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Abstract
The manifestations of borreliosis in the peripheral nervous system (PNS) remain poorly described. As the symptoms of
neuroborreliosis can be reversed with timely introduction of antibiotics, early identification could avoid unnecessary axonal loss. Our
aim was to describe the characteristics of confirmed neuroborreliosis cases involving the PNS diagnosed between 2007 and 2017 in
our neuromuscular disease center in a nonendemic area (La Pitié-Salpêtrière Hospital, Paris, France).
Neuroborreliosis was defined as follows: compatible neurological symptoms without other cause of neuropathy; cerebrospinal

fluid and serum analysis (positive serological tests with ELISA, confirmed by Western Blot); and improvement of symptoms with
adapted antibiotherapy. All the patients consulting in our center between 2007 and 2017 underwent electrophysiological study.
Sixteen confirmed cases of neuroborreliosis involving the PNS were included: 10 cases of meningoradiculoneuritis, 4 of axonal

neuropathy, and 2 of demyelinating neuropathy (one acute and one chronic). Only 4 (25%) patients reported tick bites.
Meningoradiculoneuritis was characterized by lymphocytic meningitis, intense pain, cranial nerve palsy, and contrast enhancement
of nerve roots on imagery. The patients with axonal neuropathy presented sensory symptoms with intense pain but no motor deficit
and meningitis was rare. Nerve biopsy of 1 patient revealed lymphocytic vasculitis. Electrophysiological testing showed sensory or
sensorimotor axonal neuropathy (3 subacute and 1 chronic) of the lower limbs, with asymmetrical neuropathy in 1 patients,
symmetrical neuropathy in one and monomelic sensory mononeuritis multiplex in another. We also found 1 case of acute
demyelinating neuropathy, treated with antibiotherapy and immunoglobulins, and 1 chronic demyelinating neuropathy. Overall,
diaphragmatic paralysis was frequent (18.6%). Antibiotherapy (mostly ceftriaxone 3–4 weeks) resulted in symptom resolution.
This series gives an updated overview of the peripheral complications of neuroborreliosis to help identify this disease so that timely

treatment could avoid axonal loss.

Abbreviations: CMAP= compoundmuscle action potential, CSF= cerebrospinal fluid, MRI =magnetic resonance imagery, NLL
= normal lower limit, OP = oligoclonal bands, PNS: peripheral nervous system.
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1. Introduction

Borreliosis is an infection caused by Borrelia burgdorferiwhich is
transmitted by the tick Ixodes. The primary stage of the disease is
characterized by erythema migrans which begins 3 to 30 days
after the tick bite. After 1 week to 3 months, a secondary stage
which affects the neurological or rheumatologic system (called
the “early” neuroborreliosis stage) can occur and can persist for
several weeks or months. The tertiary stage with neurological
symptoms (“late” neuroborreliosis) can start 6 months after the
tick bite and can last several years.[1]

The nervous system (central or peripheral) is involved in up to
15% of patients.[2,3] Neurological manifestations usually consist of
lymphocytic meningitis, cranial neuropathy (especially seventh
cranialnervepalsy), orpainful radiculitis (associationofneuropathic
pain and muscle weakness). Chronic peripheral neuropathy, which
is an asymmetrical axonal and predominantly sensory neuropathy,
can occur during the late stage and is often associatedwith a chronic
skin disorder: acrodermatitis chronica atrophicans.[1,3,4]

On suspicion of neuroborreliosis, diagnosis is confirmed by the
presence of specific antibodies in the cerebrospinal fluid (CSF).
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The demonstration of the production of intrathecal specific
antibodies has a high specificity and sensitivity, contrary to
serological tests as 18% of healthy persons have Borrelia
antibodies in their serum (false-positive).[1,5,6] Lymphocytic
pleocytosis, an elevated protein content and oligoclonal bands,
can also be detected in the CSF during the early neuroborreliosis
stage.[1,3]

