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PERSISTENCE OF BORRELIA BURGDORFERI IN
LIGAMENTOUS TISSUE FROM A PATIENT WITH
CHRONIC LYME BORRELIOSIS

THOMAS HAUPL, GABRIELE HAHN, MICHAEL RITTIG,
ANDREAS KRAUSE, CHRISTOPH SCHOERNER, ULRICH SCHONHERR,
JOACHIM R. KALDEN, and GERD R. BURMESTER

Objective. To document the persistence of Borre-
lia burgdorferi in ligamentous tissue samples obtained
from a woman with chronic Lyme borreliosis.

Methods. Spirochetes were isolated from samples
of ligamentous tissue, and the spirochetes were charac-
terized antigenetically and by molecular biology tech-
niques. The ligamentous tissue was examined by electron
microscopy. Humoral and cellular immune responses
were analyzed.

Results. Choroiditis was the first recognized man-
ifestation of Lyme disease in this patient. Despite anti-
biotic therapy, there was progression to a chronic stage,
with multisystem manifestations. The initially signifi-
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cant immune system activation was followed by a loss of
the specific humoral immune response and a decrease in
the cellular immune response to B burgdorferi over the
course of the disease. ‘‘Trigger finger’’ developed, and a
portion of the flexor retinaculum obtained at surgery
was cultured. Viable spirochetes were identified.
Ultramorphologically, the spirochetes were situated be-
tween collagen fibers and along fibroblasts, some of
which were deeply invaginated by these organisms. The
cultured bacteria were identified as B burgdorferi by
reactions with specific immune sera and monoclonal
antibodies, and by polymerase chain reaction amplifica-
tion and Southern blot hybridization techniques.
Conclusion. To our knowledge, this is the first
report of the isolation of B burgdorferi from ligamentous
tissue. This suggests that tendon tissues serve as a
specific site of spirochete residence in human hosts.

Lyme disease is a multisystemic infectious dis-
ease caused by Borrelia burgdorferi. If it is not treated
in the early stages, it may evolve to a chronic infec-
tion. B burgdorferi has been cultured from blood,
cerebrospinal fluid (CSF), and several organs of pa-
tients with late-stage manifestations, even at the time
of a clinical remission and after antibiotic therapy
(1-3). The genetic background (4) or immune phenom-
ena, such as cross-reactive antibodies against bacterial
flagellin and a human axonal protein (5), may influence
susceptibility to chronic Lyme borreliosis. However,
the successful isolation of B burgdorferi from typical
lesional sites of stages II and III disease suggests the
chronicity is due to persistence of the microbe rather
than ‘‘autoaggressive’’ mechanisms alone. Here, we
describe a patient with chronic Lyme disease in whom



1622

HAUPL ET AL

® IFA titers 1:128 — 150 T cell response
(19G) 1:64 — 100 Acpmx 10 3
1:32 50
neg ——
Trigger finger ]
Ectopic atrial rhythm ] \ Surgery
Arthritis By 11N mu
Choroiditis i i
Therapy 7 (1) @) €]
T T T T T T T >
0 2 4 6 8 10 12 14 months

4Tick bite

Figure 1. Course of clinical manifestations, therapeutic regimens, and specific inmune responses in a patient with Lyme borreliosis. Antioiouc
therapy consisted of 200 mg of doxycycline/day for the first course (1), 2 gm of ceftriaxone/day for the second course (2), and 300 mg of
roxithromycin, 1,600 mg of sulfamethoxazole, and 320 mg of trimethoprim daily for the third course (3). Peripheral blood T cells were stimulated
with whole Borrelia burgdorferi strain PKo 2-85 (B) or with the 31-kd outer surface protein A (OspA) (B). Stimulation with flagellin resulted
in 22,000 Acpm in the first assay, declining to 2,500 Acpm subsequéntly. Cells from normal blood donors were run with each assay (& =
stimulation with B burgdorferi strain PKo 2-85; [ = stimulation with OspA); mean values of all the controls were 13,400 Acpm for B
burgdorferi, 3,400 Acpm for OspA, 10,000 Acpm for the 42-kd protein, and 112,000 Acpm for tetanus toxoid. Immunofluorescence assay (IFA)

titers are plotted at the top.

