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Background and purpose: Our aim was to evaluate the available evidence for
pharmacological treatment of acute Lyme neuroborreliosis as a basis for evidence-based clinical recommendations in a systematic review.
Methods: A systematic literature search of Medline, EMBASE, the Cochrane
Library and three trial registries was performed. Randomized controlled trials
(RCTs) and non-randomized studies (NRS) were evaluated. Risk of bias was
assessed using the Cochrane risk of bias tools. The primary outcome was
‘residual neurological symptoms’ whilst the secondary outcomes were disability, quality of life, pain, fatigue, depression, cognition, sleep, adverse events
and cerebrospinal ﬂuid pleocytosis. The quality of the evidence was assessed
using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach.
Results: After screening 5779 records, eight RCTs and eight NRS were
included. Risk of bias was generally high. No statistically signiﬁcant diﬀerence
was found between doxycycline and beta-lactam antibiotics in a meta-analysis
regarding residual neurological symptoms at 4–12 months [risk ratio (RR)
1.27, 95% conﬁdence interval (CI) 0.98–1.63, P = 0.07] or adverse events (RR
0.82, 95% CI 0.54–1.25, P = 0.35). Signiﬁcantly fewer neurological symptoms
for cefotaxime compared with penicillin were found (RR 1.81, 95% CI 1.10–
2.97, P = 0.02). Adverse events were signiﬁcantly fewer for penicillin (RR
0.56, 95% CI 0.38–0.84, P = 0.005).
Conclusions: Evidence regarding pharmacological treatment of acute Lyme
neuroborreliosis is scarce and therefore insuﬃcient to recommend preference
of beta-lactam antibiotics over doxycycline or vice versa. However, due to
considerable imprecision, relevant diﬀerences between treatments cannot be
excluded. No evidence suggesting beneﬁts of extended antibiotic treatments
could be identiﬁed. Further well-designed trials are needed. Individual treatment decisions should address patients’ preferences and individual conditions
like prior allergic reactions.

Introduction
Lyme neuroborreliosis is a tick-borne infectious
disease caused by the spirochete bacterium Borrelia
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burgdorferi. Diagnosis of Lyme neuroborreliosis is
based on clinical presentation, serological testing, and
analysis of cerebrospinal ﬂuid (CSF) [1]. Tiered case
deﬁnitions exist regarding the likelihood of diagnosis
on the basis of diagnostic results [2,3]. Controversy
exists in the ﬁeld of therapy, whereby choice, route of
administration and length of treatment are the subject
of intense debate. This is further illustrated by
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contradicting recommendations in diﬀerent guidelines,
some of which are aggressively advocated by patient
support groups [4]. For instance, whilst the guidelines
of the Infectious Diseases Society of America (IDSA)
and the European Federation of Neurological Societies (EFNS) and the practice parameters of the American Academy of Neurology (AAN) recommend
antibiotic treatment with a duration of 14–28 days
[1,5,6], those of the International Lyme and Associated Diseases Society (ILADS) stipulate that, often,
months of antibiotic therapy are required [7]. IDSA,
EFNS and AAN guidelines recommend antibiotics
such as cephalosporins, penicillin or doxycycline,
whereas ILADS also recommends treatment with
other substances like carbapenems and metronidazole
or antimalarial drugs such as hydroxychloroquine [7].
These contradicting recommendations lead to considerable ambiguity and doubt in patients and healthcare
providers alike when facing treatment decisions for
neuroborreliosis. Therefore, it seems necessary to
review and rigorously evaluate in an up-to-date
systematic review the available evidence for drug
treatment of acute neuroborreliosis as a sound basis
for evidence-based clinical recommendations. To adequately consider the wealth of research that has been
conducted and to overcome the limitations of availability of only a few randomized controlled trials
(RCTs), this review also considered non-randomized
studies (NRS) for the treatment of acute Lyme neuroborreliosis. For certain aspects, NRS may also be
more suitable than RCTs, for example for the detection of rare adverse events [8].