Once diagnosed, neuroborreliosis is usually treated by
intravenous antibiotherapy (for example, a 3-week course of
ceftriaxone) which typically results in the resolution of
symptoms.[6]

The clinical manifestations of borreliosis in the peripheral
nervous system (PNS) can mimic multiple diseases and are poorly
described to date. Consequently, neuroborreliosis can be over-
looked by the clinician especially in nonendemic areas of tick-
borne diseases. However, as the symptoms can be reversed with
timely antibiotherapy, it is important to identify this neurological
disease as early as possible to introduce appropriate treatment
before it results in axonal loss. The aim of this study was to
describe the various characteristics of neuroborreliosis involving
the PNS by reporting 16 confirmed cases diagnosed between
2007 and 2017 in our neuromuscular disease center in a non-
endemic area (La Pitié-Salpêtrière Hospital, Paris, France).
2. Methods

2.1. Patients:

Consecutive patients presenting with neuropathy and Lyme
borreliosis and followed up between 2007 and 2017 in our center
(La Pitié-Salpêtrière Hospital, Paris, France) were selected from
the authors’ files. Diagnosis of Lyme borreliosis was defined with
the following criteria: peripheral neurological symptoms com-
patible with Lyme borreliosis without other cause of neuropathy;
positive serological tests (with ELISA and Western Blot) in the
CSF and/or serum; improvement of symptoms and signs with an
adapted antibiotherapy.[7,8] Patients having another cause of
neuropathy or with positive serological tests with ELISA but not
withWestern Blot were excluded. Informed consent was obtained
from all the patients for the purpose of publication. According to
French laws about observational studies, our work did not
require ethical approval. All patients underwent a neurological
and electrophysiological examination and were classified into
different groups according to the characteristics of neuropathy
based on both clinical and electrophysiological data.
Meningoradiculoneuritis was diagnosed on the basis of a

proximal and/or distal sensorimotor deficit (with loss of deep
tendon reflex) and spinal or radicular pain, with a root
distribution, associated with meningitis in the CSF. The
electrophysiological study had to show a neurogenic pattern
with a root distribution, a decrease of distal compound muscle
action potential (CMAP) amplitudes contrasting with a relative
preservation of distal sensory potentials, compatible with a root
distribution, without demyelinating features.
Axonal neuropathy was diagnosed on the basis of motor or

sensory involvement, with a distal distribution and with a distal
predominance of pain. The electrophysiological study had to
show a decrease of distal CMAP amplitudes and sensory
potentials, without conduction abnormalities or demyelinating
features or prolonged F wave latencies. A diagnosis of
mononeuritis multiplex was retained for cases of asymmetric
axonal neuropathy with a nerve trunk distribution.
2

Demyelinating neuropathy was diagnosed on the basis of
peripheral neuropathy, with weakness or sensory symptoms in at
least 2 limbs, associated with demyelinating criteria on
electrophysiological study: conduction blocks, reduced conduc-
tion velocities, prolonged distal latencies, abnormal temporal
dispersion, and abnormalities of F-waves.[9] Onset was defined as
“acute” if symptoms developed within <4 weeks, “subacute” if
they developed within 4-8 weeks, and “progressive” if they
developed after more than 8 weeks. Acute demyelinating
neuropathy was defined as acute onset without relapse, and
chronic demyelinating neuropathy as a progression of symptoms
or relapses during the 6 months following the onset.
2.2. Electrophysiological study:

For all patients, the median, ulnar, tibial and peroneal nerves
were examined on both sides. Distal latency, conduction
velocity, CMAP amplitude (baseline to negative peak), and
areas under negative phase and CMAP duration were
measured. For each nerve segment, the reduction in CMAP
amplitude or area on proximal versus distal stimulation was
calculated. A conduction block was defined as a decrease in
amplitude of 50% between proximal and distal sites of
stimulation for any nerve. F-wave latency was recorded after
distal supramaximal stimulation (at least 20 stimuli). Sensory
nerve action potential amplitude (peak to baseline) was
measured in the median, ulnar, radial, tibial, and superficial
peroneal nerves on both sides, with surface recording and
stimulating electrodes. A needle electromyographic examina-
tion was performed in all patients.
2.3. Evaluation procedures:

Neurological recovery was defined as a complete resolution of
neurological signs. Neurological improvement was defined as an
improvement of at least 2 Medical Research Council grades in
any muscle or a decrease in pain and sensory symptoms.
Clinical worsening was defined if motor strength decreased by

at least two Medical Research Council grades in any muscle or if
weakness extended to other muscles, or if sensory and painful
symptoms increased.
3. Results

Sixteen patients—13 men and 3 women—with confirmed
neuroborreliosis involving the PNS were included. Ten patients
(62.5%) had meningoradiculoneuritis, 4 (25%) axonal neurop-
athy, and 2 (12.5%) demyelinating neuropathy. The mean age at
onset of neuroborreliosis was 54 years.
3.1. Meningoradiculoneuritis cases

The main characteristics of the patients with meningoradiculo-
neuritis, the most frequent manifestation in our series (10 cases),
are shown in Table 1. The mean age at onset of neuroborreliosis
was 57.3 years in this group.
Only 3 of these patients reported tick bites although the

context was suggestive of Lyme disease for 8 of the 10 patients:
farmer, hiker, medical history (Lyme carditis), erythematous skin
lesions, or tick bite. One patient had a history of Parsonage-
Turner syndrome following a tick bite and another a history of
Lyme carditis several years previously.
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Table 2

Main characteristics of axonal neuropathy cases.

Patient Age EPS Context Symptoms
Blood

serology
Diagnostic
procedures Treatment

Sex R/L
1 38 Asymmetrical sensorimotor

axonal neuropathy
Forest walk Intense pain + CSF serology – Doxycycline

M
SFN 5.2/2.6mV

Erythema migrans Distal paresthesia and
hypoesthesia in four limbs

Nerve biopsy 2 wk

SN 13/8.5mV No motor deficit Ceftriaxone
LPN 1.7/0.87 mV 3 wk
Upper limbs not affected Corticosteroids

2 50 Symmetrical sensory axonal
neuropathy

/ Asymmetrical distal paresthesia
in lower limbs

+ CSF serology + Ceftriaxone
M

SFN 5.4/5.3mV No motor deficit
3 wk

Upper limbs not affected
3 65 Asymmetrical sensorimotor

axonal neuropathy
Tick bite Asymmetrical distal pain and

dysesthesia in lower limbs
+ CSF serology + Ceftriaxone

M SFN 2.5/0mV Erythematous skin lesions No motor deficit
3 wk

SN 0/6.9mV
LPN 2.14/2.41 mV
TN 1.65/7.74 mV
Upper limbs not affected

4 46 Monomelic sensory axonal
mononeuritis multiplex

/ Pain and dysesthesia in the right
foot

+ 44 c in CSF Ceftriaxone

M SFN 3.5/8.8mV No motor deficit CSF serology +
3 wk

SN 0/25.3mV OB
IPN 16.6/23.7mV

/=no information or not found, c= cells, CSF= cerebrospinal fluid, EPS= electrophysiological study, F= female sex, IPN= internal plantar nerve, L= left, LPN= lateral popliteal nerve, M=male sex, OB=
oligoclonal bands, R= right, SFN= superficial fibular nerve, SN= sural nerve, TN= tibial nerve, –=negative, +=positive serology (ELISA, confirmed by Western Blot).

