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Abstract Background In themajority of patients with Lyme neuroborreliosis (LNB), neurological
symptoms are transient. The extent of neuropsychological and neuropsychiatric
problems in children is not well researched.
Objectives The study aimed to investigate cognitive functions and behavioral prob-
lems in children after LNB.
Patients and Methods A total of 20 children between 6 and 16 years of age with an
episode of LNB at least 4 month before neuropsychological testing were enrolled in the
study and comparedwith 20 healthy controls. Childrenwith LNB had cranial nerve palsies or
meningoencephalitis, immunoglobulin G and immunoglobulin M antibodies for Borrelia
burgdorferi in the peripheral blood, pleocytosis in the cerebrospinal fluid (leukocytes > 10
cells/μL) and/or an intrathecal synthesis of antibodies for B. burgdorferi.
Neuropsychological tests assessing intellectual skills, memory, and executive functions
were used. Two parental questionnaires assessing behavior, psychiatric problems, and
executive functions were administered.
Results Intellectual skills, memory, and executive functions of children after an
episode of LNB were within the normal range. In the subcategory of working memory,
children after an episode of LNB performed worse than controls. The questionnaires did
not reveal behavior or psychiatric problems, although there was a tendency that
children after an episode of LNB had more physical complaints.
Conclusion Neuropsychological deficits resulting from LNB in childhood are rare. Most
children had a good cognitive, emotional, and behavioral outcome.
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Introduction

Lyme neuroborreliosis (LNB) is caused by the invasion of the
pathogen Borrelia burgdorferi into the nervous system. In the
majority of cases, children with LNB present with a unilateral
peripheral facial nerve palsy.1

In adults, neurological manifestations such as meningo-
encephalitis, transversemyelitis, or Bannwarth syndrome are
more common. In the majority of patients, the neurological
symptoms are transient under appropriate antibiotic therapy
and neurological sequelae are rare. While this is well studied,
the extent of neuropsychological and neuropsychiatric prob-
lems is less well researched.2

Few reports suggest that adults with LNB can develop
memory and concentration problems combined with in-
creased tiredness and other unspecific symptoms.3,4 In
subjects with cognitive problems, predominantly areas of
verbal and nonverbal memory as well as naming of objects
seem to be affected.5,6 Other studies, however, could not
replicate these results.7–9 Vasquez et al, for example, stud-
ied the neuropsychological long-term outcome of children
with facial nerve palsy with serologically confirmed LNB
and antibiotic treatment. In this retrospective study, chil-
dren between 2 and 18 years of age had no cognitive long-
term problems.10 Another study reported that children
with LNB had neuropsychological problems in the areas
of executive functions, working memory, and attention.7 In
a more recent study, Skogman et al reported a good long-
term clinical recovery in 73% of children with confirmed
LNB. In contrast to other studies, they found motor or
sensory deficits causing impaired fine motor skills, poor
balance, or persistent pain. However, according to parental
questionnaires, the neurological deficits did not impair
the activities of daily living and did not affect school
performance.11

The majority of studies reported did not fulfill the criteria
of LNB as recommended by the Deutsche Gesellschaft für
Neurologie (DGN; German Society of Neurology) including
typical clinical presentation, a positive serology for an infec-
tion with B. burgdorferi in addition to cerebrospinal fluid
(CSF) pleocytosis and/or an intrathecal synthesis of B. burg-
dorferi IgG antibodies.12

We therefore studied the neuropsychological outcome in
20 children who fulfilled the criteria of a definite and/or
probable NB and who were treated with an appropriate
course of intravenous antibiotics.

