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Preamble
This guideline pertains to the diagnosis and treatment
of neurological manifestations of Lyme borreliosis in
children and adults. In the future it will be integrated as
module 2 of the planned interdisciplinary S3 guideline
“Lyme Borreliosis – Diagnosis and Treatment, AWMF
Register No. 013-080”.
Twenty AWMF member societies, the Robert Koch Insti-
tute, the German Borreliosis Society and three patient
organisations participated in its development. A system-
atic review and assessment of the literature was conduc-
ted by the German Cochrane Centre, Freiburg (Cochrane
Germany) with significant input from Dr. Rick Dersch.
The interdisciplinary guideline group is currently develop-
ing the S2k guideline “Cutaneous Lyme Borreliosis”
(AWMF Register No. 013-044) [1] into an S3 guideline
with the aim of modularly integrating it into the interdis-
ciplinary guideline. Part 3 “Lyme Arthritis, Lyme Carditis
and Other Rare Manifestations” will then be developed
as a further module of the interdisciplinary S3 guideline
“Lyme Borreliosis – Diagnosis and Treatment”. The
guideline was formally adopted by the boards of the par-
ticipating organisations with the exception of the DBG
and the patient organisations BFBD, BZK and OnLyme-
Aktion.org. The DBG and the patient organisations BFBD,
BZK and OnLyme-Aktion.org have issued statements
of dissent, which are published in an appendix
(Attachment 1) to the guideline report (Attachment 2).

What’s new?

• The previous S1 guideline on Lyme neuroborreliosis
(AWMF Register No. 030-071) [2] has been developed
into an S3 guideline on Lyme neuroborreliosis accord-
ing to themethodological guidelines of the Association
of Scientific Medical Societies (AWMF).

• The validity of the guideline has been extended to
include the diagnosis and treatment of Lyme neu-
roborreliosis in children based on a systematic review
[3].

• A systematic review of antibiotic treatment of Lyme
neuroborreliosis in adults [4] found the following:
There is no scientific basis for deviating from the
previously recommended treatment duration of

•

14 days for early and 14–21 days for late Lyme
neuroborreliosis.
In the case of early Lyme neuroborreliosis, doxycy-
cline and beta-lactam antibiotics (penicillin G, ceftri-

•

axone and cefotaxime) are equally effective in terms
of the regression of neurological symptoms and are
tolerated equally.
There are no reliable, analysable study data on the
efficacy of combination antibiotic therapy.

•

There are no study data available on the efficacy of
chloroquine, carbapenems and metronidazole.

•

• A systematic review has found that the high prevalence
of persisting non-specific and/or atypical symptoms
following Lyme neuroborreliosis, as reported in many

studies, can largely be traced to study artefacts re-
sulting from imprecise case definitions [5].

Key recommendations

• A suspected clinical diagnosis of neuroborreliosis
(cranial nerve deficits, meningitis/meningoradiculitis,
encephalomyelitis) can be confirmed by the detection
of inflammatory changes in cerebrospinal fluid linked
to Borrelia-specific intrathecal antibody synthesis.

• Serological testing should only be conducted if there
is sufficient clinical suspicion. ↑↑ (consensus 10/13)

• The following antibiotics should be used to treat early
and late Lyme neuroborreliosis: doxycycline, ceftriax-
one, cefotaxime, penicillin G. ↑↑ (consensus 9/13)

• Antibiotic treatment should last 14 days (early Lyme
borreliosis) or 14–21 days (late Lyme borreliosis). ↑↑
(strong consensus 13/13)

• Estimation of treatment success should be based on
the clinical symptoms. ↑↑ (strong consensus 12/12)

Preface

Lyme borreliosis is themost common tick-borne infectious
disease in Europe. A neurological manifestation occurs
in 3–15% of infections and can manifest as polyradiculi-
tis, meningitis and (rarely) encephalomyelitis. The disease
can be treated with antibiotics.

Target group

This guideline is directed at physicians in private practices
and clinics who treat Lyme neuroborreliosis in children
and adults.

Objectives of this guideline
(recommendations)

• Definition of the disease
• Confirmation of a clinical diagnosis
• Differentiation of non-specific complaints
• Antibody testing in serum
• Cerebrospinal fluid (CSF) testing including antibody
detection in CSF

• Meaningful use of molecular-diagnostic testing and
culture tests

• Therapy
• Differential diagnostic testing
• Prevention
• Observation of the skin area around the tick bite; in-
formation sheet for patients

• Diseases caused by relapsing fever Borrelia (e.g. Bor-
relia recurrentis) are not covered in this guideline

• Questions relating to co-infections linked to diseases
transmitted by ticks are not covered in this guideline
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1 Epidemiology, transmission,
manifestations, prophylaxis

1.1 Epidemiology

1.1.1 Definition

Lyme borreliosis is a multisystem inflammatory disease
that is caused by an infection with the spirochete Borrelia
burgdorferi sensu lato and transmitted through the bite
of the Ixodes ricinus tick.

1.1.2 Distribution and species

It is the most prevalent vector-borne disease in the tem-
perate climate zones of the northern hemisphere and is
endemically widespread. In North America, Lyme borreli-
osis is only caused by the Borrelia species Borrelia burg-
dorferi sensu stricto, while in Europe B. afzelii, B. bavari-
ensis and B. garinii have also been identified as human
pathogens. The newly identified species Borrelia spiel-
manii also has the potential of being pathogenic to hu-
mans. It was detected in 4 of 160 skin isolates (all from
erythema migrans) but has yet to be linked to Lyme
neuroborreliosis (72 CSF isolates) in Germany [6]. The
pathogenic potential of the various Borrelia burgdorferi
species varies [7]. After B. garinii OspA-type 4 was reclas-
sified as the new species Borrelia bavariensis [8], a re-
evaluation of 242 human isolates fromGermany [6] found
that the 72 CSF isolates comprised 21% B. afzelii,
22% B. bavariensis and 29% B. garinii, and the 160 skin
isolates comprised 67% B. afzelii, 12% B. bavariensis
and 12% B. garinii. In other words, only the skin isolates
showed a clear prevalence of one species, namely
B. afzelii.
Currently no reliable figures are available on the rate of
occurrence of Lyme borreliosis in individual European
countries. An evaluation of population registers from six
eastern German states found a strongly fluctuating rate
of 34.9 cases per 100,000 inhabitants in 2009, and
19.54 cases per 100,000 inhabitants in 2012 [9]. Sec-
ondary data analyses of health insurance data based on
ICD 10 code A 69.2 (G) found significantly higher case
numbers, although the authors cannot rule out an over-
estimation of case numbers due to clinical misdiagnosis
or miscoding [10].
In summary, the available epidemiological data are incon-
clusive. Data published in Germany to date suggest an
incidence of Lyme borreliosis ranging from 60,000 to
>200,000 cases per year.

1.1.3 Incidence of various manifestations

Acute Lyme neuroborreliosis (3.3%) was the secondmost
frequent clinical manifestation after Erythema migrans
(95.4%) [9]. In a prospective, population-based study
conducted in the Würzburg area, 313 cases of Lyme
borreliosis were identified over a period of 12 months.
This corresponds to a significantly higher incidence rate

of 111 per 100,000 inhabitants and results in the follow-
ing frequencies of manifestations [11]:

Early manifestations

• 89% erythema migrans (erythema migrans related to
another organ manifestation in a further 3%)

• 3% Lyme neuroborreliosis (stage II)
• 2% Borrelia lymphocytoma
• <1% carditis

Late manifestations

• 5% Lyme arthritis
• 1% acrodermatitis chronica atrophicans
• Late Lyme neuroborreliosis (stage III) was not identi-
fied.

According to one study, children have a higher risk of
developing Lyme neuroborreliosis after a tick bite than
adults, most likely because they are more frequently bit
on the head [12].

1.1.4 Seroprevalence of Borrelia-specific
antibodies

Borrelia-specific antibodies are found in 5–20% of healthy
individuals in Germany and Austria depending on endemic
region and age group [13], [14], [15]. A seroprevalence
of 20% was found in 964 (asymptomatic) Swiss ori-
enteers; in asymptomatic blood donors it was 8% [16]. A
cross-sectional German study of children and adolescents
aged 1–17 years found an average seroprevalence of
4.8%. The relative probability of a positive result for anti-
bodies depended on age and increased for every year of
life by 6% for girls and 11% for boys [17]. An elevated
level of Borrelia-specific IgG antibodies was found in 20%
of men >60 [15].

1.1.5 Infection rates of ticks

Studies of ticks in southern Germany showed average
infection rates of about 1% for larvae, 10% for nymphs
and 20% for adults [18]. In addition to regional differ-
ences in tick-borne infection rates (18–37% for adults
and 5–12% for nymphs), there were also significant dif-
ferences in the regional distribution of the Borrelia species
[6]. Infection rates in Switzerland were 5–7% depending
on the area [19]. The density of infected ticks also varies
greatly from region to region, ranging from 2 to 58 per
100 m2 in Switzerland. In addition to Lyme borreliosis,
other infectious diseases such as TBE, human granulo-
cytic anaplasmosis, rickettsiosis, ehrlichiosis etc. can be
transmitted by ticks.

Summary

• Lyme borreliosis is a multisystem disease that is
transmitted through the bite of the Ixodes ricinus tick.
It primarily affects the skin, nervous system or joints.
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• Five Borrelia species pathogenic to humans have so
far been identified in Europe.