Kaminsky et al. Medicine (2020) 99:40 www.md-journal.com
For the patients who reported tick bites or skin lesions, the
neurological symptoms appeared within 15 days to 1 month. The
onset of symptoms was acute in 9 patients and progressive in 1.
Nine of the patients had intense pain of the lower back and

chest or radicular pain, with pain-related insomnia, and 4 of the
10 had cranial nerve involvement (III, V, IX, X, and most often
VII). One patient had diaphragmatic paralysis. They also
experienced sensory symptoms such as ataxic gait or paresthesia
(6/10) and weakness (7/10). No patient had arthralgia.
All the patients had lymphocytic meningitis with specific

antibodies in the CSF (confirmed byWestern Blot analysis) and 5
also had oligoclonal bands. The blood serological tests were
negative for 2 patients (blood and CSF serology was performed 3
weeks after symptom onset for the first of these patients and 4
months for the second patient).
Electromyography revealed radicular alteration, sometimes

with proximal conduction abnormalities (for five patients), or
secondary axonal loss. The majority of patients presented
lumbosacral root involvement with neurogenic features in the
L4, L5, and S1 root territories.
Magnetic resonance imaging (MRI) was performed in 5

patients, all of whom had contrast enhancement of nerve roots or
of cranial nerves.
All the patients were treated with antibiotherapy (ceftriaxone,

amoxicillin or doxycycline) for 21 to 28 days that resulted in
rapid resolution of pain, and then of other signs and symptoms.
3.2. Axonal neuropathy cases

Four of the patients in our series had neuroborreliosis-related
axonal neuropathy (Table 2).
5

One patient (patient 1 in Table 2) was a 38-year-old man
whose pastime was forest walking. One week after a sore throat
and fever, he developed lower limb muscle ache followed by
upper limb muscle ache and pain-related insomnia 3 days later.
He also presented paresthesia and neuropathic pain in the 4
extremities before developing hypoesthesia in the back of his legs.
One month later, he had erythematous skin lesions with
concentric rings on the legs. Neuropathic pain was intense with
burning and electrical shock sensations. On clinical examination,
he was found to have hypoesthesia of the feet and in the back of
the legs, and erythema migrans on the left thigh. There was no
motor deficit and all osteotendinous reflexes were present.
The blood serology and serum western blot tests were positive

for Lyme (Ig G and IgM). CSF analysis was normal (1 cell/mm3,
normal CSF protein content (0.36g/L) and serological tests
were negative.
The first electromyography (carried out 1 month after the first

symptoms) showed an alteration of CMAP amplitudes for the
lateral popliteal nerves (right: 1.7mV; left: 0.87mV; normal
lower limit [NLL]: 3mV) with normal sensory potentials. The
patient was treated with a 2-week course of doxycycline that
cleared the skin lesions but the neuropathic pain increased during
this time. The second electromyography (carried out 1 month
after the first) found a deterioration of sensory potential
amplitudes in the lower limbs (superficial fibular nerves: right:
5.2mV; left: 2.6mV; NLL:10mV; sural nerves: 13-8.5mV versus
37-45mV 1 month before; NLL:10mV). There was no damage
evident in the upper limbs. Needle electromyographic examina-
tion showed active denervation (fibrillation) in the left lower
limb. Subacute asymmetrical axonal neuropathy was diagnosed.
The left superficial fibular nerve was biopsied and revealed

http://www.md-journal.com


Figure 1. Biopsy of the left superficial fibular nerve: longitudinal sections, embedded in paraffin, stained with haematoxylin and eosin stain (A, B) (�270);
immunolabelling of T-lymphocytes (anti-CD3) (C) (�540) and B-lymphocytes (anti-C20) (D) (�540): lymphocytic infiltrate with vascular tropism, with a majority of T-
lymphocytes.

Kaminsky et al. Medicine (2020) 99:40 Medicine
axonal loss, with lymphocytic perivascular infiltrate (lymphocyt-
ic vasculitis) (Fig. 1). The patient was put on a 3-week course of
ceftriaxone and corticosteroids at 1mg/kg. The treatment
resulted in resolution of neuropathic pain and denervation 2
months later, accompanied by an improvement in sensory
responses (superficial fibular nerves: 9.2mV; sural nerves: 16.2-
19.2mV) and motor responses (lateral popliteal nerves: right:
3.52mV; left: 1.56mV).
Overall, the context was suggestive for only 2 of the 4 patients