Patients and Methods

Patients
A total of 20 children (9 females/11 males) with a history of
LNB at least 4 months ago were enrolled in the study
(►Table 1). The majority of children were diagnosed and
treated between May 2008 and December 2011 in different
hospitals in Austria. In addition, five children recruited from
the Children’s Register for Children with Lyme disease, Inns-
bruck, Tyrol, Austria, were included. All children fulfilled the
criteria of LNB. All children had symptoms such as facial nerve
palsy (n ¼ 16), affection of other cranial nerves (n ¼ 1),
meningoencephalitis (n ¼ 1), cerebellitis (n ¼ 1), or polyra-
dicular symptoms (n ¼ 1) combined with a positive serology
for B. burgdorferi (IgM and IgG, positive immunoblot) in the
blood, elevated leukocyte count ( > 10 cells/μL) in the CSF,
and/or an intrathecal synthesis of B. burgdorferi IgG anti-
bodies (►Table 2). All patients were treated with intravenous
antibiotics for at least 14 days and had a normal neurological
examination with the exception of one child who continued
to have moderate facial nerve palsy on follow-up visits. All
children had a normal development and were healthy before
the episode of LNB. Children with other diseases before the
episode of NB (e.g., developmental delay and epilepsy) were
not included in the study.

Control Group
The control group consisted of 20 children (10 females/10
males) who were matched for age. All children of the control
group were healthy and had a normal physical and neurolog-
ical examination, no previous psychiatric illness, or a reported
history of a previous episode suggestive of LNB. Children
taking any medications such as sedatives or neuroleptica
were excluded.

Neuropsychological Testing
All subjects underwent an extensive neuropsychological test
battery. The test batterywas administered in 1 session, which
took 4 hours. Participants were given breaks throughout
testing. Not all participants were able to complete the tests
in one session. Therefore, the number of participants differs in
some of the tests.

The cognitive domains that were assessed included (1)
intellectual ability (Wechsler Intelligence Scale for Children
IV [WISC-IV]—German version13), (2) verbal and nonverbal
memory (verbal: Verbaler Lern-und Merkfähigkeitstest

Table 1 Clinical characteristics of children after an episode of LNB and healthy controls

Children with LNB
(N ¼ 20)

Control group
(N ¼ 20)

Mean SD Range Mean SD Range

Age (years) 10.85 2.87 6–15 10.40 3.28 6–16

Full scale IQ 106.20 9.334 87–121 114.05 9.59 96–132

Gender, male:female 11:9 10:10

Handedness right:left 20:0 20:0

Abbreviations: IQ, intelligence quotient; LNB, Lyme neuroborreliosis; n, number of participants; SD, standard deviation.
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[VLMT]14 and nonverbal: Rey Visual Design Learning Test
[RVDLT]15), (3) executive functions (verbal fluency:
Regensburger Wortflüssigkeitstest [RWT]16 and nonverbal
fluency: Five-Point Test17) and planning abilities: Tower of
London,18 (4) attention span (verbal: Digit Span Forward13

and nonverbal: Corsi Block Span Forward19), (5) working
memory (verbal: Digit Span Backward13 and nonverbal:
Corsi Block Span Backward19), and (6) fine motor skills
(Grooved Pegboard Test20).

In addition, behavioral and psychiatric problems were
evaluated with the Child Behavior Checklist (parent report
questionnaire: CBCL)21 and executive functions in everyday
life were assessed using the parent report questionnaire
Behavior Rating Inventory for Executive Functions (BRIEF).22

Neuropsychological testing was performed exclusively by
two neuropsychologists (S.Z. and S.H).

All participants and their caretakers gavewritten informed
consent. The study was approved by the local Ethical Com-
mittee of the Medical University, Innsbruck, Tyrol, Austria.

Statistical Analysis
Statistical analyses were conducted by using SPSS 10.0
(SPSS Inc., Chicago, Illinois, United States). The experimen-
tal group was compared with the matched control group.

For data analysis, the nonparametric Mann–Whitney U Test
was used. A p value of less than 0.05 was considered
significant. The questionnaires were presented only to
the parents of the experimental group. Therefore, the
results of the questionnaires were related to the normative
data of the questionnaires.

Results

Clinical recovery was excellent in the large majority of
children with LNB. Only one child continued to have moder-
ate peripheral facial nerve palsy. Neuropsychological testing
was performed at least 4 months after the episode of LNB
(median ¼ 6 months, range: 4–123 months). Before statisti-
cal analyses, we divided the patient group in two groups to
control for the different time intervals: 11 children with a
time interval of 4 to 6 months after an episode of LNB and 9
children with a time interval of more than 6 months after an
episode of LNB. The differences between both groups (tested
with the Mann–Whitney U Test) did not reach significance.
Therefore, it was decided to use the whole group together for
further statistical analyses.