Methods
Search strategy and eligibility criteria

All randomized and non-randomized studies evaluating pharmacological treatment of adult patients with
clinically diagnosed acute Lyme neuroborreliosis were
screened for eligibility. The results of studies reporting
no comparison group for an intervention were considered for descriptive reporting. Studies without a control group were not used to calculate pooled estimates
and were not subject to a separate risk of bias assessment. Studies with a population of less than ﬁve
patients were excluded. Lyme neuroborreliosis diagnoses were based on the clinical case deﬁnitions of
Kaiser, Halperin et al. and Mygland et al. [2,3,9]. The
diagnostic criteria for the case deﬁnitions were
described in detail in our published review protocol
(systematic review registration CRD42014008839) [10].
Studies on patients with ‘post-Lyme disease’, deﬁned
as previously treated people with persistent symptoms

in the absence of evidence for ongoing infection, were
excluded. All pharmacological treatments, including
combinations of treatments, were considered. Single
agents as well as groups of antibiotics were compared
with each other. Three databases were searched, Medline (via Ovid, from 1950 to the present), EMBASE
(via Scopus, from 1980 to the present) and the Cochrane Central Register of Controlled Trials, for eligible
studies. The reference lists of the included studies were
reviewed for further eligible studies. The search strategies are shown in Appendix S1. No language restrictions were used. Additionally, three trial registers
(www.controlled-trials.com,
www.clinicaltrials.gov,
www.who.int/trialsearch/) were searched to identify
additional published, unpublished or ongoing studies.
The primary outcome was residual neurological
symptoms after treatment, deﬁned as any neurological
signs or symptoms reported by the original authors. If
several time points were reported in a primary study,
data from the last reported time point were considered. If the data permitted, the results were presented
for short-term follow-up (4–12 months) and long-term
follow-up (12 or more months following treatment).
Initially it was planned to assess the outcome of neurological symptoms as a continuous outcome. However, the majority of included studies reported the
outcome as dichotomous data, so the results are presented accordingly. If the neurological symptoms were
reported as continuous or categorical variables, the
data were appropriately dichotomized according to
the measurement scales and categories used. Secondary outcomes were adverse events, overall disability,
patient-reported outcomes (quality of life, pain, fatigue, depression, cognition and sleep) and CSF pleocytosis. Adverse events were considered as deﬁned and
reported by the original authors. Adverse events were
reported as serious adverse events that required hospitalization, were life-threatening, fatal, or when
reported as serious adverse events by the original
authors.
Data extraction and analysis

First, one reviewer (RD) evaluated titles and abstracts
to determine the eligibility of the studies. Secondly,
each full text was independently evaluated by two
reviewers (RD, SS or MF) for eligibility. Disagreements were resolved by discussion with a third
reviewer (JM). Two review authors independently
extracted data from the full texts of included studies
using a speciﬁcally developed extraction form. The
data were entered into Review Manager (RevMan 5.3;
for details see our review protocol) [10]. The assessment of risk of bias in the RCTs was performed
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independently by two reviewers according to the
Cochrane risk of bias tool [11]. In the event of disagreement, consensus was achieved through discussion
with all the review authors. It was initially planned to
assess risk of bias in the NRS with both the ACROBAT-NRSI tool (which was not yet released at the
protocol stage) and the Newcastle Ottawa scale
(NOS) [12,13]. During the review process, the ACROBAT-NRSI was oﬃcially released, so it was decided
to omit the NOS assessment to avoid duplicity.
According to the recommendations for the ACROBAT-NRSI, studies which were assessed as having a
‘critical’ risk of bias were not included in any data
synthesis. Their results were reported descriptively.
Risk for publication bias was reduced in our systematic review by ensuring a comprehensive search for
eligible studies, including three trial registries. Only a
small number of studies were available for the diﬀerent comparisons, so funnel plots were not used.
The pooling of the data and the meta-analysis of
the studies were only considered amongst studies with
a similar design and limited heterogeneity. Heterogeneity amongst studies was investigated using the v2
and I2 tests. The estimation of treatment eﬀects was
based on a ﬁxed eﬀect model according to the Mantel–Haenszel method. Subgroup analyses were planned
to consider drug dosage, geographical origin of studies, length of treatment and case deﬁnition. Sensitivity
analyses were planned to assess the eﬀect of risk of
bias in the included studies. Whenever possible, the
data were analysed on an intention-to-treat basis. If
the data were only available in a graphical format, a
thorough estimation of the numerical values was conducted.
The Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) approach
was used to assess the quality of the evidence for each
outcome [14].

