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We describe a follow-up in a 15-year-old boy with neuroborreliosis diagnosed by clinical

symptoms, CSF and serum analysis. MRI revealed a thalamic lesion and an enhancement of

the right trigeminal nerve clinically associated with mild hypasthesia in the right maxillary

region. Both, clinical symptoms and radiological findings disappeared within 2 months

after treatment. Borrelia burgdorferi specific IgM and IgG in CSF and IgG in serum became

negative between 6 and 12 months after diagnosis. We show that neuroborreliosis at an

early stage may present only with moderate neurological deficits and that at this stage

MRI reveals distinct cerebral lesions which might even precede clinical manifestation.

Thus, early diagnosis and treatment of neuroborreliosis may prevent persistent neurologic

lesions.

& 2008 European Paediatric Neurology Society. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Lyme disease is caused by the tick borne spirochete Borrelia

burgdorferi and its incidence is correlated with the geographic

distribution of ixodic ticks. It may affect the lymphatic

system, skin, joints, heart, eyes and the nervous system.1

Central nervous system presentations occur in about 10–15%

of patients and include lymphocytic meningitis, radiculo-

neuritis and cranial neuritis.2 A summary of clinical pre-

sentation, diagnosis, genetic heterogeneity and therapy of

lyme neuroborreliosis has recently been published by Pachner
an Paediatric Neurology S
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and Steiner.3 While the most frequently reported neurological

features are headache and facial palsy associated with

neuritis of the seventh cranial nerve, involvement of other

cranial nerves is rare.1,4,5 Neuroimaging findings in children

or adolescents have been described only by a few authors.4–8

Furthermore, there exist only few follow-up reports about

immunological and radiological findings in children with

neuroborreliosis. Here we present a unique pediatric case of

neuroborreliosis with thalamic and trigeminal nerve lesions,

which resolved completely within 2 months after the anti-

biotic treatment.
ociety. Published by Elsevier Ltd. All rights reserved.
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2. Case report

A 15-year-old boy was referred to the hospital because of a

history of progressive headache on the right side for 6 weeks,

dizziness, loss of appetite and progressive fatigue. There was

no history of tick bite or erythema migrans. Physical

examination revealed a distinct loss of sensitivity within the

right maxillary region, but no fever nor neck stiffness. Routine

blood tests and EEG were normal. Ophthalmoscopy did not

reveal a papilledema. Lumbar puncture showed an opening

pressure of 21 cm H2O. Analysis of CSF revealed a pleocytosis

(448/ml), predominantly lymphocytes, an elevated protein

level (1.51 g/l) and a slightly elevated lactate level

(2.41 mmol/l). The CSF culture was sterile. The elevated

albumin-CSF/serum ratio (21�10�3) showed an impairment

of the blood brain barrier. Furthermore, the Borrelia-IgM-CSF/

serum ratio (56�10�3) indicated intrathecal synthesis of

specific antibodies. Oligoclonal IgG bands were present in

isoelectric focusing electrophoresis. In serum and CSF IgM

was positive and IgG intermediates for B. burgdorferi using the

ELISA and immunoblot. The antibody specificity index was

significantly positive: 26 (positive 42, highly positive 44).6 In

contrast, PCR for B. burgdorferi in CSF was negative. Cerebral

MRI scans were performed using a 1.5 T unit (Magnetom

Symphony Siemens, Germany) and axial flair sequences

without contrast medium and T1-weighted images after

intravenous injection of 0.1 mmol gadolinium/kg bodyweight

(5 mm), coronal T1-weighted images with and without
Fig. 1 – Axial MRI flair sequences (5 mm slice thickness) of a 15-

and mild, right facial hypesthesia show a right thalamic lesion

treatment with ceftriaxone for 3 weeks.
gadolinium (2 mm) and sagittal T2-weighted images (3 mm).

Prior to the treatment the flair sequences showed a small

hyperintense lesion within the right thalamic nucleus

(Fig. 1A). The T1-weighted images showed an isolated

enhancement of the right trigeminal nerve (Fig. 2A).