The two patients with cerebellitis and meningoencephali-
tis presented a similar cognitive profile compared with the

Table 2 Clinical data of 20 children after an episode of LNB including symptoms at presentation and CSF findings

Patient Sex Symptoms Cells/µL Al Age at NP
testing, y

Time
interval (mo)

1 F Unilateral 60 7.6 9.2 6

2 M Unilateral 10 ND 11.3 15

3 F Unilateral 96 ND 9.8 6

4 F Bilateral 6th nerve palsy 56 ND 7.6 6

5 M Bannwarth syndrome 54 ND 11.10 7

6 F Unilateral 100 ND 6.1 12

7 F Unilateral 0 4.9 9.5 6

8 M Unilateral 80 1.0 11.6 6

9 M Unilateral 53 13.4 6.9 6

10 M unilateral 10 3.5 15.4 6

11 F Bilateral 33 ND 12.9 85

12 M Meningitis 174 1.0 12.1 6

13 M Unilateral 70 0.6 10.6 6

14 M Unilateral 233 ND 12.2 39

15 M Cerebellitis 350 ND 11.1 37

16 F Unilateral 90 ND 14.1 66

17 F Unilateral 70 ND 14.0 89

18 F Central 7th nerve palsy 320 ND 15.4 123

19 M Unilateral 892 ND 8.2 6

20 M Unilateral 560 2.2 15.9 6

Abbreviations: bilateral, bilateral peripheral facial nerve palsy; CSF, cerebrospinal fluid; f, female; LNB, Lyme neuroborreliosis; m, male; ND, not done;
NP, neuropsychological; unilateral, unilateral peripheral facial nerve palsy; y, year.
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rest of the patient group. The results of these two patients are
therefore not presented individually.

Intellectual Abilities
All participants reached intelligence quotient (IQ) scores that
were within or above the average (IQ: 87–127). As demon-
strated in ►Table 3, no significant differences were found
between the experimental group and the control group with
regard to the WISC-IV Index scores (Verbal Comprehension
Index, Perceptual Reasoning Index, Working Memory Index,
and Processing Speed Index).

The Full scale IQ of the experimental group was signifi-
cantly lower than the Full scale IQ of the control group

(p ¼ 0.048). A detailed analysis of the WISC-IV subtests
revealed significant differences between both groups with
regard to the subtests “Digit Span” (p ¼ 0.044), “coding”
(p ¼ 0.016), and “vocabulary” (p ¼ 0.038). In these subtests,
the experimental group performed worse than the control
group. Regarding the other subtests of theWISC-IV, no further
significant group differences were found.

Memory Function
The statistical analysis showed no significant group differ-
ences according to verbal memory functions (VLMT). Both
groups demonstrated performances within the average. The
learning ability did not differ from each other (total score:

Table 3 Results of the neuropsychological testing of 20 children with LNB and 20 age-matched controls

Tests Children with LNB
(N ¼ 20)

Control group
(N ¼ 20)

pa

WISC-IV (IQ scores) Mean (n ¼ 20) SD Mean (n ¼ 20) SD (p < 0.05)

Verbal Comprehension Index 106.44 10.22 111.80 10.64 0.055

Perceptual Reasoning Index 106.11 11.54 107.40 9.97 0.874

Working Memory Index 101.94 11.48 111.15 14.84 0.063

Processing Speed Index 107.50 11.49 114.35 11.51 0.087

Full-Scale IQ 106.20 9.33 114.05 9.59 0.048b

WISC-IV subtests (standard scores) Mean (n ¼ 20) SD Mean (n ¼ 20) SD (p < 0.05)