• There are no reliable figures on the rate of occurrence
(incidence from different surveys in Germany 60,000
to >200,0000 cases/year).

• Seroprevalence of Borrelia-specific antibodies is
5–20%. It varies regionally and is age-dependent.

• Infection rates of ticks are area-dependent: 18–37%
for adults, 5–12% for nymphs, 1% for larva.

1.2 Route of infection

Borrelia are transmitted through the bite of hard-bodied
ticks (in Europe through the “castor bean tick” Ixodes
ricinus). According to data from animal experiments, the
risk of infection increases with the duration of the blood
meal. It is not possible to reliably deduce the earliest
point in time that an infection can be expected, especially
since the probability of transmission even appears to vary
from species to species [20]. The transmission mecha-
nism of the Borrelia that survived in the tick’s intestine
before the blood meal is very complex [21]. According to
German studies, a seroconversion is expected to occur
after a tick bite in 2.6–5.6% of those affected, and dis-
ease will manifest in 0.3–1.4% [22], [23], [24]. A study
conducted in western Switzerland found the risk of being
infected with Borrelia from a tick bite was just under 5%
[25].

1.3 Prophylaxis

(Cited from DDG S2k Guideline “Cutaneous Lyme Borrel-
iosis”; AWMF Register No. 013-044 [1].)

1.3.1 Prevention of Lyme borreliosis

It is very important to remove ticks early before they be-
come engorged. The risk of transmission of Borrelia in-
creases with the length of time the tick sucks [26].
Transmission within the first 12 hours has rarely been
observed in laboratory animals. The body should be
checked in the evening for ticks after spending time in a
garden, park, field, forest or meadow, where contact with
a tick may have occurred.
Ticks should be removed immediately with a tick tweezer
or a tick card in order to prevent the transmission of the
Borrelia. If parts of the suction organ remain in the skin,
they can be removed later with a needle or a curettage
[27]. If the head or the suction organ remains in the skin,
the risk of a Borrelia transfer does not increase. The
bodies of nymphs and adult ticks should not be squeezed
when they are engorged with blood in order to prevent a
possible transfer of the Borrelia. Examination of the skin-
removed tick for Borrelia is not useful, as detection of
Borrelia in the tick does not provide sufficient predictive
value for Borrelia transmission to the host nor for disease
development. After the removal of a tick, the patient
should be informed about the necessary follow-up of the

tick bite site in the following 6 weeks (Appendix 6: “Pa-
tient information after a tick bite” in Attachment 3).

1.3.2 Prophylactic treatment after a tick bite

According to an American study, the risk of infection after
a tick bite can be reduced through a one-time prophylactic
administration of 200 mg of doxycycline (87% effective-
ness) [28], [29]. The results, however, should be inter-
preted with caution since only one follow-up was conduc-
ted after 6 weeks. Thus, no statement can currently be
made as to whether this is sufficient with respect to a
late infection.
In view of the low risk of disease, a large number of un-
necessary doxycycline treatments would have to be ac-
cepted in order to prevent one potential infection. Accor-
ding to projections of infection risk in endemic areas,
40–125 prophylaxes would have to be administered in
order to prevent 1 disease [30]. Impacts on the intestinal
flora and a possible development of resistance through
frequent prophylaxis is conceivable. Therefore, oral
doxycycline prophylaxis is not recommended in Europe.
The prophylactic application of an antibiotic cream is also
controversial. Animal studies with azithromycin cream
reveal a good prophylactic efficacy [31], [32]. A placebo-
controlled study on its effectiveness in humans identified
no prophylactic effect [33]. Therefore, this treatment is
not recommended.

Recommendations for preventing infection

(Taken from the S2k guideline “Cutaneous Lyme Borreli-
osis” [1]).

• Clothing that covers the body should be worn to pre-
vent tick bites. ↑

• Using tick repellents can be recommended with some
reservations. ↔

• Skin should be inspected in the evening for ticks after
being in an outdoor area where there is the possibility
of contact with ticks. ↑↑

• Ticks should be removed early in order to prevent Lyme
borreliosis. ↑↑

• The site of the bite should be observed for up to six
weeks. ↑↑

Not recommended

• Testing the removed tick for Borrelia is not recommen-
ded. ↓

• No local or systemic prophylactic antibiotic treatment
should be given after a tick bite. ↓

1.3.3 Vaccines

No vaccine is currently approved for use in humans.
A vaccination with recombinant lipidated Osp A has been
evaluated in the USA as part of a major study and has
shown to be effective [34], [35]. The vaccine has been
approved in the USA since 1999; however, it was taken
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off the market by its manufacturer. The reason for the
withdrawal were economical. Reports on undesired vac-
cine reactions in individuals with a genetic predisposition
were refuted by multiple qualified studies [36], [37], [38].
This monovalent vaccine is not suitable for Europe as it
only protects against an infection with B. burgdorferi
sensu stricto, and not against the genospecies B. afzelii
and B. garinii that are frequently found in Europe.
A polyvalent OspA vaccine is currently being developed
for Europe [39], however approval is not expected in the
foreseeable future.

2 Symptoms

2.1 Possible stages

Early localised stage: An early Borrelia infectionmanifests
in 80–90% of patients as local erythema migrans (early
localised stage) [9], [11]. General symptoms such as
feeling ill, arthralgia, myalgia, subfebrile temperatures or
night sweats may occur a few days to weeks after a Bor-
relia infection [40].
Early disseminated stage: A disseminated infection can
occur weeks tomonths after a tick bite (erythemamigrans
is only reported in around 25–50% of the acute cases of
Lyme neuroborreliosis [41], [42], [43]), which predomi-
nantly affects the nervous system, joints and heart (early
disseminated stage) [40].
Late manifestations: In rare cases, a late or chronic
manifestation with involvement of the skin, the nervous
system and the joints (late manifestations) can occur
after months or years [40], [44], [45], [46].
Information about a tick bite does not help determine the
time of infection, since unnoticed tick bites lead to infec-
tion in about two thirds of cases [41], [47], [48]. For the
classification of neuroborreliosis, therefore, the disease
duration is increasingly used in addition to the clinical
picture [49].

2.2 Neurological manifestations in
adults

Garin-Bujadoux-Bannwarth syndrome (meningoradicu-
loneuritis) is the most common manifestation of acute
Lyme borreliosis in adults in Europe after erythema mi-
grans [41], [47], [50].
In Europe, isolated meningitis (without radicular symp-
toms) is mainly observed in children [12], [41], [43], [51],
[52] .
The symptomsof radiculitisdevelop onaverage4–6weeks
(maximum1–18) after the tick bite or after the erythema
migrans [41], [53]. Segmental pain occurs first, which
intensifies at night and whose localisation can change.
Often the pain is initially localised in the extremity where
the tick bite or erythemamigrans was first observed [41],
[54]. The patient experiences pain that is burning, nag-
ging, stabbing or tearing in nature and responds only
slightly to conventional analgesics. It often peaks within

a few hours or days. Three-quarters of patients develop
neurological deficits after 1–4 weeks, and pareses are
more frequent than sensory disorders [41], [53].
About 60% of patients with Bannwarth’s syndrome have
cranial nerve deficits.

• All cranial nerves may be involved with the exception
of the olfactory nerve.

• The facial nerve is affected in over 80% of cases where
there is cranial nerve involvement [41], [55]. There is
frequently a bilateral manifestation (approximately
1/3 of the cases) [41], [47], [56]. The sense of taste
may not be affected. In unilateral cases, it can be dif-
ficult to differentiate from idiopathic facial nerve
paresis; however, sometimes symptoms or anamnestic
data (e.g. erythema migrans, radicular pain) can help
to indicate Lyme neuroborreliosis. CSF testing can
bring clarity here. Inmost cases, a complete regression
is observed within 1–2 months regardless of the
severity of the facial paralysis. Residual symptoms or
partial recovery with facial synkinesia (pathological
movement) are observed in about 5–10% of patients
[56], [57], [58].

• Furthermore, Lyme neuroborreliosis may affect the
abducens nerve and very rarely the vestibulocochlear
nerve, the optic nerve (optic neuritis, papilloedema),
the oculomotor system (NN III, IV), the trigeminal nerve
and the caudal cranial nerves (NN IX–XII) [41], [47],
[53], [59]. It is questionable whether isolated damage
to the vestibulocochlear nerve occurs in the context
of an acute Borrelia infection.

