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Summary. Very little is known about tissue changes and
pathophysiological mechanisms in Garin-Boujadoux-
Bannwarth syndrome. We report histopathological find-
ings in the central and peripheral nervous systems of
three typical cases. In the acute stage of the disease
mononuclear perivascular infiltrations with mainly T-
helper cells were the prominent finding, whereas after
treatment there was no vessel involvement. The fibre
changes in the peripheral nervous system consisted of
axonal degeneration. No Borrelia burgdorferi-specific
antigen could be detected by immunohistochemical
methods. Thus vasculitis might be one of the primary
pathophysiological mechanisms for the involvement of
the nervous system.
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Introduction

In 1922 Garin and Boujadoux were the first to describe a
paralysis caused by tick bite [11]. Since then the disease
has been well described in numerous reports [1-3, 6, 12,
15, 20, 21]. However, in contrast to the well-known clin-
ical conditions there have been very few reports on
histopathological findings [8, 20, 26]. The reasons for
this deficit include the benign character of the disease
and the availability of effective treatment with antibiot-
ics [25, 27]. Although the causative agent, a spirochaete
named Borrelia burgdorferi, has been identified recently
[7, 23], very little is known about the pathophysiological
mechanisms of the disease, i. e. the differences between
the acute and chronic forms and whether the effects are
due to direct invasion of borrelia or to a pathological im-
mune reaction. Because of its therapeutic implications
this question is of special interest in chronic or chronic
relapsing disease and in patients with inadequate treat-
ment response [10, 13, 25, 28, 29]. Further histological
studies might help to answer some of these questions. As
the nervous system is one of the organ systems mainly af-
fected in the European form of the disease, we report
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the results of histological examinations of the central and
peripheral nervous systems in three typical cases.

Case reports

Case 1. A 75-year-old female patient was admitted with a 10-day
history of paraparesis, starting in the right leg and later extending
to the left leg. Four weeks prior to admission she had noticed
erythema chronicum migrans after a tick bite on her right thigh,
followed by a painful neuropathy 10 days later. There was bladder
dysfunction for about 1 week. She had no previous history of med-
ical or neuromuscular diseases, other than an umbilical hernia with
suppurative inflammation of the navel which had lasted for over 6
months. Examination on admission revealed a severe paraparesis
with inability to move the legs against gravity. The deep tendon re-
flexes were abolished and the plantar responses flexor. Apart from
painful paraesthesiae in the right L3-5 dermatomes there were no
sensory deficits. Laboratory studies revealed normal peripheral
red and white blood cell counts, erythrocyte sedimentation rate,
and normal levels of urea and electrolytes, transaminases, creatine
kinase, and aldolase. Tests for Treponema pallidum, lupus
erythematosus, cryoglobulins and rheumatoid factor were nega-
tive. Cerebrospinal fluid (CSF) showed 62 leucocytes/ul, predo-
minantly lymphocytes (86%). Total protein was elevated to
107 mg/dl (normal, less than 45 mg/dl). IgG and IgA percentages
of total protein were raised to 23.8% and 1.6% respectively (nor-
mal, less than 9% and 1% respectively). The IgG index was 1.27
(normal, ranging from 0.3 to 0.7) and serum: CSF albumin ratio 56
(normal, greater than 130). Isoelectric focusing of immunoglobu-
lins showed oligoclonal bands in blood and CSF. B. burgdorferi
titres (IFT) were raised in serum (IgG>1:1000) and CSF
(IgG >1:64). Evoked potentials and nerve conduction velocities
were not obtained. Our treatment consisted of intravenously ad-
ministered doxycycline, starting with 200mg/day for 2 days, fol-
lowed by 100 mg/day. This led to a gradual relief of pain and para-
paresis. After 8 days the patient was able to walk a few steps un-
aided. On the 10th day she developed paralytic ileus and despite
all therapy she died 13 days after admission.

Case 2. In June 1988, a 56-year-old male patient presented with a
4-week history of low back pain radiating to the right thigh. Two
weeks previously he had noticed a circular erythematous area on
the right thigh, which had disappeared spontanously after several
days. He had no recollection of having had a tick bite and there
was no relevant past medical history. On admission, neurological
examination revealed MRC grade 2-3 paresis and hypaesthesia in
the S1 dermatome of the right leg. The right knee reflex was ab-
sent and plantar responses were flexor. Besides an elevation of the
mean cell volume to 951l and of SGPT to 29 units/l all routine lab-
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oratory investigations were normal. CSF contained 120 leucocytes/
ul, predominantly lymphocytes (76% ) and monocytes (8% ). Total
protein was raised to 163 mg/dl. Relative percentages of IgG, IgA,
and IgM did not exceed normal ranges. IgG index was 1.0 and
serum: CSF albumin ratio 82. Isoelectric focusing disclosed oligo-
clonal bands only in CSF. Anti-borrelia antibody titres (ELISA,
IFT) were positive for IgG in serum (1:80) and CSF (1:10). IgM
titres were negative. Neurophysiological investigations revealed
prolonged latencies of visual evoked potentials, being 115ms on
the left and 113 ms on the right side (normal, ranging from 90 to
110 ms) and an isolated reduction of nerve conduction velocities
(tibial nerve 36.1 m/s, absent stimulus response of the sural nerve)
in the right leg. Treatment consisted of intravenously administered
high-dose penicillin (20 million units/day) for 10 days. Because of
an unsatisfying reduction of pain the patient also received cortico-
steroids (initial dosage 50 mg/day) for 6 weeks. On discharge, there
remained only a slight paresis of the right plantar extensors. The
sural nerve biopsy was performed on the 2nd hospital day before
the onset of treatment.