Remarkably, a few hours after lumbar puncture headache

disappeared. The patient was treated with ceftriaxone for 21

days. Two days after initiation of the treatment hypesthesia

within the right maxillary region disappeared. Four weeks

after the antibiotic treatment we performed a follow-up MRI

which showed a complete recovery (Figs. 1B and 2B). Six

months after the initial diagnosis serum IgM was still positive

and IgG intermediates for B. burgdorferi as shown by the

immunoblot. Twelve months after initial diagnosis the patient

was admitted to the hospital a second time because of acute

headache. Again, headache disappeared after lumbar punc-

ture which showed an elevated opening pressure of 25 cm

H2O. Clinical examination and analysis of routine blood

and CSF revealed normal findings. While both ELISA and

immunoblot showed that IgM and IgG in CSF and IgG in

serum were negative, only serum IgM remained positive for

B. burgdorferi as shown by the immunoblot.
3. Discussion

Neuroborreliosis in our patient was diagnosed by clinical

symptoms, CSF and serum analysis. In serum and CSF, IgM

was positive and IgG intermediates for B. burgdorferi using the
year-old boy with neuroborreliosis suffering from headache

(A). Disappearance of the lesion 7 weeks later (B) after IV
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Fig. 2 – Axial T1-weighted MRI (5 mm slice thickness) of the same patient shows enhancement of the right trigeminal nerve

(A) and normalization seven weeks later (B) after IV treatment with ceftriaxone for 3 weeks.
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ELISA and immunoblot. The antibody specificity index was

significantly positive for B. burgdorferi. In addition, Borrelia-

IgM-CSF/serum ratio was elevated and showed intrathecal

synthesis of specific antibodies as well as oligoclonal-IgG

bands in isoelectric focusing electrophoresis. These results

strongly argue for neuroborreliosis.9,10

The negative CSF PCR in our patient does not surprise since

B. burgdorferi CSF PCR has been shown a sensitivity of 5% and

a specificity of 99% in North American children with Lyme

meningitis.11 In addition, two European studies which

focused primarily on the diagnostic sensitivity of Lyme PCR

in children also reported sensitivities of 25% or below.12,13

Six months after initial diagnosis no antibody class switch

against B. burgdorferi was present, 12 months after diagnosis

IgM and IgG in CSF and IgG in serum became negative. Only

serum IgM remained positive in the immunoblot. It has been

shown that IgM can persist for months or years in spite of

sufficient therapy.9

In our patient, headache at initial diagnosis as well as 1 year

later was associated with a moderately elevated intracranial

pressure which disappeared after lumbar puncture. The associa-

tion of Lyme disease and pseudotumor cerebri has been

described by others and our group.4,14 In contrast to our patient,

pseudotumor cerebri is associated in most cases with papillede-

ma. However, there are rare reports of patients with pseudotu-

mor cerebri without papilledema.15 Nevertheless, we found no

evidence of ongoing Lyme disease in our patient and the etiology

of the elevated intracranial pressure remains unclear.

The MRI findings are consistent with the clinical diagnosis

and showed two different lesions, which resolved completely

4 weeks after treatment with ceftriaxone. While the non-
enhancing thalamic lesion was asymptomatic, the isolated

enhancement of the right trigeminal nerve was in good

correlation with a hypesthesia in the right maxillary region,

which resolved within 2 days after initiation of antibiotic

treatment. Only few reports described neuroimaging findings

in children. Belman et al.4 performed MRI in 54 of 96 children

with neuroborreliosis but found abnormal findings only in

26%. Demaerel et al.6 described T2-weighted lesions in

subcortical white matter and brain stem as well as peripheral

and pial gadolinium enhancement. An isolated oculomotor

nerve paralysis in Lyme disease was reported by Savas et al.5

in a 12-year-old girl with a swollen right oculomotor nerve

and contrast medium enhancement.

Impairment of the trigeminal nerve due to neuroborreliosis

has been reported clinically in 14 patients but MRI scans were

not performed.16–21 although trigeminal neuralgia as a clinical

manifestation of Lyme neuroborreliosis has been shown in

one patient without abnormal MRI findings it was not

mentioned whether MRI was performed with contrast

medium.19 In a 7-year-old boy with Lyme disease and bilateral

facial nerve palsy, MRI showed bilateral contrast enhance-

ment of both facial and trigeminal nerves but the enhance-

ment of trigeminal nerves was asymptomatic.20 Similarly,

a 64-year-old woman with neuroborreliosis and diplopia,

bilateral third and right sided fifth and seventh cranial nerve

enhancement showed no trigeminal palsy.21 Thus, adminis-

tration of contrast medium seems to be the only way to

diagnose cranial nerve affection by MRI. Nevertheless,

trigeminal nerve neuritis diagnosed by contrast enhancement

may remain subclinical.20,21 This strongly suggests that

contrast medium enhancement is a sensitive marker of
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cranial nerve involvement. Lesions in the cerebral white