Polyneuropathy/polyneuritis is linked to a Borrelia infec-
tion in European patients only in association with acro-
dermatitis chronica atrophicans (ACA) in 48–64% of the
cases [60], [61]. Isolated polyneuropathies/polyneuritis
without other clear symptoms of Lyme borreliosis have
been identified in 39–52% of American patients with
Lyme borreliosis [62], [63]. However, in 284 US-American
patients with etiologically unexplained polyneuropathy,
Lyme borreliosis was identified as the cause of the poly-
neuropathy in only one case (0.3%) after diagnostic re-
evaluation [64]. In contrast, few instances of distally
symmetrical polyneuropathies or polyneuritis not associ-
ated with ACA have been identified in Europe. A causal
link between neurological symptoms and a Borrelia infec-
tion cannot easily be made for patients with polyneuro-
pathy/polyneuritis whose blood tests positive for Borrelia
[65] since Borrelia-specific antibodies are found in approx-
imately 5–20% of healthy individuals depending on the
endemic region and age group [13], [15], [66]. Occupa-
tionally exposed risk groups, such as forestry workers,
even have seroprevalences of over 50% [67]. In these
cases, the probability of a causal link depends on
whether further clinical symptoms of Lyme borreliosis are
present andwhether other common causes of polyneuritis
have been identified.
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Involvement of the central nervous system is rare and
occurs in only around 4% of Lyme neuroborreliosis cases
[41], [47]. Its onset is gradual and it is frequently chronic.
The most common manifestation is myelitis with spastic
atactic gait disturbance and bladder dysfunction [41],
[50]. Symptoms can develop over days or several months.
Some patients suffer from severe tetra- or paraparesis.
Approximately 60% of patients withmyelitis have addition-
al signs of encephalitis and around 40% have cranial
nerve involvement. Encephalitis has no clinical properties
specific to the pathogen.
Encephalitis can lead to psychiatric diseases or organic
brain syndromes. Cases of acute psychosis [47], [68],
[69], [70], [71], [72] or Tourette’s syndrome [73] have
been reported.
In very rare cases cerebral symptoms (e.g. ischemic
stroke) can be caused by Borrelia-induced vasculitis [74],
[75]. According to a non-systematic review, only 62 cases
had been reported by 2015 [74]. Another very rare
manifestation of Lyme borreliosis is myositis, for which
only individual case reports exist [76], [77]. Clinical
symptoms include focal pain and paresis.

2.3 Neurological manifestations in
children

In Europe, Lymphocytic meningitis (approximately 30%)
and facial paresis (approximately 55%) are the most fre-
quentmanifestations of Lyme neuroborreliosis in children
[12], [41], [51], [52], [78]. The symptoms of meningitis
are often very discrete and can be overlooked in the ab-
sence of cranial nerve involvement [79]. The facial nerve
and the nerves of the outer eye muscles are most fre-
quently affected. In principle, all cranial nerves can be
affected with the exception of the olfactory nerve. Radicu-
lar symptoms in the spinal nerves are rare. However,
there are reported cases of early Lyme neuroborreliosis
with myelitis [80], acute hemiparesis [81], opsoclonus-
myoclonus syndrome [82] and ataxia [83]. Late Lyme
neuroborreliosis is very rare in children. Clinical pictures
include seizures, neurological deficits with paralysis and
excretory disorders. Cognitive impairment and mood dis-
orders can also occur [81].

2.4 Clinical course

Early Lyme neuroborreliosis: symptoms last for weeks to
months [41], [47], [50].

• Presumably over 98% of cases [11], [43]
• Neurological symptoms appear several weeks to sev-
eral months after a tick bite

• Typical manifestations: painful meningopolyradiculitis
of the spinal nerves linked to a unilateral or bilateral
facial paresis (Bannwarth’s syndrome); alsomeningitis
in children

• Frequently: radicular pain

Late Lyme neuroborreliosis (also termed chronic Lyme
neuroborreliosis): symptoms last for months to years
[41], [47], [50].

• Presumably less than 2% of cases [11], [43]
• Neurological symptoms develop slowly over months
to years

• Typical manifestations: encephalomyelitis with spastic
atactic gait disturbance and bladder dysfunction

• Isolated meningitis is very rare
• Rarely any pain

Erythema migrans (EM) is indicated in the medical histo-
ries of 34–46% of patients with Lyme neuroborreliosis
[41], [47], [50].

2.5 Symptoms that should lead to
clarification of Lyme neuroborreliosis

(Hansen & Lebech 1992 [41]; Kaiser 1994 [50];
Oschmann et al. 1998 [47]) (Appendix 7 in Attachment 3)

• Radiculitis of the spinal nerves (typical for early stages)
(frequency 70–75%): initially severe, nocturnal, radicu-
lar or segmentally distributed pain, persisting without
treatment for weeks, later development of paresis >
paraesthesia

• Radiculitis of the cranial nerves II–XII (frequency
47–56%): facial nerve paresis most frequent
(83–92%), bilateral in about one third; ocular muscle
paresis (abducens nerve) (frequency 4–9%). Very rare
(individual case reports): paresis of the oculomotor
and trochlear nerves, optic neuritis, papilloedema,
hearing loss, dizziness (vestibulocochlear nerve),
paresis of the hypoglossal nerve

• Meningitis (in children [frequency of around 30%]more
frequent than in adults [frequency 4–5%]): headache,
meningism, photophobia, nausea, vomiting, fatigue,
emotional instability; rarely chronic

• Neuritis of the peripheral nerves (extremely rare),
probably only in the context of acrodermatitis chronica
atrophicans/axonal polyneuropathy with predominantly
sensory symptoms

• Encephalitis (mostly late Lyme neuroborreliosis) (older
case series indicate a frequency of 4–5% for enceph-
alomyelitis) [41], [47]: paresis, speech and language
disorders, coordination disorders, occasional epileptic
seizures; rarely organic brain syndrome with lack of
concentration, loss of consciousness and hallucina-
tions

• Myelitis (mostly late Lyme neuroborreliosis) (frequency
similar to encephalitis, see above): transverse sensory
dysfunction, central and peripheral paresis, voiding
disorders; often in association with encephalitis

• Borrelia-induced cerebral vasculitis: rare, mainly
ischemic events in different areas of the bloodstream
with corresponding neurological symptoms [74]

• Borrelia-induced myositis: extremely rare [76], [77]
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Figure 1: Diagnostic algorithm for early Lyme neuroborreliosis; modified according to [43]

3 Diagnostic testing

3.1 Overview

Typical clinical symptoms are an indication of Lyme
neuroborreliosis which must be underpinned by sub-
sequent laboratory tests (serum and cerebrospinal fluid
tests) [84], [85]. The diagnostic algorithm is illustrated
in Figure 1 and Figure 2.

3.2 Inflammatory CSF changes

Inflammatory cerebrospinal fluid (CSF) changes (pleocy-
tosis, blood-CSF barrier dysfunction and intrathecal im-
munoglobulin synthesis) can be expected for every Lyme
neuroborreliosis (possible exceptions: very early stage of
the disease or distal symmetric polyneuropathy).
The CSF typically exhibits lymphocytic pleocytosis with
plasma cells, activated lymphocytes and a significant in-
crease in the total protein or albumin ratio (blood brain
barrier disorder) [50], [55] (Table 1). The average cell

count is between 170 and 220/µl with a range from
6 cells/µl [50] up to 1,100 cells/µl [47]. In addition, in-
trathecal IgM synthesis occurs in 80–100% of early
manifestations and IgG synthesis in about 60% of pa-
tients [50], [86]. If intrathecal IgG synthesis is determined
qualitatively by isoelectric focusing (detection of oligo-
clonal IgG bands), results will be positive in 70–80% of
patients [50], [55]. Late Lyme neuroborreliosis has more
frequent and higher intrathecal IgG and IgA synthesis
rates than early Lyme neuroborreliosis (Table 1).
Lactate levels in the cerebrospinal fluid are only slightly
elevated in patients with Lyme neuroborreliosis.
Only 5 out of 118 patients with early Lyme neuroborreli-
osis showed significantly elevated CSF-lactate levels
(=3.5 mmol/l) and the mean CSF lactate concentration
for the entire cohort was not elevated (2.1±0.6 mmol/l)
(Table 1) [55].
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Figure 2: Diagnostic algorithm for late Lyme neuroborreliosis; modified according to [43]

Table 1: Cerebrospinal fluid results for early and late manifestations of Lyme neuroborreliosis prior to antibiotic treatment
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Table 2: Antibody detection and test sensitivity based on disease stage (modified according to [85])

Recommendations

• If Lyme neuroborreliosis is clinically suspected, CSF
and serum testing (simultaneous collection) should
be performed. ↑↑

• The CSF analysis should include cytological, protein
chemical and serological testing (AI calculation, see
below). ↑↑ (both recommendations have a strong
consensus 13/13)

3.3 Indirect pathogen detection in serum

3.3.1 Serodiagnosis, antibody detection

In the case of early Lyme borreliosis, Borrelia-specific IgM
antibodies can be detected starting week 3 p.i. and IgG
antibodies starting week 6 p.i. [85]. However, the use of
VlsE or C6 peptide as a test antigen means that IgG anti-
bodies can now often be detected as early as IgM anti-
bodies [85]. High IgG antibody concentrations are usually
found in late manifestations of Lyme borreliosis (Table 2)
[85], [87]. A detectable humoral immune response does
not always follow the usual course known from other in-
fectious diseases: the measurable antibody response
may (still) be absent in an early, localised manifestation
(erythemamigrans) [85]. At the same time, there may be
no measurable IgM response, for example in the case of
reinfections [85], [88]. In the context of very early anti-
biotic treatment, ameasurable humoral immune reaction
may also fail to appear [89]. On the other hand, the pos-
itive detection of borrelia-specific IgM and/or IgG antibo-
dies alone is not an indication of an illness from Borrelia
burgdorferi since

1. Borrelia infections with asymptomatic seroconversion
can occur [23] and

2. elevated IgG and IgM antibody titres (in serum and/or
cerebrospinal fluid) are not uncommon in healthy in-
dividuals for years following sufficiently treated Lyme
borreliosis [90], [91], [92].