with axonal neuropathy, both of whom who had a rash, and one
who reported a tick. The neurological symptoms began at the
same time as the skin lesions or tick bite. Two patients had intense
pain with pain-related insomnia and all patients developed
sensory symptoms in the lower limbs. There was no motor deficit
and only 1 patient had meningitis in the CSF. Blood serological
tests were positive. A nerve biopsy was performed for the patient
with negative CSF serology. Electrophysiological study showed a
symmetrical or asymmetrical sensory or sensorimotor axonal
neuropathy of the lower limbs, without upper-limb damage.
Three patients had subacute neuropathy (with symptoms
appearing about 2 or 3 months before the first electromyogra-
phy), and 2 of the 3 had pain; 1 patient had chronic neuropathy
(with symptoms appearing about 2 years before the first
6

electromyography). One patient experienced monomelic mono-
neuritis multiplex. The symptoms resolved with antibiotic
therapy in all the patients.
3.3. Demyelinating neuropathy cases

Two of the patients in our series had neuroborreliosis-related
demyelinating neuropathy (acute and chronic).
The first was a 44-year-old man, without a suggestive context

for Lyme disease and who did not recall having been bitten by a
tick, presenting neuropathic pain in both legs followed by
headaches and vomiting 3 days later. CSF analysis showed
lymphocytic meningitis (40 cells/mm3), elevated CSF protein
content (0.83g/L), oligoclonal bands, specific antibodies, and
elevated CSF/serum antibody index. Blood serology was also
positive. Four days later, the patient experienced hypoesthesia of
the lower limbs and of the lower abdomen, with an ascending
evolution. The clinical examination found absence of tendon
reflexes, ataxia, mild tetraparesis and then bilateral facial
paralysis, dysphagia and phrenic nerve palsy with dyspnea. He
required intubation <1 month after the onset of symptoms.
Electrophysiological study showed signs of acute sensorimotor

demyelinating neuropathy with axonal loss and damage of the



Table 3

First electrophysiological study of the patient with acute sensorimotor demyelinating neuropathy due to neuroborreliosis.

Distal latency, ms CMAP amplitude, mV Conduction velocity, m/s Conduction block
Motor nerve R/L R/L R/L R/L

Lateral popliteal nerve
Ankle
Below fibula neck 4.9/4.5 1.81/3.01 43/39 /�30.2%
Above fibula neck 1.30/2.10 40/38
Proximal F-wave 1.23/1.99 40/42

Tibial nerve 7.3/7.5 2.03/1.77
Distal F-wave No F wave

Median nerve
Wrist 4.2/3.9 7.32/2.92
Elbow 5.47/1.40 47/42 /�52%
Distal F-wave 29.8/35.8

Ulnar nerve
Wrist 3.1/2.9 5.18/5.71
Below elbow 4.02/3.89 47/49 /�32%
Above elbow 36.1/34.3 3.45/4.25 46/55
Distal F-wave

Sensitive nerve
Potential amplitude, mV Conduction velocity, m/se
R/L R/L

Superficial fibular nerve 13/6.4 43/40
Sural nerve 12.2/20.1 40/44
Median nerve 9.7/6.3 43/42
Ulnar nerve 8.5/9.5 57/47
Radial nerve 26.2/28.7 48/47

CMAP= compound muscle action potential, L= left, R= right.
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phrenic nerve (Table 3): decreased CMAP and sensory potential
amplitudes, conduction blocks, reduced conduction velocities,
prolonged distal latencies, abnormalities of F-waves, and
neurogenic features in the tibialis anterior muscles and the
deltoid muscle, without signs of active denervation.
This patient was treated with a 3-week course of intravenous

ceftriaxone and immunoglobulins (2g/kg), and the clinical
symptoms and electrophysiological signs resolved. Electrophysi-
ological study at 4 months showed normalization of CMAP
amplitudes and an improvement in sensory potentials, without
conduction block. At 6 months, the electromyography was
normal.
The second patient, a 54-year-old hunter, developed chronic