B burgdorferi was cultured from samples of the flexor
retinaculum.

CASE REPORT

The patient, a 48-year old woman, presented
with progressive disturbance of the central vision in
her right eye. Ophthalmoscopy demonstrated multifo-
cal choroiditis, with 1 focus involving the macula
lutea. The patient reported that 2 months previously, a
tick had bitten her left lower leg, near the ankle, and
she had experienced occipital headaches and a macu-
lar skin lesion. Serologic tests performed at our uni-
versity revealed a positive IgG antibody titer against B
burgdorferi. Other infectious diseases, particularly
toxoplasmosis, were excluded by laboratory evalua-
tions. The patient was treated with 200 mg/day of
doxycycline (orally) for 6 weeks (Figure 1). The visual
disturbance was ameliorated, the inflammatory foci of
the choroid diminished, and scar tissue formed.

Four weeks after the end of antibiotic therapy,

the patient began to experience brief episodes of an
asymmetric arthritis, primarily involving the metacar-
pophalangeal (MCP) and proximal interphalangeal
joints. Routine electrocardiography (EKG) revealed
negative P waves, with an ectopic atrial pacemaker
that had not been present on an EKG performed at gall
bladder surgery 1 year previously. On ophthalmo-
scopic examination of the eye fundus, there was no
evidence of a recurrence of the choroiditis.

Tests for antinuclear antibodies, immune com-
plexes (by Clq binding assay and polyethylene glycol
precipitation), rheumatoid factor (RF), immunoglobu-
lins, serum complement levels, and C-reactive protein
levels all gave normal or negative results. HLA phe-
notyping revealed HLA-A24/26;B7/27,Bw4/6;Cw2/7;
DRI15(DR2 split);DQ1. Despite the presence of the
HLA-B27 antigen, there was no evidence of any typical
manifestation of a seronegative spondylarthropathy.

Therapy was started with 2 gm of ceftriaxone,
intravenously, for 14 days (Figure 1). Within the next
4 weeks, the ectopic atrial rhythm converted to a
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normal sinus rhythm, and the arthritis disappeared.
After 2 months free of clinical symptoms, the visual
disturbances recurred. Ophthalmoscopy showed reac-
tivation of the initial foci of choroiditis. Analysis of
CSF demonstrated normal levels of albumin and IgG,
no disturbance of the blood—-CSF barrier, negative
findings on immunofluorescence (IF) analysis for B
burgdorferi-specific antibodies, and a normal cell
count; thus, there was no evidence of an inflammatory
process involving the central nervous system.

Antibiotic therapy with a combination of 300
mg of roxithromycin, 1,600 mg of sulfamethoxazole,
and 320 mg of trimethoprim per day, which has been
described as effective in several cases of advanced
Lyme borreliosis (6,7), was initiated. However, teno-
synovitis and mild arthralgia of the patient’s hands
occurred. Despite concurrent antibiotic therapy, ‘‘trig-
ger thumb’’ developed within 2 weeks, accompanied
by pronounced pain of the MCP joint, and surgical
splitting of the flexor retinaculum was performed (Fig-
ure 1).

After exsanguination of the patient’s right arm,
surgery was performed in a bloodless field. The mac-
roscopic appearance was typical of ‘‘trigger finger.”” A
specimen of the altered ligament was obtained, with
particular attention to avoiding surface contamination
of the tissue sample. The specimen was rinsed several
times in saline and medium, and was placed in culture
with modified BSK medium. The patient’s postopera-
tive course was without complications, and normal
functioning of the operated thumb was achieved. Six
weeks after the course of antibiotics, the choroid foci
were scarring. Unfortunately, the patient had an irre-
versible, 70% reduction of vision in the right eye.
Approximately 3 weeks later, the arthralgia also dis-
appeared. Currently, after approximately 2%z years of
followup, there has been no evidence of reactivation of
the Lyme borreliosis.

