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35 years of Lyme disease:

What are the facts in childhood?
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Fact 1:

The risk of becoming sick 

with Lyme disease is rather low.
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• Tick bites very frequent

• Infected ticks frequent (30%)

• Infection rate low (1,5-6%)

• Illness very rare (0,3-1,5%)

The risk of becoming ill 
after a tick bite in an endemic area:
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Fact 2:

In children 

- in contrast to adults -

the head-neck region is

mainly affected by 

tick bites.
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Fact 3:

Lyme disease as a multisystem disorder

is a chameleon with a variable phenotype

in children – but ...
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Fact 4:

Lyme disease as a multisystem disroder

is a chameleon with a variable phenotype

in children – but mainly it is a skin disorder.
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Erythema migrans
(ring-shaped form)
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Erythema migrans (multiple lesions)
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Borrelial lymphocytoma with
associated erythema migrans
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Acrodermatitis chronica atrophicans
- in children extremely rare
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Focus on neuroborreliosis
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Fact 5:

Neuroborreliosis is an old disease

which was re-discovered 35 years ago.
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Fact 6:

Lyme disease is mainly a clinical diagnosis

rather than a laboratory one.
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4 diagnostic columns:

1. History, but …
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… the tick bite is an uncertian criteria,

it means neither a proof 

nor an exclusion of Lyme disease.
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4 diagnostic columns:

1. History

2.   Clinical signs ( ��� � Skin)
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4 diagnostic columns:

1. History

2.   Clinical signs ( ��� � Skin)

3.   CSF findings ( ��� � neuroborreliosis)



Lyme Borreliosis: CSF findings in neuroborreliosis
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4 diagnostic columns:

1. History

2. Clinical signs ( ��� � Skin)

3. CSF findings ( ��� � Neuroborreliosis)

4. Antibody testing
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Fact 7:

Positive antibody results 

do not proof Lyme disease 

nor do negative results exclude it.



Lyme-Borreliose

Kinderkrankenhaus auf der Bult/Hannover – Christen



Neuroborreliosis

Kinderkrankenhaus auf der Bult/Hannover – Christen

Two clinically important questions:

1.     Headaches and neuroborreliosis:
How to procede?

2. When can neuroborreliosis be 
regarded as excluded?



Neuroborreliosis

Kinderkrankenhaus auf der Bult/Hannover – Christen

Subacute Borrelial meningitis

=

Headaches plus …



Case report: Carolin S., 8 y
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Presenting symptoms: Headaches plus arthralgia

• ill since 6 weeks

• headaches daily 

• in addition severe pain in both ellbows

• fever for 2 days

No abnormal clinical signs



Case report: Sven V., 13 y
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• ill since 3 months

• headaches temporal and occipital ,

initially sporadic, then becoming permanent,

especially in the morning after awakening 

• abnormal tiredness since 1 week

Presenting symptoms: Headaches plus tiredness

No abnormal clinical signs
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• ill since 3 weeks

• altered general condition

• intermittent headaches

• intermittend diplopia since 6 days

• tick bite in the neck 2 months ago

Signs: intermittent convergent strabism,
but no obvious abducens palsy

Presenting symptoms: Headaches plus diplopia



Case report: Sahra E., 9 y
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• ill since 6 weeks

• headaches 

• inappetence

• vomiting in the morning since 2 weeks

• recurrent reddening of the left eye

Findings: papilledema

MRI of the brain normal

Presenting symptoms: Headaches plus vomiting



Case report: Christian W., 8 y
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Presenting symptom: Altered behaviour

• ill since 6 weeks

• tiredness

• inappetence , weight loss

• altered behaviour (avoiding social contacts)

• !No headaches

No abnormal clinical signs



Neuroborreliosis: Subacute meningitis – Signs and sy mptoms
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Carolin + + -

Sven + + -

Moritz + + -

Sahra + + -

Christian + + -

head- tired- inappe- arthralgia meningism
aches ness tence
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Sahra 15 normal (24) 0,49 42