Borrelia serology is not suitable for monitoring antibiotic
treatment of Lyme borreliosis and follow-up testing is
therefore not recommended [85], [93].
The serodiagnosis of a systemic Borrelia infection in-
cludes a 2-step process: first a screening test (enzyme
immunoassay) followed by a confirmation test (immuno-
blot) [85], [93].
Improvements in serodiagnosis include screening tests
(ELISAs) that contain the preferably in vivo-expressed
protein VIsE or the conserved immunodominant C6 region
of this protein [85], [94]. In confirmation tests (immuno-
blot) for diagnosing acute Lyme neuroborreliosis, the re-
combinant line immunoblot was reported to have a signi-
ficantly higher sensitivity than the conventional immuno-
blot combinedwith an equally high specificity (95%) [85],
[95]. This was partly due to the new line immunoblot
technique and partly to the widening of the antigen
spectrum to include proteins only expressed by the Bor-
relia in vivo (in the host and not in the culture).

3.3.2 Diagnostically relevant Borrelia antigens

Borrelia burgdorferi has a large number of immuno-
logically relevant antigens which, depending on the stage,
can be detected with varying degrees of sensitivity and
which sometimes have different levels of specificity.
Knowing these proteins is important when interpreting
serological test results (detailed description in MiQ Lyme
borreliosis [85]).

Early immune response (primarily IgM)
[95], [96], [97], [98]

• Flagellar protein (Flagellin, p41)
• OspC (associated with outer membrane)
• VlsE
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Late immune response (primarily IgG)
[96], [99], [100]

• p83/100, p58, p43, p39, p30, p21, DbpA (Osp17)
and p14 (generally reactive with around 80% of the
sera [99])

• VlsE (detectable in more than 90% of the sera) [95]

Non-specific antigens

• Flagellin
• Heat shock proteins

Summary

• Positive antibody detection is not evidence for a clinical
case of Lyme borreliosis.

• Negative antibody detection largely rules out Lyme
borreliosis in immune-healthy patients with prolonged
disease.

• An isolated positive IgM detection does not support a
late manifestation of Lyme borreliosis.

Recommendations

• Serological testing should only be requested if there
is sufficient clinical suspicion. ↑↑

• Testing should be done in stages (screening test and
confirmation test) ↑↑ (consensus of both recommen-
dations 10/13)

3.4 Intrathecal antibody synthesis –
Borrelia-specific antibody index (AI)

3.4.1 Overview

Inmost patients with Lyme neuroborreliosis the suspected
clinical diagnosis can be confirmed by detecting Borrelia-
specific intrathecal antibody synthesis related to inflam-
matory changes in their cerebrospinal fluid [85], [101],
[102], [103]. The production of specific intrathecal anti-
bodies is detected by determining the Borrelia-specific
CSF/serum antibody index (Borrelia-specific AI) [41],
[104], [105].

3.4.2 Determination method

Methods used to determine the AI should take into ac-
count the blood/CSF barrier function, as otherwise false
negative resultsmay be produced [85]. The determination
of the antibody index according to Reiber is a proven
method that is recommended [85], [101], [106], [107].
The following formula is used to calculate the Borrelia-
specific AI (the formula is illustrated with IgG. It can also
be used to calculate IgM and IgA): Antibody index =

If intrathecal immunoglobulin synthesis is present in the
Reiber diagram (i.e. the total IgG ratio relative to the albu-
min ratio is above the norm), the total IgG ratio must be

replaced by the Q-Lim ratio (empirical limit value for the
maximum IgG fraction derived from the serum as a
function of the albumin ratio). In this case: Antibody index =

A value of =1.5 is recommended as the cut-off for a
positive AI, unless otherwise evaluated [85], [86], [106],
[108]; previously recommended higher limit values of 2.0
[109] are considered less sensitive when a reliable test
performance can be ensured [86]. Quantitativemeasuring
methods are usually used to determine the AI and are
implemented in commercial, EDP-supported systems
[85].
It is important to note that there can be considerable
fluctuations in the determination of AI (both interrater-
dependent for the same method and when comparing
different methods) [86]. Hence antibody testing and AI
determination should be conducted in accredited micro-
biology laboratories.

3.4.3 AI throughout the course of the disease

Intrathecal Borrelia burgdorferi-specific antibody produc-
tion develops in untreated patients from around week 2
and is detectable in over 99% of patients after 6–8weeks
[41], [101], [102], [103], [110]. During the course of the
disease (short duration of disease), elevated CSF-Borrelia
antibodies can sometimes be detected despite negative
Borrelia antibodies in serum [55], [110], [111]. Con-
versely, Borrelia-specific AI can remain inconspicuous
when the duration of the disease is short or in children
with facial paresis [101], [110], [111]. Furthermore, very
early antibiotic treatment can prevent the development
of a measurable humoral immune response and cause
the Borrelia-specific AI to remain negative [112].
After the Lyme neuroborreliosis has resolved, the Borrelia-
specific AI can remain positive for months or years in
symptom-free patients [50], [113], [114]. Borrelia-specific
AI is not suitable for monitoring treatment success and
should be interpreted in relation to clinical symptoms and
inflammatory changes in cerebrospinal fluid (pleocytosis,
blood CSF barrier disorder).

Summary

• A clinically suspected diagnosis of Lyme neuroborreli-
osis can be confirmed by the detection of intrathecal
Borrelia-specific antibody synthesis (positive Borrelia-
specific antibody index [AI]) in connection with inflam-
matory changes in cerebrospinal fluid.

• Intrathecal Borrelia-specific antibody synthesis starts
in about the second week of the disease and is detect-
able after 6–8 weeks in over 99% of patients.

• A Borrelia-specific AI without accompanying inflamma-
tory changes in CSFmay remain positive for years after
Lyme neuroborreliosis has resolved.
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Recommendations

• The Borrelia-specific AI should be determined if Lyme
neuroborreliosis is suspected. ↑↑

• The Borrelia-specific AI should not be used to monitor
treatment success. ↑↑ (strong consensus for both re-
commendations 13/13)

3.5 Chemokine CXCL13

In recent years, the chemokine CXCL13 has been shown
to increase significantly in the CSF of almost all patients
with acute Lyme neuroborreliosis – even before a specific
antibody response is generated. Once antibiotics are ad-
ministered, chemokine levels immediately drop very
quickly, long before CSF pleocytosis regresses [115],
[116], [117]. A prospective study of 179 patients with
suspected Lymeneuroborreliosis showed a sensitivity/spe-
cificity of 100%/99% and positive and negative predictive
values of 88% and 100% respectively [118]. Hence, the
parameter can be helpful in ambiguous cases of very
early Lyme neuroborreliosis [43], [85]. It should be noted
that CXCL13 is not specific to Lyme neuroborreliosis; in-
creased CSF values have also been foundwith neurosyph-
ilis, tubercular meningitis and CNS lymphomas [116],
[119], [120], [121], [122]. Furthermore, determination –
including cut-off – has yet to be generally standardised.

Summary

• CXCL13 levels in the cerebrospinal fluid correlate with
the “disease activity” (indication of existing infection)
of Lyme neuroborreliosis and can be diagnostically
helpful in individual cases.

• CXCL13 determination has yet to be generally stan-
dardised.

• Elevated CXCL13 values in CSF also occur in conjunc-
tion with other diseases.

Recommendation

• CXCL13 can be determined in CSF when early Lyme
neuroborreliosis is clinically suspected and the CSF
cell count and/or Borrelia-specific AI are (still) incon-
spicuous. ↔ (strong consensus 12/13)

3.6 Direct detection of the pathogen
using molecular biological detection
methods and culture

In exceptional cases (e.g. immunosuppressed patients
(e.g. insufficient antibody production due to primary im-
munodeficiency or B-cell depletion)), a Borrelia infection
can be underpinned by pathogen detection in CSF [85],
[123]. However, for acute Lyme neuroborreliosis, the
sensitivity of the pathogen detection in CSF through cul-
ture or a PCR test is only 10–30% [85], [87]. Pathogen
detection is expected to have a higher sensitivity when

the duration of the disease is short (where patients may
still be seronegative) than in prolonged cases. For ex-
ample, 50% of patients with acute Lyme neuroborreliosis
tested positive with PCR compared to only 13% of patients
with a prolonged course of the disease [124]. Detection
in the cerebrospinal fluid using a PCR test is generally
preferred because results can be provided faster than
for cultures. If the results are positive, a species diagnosis
should bemade by analysing the PCR products. Detection
of the pathogen in blood is not recommended because
this method is even less sensitive [85]. The specificity of
the PCR test depends to a large extent on the quality of
the laboratory performing it. Therefore, the investigation
should be explicitly limited to special, designated refer-
ence laboratories, especially as further molecular biolo-
gical confirmation tests are required when the results are
positive [85]. In every case, the PCR result must be inter-
preted in relation to the symptoms and the serology re-
sults. For example, positive PCR test results for patients
with a prolonged disease and negative serology are very
likely to be false positive [85].

Recommendations for direct detection using
molecular biological methods and culture

• Molecular biological detection and direct detection in
culture using cerebrospinal fluid should only be em-
ployed for the differential diagnosis of ambiguous
cases (e.g. insufficient antibody production when there
is a primary immunodeficiency or B-cell depletion). ↑
(consensus 11/13)

• Molecular biological detection and the cultivation of
Borrelia burgdorferi sensu lato should be restricted to
specialist laboratories. ↑ (strong consensus 13/13)

• Positive culture results should be confirmed using
suitable molecular biological methods. ↑↑ (strong
consensus 13/13)

• Molecular biological detection or direct detection in
culture should not be used as a screening test if Lyme
borreliosis is suspected. ↑↑ (strong consensus 13/13)

• Lyme neuroborreliosis should not be ruled out if the
results of the molecular biological test or culture are
negative for the pathogen. ↓↓ (strong consensus
13/13)

• Positive results for molecular biological detection or
detection in culture should be confirmed by further
molecular biological testingmethods and the detected
genospecies should be reported in the findings. ↑↑
(strong consensus 13/13)

• No additional treatment should be carried out if detec-
tion results are positive following antibiotic treatment
conducted in accordance with the guidelines and
without typical clinical manifestation. ↓↓ (strong con-
sensus 13/13)

11/29GMS German Medical Science 2020, Vol. 18, ISSN 1612-3174

Rauer et al.: Guidelines for diagnosis and treatment in neurology ...