METHODS AND RESULTS

Immunofluorescence assay and findings. The IF
assay was performed as described earlier, using the
German isolate of B burgdorferi, PKo 2-85 (3,8).
Serum samples were preabsorbed with Treponema
phagedenis lyophilysate (Behringwerke, Marburg,
Germany). For the detection of specific IgM antibod-
ies, a second absorption step with RF absorbent
(Behringwerke) was performed. Using this technique,
titers in control sera were <1:16. In parallel, the serum
samples were analyzed using a commercial B burgdor-

Jeri enzyme-linked immunosorbent assay (ELISA) kit
(Viramed, Munich, Germany), with a protein prepara-
tion of B31 Borrelia as antigen. A positive, a negative,
and a borderline control specimen served as internal
standards. The ratio between the optical density of the
serum samples versus that of the borderline specimen
was used to quantitate the results. Ratios >1.0 were
considered positive; those <1.0 were negative.

IF analysis revealed positive titers of IgG, but
not IgM, antibody directed against B burgdorferi only
during the early stage of infection when the patient
presented with the first episode of choroiditis. Analy-
sis by ELISA revealed comparable results, with spe-
cific IgG ratios of 1.15 at the onset of disease and 0.85
in the later stage. The IgG titer rapidly decreased
within a few weeks after the first antibiotic therapy,
and remained negative in both the IF and ELISA
evaluations, despite progression of the disease.

Immunoblot analysis and findings. For immuno-
blot analysis, we used a method previously described
(9), in which lysed specimens of whole B burgdorferi
strain PKo 2-85 and LW2, the isolate from the patient
(see below) (protein concentration 100 ug/ml), were
separated by sodium dodecyl sulfate~polyacrylamide
gel electrophoresis (5 ug of protein per lane) in a 10%
gel. Proteins were transferred to nitrocellulose and
incubated with the sera at a dilution of 1:100, which we
had previously found yielded optimum results. Bound
immunoglobulins were visualized by application of
peroxidase-conjugated reagents. Polyclonal antisera
from patients with Lyme disease and monoclonal
antibodies against outer surface protein A (OspA) and
flagellin (the latter kindly provided by M. D. Kramer,
Institute of Immunology and Serology, University of
Heidelberg, Germany) were used to compare the iso-
lated spirochete LW?2 and the B burgdorferi strain PKo
2-85 by immunoblot.

All serum samples from the patient were tested
against protein preparations of both the LW2 and the
PKo 2-85 strain, on immunoblots. There were no
significant differences in reactivity to the isolates.
Upon repeated analysis of several consecutive serum
samples, only nonspecific faint bands (75 kd, 41 kd,
and 15 kd) were revealed, demonstrating a pattern
different from that found in typical patients with stage
III disease (10).

Preparation of mononuclear cells and results of
lymphocyte proliferation assay. Peripheral blood mono-
nuclear cell (PBMC) separation and antigen stimula-
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tion were performed as described previously (8,9).
Freshly isolated cells (10°/well) were stimulated in
triplicate with either 10° or 10 PKo 2-85 B burgdorferi
per well, 10 ug/ml of recombinant OspA, 10 ug/ml
recombinant flagellin (41-kd protein) from B burgdor-
feri (both expressed and purified as described else-
where [9]), or 7 ug/well of T phagedenis lyophilysate.
Previous studies had shown these to be optimal con-
centrations (8,9). Control wells received either me-
dium alone or tetanus toxoid (10 ug/ml; Behring-
werke). Samples from normal blood donors were run
in each assay to exclude any nonspecific response. It
has been clearly documented by appropriate separa-
tion experiments (9) that reactivity to Borrelia antigens
under these conditions is T cell derived.