Results
The search identiﬁed 5779 bibliographic records after
the removal of duplicates, of which 5660 were
excluded and 119 full-text articles were retrieved for
detailed examination. Sixteen publications met our
inclusion criteria (Fig. 1) [15–29]; 17 single-arm studies were considered for descriptive analysis (Appendix
S2 and Table S1). Eighty-six articles were excluded
(reasons are listed in Fig. 1). The search in the trial
registries revealed no eligible unpublished studies;
information on one ongoing study on the treatment of
Lyme neuroborreliosis is shown in Table S2 [30].
Details on participants and interventions are summarized in Table 1. Similar interventions were
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combined to compare the eﬀects of diﬀerent classes of
antibiotic agents. The length of treatment was
between 14 and 21 days in all but one RCT [16]. The
NRS showed considerable diﬀerences regarding length
of treatment, from 10 to 30 days, with some studies
not specifying the length of treatment at all.
Neurological symptoms after treatment were measured with a clinical score in one RCT [15]; all other
studies measured neurological symptoms on the basis
of clinical examination or self-reports by patients.
Adverse events were reported in ﬁve RCTs and two
NRS [15–17,19,21,23,24]. Disability and sleep were
not reported in any study. Patient-reported outcomes
were reported in one RCT [15]. Two studies reported
data on pain [22,31], but not for our predeﬁned time
points. CSF pleocytosis was reported in two RCTs
[15,17]. Seventeen single-arm studies meeting our
inclusion criteria were found. The length and choice
of treatment were heterogeneous, as was the proportion of patients with neurological symptoms after
treatment. No case series reported durations of treatment longer than 30 days (Appendix S2 and Table
S1). No eligible studies comparing extended antibiotic
treatments of 14–21 days could be identiﬁed.
Due to poor reporting, detailed data could only be
extracted from a few studies. Consequently, there was
serious risk of bias issues with most studies. The
RCTs suﬀered from poor reporting on allocation concealment, random sequence generation, and blinding
(Fig. S1), and selective reporting could not be ruled
out in any of the studies. Risk of bias and poor
reporting were even more problematic in the NRS
(Fig. S2). Sampling bias, baseline confounding, and
lack of blinding of outcome assessment were major
issues in all the studies. Interventions were often insufﬁciently described, and patients were omitted without
stating appropriate reasons. All but one NRS had a
‘critical’ overall risk of bias [23].
Three RCTs with a total of 229 patients reported
data on treatment with beta-lactam antibiotics (ceftriaxone [15] and penicillin [17,20]) compared with doxycycline. Regarding the primary outcome of residual
neurological symptoms at 4–12 months after treatment initiation, the data from these RCTs suggest
that patients treated with beta-lactam antibiotics had
more residual symptoms compared to patients treated
with doxycycline; however, this was not statistically
signiﬁcant [Fig. 2; risk ratio (RR) 1.27, 95% conﬁdence interval (CI) 0.98–1.63, P = 0.07].
Data from two prospective cohort studies [23,24]
with a total of 122 patients and four retrospective
cohort studies [25,27–29] with a total of 48 patients
showed no statistically signiﬁcant diﬀerence between
the two treatments regarding the outcome residual
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Figure 1 Study ﬂow diagram.
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Table 1 Characteristics of included studies