Table 3: Routine lab parameters for patients with early or late manifestations of Lyme neuroborreliosis [47]

3.7 Routine laboratory parameters in
blood

In the routine laboratory, patients with Lyme neuroborrel-
iosis have normal or slightly elevated values for ESR, CRP,
leukocytes and transaminases that indicate a systemic
infection (Table 3). When diagnosing Lyme neuroborreli-
osis, the routine laboratory results only play a role in dif-
ferential diagnosis.

3.8 Diagnostic imaging – MRI

Magnetic resonance imaging (MRI), including MR an-
giography, is indispensable in diagnosing Borrelia-induced
vasculitis; MR tomography can detect both cerebral
ischemia and intracranial vascular stenosis [47], [74],
[75]. Inflammatory lesions that show gadoliniumenhance-
ment in MRI have been detected in individual cases of
encephalomyelitic manifestations [47], [43]. However,
there are no controlled studies on the diagnostic value
of MRI in Lyme neuroborreliosis. In most cases of early
Lyme neuroborreliosis, inconspicuous findings are expec-
ted due to the very rare involvement of the brain and
spinal cord; here, MRI is primarily used for differential
diagnosis.

3.9 Testing

The following tests should be conducted if Lyme neuro-
borreliosis is clinically suspected (for symptoms see
Section 2.4):

• Targeted anamnesis with questions related to tick
bites, visits to endemic areas, early symptoms (erythe-
ma migrans, multiple erythema migrantia, Borrelia
lymphocytoma [lymphadenosis cutis benigna], general
symptoms), psychosocial anamnesis if necessary

• Neurological state, inspection of the skin (erythema
migrans may still be detectable at the time of neurolo-
gical symptoms)

• Basic lab tests with inflammation parameters
• CSF analysis: cell count, differential cell count, total
protein, immunoglobulins, lactate

• Borrelia serology including Borrelia-specific CSF/serum
antibody index (AI)

3.10 Diagnostic criteria for Lyme
neuroborreliosis

Depending on the constellation of the clinical findings
and laboratory data, the diagnosis of Lyme neuroborreli-
osis can be classified as possible, probable and definite
(see below) [84], [125].

Possible neuroborreliosis

• Typical clinical picture (cranial nerve deficits, meningi-
tis/meningoradiculitis, focal neurological deficits; cf.
Section 2.4)

• Borrelia-specific IgG and/or IgM antibodies in serum
(The serology may [still] be negative in very early
stages of the disease)

• CSF findings not available/spinal tap not performed
• Differentiation from other causes

Probable Lyme neuroborreliosis

As with “possible Lyme neuroborreliosis”, however addi-
tionally

• Inflammatory cerebrospinal fluid syndrome with lym-
phocytic pleocytosis, blood-CSF barrier dysfunction
and intrathecal immunoglobulin synthesis

Definite Lyme neuroborreliosis

As with “probable Lyme neuroborreliosis”, however addi-
tionally

• Intrathecal synthesis of Borrelia-specific antibodies
(positive IgG and/or IgM antibody index) in CSF or

• Positive culture or nucleic acid detection (PCR) in
cerebrospinal fluid

3.11 Testing methods not suitable for
diagnosing Lyme neuroborreliosis

There are no prospective controlled studies available for
the following methods that would prove useful for the
diagnosis of Lyme neuroborreliosis.
Therefore, these methods should not be used in diag-
nosing Lyme neuroborreliosis ↓↓ (consensus 10/12) [85]:

• Antigen detection in bodily fluids
• PCR in serum and urine
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Table 4: Systematic evaluation of the frequency of persistent symptoms following the treatment of Lyme neuroborreliosis in
relation to diagnostic certainty (probable/confirmed vs. possible) (modified according to [5])

• Lymphocyte transformation tests (LTT) [126], [127],
[128], [129]

• Enzyme-linked immunospot assay (ELISPOT) [130]
• “Xenodiagnosis” – hard tick larvae suck blood from
suspected Lyme borreliosis patients; the larvae are
subsequently tested for Borrelia [131], [132]

• Visual contrast sensitivity test (VCS test or grey scale
test): By measuring the detection of shades of gray, a
lipophilic neurotoxin from Borrelia is to be detected
indirectly [133]

• Detection of so-called L forms or spheroplasts [134]
• Detection of immunocomplexes asmarkers of disease
activity

• CD57positive/CD3negative lymphocyte subpopulation
[135]

• Commercially available serological rapid tests (insuffi-
cient sensitivity (18–32%) [136]

Note: The DBG and the patient organisations BFBD, BZK
and OnLyme-Aktion.org have issued dissenting opinions
on this topic, which are published in an appendix (Attach-
ment 1) to the guideline report (Attachment 2).

4 Chronic and atypical symptoms
linked to Lyme neuroborreliosis

4.1 Introduction

In addition to the confirmed early and latemanifestations
of Lyme neuroborreliosis (such as radiculitis, meningitis
or encephalomyelitis and/or their clinical residuals), there
is a broad range of persisting symptoms in which a
causal link to Lyme neuroborreliosis is suspected without
an inflammatory-infectious process being detectable on
the basis of generally accepted criteria [43], [137], [138],
[139], [140], [141], [142]. The terms used for these
chronic symptoms include “post-treatment Lyme disease
syndrome” (PTLDS), “(post-)Lyme encephalopathy” or
simply “chronic Lyme (neuro)borreliosis” and are often
used with no clear delineation between them. Character-
istic for all three illnesses is that general symptoms pre-
dominate. It is questionable whether it makes sense to

administer repeated doses of antibiotics as no studies
have provided reliable evidence for this [142], [143].
The frequency and range of persistent symptoms following
antibiotic treatment in patients with Lyme neuroborreliosis
have been systematically investigated [5]. Forty-four
studies published between 1986 and 2014 were identi-
fied (8 RCTs, 17 cohort studies, 2 case-control studies
and 17 case series), of which 38 studies (n=1,469 pa-
tients) reported patients with residual symptoms. A total
of 28% of patients (95% CI 23–34%, n=34 studies) had
persistent or residual symptoms. In studies in which the
inclusion criteria (case definition) were a “probable or
definite” case of Lyme neuroborreliosis (inflammatory
changes in CSF), the prevalence of persistent symptoms
was 24% (95% CI 0.16–0.33; n=547) – significantly lower
(p=0.0048) than with patients whose inclusion criterion
was only a “possible” case of Lyme neuroborreliosis (CSF
findings inconspicuous or unavailable) (31% [95% CI
0.25–0.37]; n=922). Furthermore, the type of persistent
symptoms also differed between the two patient groups.
The non-specific complaints typically reported for PTLDS
(see Section 4.3) were statistically more prevalent in pa-
tients with “possible” Lyme neuroborreliosis than in pa-
tients with “probable/definitive” Lyme neuroborreliosis:
fatigue (5.13% vs. 0%), cognitive disorders (16.67% vs.
1.6%), general pain (18.75% vs. 2.77%), headaches
(8.33% vs. 1.75%) (Table 4). Even though a study bias or
the presence of different disease stages in the cohorts
studied cannot be definitively ruled out, the authors
conclude that the significant prevalence of persistent
atypical symptoms for Lyme neuroborreliosis, as reported
in the studies, is largely due to study artefacts as a result
of blurred case definitions.

4.2 Presumptive chronic Lyme
neuroborreliosis

4.2.1 Introduction

The terms “chronic Lyme borreliosis” or “chronic Lyme
neuroborreliosis” are confusingly used in an overlapping
sense with very different meanings and correspondingly
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different therapeutic consequences. They mostly refer to
non-specific symptoms such as fatigue, musculoskeletal
pain, cognitive disorders and depression [140], [141],
[142], [143], [144], [145], [146], [147], [148]. In terms
of the pathophysiology of presumptive “chronic Lyme
disease” or “chronic Lyme neuroborreliosis”, current
systematic reviews have not found a scientific basis for
the assumption of a persistent latent infection caused
by Borrelia burgdorferi [140] or its morphological variants
[134]. Likewise, no evidence has been found for chronic
co-infections transmitted by tick bites in patients with
non-specific symptoms [149]. Feder et al. have described
4 clinical categories to which patients with presumptive
“chronic Lyme borreliosis” can be assigned (for complete
criteria according to Feder see Appendix 1 in
Attachment 3) [142].

• Category 1 includes patients with symptoms of an
unknown cause without evidence of an infection with
Borrelia burgdorferi.

• Category 2 includes patients with symptoms of a
known, well-defined illness without evidence of an in-
fection with Borrelia burgdorferi. Here the original
diagnosis is presumed to be false.

• Category 3 describes patients with symptoms of an
unknown cause when the Borrelia serology tests pos-
itive but there is no objective clinical finding of Lyme
borreliosis.

• Category 4 refers to patients with PTLDS-like symptoms
(PTLDS see Section 4.3 and Appendix 2 in
Attachment 3).