demyelinating neuropathy after meningitis due to neuroborre-
liosis. He first reported myalgia in the calves and lumbar pain
which progressively worsened. Two months later, he had lower-
limb weakness followed by predominantly distal weakness of the
four limbs 1month later, with absence of osteotendinous reflexes,
paresthesia of the hands, and then paresthesia of the 4 limbs and
circumoral paresthesia. He also presented with diaphragmatic
paralysis. CSF analysis showed lymphocytic meningitis
(100 cells/mm3, CSF protein content: 1g/L) and serological tests
were positive in both the blood and the CSF. He was treated with
ceftriaxone 2g/day, for 1 month, but neurological symptoms
continued to worsen with the beginning of amyotrophy in the
lower limbs.
The first electromyography found decreased CMAP and

sensory potential amplitudes, conduction blocks, reduced
conduction velocities and reduced proximal conduction, severe
active denervation (fibrillation) with neurogenic features in the 4
limbs (Table 4). The clinical picture first improved with several
treatment sessions of immunoglobulins but then deteriorated
(partial response and relapses). He was subsequently treated with
7

corticosteroid therapy without effect, and then with plasma
exchange and azathioprine which led to disease stability.
Functional recovery was limited because of axonal loss.
4. Discussion

We report here 16 well documented cases of neuroborreliosis
involving the PNS in our center located outside an endemic Lyme
disease region. This series provides an updated overview of the
peripheral complications of neuroborreliosis. Ten patients
(62.5%) presented with meningoradiculoneuritis, 4 (25%)
with axonal neuropathy, and 2 (12.5%) with demyelinating
neuropathy.
To date, the few reports of neuroborreliosis involving the PNS

have described small series.[10–15] One Spanish single-center
series reports seven cases: one patient presented with meningo-
encephalitis, two with brachial plexopathy, two with radiculop-
athy, and one with cranial nerve palsy.[10] Another study
collected patients with a positive serology and neurological
symptoms in the South West of England: 22 cases were recorded
during the 5-year study period including patients with facial
palsy, radiculopathy and meningoencephalitis, and two patients
experiencing peripheral sensory manifestations.[11] Isolated nerve
palsy (facial palsy, left abducens palsy) has also been reported,[12–
14] as well as Parsonage-Turner syndromes.[15]

As described in the literature, most of our patients (62.5%)
experienced meningoradiculoneuritis. Thus, intense pain-related
insomnia, cranial neuropathy and lymphocytic meningitis can be
considered to be classic signs that should suggest a diagnosis of
neuroborreliosis even in the absence of skin lesions or tick
bite.[4,6,16–18] Meningoradiculitis was most commonly charac-
terized by palsy of cranial nerve VII (in 40% of our cases) but also
by involvement of the cranial nerves III, V, IX, X and phrenic

http://www.md-journal.com


Table 4

Electrophysiological study of the patient with a chronic demyelinating polyradiculoneuropathy secondary to neuroborreliosis.

Distal latency, ms CMAP amplitude, mV Conduction velocity, m/s Conduction block
Motor nerve R/L R/L R/L R/L

Right lateral popliteal nerve (tibialis anterior muscle)
Below fibula neck 3.2 0.2 10
Above fibula neck 0.2

Right tibial nerve Temporal dispersion
Ankle 6.4 0.9 �78%
Popliteal fossa 0.2 19

Median nerve
Wrist 3.5/3.3 9.2/10.2
Elbow-proximal 1.3/0.7 42/37 �86%/�93.2%
Proximal F-wave 31/

Ulnar nerve
Wrist 3.1/2.2 8.6/8.3
Below elbow 0.7/1.1 24/33 �91.9%/�86.8%
Above elbow 0.6/0.9 33/29
Proximal F-wave 30/

Sensitive nerve
Potential amplitude, mV Conduction velocity, m/s

R/L R/L

Superficial fibular nerve 0/8
Sural nerve 17/11 28/
Right median nerve 43 43
Ulnar nerve (fifth finger) 9/9
Radial nerve 13/8