matter have been described as focal areas of high signal on

T2-weighted images.22,23 These lesions can simulate tumors,

acute disseminated encephalomyelitis and vasculitis or may

present as a stroke with ischemic lesions in the vertebroba-

silar territory.6,23–25 Involvement of the brain stem with

hypermetabolism on PET was described in a 28-year-old male

by Kalina et al.26

While in our patient MRI is in good correlation with the

response to antibiotic therapy, Curless et al.8 described

pontine and cerebrum lesions in a 15-year old with Lyme

meningitis whose symptoms resolved after treatment, but

had imaging findings that remained. In two other patients

contrast enhancing lesions disappeared after 5 months or 2

years, respectively.24 Six patients were reported with chronic

neuroborreliosis and clinical signs of encephalopathy who

showed white matter lesions at the time of diagnosis. In three

of them the lesions resolved after a mean time of 5.3

months.22 Follow-up MRI in two children with neuroborre-

liosis showed in one patient that the peripheral enhancement

disappeared, but the subcortical white matter lesions per-

sisted while in another patient the white matter lesions and

the pial enhancement disappeared after 86 days.6 In contrast,

no significant changes were seen in three patients with

neuroborreliosis and multiple sclerosis like lesions 1–5 yr

after antibiotic treatment.23 Morgen et al.27 reported about

four patients with post-treatment Lyme disease syndrome

with focal neurologic deficits, relapsing–remitting disease,

and lesions in a distribution typical of MS using whole-brain

magnetization transfer ratio measures to identify abnormal-

ities not seen on T2-weighted images.

In conclusion, we show that neuroborreliosis at an early

stage may present clinically only with moderate neurological

deficits. MRI is very sensitive to detect distinct cerebral

lesions caused by Lyme disease. Immediate antibiotic treat-

ment at an early stage of neuroborreliosis can lead to

complete clinical recovery and resolution of immunological

and radiological findings. We finally suggest that neuroborre-

liosis should be considered even when only mild neurological

deficits are present. To our knowledge this is the first

published case of neuroborreliosis with thalamic and trigem-

inal nerve lesions, which resolved completely 4 weeks after

antibiotic treatment.

R E F E R E N C E S

1. Steere AC. Lyme disease. N Engl J Med 1989;321:586–96.
2. Cryan B, Wright DJ. Lyme disease in paediatrics. Arch Dis Child

1991;66:1359–63.
3. Pachner AR, Steiner I. Lyme neuroborreliosis: infection,

immunity and inflammation. Lancet Neurol 2007;6:544–52.
4. Belman AL, Iyer M, Coyle PK, Dattwyler R. Neurologic

manifestations in children with North American Lyme
disease. Neurology 1993;43:2609–14.

5. Savas R, Sommer A, Gueckel F, Georgi M. Isolated oculomotor
nerve paralysis in Lyme disease: MRI. Neuroradiology
1997;39:139–41.

6. Demaerel P, Wilms G, Casteels K, et al. Childhood neurobor-
reliosis: clinicoradiological correlation. Neuroradiology
1995;37:578–81.
7. Murray R, Morawetz R, Kepes J, el Gammal T, LeDoux M. Lyme
neuroborreliosis manifesting as an intracranial mass lesion.
Neurosurgery 1992;30:769–73.

8. Curless RG, Schatz NJ, Bowen BC, Rodriguez Z, Ruiz A. Lyme
neuroborreliosis masquerading as a brainstem tumor in a
15-year-old. Pediatr Neurol 1996;15:258–60.
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18. Krüger H, Reuss K, Pulz M, et al. Meningoradiculitis and
encephalomyelitis due to Borrelia burgdorferi: a follow-up
study of 72 patients over 27 years. J Neurol 1989;236:322–8.

19. Fritz C, Rosler A, Heyden B, Braune HJ. Trigeminal neuralgia as
a clinical manifestation of Lyme neuroborreliosis. J Neurol
1996;243:367–8.

20. Vanzieleghem B, Lemmerling M, Carton D, et al. Lyme disease
in a child presenting with bilateral facial nerve palsy: MRI
findings and review of the literature. Neuroradiology
1998;40:739–42.

21. Nelson JA, Wolf MD, Yuh WT, Peeples ME. Cranial nerve
involvement with Lyme borreliosis demonstrated by magnetic
resonance imaging. Neurology 1992;42:671–3.

22. Halperin JJ, Luft BJ, Anand AK, et al. Lyme neuroborreliosis:
central nervous system manifestations. Neurology 1989;39:753–9.
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