4.2.2 Present study situation

Older studies, in which patients with presumptive
“chronic Lyme borreliosis” were re-evaluated at spe-
cialised academic centres, primarily featured category 1
and 2 illnesses according to Feder [150], [151], [152].
Later studies on this topic examined 240 US-American
patients [153], 29 Norwegian patients [154], 95 German
patients [155] and 200Dutch patients [156]. In summary,
Lyme borreliosis was confirmed in a smaller percentage
of patients (13–24%). PTLDS was presumed in 6–20%
of patients, with no proven causal link to Lyme borreliosis
and no indication for antibiotic treatment (see above).
A diagnosis remained undetermined in 18–52% of cases.
All in all, these studies suggest that if “chronic Lyme
borreliosis” is suspected, it is imperative that an intensive
differential diagnosis of both organic and psychosocial
disease factors be conducted [156], [157]. Furthermore,
in light of the very broad distribution of the study results
cited here, further research is regarded as necessary.

4.2.3 Practical approach

There is no rationale behind administering antibiotics to
categories 1 and 2 according to Feder. Based on current
data (see Section 4.3), antibiotic treatment of category 4
is also not indicated. In patients with category 3 symp-
toms according to Feder [142] probatory (oral) antibiotic

treatment may be considered. However, these patients
should be advised that the diagnosis of Lyme borreliosis
is very uncertain in their situation, as the predictive value
of Borrelia serology is very low when symptoms are non-
specific [158], [159] and temporary “treatment effects”
may be caused by both the placebo effect [160] and by
the anti-inflammatory side effects of antibiotics [161],
[162], [163].

Summary

• None of the 4 categories according to Feder [142]
correspond to a disease entity.

Recommendations

• As with Lyme neuroborreliosis, patients in categories 1,
2 and 4 according to Feder [142] should not be treated
with antibiotics. Instead a differential diagnosis should
be performed based on the symptoms and treatment
should be prescribed based on the primary symptoms.
↑↑ (consensus 9/11)

• In exceptional cases, a single round of antibiotics
lasting 14–21 days may be considered for category 3
patients following a detailed differential diagnosis and
taking into account the fact that it is an unconfirmed
diagnosis. ↔ (10/14 majority consensus)

4.3 Symptoms following treatment:
“Post-Treatment Lyme Disease
Syndrome” (PTLDS)

4.3.1 Diagnostic criteria

PTLDS is a syndrome that has not yet been scientifically
defined and therefore not uniformly accepted. It is to be
diagnostically differentiated from confirmed latemanifes-
tations of Lyme borreliosis, symptoms caused by the
persistence of reproducing pathogens, and symptoms
caused by partial recovery.
In the case of Lyme neuroborreliosis, objective neurolo-
gical deficits and inflammatory changes in the cerebro-
spinal fluid usually respond well to antibiotic treatment
[41], [43], [137], [138], [139], [140]. However, some
patients are reported to have developed non-specific
symptoms of fatigue, paraesthesia, muscle and joint pain
as well as concentration and memory issues despite an-
tibiotic treatment [164], [165], [166], [167]. If the non-
specific symptoms last more than 6 months, some au-
thors refer to this as post-treatment Lyme disease syn-
drome (PTLDS) [27], [142]. Predictors for the develop-
ment of fatigue 30 months after treatment have been
described as the delayed onset of antibiotic treatment,
severe neurological symptoms before treatment, and in-
complete regression of neurological symptoms 4months
after treatment [166].
In 2006, the Infectious Diseases Society of America (IDSA)
proposed the following diagnostic criteria for PTLDS [27].
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The main criteria for this definition are: a previous, con-
firmed case of Lyme borreliosis which has improved or
stabilised under a generally accepted antibiotic treatment
regimen, and the occurrence of subjective symptoms
within 6 months after diagnosis of Lyme borreliosis
without any indication of another aetiology despite thor-
ough differential diagnosis, which persist for at least
6 months after completion of the antibiotic treatment
(see Appendix 2 in Attachment 3 for the full definition).
So far, these criteria have seldom been used in clinical
studies. This would require the establishment of practical
and reliable tools to assess these subjective symptoms
and their influence on the patient’s quality of life and
professional and general performance [139], [168].

4.3.2 Frequency

In a non-systematic review, it was reported that 0–20%
of patients being treated for Lyme borreliosis with anti-
biotics had symptoms of so-called PTLDS; after treatment
of Lyme neuroborreliosis the percentage was between
5 and 54% [43].

4.3.3 Subjective symptoms in case-control
studies

The frequency of subjective symptoms was investigated
in case-control studies comparing cohorts of patients that
previously had Lyme borreliosis and persons that did not
have Lyme borreliosis. Since PTLDS-like symptoms are
non-specific and also common among the general popu-
lation [169], [170], classifying them as Lyme neuroborrel-
iosis in the sense of a causal secondary disease is very
problematic. This problem is also reflected in very hetero-
geneous data: compared to control subjects, German
adults as well as Swedish and US-American children did
not exhibit an increased frequency of non-specific symp-
toms at long-term follow up after the treatment of Lyme
neuroborreliosis [171], [172], [173], [174]. The same
applied to European patients following the treatment of
erythema migrans [175] and American patients after
various manifestations of Lyme borreliosis [176], [177].
Other case-control studies found a significant accumula-
tion of non-specific symptoms in children and adults after
the treatment of Lyme neuroborreliosis [148], [178],
[179] or after anymanifestation of Lyme borreliosis [180],
[181], [182]. Ameta-analysis examined five of the studies
cited above [173], [177], [179], [180], [181] and con-
cluded that there is an overriding link between the
chronic symptoms of PTLDS and a previous case of Lyme
borreliosis [183]. This meta-analysis is countered by the
fact that it includes various retrospective studies whose
diagnostic criteria and antibiotic treatment no longermeet
current standards [184].
According to another study, fatigue and depression lead
to physical and psychological impairment in patients with
PTLDS-like symptoms [185], which is why the authors
recommend targeted symptomatic treatment of these
primary symptoms.

4.3.4 Neuropsychological symptoms in
case-control studies

The current study situation is contradictory in terms of
the frequency of neuropsychological symptoms. In addi-
tion to subjective symptoms, objective neuropsychological
impairments (verbal and visual memory, attention, exec-
utive functions) ≥30 months after treatment of Lyme
neuroborreliosis are described as possible consequences
of the disease [186], [187]. However, these reports could
not be confirmed by another study [174] nor in children
who had previously had Lyme neuroborreliosis (facial
paresis) [179]. In addition, further studies – at least in
subgroups – revealed limited memory performance,
mainly in verbal tasks, compared to healthy controls or
patients who had fully recovered [180], [188], [189],
[190], [191], [192], [193]. However, there are also re-
sults that contradict these studies [176], [181], [194],
[195].

4.3.5 Studies on antibiotic treatment

Three randomised, placebo-controlled studies have ex-
amined the therapeutic benefit of antibiotic treatment
over 28 to 70 days in patients with PTLDS [193], [195],
[196], [197]. None of the studies identified a sustained
improvement in neuropsychological performance.
Themost extensive of the three studies (N=129), in which
antibiotics were administered for the longest period
of time (2 g/d of ceftriaxone for 30 days followed by
200 mg/d of doxycycline for 60 days), was negative for
all endpoints (especially health-related quality of life and
cognitive functions) [195], [196].
A study by Fallon et al. [193] (N=37, 2 g/d of ceftriaxone
over 70 days) found a temporary improvement in cognitive
performance after 12 weeks, but this was not confirmed
after 24 weeks. There was no significant difference
between the fatigue scales of the placebo and verum
groups.
A study by Krupp et al. (N=55, 2 g/d of ceftriaxone over
28 days) showed a slight but significant improvement in
the fatigue score of the verum group compared to the
placebo group after 6 months [197]. Critics state that

1. the effect is very marginal (score improvement in
FSS-11: 22% versus 9% verum/placebo [p<0.01]);

2. patients in the verum group still had very severe fa-
tigue (mean FSS-11=4.4) even after treatment, so
that they continued to meet the inclusion criteria of
the study;

3. the results of a second fatigue scale (Fatigue-VAS)
were insignificant and

4. the improvement was not perceived by the patients
themselves on a scale of health-related quality of life
(first question of SF-36) [198].

In light of the very low effects and based on the fact that
there was a critically high number of protocol drop-outs
(33% of placebo patients) in the study [199], the validity
of this study is questionable from amethodological point

15/29GMS German Medical Science 2020, Vol. 18, ISSN 1612-3174

Rauer et al.: Guidelines for diagnosis and treatment in neurology ...



of view [198]. In addition, the study results are contra-
dicted by two negative studies [193], [195], [196].
In all three studies, side effects – some of which are life-
threatening – are reported at a rate of 25%–43%. Based
on a risk-benefit analysis, none of the three author groups
recommends treating so-called PTLDS with any of the in-
vestigated antibiotic regimens [193], [195], [196], [197].

4.3.6 Pathophysiology

The pathophysiology of so-called PTLDS is unclear. An
autoimmune process has not been proven [142], [200],
[201]. In light of the negative or marginal effects of re-
peated antibiotic treatments (see Section 5), a chronic
infection is unlikely. This assumption is further supported
by the following arguments [142]: no accompanying, ob-
jective clinical signs of the disease and/or inflammation
with progression [196], [202], persistence of symptoms
irrespective of a positive Borrelia serology [196], [202],
[203], no pathogen detection by culture and/or PCR
[196], [204], no proven resistance of Borrelia burgdorferi
sensu lato to the commonly used antibiotics [138], [205].