Study, ﬁrst author

Sample size

RCTs
Ljostad 2008 [15]

118

Case
deﬁnition

Oksi 1998 [16]

60

Deﬁnite
(n = 71)
Possible
(n = 31)
Possible

Karlsson 1994 [17]

54

Probable

Pﬁster 1991 [18]

33

Probable

Hassler 1990 [19]

135

Possible

Kohlhepp 1989 [20]

75

Possible

Pﬁster 1989 [21]

21

Possible

Pﬁster 1988 [22]

21

Possible

Prospective cohort studies
Borg 2005 [23]
65
Berglund 2002 [24]

70

Retrospective cohort studies
Elamin 2010 [25]
15

Probable
Probable

Possible

Kr€
uger 1990 [26]

123

Possible

Viader 1989 [27]

12

Possible

8

Probable

Hirsch 1987 [29]

34

Possible

Kristoferitsch
1987 [31]

43

Possible

Bateman 1988 [28]

Length of
treatment

Setting

Country

Ceftriaxone 2 g/day (n = 59)
Doxycycline 200 mg/day (n = 59)

14 days

Tertiary care centre

Norway

Ceﬁxime 200 mg + probenecid
500 mg (n = 30)
Amoxicillin 500 mg + probenecid
500 mg (n = 30)
Penicillin G 12 g/day (n = 23)
Doxycycline 200 mg/day (n = 31)
Ceftriaxone 2 g/day (n = 17)
Cefotaxime 8 g/day (n = 16)
Penicillin G 20 MioU/day (n = 44)
Cefotaxime 6 g/day (n = 49)
Penicillin G 20 MioU/day (n = 36)
Doxycyclin 100 mg/day
(200 mg at 1 day) (n = 39)
Cefotaxime 6 g/day (n = 11)
Penicillin G 20 MioU/day (n = 10)
Penicillin/
doxycycline + methylprednisolone
60 mg/day
Penicillin/doxycycline + placebo

100 days

Tertiary care centre

Finland

14 days

Tertiary care centre

Sweden

10 days

Tertiary care centre

Germany

10 days

Tertiary care centre

Germany

10 days

Tertiary care centre

Germany

10 days

Tertiary care centre

Germany

7 days

Tertiary care centre

Germany

10–14 days
Not stated

Two tertiary
care centres
Teritary care centre

Sweden and
Slovenia
Sweden

Not stated

Tertiary care centre

Ireland

10–13 days

Tertiary care centre

Germany

10–30 days

Tertiary care centre

France

Not stated

Tertiary care centre

UK

Tetracycline
15 days
Penicillin
10 days
10 days

Tertiary care centre

France

Tertiary care centre

Austria

Intervention

Ceftriaxone 2 g/day (n = 29)
Doxycycline 400 mg/day (n = 36)
Penicillin G (n = 18), doxycycline
(n = 39), combinations (n = 13)
Dose not standardized
Doxycycline (n = 4), cefotaxime/
ceftriaxone (n = 7), amoxicillin
(n = 2), unknown (n = 2)
Dose not stated
Penicillin G 20 MioU/day (n = 46),
doxycycline 100 mg (200 mg at
1 day, n = 20), no
treatment (n = 57)
Penicillin (n = 7),
penicillin + ampicillin (n = 2),
penicillin + doxycycline (n = 1),
doxycycline (n = 1),
methylprednisolone (n = 1)
Dose not stated
Penicillin (n = 1), tetracycline
(n = 1), combination (n = 5), no
treatment (n = 1)
Dose not stated
Penicillin G 20 MioU/day (n = 8),
tetracycline oral (n = 17),
symptomatic treatment (n = 9)
Penicillin G 20 MioU/day (n = 19),
no treatment (n = 24)

neurological symptoms (not shown). A quantitative
synthesis was not justiﬁed due to the overall critical
risk of bias in all but one of these studies [23].
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Regarding the primary outcome of residual neurological symptoms at 12 or more months after treatment,
no signiﬁcant diﬀerence could be found between
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Figure 2 Comparison of beta-lactams versus doxycycline for ‘residual neurological symptoms’ and adverse events. Forest plot for the
comparison beta-lactams versus doxycycline for the outcomes ‘residual neurological symptoms’ at 4 or more months and 12 months
after treatment and adverse events.