Cuse 3. A 24-year-old male patient of previously good health was
investigated for a left peroneal paresis of acute onset. During the
following week he developed a mild fever, bilateral Bell’s palsy
and hearing loss. There was no history of tick bite. In addition to
the signs already mentioned the initial neurological examination
revealed slight anisocoria and hypaesthesia in the left S1 der-
matome. Muscle tendon reflexes were normal and plantar re-
sponses flexor. Routine blood tests were normal. Initial CSF ex-
amination showed a raised leucocyte count (245 cells/ul), predo-
minantly lymphocytes and monocytes (82% and 11%). Total pro-
tein was 219 mg/dl with 10.6% IgG, 1.1% IgA, and 0.2% IgM.
1gG index was normal and serum: CSF albumin ratio decreased to
24.7, indicating a damaged blood-CSF barrier. Oligoclonal bands
could not be detected. Anti-borrelia antibodies (ELISA) were
positive in serum (IgG 1:100) and CSF (1:10). In a second CSF
examination the leucocyte count had fallen to 90 cells/pl; total pro-
tein was 129 mg/dl and IgG index 0.47. Again there were no oligo-
clonal bands. Titres of anti-borrelia antibodies did not change.
Other infections (syphilis, HIV, listeriosis, and toxoplasmosis)
were excluded. There were no viral antibodies in CSF. Nerve con-
duction velocities of the right tibial nerve (39 m/s) and the left sural
nerve (32m/s) were reduced, while others (right sural nerve 48 m/s)
were normal. In brain-stem auditory evoked potentials I-waves
were absent on either side and V-waves showed a marked differ-
ence with latencies of 5.6 ms on the right and 6.1 ms on the left side
(normal, 5.5-6.0ms). Treatment consisted of intravenously ad-
ministered high-dose penicillin (20 million units/day) for 12 days.
Because of a further clinical deterioration with development of se-
vere paraparesis, corticosteroids in an initial dosage of 1g/day
were added. On discharge 6 weeks later, the patient was able to
walk unaided. The bilateral Bell’s palsy and hypoacusis as well as
the paresis of the left plantar extensor muscles were markedly im-
proved. The sural nerve biopsy was performed in the healing phase
of the disease, 4 weeks after the onset of symptoms and 2 weeks
after the end of treatment. The sural nerve biopsies in cases 2 and
3 were mainly done for research purposes and informed consent
was obtained from each patient.

Materials and methods

The brain, spinal cord, dorsal nerve roots, and abdominal auto-
nomic nervous system from the autopsy (case 1) and two sural
nerve biopsy specimens (cases 2, 3) were examined by light and
electron microscopy. Routine stains (haematoxylin and eosin,
luxol fast blue, methylene blue, and congo red) of all three cases
were performed on formalin-fixed samples. The immunohisto-
chemical preparations were performed on fresh frozen material,
using the following monoclonal antibodies: Leu 4, Leu 2a, Leu 3a
[12 (Becton Dickinson, Heidelberg, FRG), and CD 19 (Dakopatts,
Hamburg, FRG). For the demonstration of B. burgdorferi antigen

we used the monoclonal antibody H 9724 (kind gift of Dr. Alan
G. Barbour, University of Texas, San Antonio, USA). As there
was no fresh frozen tissue available from case 1, immunohis-
tochemistry for B. burgdorferi could not be performed.

Results

The spinal cord preparations showed mononuclear peri-
vascular infiltrations in the meninges as well as in the
white and grey matter (Fig. 1a). In contrast to this locali-
zation the infiltrations of the spinal ganglia and the dor-
sal nerve roots were parenchymal (Fig. 1b). Corre-
sponding to the segmental nature of the disease, all these
findings were limited to the segments 1.3-5. The brain,
brain stem and abdominal autonomic nervous system
had not been affected. Similar to the manifestations in
the spinal cord, the sural nerve biopsy specimen of the
acute case 2 showed mononuclear perivascular infiltra-
tions around epi-, peri- and endoneural vessels (Fig. 2a).
A slight diffuse infiltration of the endoneurium was de-
tected by immunohistochemistry. The fibres were under-
going axonal degeneration (Fig. 2b). There was only
slight myelin degeneration with few fibres showing a
splitting of the myelin sheath. Hypomyelinated fibres
and clustered sprouts were also rare. Electron micros-
copically the number of unmyelinated fibres was re-
duced. As a sign of regeneration after axonal damage oc-
casional collagen pockets could be detected.