CMAP=compound muscle action potential, L= left, R= right.
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nerves. All the patients in our series who underwent an MRI had
contrast enhancement of nerve roots or cranial nerves.
The originality of our case series is that we report other clinical

expressions including four cases of isolated axonal neuropathy.
Chronic sensory axonal neuropathy is a late manifestation of
neuroborreliosis, but is usually associated with acrodermatitis
chronica atrophicans (a skin disorder due to chronic dermato-
borreliosis). More than half of acrodermatitis chronica atrophi-
cans cases are associated with a neuropathy, which is an
asymmetrical distal sensory neuropathy that follows skin lesions
(localized in the acral parts of the extremities) and that can be
painful or painless.[1,6,19] On the contrary, in our study, 75% (3/
4) of axonal neuropathies were subacute, and neurological
symptoms and skin lesions were concomitant; 75% (3/4) were a
painful asymmetrical neuropathy. Furthermore, it is important to
note that the occurrence of meningitis in our patients with axonal
neuropathy was infrequent in contrast to the cases of
radiculonevritis. Nerve biopsy may be useful if vasculitis
requiring corticosteroid is suspected: lymphocytic vasculitis
was demonstrated by nerve biopsy for one of the patients in
our series presenting a progressive painful neuropathy. More-
over, it is also known that neuroborreliosis can present as
mononeuritis multiplex, but this remains a rare clinical
expression.[3,6,20–22] One patient in our series presented mono-
melic sensory mononeuritis multiplex.
In addition, we observed 2 cases of demyelinating neuropathy:

1 Guillain-Barre syndrome and 1 case of a chronic demyelinating
neuropathy which occurred subsequently to meningitis. We think
that the 2 patients developed a real neuroborreliosis with
symptoms of demyelinating neuropathy, rather than a classic
Guillain-Barré syndrome and a classic chronic inflammatory
demyelinating polyneuropathy with an infectious trigger. Indeed,
the presence of a lymphocytic meningitis with an increased
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cellularity and the time sequence of symptoms onset would
support the hypothesis of an active infection.[23] Antibiotic
treatment combined with a specific treatment for the demyelin-
ating neuropathy, such as immunoglobulins, is recommended in
this case.[24,25]

Surprisingly, even if individual cases of diaphragmatic
paralysis have been reported,[26,27] we observed a high frequency
(18.6%) in our series and therefore believe that this symptom is
suggestive of neuroborreliosis. Conversely, only one of our
patients, with a history of myocarditis, developed organ
involvement outside the PNS.
All but one of our patients (who was diagnosed by nerve

biopsy) had a positive CSF serology, but two patients with
meningoradiculoneuritis had a negative blood serology. Thus
negative blood serology should not rule out a diagnosis of
neuroborreliosis, as described in the literature.[6,8] The
serological tests were performed for 1 of the 2 patients 3
weeks after symptoms onset whereas specific antibodies can
only be detected after 4 to 6 weeks.[6] Sensitivity is low in the
early stages of the disease, as the antibody response may be
absent. However, serological tests can be positive in the CSF
before seroconversion in the peripheral blood.[8] For the second
patient, tests were performed 4 months after symptom onset,
but seroconversion is sometimes absent after early antibiotic
treatment that can block antibody production. For the only
patient who had a negative CSF serology, the lumbar puncture
was performed 3 weeks after symptom onset, and specific
intrathecal IgG production is detectable only after 6 to 8 weeks
in some cases.[8]