treatment with beta-lactam antibiotics and doxycycline in the RCTs (Fig. 2; RR 0.98, 95% CI 0.68–
1.42, P = 0.93) [15,17,20].
The diﬀerence in patients reporting adverse events
between doxycycline and beta-lactam antibiotics was
not statistically signiﬁcant in two RCTs with a total
of 167 patients (Fig. 2; RR 0.82, 95% CI 0.54–1.25,
P = 0.35) [16,18]. Two prospective cohort studies consisting of a total of 122 patients reported indecisive
results (not shown) [23,24]. The adverse events
reported were diarrhoea, nausea, constipation, rash,
vertigo and thrombophlebitis. Reports of serious
adverse events in the RCTs were too scarce to allow a
valid comparison. The serious adverse events reported
were cholecystitis, stomatitis, allergic reactions and
duodenal ulcers. The NRS did not provide information on serious adverse events.
Secondary outcomes – quality of life, fatigue, cognition and depression – were reported in patients from
one study in three separate follow-up reports [15,32–
34]. Only data on quality of life and fatigue were
reported on the basis of treatment groups. The original
authors reported no statistically signiﬁcant diﬀerences
in quality of life or fatigue between treatment with
doxycycline or ceftriaxone at 30 months after treatment
(Fig. S3). Two RCTs reported data on CSF pleocytosis

for treatment with doxycycline or beta-lactam antibiotics, albeit in diﬀerent ways, so the data could not be
combined in a meta-analysis [15,17]. None of the studies reported signiﬁcant diﬀerences between the two
treatments in terms of CSF pleocytosis.
Two RCTs compared cefotaxime and penicillin
treatments [19,21]. The combined estimates from a
total of 114 patients showed that treatment with cefotaxime results in statistically signiﬁcantly fewer residual neurological symptoms compared to penicillin
after 4–12 months (Fig. 3; RR 1.81, 95% CI 1.10–
2.97, P = 0.02). No data were available for the time
point of 12 months after treatment. Adverse events
were reported in one RCT with 138 patients for this
comparison [19]. The diﬀerence between patients with
adverse events for penicillin and cefotaxime was
statistically signiﬁcant, favouring the penicillin group
(Fig. 3; RR 0.54, 95% CI 0.35–0.83, P = 0.005). The
adverse events reported were mild diarrhoea and
Herxheimer-like reactions. Serious adverse events
were reported in one RCT [19], albeit with low event
rates (4/138 patients overall). The serious adverse
events reported were colitis, shock and allergic
reactions.
Two retrospective cohort studies consisting of a total
of 18 patients reported data on neurological symptoms
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Figure 3 Comparison of penicillin versus cefotaxime for ‘residual neurological symptoms’ and adverse events. Forest plot for the comparison penicillin versus cefotaxime for the outcomes ‘residual neurological symptoms’ at 4 months after treatment and patients with
adverse events.