Stimulation of the patient’s PBMC with the 2
strains of B burgdorferi as well as with OspA resulted
in significantly elevated *H-thymidine uptake at all
times tested (compared with normal PBMC) (Figure
1). Tetanus toxoid induced high levels of *H-thymidine
uptake, between 143,000 and 181,000 Acounts per
minute (stimulation values in the presence of antigen
minus those in the absence of antigen). In the earlier
disease stages and prior to ceftriaxone therapy, prolif-
eration to Borrelia antigens corresponded well to the
clinical course, despite negative findings on IF and
ELISA testing, reaching peak values at peak disease
activity, as manifested by intermittent arthritis and car-
diac involvement (Figure 1). After the ceftriaxone ther-
apy and a 2-month symptom-free period, PBMC pro-
liferation decreased, but during a period of minor
inflammatory reactivation of the disease, was still
elevated. The patient’s symptoms at that time were
choroiditis, mild arthralgia, and the development of
“‘trigger finger.”” B burgdorferi was isolated from
ligament samples.

Isolation and characterization of B burgdorferi
strain LW2. Tissue samples from the flexor retinacu-
lum of the patient’s right thumb were taken during
surgery for the ‘‘trigger finger.”” Samples were cultured
at 37°C under microaerophilic conditions, in modified
BSK medium. Cultures were evaluated weekly for spi-
rochetes in the supernatant, as detected by darkfield
microscopy. After 3 weeks, viable spirochetes were
seen. This particular spirochete, designated LW?2, was
used as antigen for immunoblot. B burgdorferi-specific
immune sera and monoclonal antibodies against OspA
and flagellin stained protein bands in a pattern compara-
ble to that of the PKo 2-85 bacterial antigen (data not
shown). An aliquot of this supernatant was examined for
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B burgdorferi-specific gene sequences by polymerase
chain reaction (PCR) amplification and Southern blot.

PCR and Southern blot techniques. Cultured
spirochetes from the patient’s tissue specimen were
investigated by standard PCR procedures (11). We
used primers which amplified a 276-basepair segment
{kb-ladder; Gibco BRL Life Technologies, Munich,
Germany) of the 41-kd flagellin protein of B burgdor-
SJeri (primer 5'-TTCAGGGTCTCAAGCGTCTTG-
GACT-3'; reverse primer 5'-GCATTTTCAATTT-
TAGCAAGTGATG-3') (12,13). The amplification
protocol consisted of 40 cycles: 1-minute denaturation
at 94°C, 30-second annealing at 50°C, and 1-minute
extension at 67°C.

An amplification product, which could be hybrid-
ized by Southern blot technique with the 3?P-4+-ATP-
labeled probe 5'-CTCTGGTGAGGGAGCTCAAACT-
GCTCAGGCTGCACCGGTTCAAGAGGGT-3' (13)
using Hybond-N nylon-blotting membranes (Amer-
sham, Amersham, UK), was obtained. The amplimer,
which was characterized by Picken (13), is derived
from the central, nonhomologous region of the flagel-
lin gene. It has been shown to be both specific for B
burgdorferi and discriminatory for 3 groups of this
spirochete, based on the nucleic acid sequence. Wa-
ter, synovial tissue from a patient with rheumatoid
arthritis, and B burgdorferi strain PKo 2-85 were used
as negative and positive controls for the studies.

Electron microscopy techniques and results.
Transmission electron microscopy was performed on
the ligament tissues. The specimen was removed from
the culture medium and prepared and analyzed as
described previously (14). Semithin sections were cut
from the plastic block for the light microscopic evalu-
ation. Thin sections were cut from selected areas and
placed onto copper grids (Polysciences, St. Goar,
Germany). After counterstaining with 10% uranyl ac-
etate, followed by 2.8% lead citrate (both from Merck,
Darmstadt, Germany), sections were studied using
Siemens EM 101 (Munich, Germany) and Zeiss EM
902 (Wetzlar, Germany) electron microscopes.

The ligament tissue was found to be heavily
infiltrated by spirochetes. Some of the organisms lay
between unaltered collagen fibers (Figure 2A); others
were closely attached to the cell surface of the fibro-
blasts (Figure 2B). There were numerous fibroblasts
deeply invaginated by the spirochetes, thereby creat-
ing membrane-bound cavities. These cavities ap-
peared as vacuoles in transverse tissue sections.



B BURGDORFERI AND CHRONIC LYME BORRELIOSIS 1625

e, SR

i RS S e

A

Figure 2. Electron micrographs of the cultured ligament section, showing A, a spirochete between unaltered collagen fibers, and B,

invagination of a fibroblast by spirochetes (arrows). Bar = 10 um.