Furthermore, the presence of oligoclonal bands associated with
a positive serology in the CSF would be an argument for the
diagnosis of neuroborreliosis because oligoclonal bands could be
an indicator of active infection.[28,29]
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In our study, 81.3% (13/16) of the patients were initially
treated with intravenous ceftriaxone (for 3–4 weeks), which led
to a favorable outcome for 84.6% of patients (11/13). This
treatment was ineffective for the patient with chronic demyelin-
ating neuropathy because of axonal loss. For another patient
(with meningoradiculoneuritis), symptoms disappeared with
ceftriaxone but atypically reappeared at the end of the
antibiotherapy. The patient was subsequently successfully treated
with a 4-week course of doxycycline. One patient was switched to
doxycycline after developing an allergy to ceftriaxone. Two
patients initially received a 3-week course of amoxicillin (with
one treatment failure, treated secondarily with ceftriaxone) and 1
patient failed to respond to an initial treatment with doxycycline
and was treated secondarily with ceftriaxone. In summary,
antibiotic treatment led to a favorable outcome in almost all
cases, as reported in other series.[10,11] According to both
European and American guidelines, patients with early neuro-
borreliosis (meningitis, radiculopathy) should be treated with
intravenous ceftriaxone (2g/for at least 2 weeks). If a patient is
intolerant to b-lactam antibiotics, doxycycline can be used.
Patients with late neuroborreliosis should be treated with
intravenous ceftriaxone (for 2–4).[7,30]

The main limitation of our study was that data about the CSF/
serum antibody index were limited, because of a retrospective
data collection for biological results, and because this analysis
was not performed for the oldest medical records. The CSF/serum
antibody index is useful to exclude a passive transfer of
antibodies from blood. However, diagnosis of neuroborreliosis
was defined in our study with positive serological tests confirmed
by Western Blot and based on a body of clinical arguments
(improvement of symptoms with an adapted antibiotherapy,
exclusion of other diseases, and a frequent occurrence of
meningitis and pain for our patients).
Moreover, our cohort might not reflect all cases of neuro-

borreliosis because we included only patients who had an
electrophysiological study in a neuromuscular disease center in a
nonendemic area. We could not include a large number of
patients, because an electrophysiological study is not systemati-
cally performed in case of neuroborreliosis, and we included only
patients with a confirmed diagnosis.
Although it is known that Borrelia primarily affects the skin

and then other tissues through the blood and lymphatic systems,
the pathogenesis of neuroborreliosis in the various clinical
presentations is not clearly understood.[31] It is thought that the
bacteria are harbored by macrophages, causing degeneration of
perineurial cells (which normally play a role of protective barrier)
and increasing the permeability of the blood-nerve barrier, which
leads to migration of inflammatory cells into the nerves.[32–34]

This would explain the occurrence of interstitial lymphoplasma-
cytic infiltration forming clusters around the epineurial,
endoneurial and perineurial capillaries with or without necrosis
of the vessel walls, and complement and immunoglobulin
deposition.[32] The local production of inflammatory and
cytotoxic mediators induces apoptosis and the loss of neurons
and glial cells. Matrix metalloproteinases then attack the myelin
proteins and digest glycoproteins and proteoglycans leading to
local demyelination. This ultimately results in multifocal axonal
loss of the nerve roots and distal nerve segments, and loss of both
myelinated and unmyelinated fibers.[19,24,34–39] This cell loss
might also be due to the direct action of spirochetes and
infiltrating cells.[40,41] Moreover, the presence of cross-reactive
antibodies to self-antigens (antibodies directed against epitopes
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of Borrelia with cross-reaction with epitopes of peripheral nerve)
has been described.[32,39,40]

It was difficult to know exactly where the axonal loss started
for our patients, since the electrophysiological study mostly
analysed distal nerves and the location of infection onset was
often unknown.
For the neurologist, diagnosing neuroborreliosis is challenging

as the clinical presentation is highly varied and the neurological
symptoms often reveal borreliosis (as for 58% of our patients)
without a reported history of tick bite or skin lesions. The
occurrence of a subacute, painful, and asymmetric neuropathy
should suggest a diagnosis of neuroborreliosis. A delayed
diagnosis with subsequent axonal loss can have an adverse
effect on the outcome, and symptom resolution is observed in
most patients treated early with antibiotics. The objective must be
to identify neuroborreliosis and atypical cases as early as possible,
with the help of CSF analysis, to treat the patient rapidly, avoid
the axonal loss and improve prognosis.
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