after treatment with combinations of antibiotics versus
single drug applications [27,28]. As they had an overall
critical risk of bias and were heterogeneous, no quantitative synthesis was performed (Fig. S4).
Three retrospective cohort studies consisting of a
total of 173 participants reported data on treatment
with antibiotics versus no treatment [26,29,31]. A
quantitative synthesis was not justiﬁed due to the
overall critical risk of bias in all three studies. One of
these studies made suggestions on the beneﬁt of treatment whilst the other two did not. None of these
studies reported a statistically signiﬁcant diﬀerence
(Fig. S5).
None of our pre-planned subgroup and sensitivity
analyses considering dose, geographical origin, length
of treatment, likelihood of diagnosis or risk of bias
was possible for any comparison due to the paucity of
data.
The quality of evidence was rated according to the
GRADE approach (Tables 2, 3, and S3, S4). Risk of
bias in the NRS as well as in the RCTs, as assessed
with the corresponding risk of bias tools, was generally high, considerably lowering the overall conﬁdence
in the presented results. The reasons for downrating
the quality of evidence were mainly risk of bias and
the imprecision of the results in the RCTs and risk of
bias, indirectness and imprecision in the NRS.

Conclusions
To gather all relevant studies, a comprehensive literature search in three databases and trial registers was
performed. Statistical investigation of publication bias
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and small study eﬀects was not possible due to the
limited number of available studies. The level of applicability may have been hampered as only a few studies yielding relevant data could be found, so the
results come from small study populations. Due to the
small number of studies included in the meta-analyses
and the considerable risk of bias, only limited conclusions can be drawn from them. Diﬀerent strains of
Borrelia burgdorferi show diﬀerent patterns of geographical distribution. As all the eligible studies were
conducted in Europe, the results from this review may
be less applicable to regions with diﬀerent distributions of these strains, as in the case of North America.
The spectrum of disease included mainly cranial neuropathies, polyradiculoneuritis or meningitis. Patients
with potentially more severe aﬀections, such as cerebral vasculitis, were seldom reported. Whether these
patients would beneﬁt from alternative treatments
(e.g. a combination of antibiotics with steroids or
platelet aggregation inhibitors) remains unclear.
In a systematic review of eight studies, Halperin
et al. [6] reported no statistically signiﬁcant diﬀerence
between doxycycline and beta-lactam antibiotics on
the clinical response outcome. These results are in line
with our ﬁndings on the comparison between doxycycline and beta-lactam antibiotics on neurological
symptoms. The authors did not perform a risk of bias
assessment, included studies focusing on children, and
pooled data from studies of diﬀerent designs. Several
studies considered in our review were not included by
these authors. An ongoing Cochrane review on neurological complications of Lyme disease focuses on
RCTs only and has stricter inclusion criteria. It is

Seriousc
None

None

None

24/80 (30.0)

33/98 (33.7)

59/105 (56.2)

Beta-lactams

30/87 (34.5)

37/113 (32.7)

53/124 (42.7)

Doxycycline

RR 0.82 (0.54–1.25)

RR 0.98 (0.68–1.42)

RR 1.27 (0.98–1.63)

Relative risk (95% CI)

Eﬀect

⊕⊕◯◯
LOW

⊕⊕◯◯
LOW

⊕⊕◯◯
LOW

Quality

Seriousa

Not serious

Not serious

Indirectness

Seriousb

Seriousb

Imprecision

None

None

Other
considerations

20/79 (25.3)

26/54 (48.1)

Penicillin

37/80 (46.3)

16/60 (26.7)

Cefotaxime

No. of patients (%)

RR 0.54 (0.35–0.83)

RR 1.81 (1.1–2.97)

Relative risk (95% CI)

⊕⊕◯◯
LOW

⊕⊕◯◯
LOW

Quality

No blinding, concerns about allocation concealment and selective reporting; bSmall sample size, optimal information size not met; cOne study reports no adverse events for both interventions, so
provided estimates derive from only one study. Inconsistency cannot be excluded.

a

Randomized trials

Nonec

Inconsistency

Adverse events
2

Risk of bias

Not serious

Study design

Neurological symptoms (follow-up 4 or more months)
2
Randomized trials
Seriousa

No. of studies

Quality assessment

Eﬀect

Two unblinded trials, concerns about allocation concealment and selective reporting; bSmall sample size, optimal information size not met, relevant beneﬁt for doxycycline cannot be excluded;
Optimal information size not met, relevant beneﬁt for either beta-lactams or doxycycline cannot be excluded.