Block design 10.22 3.04 10.60 2.280 0.443

Similarities 12.00 2.00 12.25 1.89 0.613

Digit Span 9.89 2.61 12.10 3.73 0.044b

Picture concepts 10.82 1.84 11.68 2.50 0.452

Coding 10.72 1.78 12.70 2.74 0.016b

Vocabulary 10.76 2.25 12.37 2.34 0.038b

Matrix reasoning 12.00 2.43 11.25 2.29 0.460

Comprehension 10.71 2.02 11.65 2.37 0.117

Symbol search 11.89 2.81 12.30 2.13 0.534

Arithmetic 11.06 2.16 11.95 2.65 0.553

VLMT (raw scores) Mean (n ¼ 20) SD Mean (n ¼ 19) SD (p < 0.05)

Trial 1 6.75 2.63 7.95 2.07 0.188

Trial 5 13.50 1.24 14.21 1.13 0.063

Total score (
P

Trial 1–Trial 5) 54,65 9.73 56.47 13.57 0.361

Interference list 7.55 2.50 7.68 2.47 0.898

Short recall 12.10 2.15 12.95 2.57 0.165

Long recall 12.15 2.39 13.05 2.27 0.179

Recognition 13.85 1.53 14.05 1.35 0.799

RVDLT (raw scores) Mean (n ¼ 18) SD Mean (n ¼ 19) SD (p < 0.05)

Trial 1 6.39 1.98 5.32 2.64 0.199

Trial 5 12.06 2.53 12.11 2.73 0.845

Total score (
P

Trial 1–Trial 5) 49.33 9.79 46.53 14.08 0.499

Interference list 6.67 2.657 6.63 2.54 0.916

Short recall 11.22 2.84 10.89 2.88 0.707

Long recall 11.61 2.52 10.84 3.04 0.518

(Continued)
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p ¼ 0.36). Similar results were found with the nonverbal
learning test (RVDLT): The performance of the experimental
group did not differ significantly from the performance of the
control group (total score: p ¼ 0.50).

Executive Functions
Results of the verbal fluency task (RWT) disclosed that the
experimental group did not perform significantly worse
than the control group in all three conditions (lexical fluency:
p ¼ 0.78; semantic fluency: p ¼ 0.13, and categorical
fluency: p ¼ 0.43).

Nonverbal fluency task (5-Point Test). According to the
nonverbal fluency task no significant differences could be
detected (total score: p ¼ 0.79).

Verbal and nonverbal working memory (Digit Span/Corsi
Block Span Backward). With respect to the verbal working
memory (Digit SpanBackward), the control groupdemonstrated
a significantly better performance than the experimental group
(p ¼ 0.02). Although theperformance of the control group in the
nonverbal working memory task (Corsi Block Span Backward)
was slightly better than that of the experimental group, the
difference was not statistically significant (p ¼ 0.05).

Planning abilities (Tower of London). The experimental
group and the control group performed equally well in the

Tower of London task, without any significant difference in
their performance (total score: p ¼ 0.367).

Attention
No significant differences were found in the verbal attention
(Digit Span Forward: p ¼ 0.19) as well as the nonverbal
attention span (Corsi Block Span Forward: p ¼ 0.51).

Fine Motor Skills
With regard to the fine motor skills tested with the Grooved
Pegboard Test, the experimental group did not perform
significantly worse than the control group (dominant hand:
p ¼ 0.20; nondominant hand: p ¼ 0.25).

Parental Questionnaires
To detect additional behavioral and/or emotional problems,
the parents/caregivers of the children of the experimental
group were asked to complete the CBCL. The results of the
questionnaires are presented in ►Table 4. According to their
parents, none of the children revealed externalizing problems
such as delinquent and/or aggressive behavior. Approximate-
ly 6% of all children reached noticeable scores, indicating
internalizing problems such as social withdrawal, somatic
complaints, and/or depression. The main result of the CBCL

Table 3 (Continued)

Tests Children with LNB
(N ¼ 20)

Control group
(N ¼ 20)

pa

WISC-IV (IQ scores) Mean (n ¼ 20) SD Mean (n ¼ 20) SD (p < 0.05)

Recognition 13.94 1.16 13.74 1.63 0.964

RWT (raw scores) Mean (n ¼ 20) SD Mean (n ¼ 19) SD (p < 0.05)

