For the subcultures, 1 ml of the original
medium was transferred under sterile conditions to 11
ml of new medium. Then, 1 ml of sterile medium was
added to the original culture to adjust the volume. The
growth of spirochetal organisms was assessed by dark-
field microscopy (X200) every four days. Spirochetal
organisms were observed in the original BSK medium
after four weeks, and in the fifth subculture one week
later. The organisms were harvested by ultracen-
trifugation and prepared for sodium dodecyl sul-
fate—polyacrylamide gel electrophoresis, and the pro-
teins were separated according to their molecular
weight with a Phast development unit (Pharmacia).
The separated proteins of one gel were stained with
Coomassie blue stain, and those of another were
transferred to a nitrocellulose paper by diffusion blot-
ting as described elsewhere.!!
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Figure 1. Sodium Dodecyl Sulfate-Polyacrylamide Gel Electro-
phoresis of the Borrelia Strain Isolated from the Endomyocardial
Biopsy Specimen (Lane A) and B. burgdorferi Strain B31
(Lane B).

The arrows indicate the abundant major proteins of both strains.
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The Coomassie blue stain revealed a strain of
B. burgdorferi (Fig. 1) with the characteristic abundant
major proteins but lacking a distinct outer-surface-
membrane protein B of 34 kd and a protein C of 20 kd,
which has been observed in some European isolates."?
The myocardial isolate was recognized by the mono-
clonal antibodies H5332, H3TS, H9724, and H604
(kindly provided by Dr. Barbour, University of Tex-
as, San Antonio).

Pathohistologic Studies

The biopsy specimens were fixed in 4 percent for-
malin and embedded in paraffin. Then, 8-um sections
were stained with hematoxylin and eosin, according to
the procedure of Steiner.!* The specimens were placed
in silver nitrate solution for 12 hours.

The endocardium showed no signs of fibrosis or any
other inflammatory response. The endomysium was
partially widened, and there was a slight proliferation
of the interstitial connective tissue. There was subtle
focal infiltration by lymphocytes and plasma cells.
The walls of the small endomysial vessels also showed
thickening and infiltration by mononuclear cells. The
diameters of the myocardial fibers showed unusual
variation, ranging from atrophy to hypertrophy. Al-
though the myonuclei were located centrally, as usual,
most were extremely large and vesicular.

In sections stained with modified Steiner’s silver
stain, the myocardial cells appeared yellowish (Fig.
2). The cross-striation of the muscle fibers was well
preserved, and lipofuscin granules were located in
their usual perinuclear position. Connective-tissue
cells stained less intensely than muscle fibers. The spi-
rochetes were stained dark brown, almost black, and
were seen mostly in the endomysial space (Fig. 24).
One spirochete seemed to be attached to or even
invading the surface of the myocardial cell (Fig.
9B). Some of the microorganisms had an irregular,
stretched shape, due to the preparation process.'*

DiscussioN

Cardiac involvement in Lyme borreliosis was ob-
served early in the study of the disease. Steere and
colleagues described the stages of the systemic dis-
ease'® and reported on a series of patients, most
of whom had conduction disorders of the heart.’
They also observed transient, mild left ventricular
dysfunction in several patients and subclinical car-
diomegaly in one patient.® Marcus and colleagues ob-
served spirochetal organisms in heart tissue from pa-
tients with myocarditis and pancarditis at autopsy.'®
Our patient did not have the typical onset of Lyme
borreliosis, with erythema migrans. The patient was
frequently exposed to vectors of Lyme borreliosis be-
cause of his outdoor activities. The initial infection
may be asymptomatic or nonspecific, with influenza-
like symptoms; thus, erythema migrans is not a con-
stant finding in Lyme borreliosis.

Qur patient’s major symptoms were high-grade
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) Figure 2. Human Myocardium Infected with B, burgdorferi (Modified Steiner's Silver Stain).
A spirochetal organism is shown in the endomysial space (arrow, Panel A) and apparently within the myocardial cell (arrow, Panel B).

ventricular arrhythmias (Lown Grade IVB) followed
by chronic heart failure, indicating dilated cardiomy-
opathy. Routine serologic screening for myocarditis
revealed clearly elevated levels of antiborrelia anti-
bodies. The high absorbance values found on ELISA
and the results of immunoblotting point to a long-
standing infection with borrelia.

We conclude from the history of this patient that he
had become infected about five years earlier. The in-
fluenza-like infection occurred in the early spring and
was treated with an antibiotic that is known to be
ineffective against Lyme borreliosis. This period, how-
ever, does not necessarily represent the initial manifes-
tation of Lyme borreliosis.

After the endomyocardial biopsy, the patient was
treated with ceftriaxone (1 g per day intravenously).
There was no improvement but also no further clinical
deterioration. We did not determine the in vitro sus-
ceptibility of the myocardial isolate against ceftri-
axone, but it is well documented in the literature and
our own results (unpublished data) show that all
isolates of B. burgdorferi tested thus far are highly
sensitive to ceftriaxone. Therefore, it seems very un-

likely that this borrelia isolate was resistant. The
uncertain effect of antibiotic treatment of cardiac
involvement in Lyme borreliosis has also been ob-
served by Olson and colleagues.!” It is well known,
however, that the chronic arthritis, chronic encephalo--
myelitis, and acrodermatitis chronica atrophicans that
occur in Lyme borreliosis may not respond, well or
immediately to antibiotics.?> The slight reduction of
the absorbance values of the serum specimen ana-
lyzed by ELISA six months after treatment may repre-
sent a therapeutic effect.

Our patient was assumed to have cardiomyopathy
associated with B. burgdorferi infection on the basis of
ELISA and immunoblotting results. Although these
results strongly suggest Lyme borreliosis, they cannot
prove it. Several studies have demonstrated that anti-
bodies to B. burgdorferi are found frequently in persons
who are constantly exposed to tick bites (e.g., forestry
workers) and have no clinical signs of Lyme borrelio-
sis.® Spirochetal organisms have not been isolated
from such persons. Thus, the isolation of a spiro-
chetal organism from an affected organ seems to prove
its etiologic role. Nevertheless, one may also consider
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the possibility, remote though it may be, that the oar-
diomyopathy and the B. burgdorferi infection were co-
incidental. To our knowledge B. burgdorferi has not
previously been isolated directly from the myocardi-
um of a patient. Furthermore, the organisms were
visualized by a modified silver stain," and histologic
staining revealed a subtle but clear lymphocyte infil-
tration as well as perivascular infiltrates, as described
by others.'

We are indebted to Ms. Cornelia Kdchl and Ms. Gabriele Scha-
den for technical assistance and to Dr. Ghristoph Holzinger for
performing the endomyocardial biopsies.
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