DISCUSSION

The patient whose case is presented herein had
relapsing Lyme borreliosis, with choroiditis, arthritis,
carditis, and tendinitis. The humoral immune response
correlated with neither the cellular reactivity in vitro
nor the clinical activity of the disease manifestations.
Repeated antibiotic treatment was necessary to stop
the progression of disease, but obviously did not
completely eliminate B burgdorferi from all sites of
infection. This was confirmed by the culture of viable
B burgdorferi from a ligament sample obtained surgi-
cally. This organism characterized by molecular biol-
ogy studies by our group, was subsequently evaluated
in a genomic comparison study of other isolates. In
that study, Wallich et al identified the genogroup AAA
(flagellin type A, heat shock protein [HSP] 60 type A,
and HSP 70 type A), and OspA genotype I (15).
Electron microscopy of the ligament revealed spiro-
chetes situated between collagen fibers or associated
with fibroblasts, deeply invaginating these cells. This
is the first time that B burgdorferi was isolated from
human ligamentous material.

These data indicate that vital B burgdorferi
persisted (a) despite several courses of antibiotic ther-
apy, (b) even when clinical symptoms subsided, and
(c) even when no humoral immune response was
detectable by ELISA or by IF. Therefore, the hypothe-
sis may be raised that an inadequate immune response
as well as an evasion into immunologically privileged
sites may be the mechanisms of microbial persistence
in patients with chronic Lyme borreliosis.

The specific humoral and cellular immune re-
sponses to B burgdorferi, which were elevated during
early disease manifestations, apparently were not suf-
ficient to eliminate the pathogen. In the later stage,
these specific immune responses became discordant,
with negative humoral and positive cellular immunity,
as has been described in another cohort with chronic
disease (16). Interestingly, the cellular immune re-
sponses were also directed against the surface protein
OspA during each recurrence of clinical symptoms,
even though anti-OspA antibodies were not detectable
by immunoblot. Interpretation of this dissociation of
the humoral and cellular immune responses is difficult
and requires further investigation. Initial experiments
with T cell clones in patients with chronic Lyme
disease (17) suggest that selective activation of a T cell
subset may occur, producing a restricted pattern of
cytokines which are incompetent to activate B cells.

Even in the presence of an ineffective immune
response, antibiotic therapy should have eradicated
the spirochetes and stopped the disease progression in
our patient. However, several of the treatment regi-
mens recommended in the then-current literature,
including combination therapies which have been de-
scribed as effective in several refractory cases of
advanced-stage disease (6,7), did not eliminate the
pathogen. Of interest, our patient showed the DR15
(split of DR2) HLA type (possibly even homozygous),
which has been shown to be associated with a poor
response to antibiotic therapy in chronic B burgdorferi
infection (4). Possible explanations for the persistence
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of Borrelia are that spirochetes either develop resis-
tance to the antibiotics (though not experimentally
documented so far) or escape into sites at which drug
levels are ineffective. The detection of spirochetes
between collagen fibers of bradytrophic dense connec-
tive tissue supports the second hypothesis. Moreover,
the motility of spirochetes has been shown to be
enhanced in fluids as viscous as the extracellular
matrix (18). The hypothesis of evasion supports the
use of more aggressive therapy as described in recent
reports (19), in which 3—4 weeks of intravenous anti-
biotics was suggested as first-line treatment when
systemic manifestations develop, such as the choroid-
itis in our patient.

Although our electron microscopic studies were
of a subcultured ligament specimen, and therefore in
vitro effects cannot be excluded, it is of great interest
that spirochetes penetrated into the extracellular ma-
trix without causing apparent destruction. Spirochetes
had also deeply invaginated into fibroblasts, thereby
suggesting transcellular passage. Penetration of cell
monolayers by B burgdorferi has been demonstrated
(20). In conclusion, an inappropriate immune response
as well as the evasion of B burgdorferi into specific
sites that are only slightly accessible to antibiotics and
immunologic attack, may be mechanisms that lead to
chronic infection with B burgdorferi.
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