Carolin 112 95 0,58 -

Sven 241 56 - -

Moritz 225 74 0,56 -

Christian 280 97 - -

leukocytes ( mmmml)    protein (mg/dl)    Glucose     pressure
CSF/blood    (cm H 2O)



Neuroborreliosis: Subacute meningitis – antibody res ults
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Sahra + + (+)       (+)    

Carolin +         + (+)        +

Sven +        (+) (+)       (+)

Moritz + - +         (+)

Christian +         + (+)        (+)

Serum CSF
IgM     IgG   IgM IgG



Case report: Ugur S., 14 y
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CSF cells 826/µl, protein 115 mg%,

glucose-ratio 0,36 (!!!)

Antibody results: 

Serum IgM ELISA  -

IgG ELISA -

CSF IgM ELISA  -

IgG ELISA (+)

Course: immediate remission with antibiotic therapy

Presenting symptoms: Headaches + stiffness of the s pine
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Diagnostic clues in neuroborreliosis:

1. Nightly headaches

3.  Inappetence 
(„anorexia nervosa-like syndrome“, Pachner et al. 1 986)

4.  Stiffness of the spine (?anteflexion of the tru nk)

5.  Papilledema

6. CSF opening pressure ��� �

7.  Bilateral facial palsy (highly suspicious)

2.  Occipital headaches
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First question: Headaches and neuroborreliosis -
How to procede?

1. Focused history taking

2.  Focused clinical examination

3. Antibody results in the serum
= useful screening parameter

4. If antibody testing in serum is positive 
CSF examination („gold standard“)
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Problem:

Suggestive neurological signs and symptoms,
but normal CSF findings

Second Question:

When can neuroborreliosis be regarded 
as excluded?



Neuroborreliosis

Kinderkrankenhaus auf der Bult/Hannover – Christen

Conclusions:

1. … to early isn‘t good either!



Lyme-Borreliose

Kinderkrankenhaus auf der Bult/Hannover – Christen

Conclusions:

1. … to early isn‘t good either!

2. Serial antibody testing sometimes is essential
to demonstrate seroconversion
(Albisetti et al. 1997)
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Conclusions:

1. … to early isn‘t good either!

2. Serial antibody testing sometimes is essential
to demonstrate seroconversion
(Albisetti et al. 1997)

3. Bilateral facial palsy
= highly specific symptom of neuroborreliosis
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1. No seroconversion after 4 weeks

2. Normal CSF findings in a symptomatology 
which is already persisting for several weeks

Second Question:

When can neuroborreliosis be regarded 
as excluded?
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Fact 8:

Lyme disease is a well treatable disorder

with a favourable prognosis.
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Therapy Indication Drug Duration

oral Erythema migrans, < 9 y..: Amoxicillin 2-3 wks

Lymphocytoma > 8 y.: Doxycycline 2-3 wks

i.v. Neuroborreliosis, Ceftriaxone or 2 wks

Lyme-Arthritis, Cefotaxime or

Lyme-Carditis Penicillin G
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Therapy Indication Drug Duration

oral Erythema migrans, < 9 y.: Amoxicillin 2-3 wks

Lymphocytoma > 8 y.: Doxycycline 2-3 wks

i.v. Neuroborreliosis, Ceftriaxone or 2 wks

Lyme-Arthritis, Cefotaxime or

Lyme-Carditis Penicillin G

New approach: Oral doxycycline in neuroborreliosis . ..