Not serious

Seriousc

Seriousb

Imprecision

Other
considerations

No. of patients (%)

Table 3 GRADE evidence table for the comparison penicillin versus cefotaxime for the treatment of acute Lyme neuroborreliosis

c

a

Seriousa
Not serious

Randomized trials

Adverse events
3

Indirectness

Not serious

Inconsistency

Residual neurological symptoms (follow-up 12 or more months)
Not serious
3
Randomized trials
Seriousa

Risk of bias

Not serious

Study design

Residual neurological symptoms (follow-up 4–12 months)
Not serious
3
Randomized trials
Seriousa

No. of studies

Quality assessment

Table 2 GRADE evidence table for the comparison beta-lactams versus doxycycline for the treatment of acute Lyme neuroborreliosis
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possible that its scope may be narrower than that of
our review [35].
Implications for practice

The literature on pharmacological treatments of acute
Lyme neuroborreliosis is scarce and of limited quality.
As such, drawing conclusions for clinical practice
from the available body of evidence is diﬃcult. Three
heterogeneous studies with considerable risk of bias
compared antibiotic treatment to no treatment and
showed imprecise and contradictory results. However,
considering reports of severe disabilities following
untreated neuroborreliosis, it seemes unethical to omit
treatment [36].
The available evidence is insuﬃcient to support recommendations preferring beta-lactam antibiotics over
doxycycline or vice versa. However, due to the small
sample sizes of the eligible studies and the resulting
imprecision, relevant diﬀerences between treatments
regarding both harms and beneﬁts cannot be
excluded. Whilst treatment with cefotaxime leads to a
lower rate of residual neurological symptoms compared to penicillin, a greater number of patients
report adverse events from cefotaxime. The reported
adverse events were generally mild and may only partially inﬂuence treatment choice. Due to the low event
rates for serious adverse events, it was not possible to
perform an informative comparison.
The relevance of these ﬁndings, statistically signiﬁcant or not, remains unclear. Conﬁdence intervals
were wide, even for statistically signiﬁcant diﬀerences,
whereas the non-signiﬁcance of other diﬀerences could
be due to rather low sample sizes.
Regarding the comparison between single drugs versus drug combinations, small event rates were
reported in primary studies and therefore the CIs of
the estimates were too wide to draw accurate conclusions.
It was not possible to identify studies on doses of
doxycycline of >200 mg/day, so no recommendations
could be made regarding the use of higher doses. Only
one study reported a length of treatment of >30 days.
No evidence was found of further extended antibiotic
courses as studies (not even single-arm studies)
addressing this question could not be identiﬁed. Studies suggesting beneﬁts of extended antibiotic treatments compared to treatments of <30 days could not
be identiﬁed. Moreover, studies evaluating hydroxychloroquine, carbapenem antibiotics or metronidazole
could not be identiﬁed. Individual treatment decisions
should address patients’ preferences as to the route of
administration, the risk of adverse events and other
individual conditions, such as prior allergic reactions.
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Implications for research

Due to considerable imprecision in the calculated estimates, it is likely that the results of future RCTs on
this topic may change the ﬁndings presented here. Currently, only one ongoing study compares ceftriaxone
and doxycycline treatments in Lyme neuroborreliosis
[30]. There is clearly a need for large high quality trials
evaluating pharmacological treatments for acute Lyme
neuroborreliosis. The included population should be
adequately described according to consensually derived
case deﬁnitions [37], and trials should be registered
prior to the enrolment of the ﬁrst patient and should
use predeﬁned outcomes. Of considerable interest are
trials regarding diﬀerent lengths of treatment. Another
relevant question is whether disease manifestations of
diﬀerent levels of severity require diﬀerent therapeutic
approaches. Trials should also address whether doxycycline is of comparable eﬃcacy to beta-lactam antibiotics in the treatment of more severe manifestations,
such as meningitis or encephalomyelitis.
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