Summary

• Due to inconsistent data, so-called PTLDS cannot be
defined as a disease entity.

• There are no controlled studies on the frequency of
so-called PTLDS.

• The data refute the assumption of a chronic infection
with Borrelia burgdorferi or an autoimmune process
in patients with symptoms of so-called PTLDS (strong
consensus for all 3 statements of 13/13).

Recommendations

• In the case of PTLDS-like symptoms, symptom-based
differential diagnosis and treatment should be carried
out. ↑↑ (consensus 11/13)

• If a so-called PTLDS is assumed, antibiotic treatment
should not be prescribed. ↓↓ (consensus 11/12)

Further guidelines exist for PTLDS-like
symptoms

• DEGAM S3 guideline on fatigue, AWMF Register
No. 053-002 [206]

• DIVS S3 guideline on fibromyalgia syndrome, AWMF
Register No. 041-004 [207]

• DEGAM S1 guideline on chronic pain, AWMF Register
No. 053-036 [208]

• National Disease Management Guideline (S3) “Uni-
polar Depression”, AWMF Register No. nvl-005 [209]

• DGN guideline (S2e) on the diagnosis and treatment
of memory disorders, AWMF Register No. 030-124
[210]

• DGPM S3 Guideline “Management of Patients with
Non-specific, Functional and Somatoform Physical
Complaints”, AWMF Register No. 051-001 [211]

4.4 Lyme encephalopathy

The term “Lyme encephalopathy” was originally coined
in the 1980s when some clinical manifestations of Lyme
disease were first described. At the time, patients fre-
quently suffered from an undiagnosed, detectably active
Borrelia infection (e.g. arthritis or ACA) for months or even
years and reported cognitive complaints includingmemory
disorders, which usually regressed after antibiotic treat-
ment [189], [212], [213], [214]. In these case series,
encephalitis was identified in only a small subset of pa-
tients who exhibited focal neurological deficits, abnormal-
ities in cerebrospinal fluid or in imaging [213]. Themajor-
ity of these patients suffered from “toxic-metabolic” en-
cephalopathy as described in systemic (non-neurological)
infections or inflammatory diseases (sepsis, pneumonia,
urinary tract infections, active rheumatoid arthritis, etc.)
[201], [215], [216]. Since this is a non-specific reaction
of the brain to a systemic inflammatory process, the term
“Lyme encephalopathy” should only be used in connection
with the historical publications cited above.
Other authors use the term Lyme encephalopathy in
connection with cognitive complaints in PTLDS patients
[185], [193]. Since it is not possible to differentiate the
term “Lyme encephalopathy” from its more historical use
in the 1980s as outlined above, this designation should
currently not be used as a diagnosis or syndrome desig-
nation.

Recommendation

• The term Lyme encephalopathy should not be used
due to its unclear definition and contradictory use in
diagnoses. ↓↓ (strong consensus 13/13)

5 Treating Lyme neuroborreliosis

5.1 Introduction

A current systematic review [4], [217] found that there
is limited evidence concerning drug treatment for Lyme
neuroborreliosis. Eight randomised controlled trials (RCT)
and eight non-randomised studies (NRS) were selected
for the evaluation after screening 5,779 reports from
three databases. The authors state that the conclusions
for medical practice must be weighed against the low
number of studies – some of which had small cohorts –
and the relevant risk for diverse study biases (Appendix 8
in Attachment 3) [4].
Only three studies examined patients who did not undergo
antibiotic treatment [218], [219], [220]. Two studies
compared these with patients who received antibiotic
treatment [219], [220]. The studies used heterogeneous
methods and produced contradictory findings with a low
degree of precision. Therefore, a meta-analysis of these
data is not justified (Appendix 8 in Attachment 3) [4].
Nevertheless, when the benefits are weighed against the
risks, antibiotic treatment is indicated beyond doubt, es-
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pecially as this can accelerate the regression of symptoms
and counteract the development of late manifestations
[41], [42], [174], [221], [222].

5.2 Early Lyme neuroborreliosis

5.2.1 Duration of treatment

Eight RCTs and eight prospective cohort studies pre-
dominantly examined patients with early Lyme neuro-
borreliosis. The duration of antibiotic treatment in the
RCTs was 14–21 days (with one exception of 100 days
[223]. Treatment duration in the NRSs varied from 10 to
30 days, if specified at all. No studies compared different
treatment durations. The treatment effect on the primary
endpoint (neurological residual symptoms) varied consid-
erably in both the 8 RCTs (10–66%) and the 2 prospective
cohort studies (7–44%) (Appendix 3 in Attachment 3).
The main reasons for this broad range of results are non-
standardised survey methods (neurological status, score
system, patient self-assessment) as well as different as-
sessment timeframes, includingwide-ranging assessment
times within the individual studies themselves (3 RCTs:
3–12 months; 3 RCTs 12 months; 2 RCTS >3 months)
[4].
When comparing different treatment durations, there is,
in fact, indirect evidence based on a prospective con-
trolled study that examined 152 patients with dissemi-
nated Lyme disease (80% with predominantly early Lyme
neuroborreliosis [43% confirmed, 37% possible]) [223].
Patients were initially treated with 2 g of ceftriaxone i.v.
per day for 3 weeks. This was followed by further treat-
ment carried out on a randomised basis for 100 days
during which the patient received either 1 g of amoxicillin
p.o. per day or a placebo. After 1 year, about 90% of the
patients in both groups exhibited excellent or very good
results. This study therefore is an indication that there
is no benefit to extending treatment beyond 3 weeks
(Class Ib). A lack of study evidence for longer treatment
times and the existence of a controlled study with indirect
evidence reveal that there is no scientific basis for devi-
ating from the previously recommended treatment dura-
tion of 14 days [109], [224] for early Lyme neuroborreli-
osis.

5.2.2 Choice of antibiotics and side effects

Due to their good CSF penetration, controlled clinical trials
have evaluated beta-lactam antibiotics (penicillin G,
ceftriaxone and cefotaxime) and doxycycline in treating
Lyme neuroborreliosis. According to a meta-analysis, the
orally administered doxycycline and the intravenously
administered beta-lactam antibiotics show no statistically
significant difference with regard to the regression of
neurological symptoms after an investigation period
of 4–12 months (RR 1.27, 95% confidence interval
0.98–1.63, P=0.07) and after more than 12 months
(RR 0.98, 95% confidence interval 0.68–1.42, P=0.93)
and are therefore of similar efficacy (Class Ia) [4]. These

findings confirm an earlier meta-analysis conducted by
American authors [225]. Secondary endpoints, such as
quality of life and fatigue, were investigated in an RCT
follow-up study [178], [226]. No significant difference
was found after 30months between patients treated with
beta-lactam antibiotics and those receiving doxycycline
(Class Ib). Two RCTs showed that these two antibiotic
treatment regimens did not differ with regard to cere-
brospinal fluid pleocytosis [4], [221], [226] (Class Ib).
Based on two RCTs [223], [227] there was also no statis-
tically significant difference (RR 0.82, 95% CI 0.54–1.25,
P=0.35) (Class Ia) in terms of reported side effects. The
following side effects were reported: diarrhoea, nausea,
constipation, redness of the skin, dizziness, and throm-
bophlebitis. Severe side effects such as cholecystitis,
stomatitis, allergic reactions and duodenal ulcers were
not reported frequently enough in the studies to make
valid comparisons (Appendices 4 and 5 in Attachment 3)
[4].
There are currently no studies that investigate doxycycline
doses higher than 200 mg/d, which is why no statement
can be made in regard to higher dosages of doxycycline
[4].
A comparison of cefotaxime and penicillin in two RCTs
[228], [229] revealed cefotaxime had a significant advan-
tage in terms of fewer neurological residual symptoms
after 4–12months (RR 1.81, 95%CI 1.10–2.97, P=0.02).
In contrast, patients treated with penicillin had signifi-
cantly fewer side effects (RR 0.54, 95% CI 0.35–0.83,
P=0.005). Mild diarrhoea and Herxheimer-like reactions
were found to be the most common side effects (41%)
(Appendices 4 and 5 in Attachment 3). Since serious side
effects such as colitis, shock and allergic reactions (3%)
were not reported enough for comparative analysis [229]
and both studies are also subject to a significant risk of
bias (Appendix 8 in Attachment 3), no recommendation
can be derived from these data with regard to a prefer-
ence of either substance over the other [4].
There is currently no valid analysable study data on the
efficacy of antibiotic combination treatments and no study
data are available on the efficacy of chloroquine, car-
bapenems and metronidazole [4].

5.2.3 Course following antibiotic treatment

Most studies report a significant improvement in neuro-
logical symptoms several weeks to a fewmonths following
antibiotic treatment lasting 10–14 days. In a prospective
study of 77 patients with Bannwarth’s syndrome, 88% of
patients had good results 12 months after antibiotic
treatment (Class IIa) [230]. The reported frequency of
residual neurological symptoms is consistent with previ-
ous cohort studies in which 78/86 (90.6%) of patients
were symptom-free 3 months after antibiotic treatment
[42], and 178/187 patients exhibited very good results
after 4–72 (median 33) months [41]. Another cohort
study found that the daily activities of 100/114 (88%)
patients with predominantly early Lyme neuroborreliosis
were not impaired after an observation period of 5 years
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[164]. A systematic review examined the residual symp-
toms in 687 patients with Lyme neuroborreliosis con-
firmed through the diagnostic testing of CSF (prob-
able/definitie Lyme neuroborreliosis) [5]. The following
rates of neurological residual symptomswere found after
antibiotic treatment: sensory disorders 5.24%; cranial
nerve paresis 3.6%; extremity paresis 2.33%, pain 2.77%;
unsteady gait/dizziness/ataxia 2.62% (Appendix 6 in At-
tachment 3).