Design:
• multizentre
• prospective
• case control study
• follow-up 6 months

Patients:
• study period 6 years (2000 – 2005)
• 5 centres in the south east of Sweden
• 177 children with neuroborreliosis and suspicion

respectively

Lyme neuroborreliosis in children:
A prospective study of clinical features, prognosis and outcome

Skogman BH et al., Pediatr Infect Dis J 2008
___________________________________________________



Therapy (10-14  days):
n

Ceftriaxon iv 62
Doxycycline orally 56
Penicillin iv 5

Outcome:

- overall good prognosis
- after 6 months unspecific complaintes (tiredness, 

headaches) more frequent in controls than in the 
treatment group

Lyme neuroborreliosis in children:
A prospective study of clinical features, prognosis and outcome

Skogman BH et al., Pediatr Infect Dis J 2008
____________________________________________



Design:
• multicentre (9 clinics in south of Norway)
• randomized
• double blind
• double dummy

Oral doxycycline versus intravenous ceftriaxone for 
European Lyme neuroborreliosis

(adult patients)
Ljøstad U et al., Lancet Neurol 2008

_________________________________________________

Primary criteria:
• Clinical improvement after 4 months according

to a score defined by signs and symptoms



Methods:
• Examination dates (initial, 13 days, 4 months)
• Clinical examination and CSF
• Therapy: 200 mg Doxicycline orally

or 2 g Ceftriaxone iv

Patients:
• 102 adults patients with definite (70%)

or possible (30%) neuroborreliosis

Oral doxycycline versus intravenous ceftriaxone for 
European Lyme neuroborreliosis

(adult patients)
Ljøstad U et al., Lancet Neurol 2008

_________________________________________________



Clinical Score CSF cells/µl

Oral doxycycline versus intravenous ceftriaxone for 
European Lyme neuroborreliosis

(adult patients)
Ljøstad U et al., Lancet Neurol 2008

_________________________________________________



Results:

• Doxycycline and Ceftriaxone equally effective:
- improvement of the clinical score
- normalisation of the CSF

• no treatment failure
• well tolerated

Oral doxycycline versus intravenous ceftriaxone for 
European Lyme neuroborreliosis

(adult patients)
Ljøstad U et al., Lancet Neurol 2008

_________________________________________________



Doxycycline serious treatment option 
in early neuroborreliosis in children > 8 y.
with the advantage :

- oral application
- low costs

Therapy of neuroborreliosis:
Conclusion



Age distribution in neuroborreliosis
Øymar K et al., Scand J Infect Dis 2009

___________________________________________

40/143
children
� 8 J.
(28%)

-----------------
Lit.: Median age in neuroborreliosis in childhood b etween 6 an 7 years.



Lyme-Borreliose

Kinderkrankenhaus auf der Bult/Hannover – Christen

Neuroborreliosis is a well treatable disorder,
but has to be taken seriously!

Neurovascular complication in a case of 
neuroborreliosis with acute hemiplegia

acute after 4 months
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Fact 9:

Tick bites cannot be avoided,

but the risk of getting ill from Lyme disease

can be minimalized.
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Fiction 1:

„Tick bites are frequently 

causing neuroborreliosis in children.“
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Fiction 1:

„Tick bites are frequently 

causing neuroborreliosis in children.“

No, only in 1 out of 1000 cases of tick bites,

but look carefully for early tick removal!
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Fiction 2:

„Lyme disease is a frequent 

cause of chronic headaches in children.“
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Fiction 2:

„Lyme disease is a frequent 

cause of chronic headaches in children.“

No, but look carefully for

additional signs and symptoms!
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Fiction 3:

„Antibody testing for Lyme disease is

the decisive tool for diagnosis or exclusion.“
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Fiction 3:

„Antibody testing for Lyme disease is

the decisive tool for diagnosis or exclusion.“

No, but it may serve as a screening tool

and support the diagnosis!
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Fiction 4:

„Neuroborreliosis is dangerous

in children.“
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Fiction 4:

„Neuroborreliosis is dangerous

in children.“

No, but it should be treated consequently

on the basis of a well-defined diagnosis!
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Lyme disease rather is over-diagnosed 

than under-diagnosed

but ...
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Lyme disease rather is over-diagnosed 

than under-diagnosed

but ...

... in case of confirmed Lyme disease 

a consequent antibiotic treatment is mandatory.