Lexical fluency (letter “s”) 16.65 8.73 15.47 5.72 0.778

Semantic fluency (animals) 27.27 7.10 30.50 5.30 0.132

Category fluency (sports fruits) 16.05 5.71 17.70 4.82 0.431

5-Point test (raw scores) Mean (n ¼ 20) SD Mean (n ¼ 20) SD (p < 0.05)

Total score 31.80 12.48 30.40 9.99 0.786

T-LD (raw scores) Mean (n ¼ 19) SD Mean (n ¼ 16) SD (p < 0.05)

Total score 13.84 4.11 13.56 1.99 0.367

Digit Span (raw scores) Mean (n ¼ 20) SD Mean (n ¼ 20) SD (p < 0.05)

Forward 5.55 1.19 5.95 1.31 0.194

Backward 3.70 1.03 4.60 1.14 0.017b

Corsi Block Tapping Test (raw scores) Mean (n ¼ 20) SD Mean (n ¼ 20) SD (p < 0.05)

Forward 5.42 1.07 5.70 1.22 0.512

Backward 4.89 1.15 5.65 1.31 0.050

Grooved Pegboard Test (time presented in ms) Mean (n ¼ 20) SD Mean (n ¼ 16) SD (p < 0.05)

Dominant hand 56.40 17.59 65.13 21.72 0.200

Nondominant hand 61.10 18.30 71.50 28.21 0.249

Abbreviations: LNB, Lyme neuroborreliosis; IQ, intelligence quotient; RVDLT, Rey Visual Design Learning Test; RWT, Regensburger Wortflüssig-
keitstest; T-LD, Tower of London; VLMT, Verbaler Lern-und Merkfähigkeitstest; WISC-IV, Wechsler Intelligence Scale for Children (fourth edition).
aDifferences are shown as p < 0.05.
bp < 0.05.
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was found in the syndrome scale somatic complaints: Accord-
ing to their parents, 23% of the participants were within the
clinical or borderline range.

The BRIEF was given to caregivers of the experimental
group for examining executive functions of daily living. As
demonstrated in ►Table 3, only 6% of all children with LNB
reached T-scores within clinical significance at the Meta-
cognition Index, which is a measure for the ability to
initiate, plan, organize, and sustain future-oriented prob-
lem solving in working memory. No subject reached the
clinical range of the Global Executive Composite (total score
of the questionnaire) and the Behavioral Regulation Index
(measure for the ability to shift cognitive set and modulate
emotions and behavior because of appropriate inhibitory
control) of the BRIEF. Most problems were reported with
regard to the subscales working memory, planning, and
organization. Furthermore, 6% of the participants had
problems with organization of materials according to their
parents.

Discussion

A wide range of Lyme disease–associated neurologic mani-
festations has been described in children including cranial
neuropathies, headache, seizures, meningitis, and meningo-
encephalitis, but little information about the neurocognitive
outcome in children and adolescents with LNB is on record.23

The results of our study indicate that children with LNB
have a good cognitive and behavioral outcome in themajority
of the cognitive domains tested. Nevertheless, children with
LNB had significantly lower scores on certain measures. First,
a significant group difference was found according to the
WISC-IV subtest “coding.” The poorer performance of the
experimental group suggests a problem in attention and
concentration as well as impaired fine motor skills and
scanning. According to a study of Skogman et al,11 14% of
children demonstrated impaired fine motor skills after an
episode of LNB, which may influence the performance on
tasks as theWISC-IV subtest “coding.”Moreover, the results of

Table 4 Results of the parental questionnaires CBCL and BRIEF for children after an episode of LNB

Normal range (%) Borderline clinical range (%) Clinical range (%)

CBCL: Syndrome scales (n ¼ 14)

Social withdrawal 94 6 0

Somatic complaints 77 6 17

Anxiety/depression 89 11 0

Social problems 100 0 0

Thought problems 94 6 0

Attention problems 89 0 11

Delinquent behavior 100 0 0

Aggressive behavior 94 6 0

Total scales

Total problems 88 6 6

Internalizing problems 83 11 6

Externalizing problems 100 0 0

BRIEF: Syndrome scales (n ¼ 16)