5.3 Late Lyme neuroborreliosis

There are no controlled studies that explicitly investigate
antibiotic treatment of late manifestations of Lyme
neuroborreliosis (myelitis, encephalitis, encephalomyeli-
tis). In the 16 systematically analysed treatment studies
(RCTs and cohort studies) [4] only 15 patients reportedly
had late Lyme neuroborreliosis (Appendix 3 in
Attachment 3). A separate evaluation of this form of
manifestation is not possible due to a lack of data in the
primary studies. However, neurological residual symptoms
appear to occur more frequently than with early Lyme
neuroborreliosis (Class III). In a case series examining 15
patients, only 3 patients (20%) were symptom-free 6
months after antibiotic treatment [42]. In another cohort
study, 8/8 patients with encephalomyelitis caused by
late Lyme neuroborreliosis had neurological residuals
after 4–72months (median 33), whereby 5/8 (62%) had
severely disabling residual symptoms [41].
The controlled studies and cohort studies [4] as well as
the larger case series [41], [42] have shown no evidence
of treatment failure when beta-lactam antibiotics or
doxycycline (Class III) are administered for 2–3 weeks.
No further studies show any benefits of receiving anti-
biotic treatment for more than 3 weeks. Therefore, a risk-
benefit analysis finds that there is no scientific basis for
deviating from the previous recommendation of adminis-
tering antibiotics for 2–3 weeks to patients with late
manifestations.
Moreover, doxycycline has also been shown to be equally
effective in reducing CSF pleocytosis in 26 patients with
Lyme encephalitis and/or myelitis compared to 115 pa-
tients with radicular manifestation (Bannwarth’s syn-
drome) (Class Ib) [231]. Based on the data, doxycycline
is assumed to be effective regardless of the severity of
the symptoms – as the authors conclude – however this
has not been proven.
Polyneuritis associated with ACA improves clinically – al-
beit slowly – after antibiotic treatment, while electro-
physiological abnormalities do not change significantly
after a mean follow-up period of 18.5 months (range
11–50 months) [232]. The authors regard this finding to
be a partial recovery rather than an indication of a persis-
tent infection.

5.4 Cerebral vasculitis resulting from
Lyme borreliosis

There are no controlled studies on the treatment of –
very rare – cerebral vasculitis resulting from Lyme borrel-
iosis. Case reports, case series and narrative reviews
have reported that early antibiotic treatment with ceftri-
axone and/or doxycycline has very good results [74], [75],
[231], [233], [234], [235], [236] (Class IV). Several au-
thors administer steroids in addition to antibiotics [235],
[237], [238], [239] (Class IV). Despite antibiotic and
steroid administration, clinical stabilization was achieved
in 2 casuistics only after a subsequent immunosuppres-
sive cyclophosphamide treatment (Class IV); two cases
involving the basilar artery were lethal [240], [241]. In
summary, in the case of cerebral vasculitis due to Lyme
borreliosis, the earliest possible antibiotic treatment is
in the foreground; whether the addition of steroids and/or
prophylactic platelet function inhibition with ASA 100mg,
in analogy to the recommendations in autoimmune me-
diated cerebral vasculitis, results in an advantage is un-
clear (DGN S1 guideline on cerebral vasculitis, AWMF
Register No. 030-085 [242]).

5.5 Treating Lyme neuroborreliosis in
children

According to a systematic review [3], the current scientific
data on the antibiotic treatment of Lyme neuroborreliosis
in children is very limited and existing studies are of a
low quality. Two RCTs and four NRSs (one prospective
and three retrospective cohort studies) were identified
as being analysable studies. These are all older studies,
some of which are several decades old, and do not meet
current standards for clinical trials. The treatment dura-
tion was 14 days in the RCTs and 10–30 days in the
NRSs. Different treatment durations were not compared.
Only one prospective cohort study required a positive CSF
finding in the sense of a “probable” case of Lyme neuro-
borreliosis as an inclusion criterion; all other studies
based their inclusion criteria on a “possible” case of Lyme
neuroborreliosis, which does not require the detection of
inflammatory changes in CSF for a diagnosis and thus
carries the risk of recruiting false positive cases. Peni-
cillin G was investigated most frequently (5 studies),
followed by ceftriaxone (4 studies) and doxycycline
(2 studies). No studies examined the antibiotics hydroxy-
chloroquine, azithromycin, minocycline or carbapenem
antibiotics. Three studies compared several beta-lactam
antibiotics, one study compared beta-lactam antibiotics
with doxycycline, and two studies investigated various
treatment regimens. Apart from one cohort study, all
studies showed a critical overall risk for bias. This per-
tained to the recruitment process, randomisation, blind-
ing, confounding of baseline data and data evaluation
and/or data report, so that the results can only be used
to a very limited extent for treatment recommendations.
When comparing beta-lactamantibiotics with doxycycline,
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none of the studies showed a statistically significant dif-
ference, although the wide confidence intervals place
limitations on this statement. The same applies to the
comparison of penicillin G with ceftriaxone. In one study
no side effects of the penicillin G group were reported,
however there was a moderate allergic skin reaction
(n=1), increase in liver enzymes (n=2) and asymptomatic
gallbladder concrements (n=6) in the ceftriaxone group.
The gallbladder concrements were detected by an ultra-
sound screening conducted on the ceftriaxone group, but
not on the penicillin comparison group. The side effects
reported in the other studies could not be assigned to
the respective interventions and could therefore not be
evaluated. Differentiated recommendations for clinical
use cannot be derived from the limited study data. How-
ever, the prognosis for Lyme neuroborreliosis in children
appears to be favourable across all studies. Poor results
or an inadequate treatment responsewere rarely reported
regardless of the antibiotic used.

Recommendations for treating children and
adults

• Antibiotic treatment should be carried out in the case
of Lyme neuroborreliosis with inflammatory cerebro-
spinal fluid syndrome (probable or confirmed Lyme
neuroborreliosis) (Section 3.4). ↑↑ (strong consensus
13/13)

• In the case of a “possible” Lyme neuroborreliosis (CSF
not available or inconspicuous) (Section 3.4), antibiotic
treatment may be considered after a thorough differ-
ential diagnosis and if there is no evidence of another
disease. ↔ (13/13)

• Antibiotic treatment should take place over a period of
14 days (early Lyme neuroborreliosis) or 14–21 days
(late Lyme neuroborreliosis). ↑↑

• Reference is made to the S2k Guideline “Cutaneous
Lyme Borreliosis” (AWMF Register No. 013-044) [1]
for the treatment of polyneuropathy associated with
acrodermatitis chronica atrophicans (ACA). (consensus
12/13)

• If a distally symmetrical polyneuropathy is suspected
as a manifestation of Lyme neuroborreliosis without
accompanying ACA (rare in Europe), the same proce-
dure recommended for “possible” Lyme neuroborreli-
osis can be used. ↔ (consensus 10/13)

• Cerebral vasculitis resulting from Lyme borreliosis
should be treated with antibiotics in accordance with
the recommendations for “late Lyme neuroborreliosis”.
↑↑ (strong consensus 12/12)

• Analogous to the recommendations for cerebral vascu-
litis of another aetiology (DGN S1 guideline on cerebral
vasculitis, AWMF Register No. 030-085 [242]), the
additional administration of steroids and/or 100mg/d
of ASS can be considered for cerebral vasculitis result-
ing from Lyme borreliosis. ↔ (consensus 10/12)

• In addition to antibiotic treatment, symptoms should
also be treated (physiotherapy, physical therapy, occu-
pational therapy, speech therapy, neuropsychological

training, psychosocial measures, the administration
of analgesics, rehabilitative measures). ↑ (strong con-
sensus 13/13)

Recommendation for choosing antibiotics for
children and adults

• Antibiotic treatment of early and late Lyme neurobor-
reliosis should be performed with one of the following
substances: doxycycline, ceftriaxone, cefotaxime,
penicillin G. The choice of antibiotic should be based
on the individual patient (allergies, other tolerability,
age, pregnancy, mode and frequency of application,
etc.). ↑↑ (consensus 9/13) (Table 5)

Recommendations for monitoring the
treatment of children and adults

• The success of the treatment should be assessed on
the basis of the clinical symptoms. ↑↑ (strong con-
sensus 12/12)

• If clinical deterioration occurs during or after treatment,
the differential diagnoses should be reviewed on an
interdisciplinary basis. ↑ (strong consensus 10/10)

• If a patient continues to have impairing symptoms
6 months after treatment, the diagnostic testing of
CSF should be repeated; if there are doubts about
whether the symptoms are improving, an earlier follow-
up CSF analysis can be considered; if the pleocytosis
persists, a new course of antibiotic treatment should
be carried out after review of the differential diagnosis.
↑ (11/13 consensus)

• The following parameters should not be used to mon-
itor treatment ↓↓ (strong consensus 13/13):
Borrelia-specific antibody concentrations (and/or
titre) in serum

•

Borrelia-specific CSF/serum antibody index•
Oligoclonal bands in CSF•
Total protein in CSF•
Band pattern in Lyme immunoblot•
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Table 5: Overview of antibiotic treatment
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