The biopsy specimen obtained after treatment in case
3 showed no perivascular infiltrations. The nerve fibre
changes were similar to those in case 2 with the excep-
tion of a mild proliferation of endoneural connective tis-
sue (Fig. 2¢). The immunohistochemical differentiation
of the infiltration cells in case 2 disclosed 80% Leu 3a
positive T-helper cells and only 20% Leu 2a positive T-
suppressor cells. Activated T-cells and B-cells could not
be found. In both sural nerve biopsy specimens no de-
monstration of B. burgdorferi-specific antigen was possi-
ble.

Discussion

From the few reports available on the pathological find-
ings in neuroborreliosis, the major pathological change
during the acute stage of the disease seems to be mono-
nuclear perivascular infiltration. The involvement of
meningeal and spinal cord vessels in our postmortem
case is consistent with the only autopsy findings reported
so far, by Schaltenbrand in 1949 [19]. As the aetiological
agent was still unknown at that time, the disease was cal-
led “chronic aseptic meningitis”. With regard to the
peripheral nervous system, comparable reports have
come from Camponovo and Meier [8] and Vallet et al.
[26].

Having been demonstrated in the nervous system,
vasculitis has also been found in the typical skin lesions
of Bannwarth syndrome [5] and Lyme disease [17],
suggesting that this is an important pathological feature.
In the peripheral nervous system these inflammatory
vessel changes may be the cause of the axonal fibre de-
generation we saw in both sural nerve biopsy specimens.



Fig.1. a Anterior horn of spinal cord.
Mononuclear perivascular infiltration
around two small blood vessels (ar-
rows) without necrotizing destruction
of the vessel walls. No glial prolifera-
tion is visible. H & E, paraffin sec-
tions, X 250. b Spinal ganglion. Paren-
chymal infiltration (small arrows)
gathering around a ganglia cell (large
arrow). H& E, paraffin section, X 250

Fig.2 a-c. Sural nerve biopsies.

a Case 2. Small vasculitic cuff (arrows)
in the perineurium (pn). en, endo-
neurium. b Case 2. Reduction and
segmental loss of myelinated fibres.
Wallerian degenerations (large ar-
rows). Myelin balls (small arrows).
There are no sprouts of regenerating
fibres. Vinylcyclohexen-dioxide em-
bedded semithin section, paraphenyl-
enediamine, X 400. ¢ Case 3. Wal-
lerian degeneration (large arrow).
Reduction of unmyelinated fibres.
Collagen pockets (small arrows).
Proliferation of endoneurial connec-
tive tissue. coll, Collagen fibrils.
Electron microscopy. Vinylcyclo-
hexen-dioxide embedding, x 10900
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These findings consisted of segmental reduction in
myelinated and unmyelinated fibres, scattered Wallerian
degeneration and only mild involvement of the myelin
sheath. In contrast to the sural nerve biopsied in the
acute stage of the disease (case 2), the one biopsied after
treatment (case 3) showed no vasculitis. As this patient
received both antibiotics and immunosuppressive thera-
py with corticosteroids, no conclusions about the patho-
genic origin of the vasculitis can be made. Two theories
exist as to the pathophysiology of the vasculitis. The first
assumes a direct inflammatory response to tissue inva-
sion by spirochaetes with a persistence of the organism
in chronic cases. The other assumes a pathological im-
mune response to the spirochaete [8]. Evidence which
supports the former theory is that antibiotics have been
therapeutically effective in acute [24, 25, 29] and chronic
[4, 13, 14] forms of the disease. The appearance of a new
IgM response and the persistence or expansion of the
1gG response in some late forms of the illness may also
suggest that the spirochaetes remain alive {9, 16]. Fur-
ther support for this theory has also been drawn from
aetiological and clinical parallels between neurobor-
reliosis and Lues [3, 14]. Although T. pallidum has been
shown histologically to persist throughout all stages of
the disease [18], no such evidence exists as yet for
neuroborreliosis. In our two sural nerve biopsy speci-
mens no B. burgdorferi-specific antigen could be found.

In support of the latter immune response theory are
the findings that not all cases of neuroborreliosis re-
spond to antibiotics and that the administration of cor-
ticosteroids leads to a reduction of symptoms [15]. One
might argue, however, that the failure to respond to
antibiotic therapy might be due to insufficient dosage or
duration of treatment and that the corticosteroid effect
might not be one of immunosuppression but of non-spe-
cific reduction of oedema. More direct proof of the im-
mune response theory lies in the fact that Sigal and
Tatum [22] found B. burgdorferi-specific IgM antibodies
cross-reacting with neuronal antigens. As there is evi-
dence for both theories, further histological studies are
needed to answer the important question about the
pathophysiological mechanisms of nervous system in-
volvement in neuroborreliosis.
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