Inhibit 88 12 0

Shift 88 12 0

Emotional control 75 25 0

Initiate 81 19 0

Working memory 74 13 13

Plan/organize 74 13 13

Organization of materials 50 44 6

Monitor 81 19 0

Total scales

Behavioral regulation 94 6 0

Metacognition 75 19 6

Global executive composite scores 81 19 0

Abbreviations: BRIEF, Behavior Rating Inventory of Executive Functions; CBCL, Child Behavior Checklist; LNB, Lyme neuroborreliosis; n, number of participants.
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the parental questionnaire (CBCL) demonstrate problems
according to the scale “attention problems,” which may
explain the poorer performance of the children with LNB.
Second, on the standardized measure of intellectual func-
tioning (WISC-IV), a significantly lower Full-Scale (FS)-IQ of
the experimental group was detected. The lower FS-IQ of the
experimental group can be explained by the fact that two
children of the control group demonstrated performances
wide above the normal range. Due to the observations that
the performances in other neuropsychological tests of these
two controls were comparable with those of the experimen-
tal group, it was decided not to cut out the two outliers.
Therefore, we assume that there is no general deficit accord-
ing to intellectual skills in children after an episode of LNB.

On standardized tests of verbal and non-VLMT, no signifi-
cant group differences were found. Memory functions after
an episode with LNB are discussed controversial. Two studies
reported that children and adolescents after an episode of
LNB more often had verbal as well as nonverbal memory
deficits.24,25 These results could not be replicated in this
study. Although this study could not confirm deficits in
overall memory functions, we found that children after an
episode of LNBhaddeficits regarding verbalworkingmemory
(Digit Span Backward). As there was no significant difference
between both groups concerning the WISC-IV Index score for
Working Memory, a general deficit concerning the working
memory function could be postulated.

Apart from investigating the cognitive outcome of children
with LNB, a further aim was to examine potential behavioral
problems. Neuropsychiatric symptoms such as fatigue and
depression have been described in adults with Lyme dis-
ease,26,27 but little is known about the neuropsychiatric
sequelae of LNB in children and adolescents. The main
complaints of children with LNB reported in a recent study
were nonspecific symptoms such as headache and fatigue.28

In our study, we found similar results. Parents reported more
often somatic complaints (e.g., headache, nausea, and fatigue)
as well as attention problems in their children. According to
their parents, children after an episode of LNB did not
demonstrate major problems in executive functions in ev-
eryday life (BRIEF).

There are several possible explanations why in the past
conflicting results were obtained in regard to neurocognitive
and psychiatric outcome of patients with LNB. One reason is
that most studies did not include patients who fulfilled the
criteria of the DGN for LNB, requiring an elevated CSF cell
count or an intrathecal synthesis of B. burgdorferi IgG anti-
bodies.12Another reason is thatmost studieswere performed
in different areas of the world including Europe and the
United States, which show important clinical epidemiological
differences. In the United States, borreliosis is mainly caused
by B. burgdorferi sensu stricto. In Europe, other strains,
predominantly B. garinii, are regularly identified in patients
with LNB. Another difference is that in the CSF of patients
with LNB in Europe nearly exclusively B. garinii is isolated.29

In Europe, patients who were not treated with appropriate
antibiotics, rarely developed encephalomyelitis. In the United
States, patients usually develop a mild encephalopathy.29

The following limitations of our study need to be ad-
dressed: Due to the fact that we included only those patients
who fulfilled the strict criteria of LNB as recommended by
the German Society of Neurology (DGN), the sample size is
small, and therefore, only large differences can be detected
between groups. The character of this study is explorative
aiming to generate hypotheses that are worth being
studied and confirmed in further investigations. Future
research in this field is planned and will include more recent
follow-ups.

Another limitation of our study is that we cannot make a
statement about the neuropsychological profile of the pa-
tients before the episode of LNB. Ideally, the cognitive profile
of the children with LNB would have been tested before the
manifestation of the disease.

Conclusion

The results of this study indicate that neuropsychological
deficits resulting from LNB diagnosed according to common
European criteria are rare in childhood. The large majority of
children had a good cognitive and behavioral outcome.
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