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Abstract
Diagnosing Lyme neuroborreliosis in the pediatric population can be challenging, especially in absence of erythema chronicum migrans or explicit neurological symp-
toms. Consensus on the diagnostic process in children is lacking. This retrospective study gives an overview of most frequent presenting symptoms, work up and 
management at the University Hospitals Leuven, Belgium. 

A retrospective analysis was performed of 20 pediatric patients with Lyme neuroborreliosis treated at the University Hospitals of Leuven from 2014 until 2019. Medical 
records were reviewed and data, including peripheral blood and cerebrospinal !uid results, imaging reports and treatment methods were collected.

All patients presented during spring or summer time. In only a minority of patients (25%) a history of a tick bite was reported, and erythema chronicum migrans lesions 
were never even noted. Clinical presentation varied but facial nerve palsy was the main presenting symptom (75%). Only "fty percent of these children had a positive 
immunoblot in peripheral blood, while eighty percent had intrathecal synthesis of Borrelia antibodies. All patients were treated with intravenous antibiotics, of which 
seventy percent had complete clinical resolution.  Fifteen percent of the patients had only minimal sequelae, other data were lacking. 

Pediatric Lyme neuroborreliosis can be dif"cult to diagnose. Serological testing alone is not suf"cient for the diagnosis. A lumbar puncture, although invasive, is 
necessary for con"rmation of the diagnosis by detection of intrathecal synthesis of Borrelia antibodies. Overall, prognosis is good after adequate antibiotic treatment.
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Lyme disease is the most common tick-borne disease in Europe and the 
United States, and is caused by the spirochete Borrelia burgdorferi sensu 
lato. In Europe B. burgdorferi sensu stricto, B. afzelii and B. garinii  are the 
most frequent species, whereas the latter two are not to be found in America. 
Lyme borreliosis usually occurs in summer time and can be divided in 3 stag-
es, depending on the clinical manifestations. Early localized disease occurs 
within 2-3 weeks after the tick bite and classically presents with an erythema 
chronicum migrans (ECM) lesion, often without other symptoms. Without ad-
equate therapy, early or late disseminated Lyme disease may emerge after 
several weeks or even months. By that time the spirochete has entered the 
blood stream or invaded other tissues. Lyme neuroborreliosis (LNB) occurs 
when there is invasion of het central nervous system, which is in up to 15% 
of the affected children.  The most typical presentation of LNB in children is 
facial nerve palsy or meningitis, but also more nonspecific symptoms may 
occur. Children can, for example, present with headache, loss of appetite, 
behavioral change , vertigo, … The diagnosis of LNB is based on the combi-
nation of a history of tick bite, neurological signs, anti-Borrelia antibodies in 
serum and cerebrospinal fluid (CSF), often associated with CSF pleiocytosis. 
Therapy consists of antibiotic treatment and is successful in the majority of 
cases (1-4).

Diagnosis and work up of pediatric LNB can be challenging, since clinical 
presentation can be variable. This retrospective study aims to highlight the 
different neurological manifestations of LNB in children, and tries to give a 
clear overview of work up and management. 

Methods
A retrospective analysis of all pediatric (<18 years old) patients treated for 
LNB at the University Hospitals of Leuven from 2014 to 2019, was performed. 
Diagnosis of definite LNB was made after fulfilling following criteria: presence 
of neurological symptoms suggestive for LNB, CSF pleiocytosis and intrathe-
cal synthesis of Borrelia antibodies. If  only 2 of these criteria were met, it was 
considered a case of possible LNB. Both definite and possible LNB patients 
were included in this study.  Children with pre-existing neurological condi-
tions were excluded. Medical records of all patients were reviewed. Informa-

tion about the presenting symptoms and clinical signs (general and neurolog-
ical, presence of prior tick bite or ECM,…) were gathered. The timing (month 
of the year) and duration of symptoms were also taken into account. Data, 
including peripheral blood and CSF results, imaging reports and treatment 
methods were collected. If both available, an immunoblot was performed on 
serum as well as CSF, after which their intensity was compared. Intrathecal 
synthesis was suspected in case of higher intensity of the CSF blot. 

Approval of the ethics committee was granted (reference number: MP016134).

Results
Patient characteristics

During the study period, 20 patients were treated at our hospital for LNB and 
included in the analysis. The majority of the children were female (75%). The 
median age was 8 years, with an average age of 7.9 years. The youngest 
child was 3 years old, the oldest 12 years. None of the patients had a history 
of neurological comorbidities. Only 5 patients mentioned the occurrence of 
a tick bite, none of these children’s parents noticed an ECM prior to presen-
tation. All patients presented during spring or summer (May to September, 
Figure 1).

Clinical manifestations

The main presenting symptom was cranial nerve palsy (Table 1). Seventy-five 
percent of these children developed a facial nerve palsy, only one an oculo-
motor nerve palsy with ptosis and anisocoria. One girl presented with diplo-
pia, without clear ophthalmological or cranial nerve abnormalities. Only one 
boy developed bilateral facial nerve palsy, after first presenting with typical 
symptoms of meningitis. Of all patients only one child presented with fever. 
Pain was another common symptom, with 9 patients (45%) complaining of 
acute neck/back pain or headache. One girl suffered from generalized pain 
and developed a Guillain-Barre syndrome. Three patients (15%) presented 
with typical signs of meningitis. The majority of children was diagnosed with 
LNB within the first week of symptoms. Three patients had symptoms for 
more than 1 month.
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Laboratory results

A blood test and lumbar puncture was performed in all patients (table 2). 
None of the children had an elevated C-reactive protein (CRP) in peripheral 
blood, two patients had a slightly elevated white blood cell (WBC) count. 
Mean WBC count in CSF was 258/µL (normal value WBC <5/µL), with a min-
imum of 0.4/µL and maximum of 2391/µL (table 2). In all patients WBC dif-
ferentiation showed a preponderance of lymphocytes. In 3 cases WBC count 
was below 5/µL. Mean CSF glucose and protein levels were respectively 53 
mg/dL and 591 mg/L. 

Borrelia enzyme linked immunosorbent assay (ELISA) and immunoblot were 
performed on serum samples. ELISA tested positive in 16 of the cases, neg-
ative in 4. Of those 16 patients 5 eventually had a negative immunoblot. In 
total 50 percent of the children tested positive after immunoblotting. Eighty 
percent of the patients had obvious intrathecal synthesis of Borrelia antibod-
ies. In 2 cases the immunoblot on CSF was not performed.  In 2 other  cas-
es results were indecisive: both immunoblots detected only small amounts 
of Borrelia antibodies in CSF, insufficient for evident intrathecal synthesis. 
CSF samples tested positive in 3 patients with negative ELISA and 7 pa-
tients with negative immunoblot on serum samples. In 7 patients Borrelia 
PCR (polymerase chain reaction) was tested on CSF. All but one came back 
negative, despite positive immunoblot. Of all children treated at our hospital, 
14 patients were diagnosed with definite LNB, in 6 patients diagnosis was 
suspected but only 2 diagnostic criteria were met (possible LNB).

Imaging
Thirteen patients (65%) underwent central imaging. A brain computed to-
mography (CT) scan was performed in 9 cases, magnetic resonance imaging 
(MRI) of the brain was also executed 9 times. Five patients underwent both 
MRI and CT of the brain. The majority of the patients had imaging while 
being hospitalized (n=7), five already had imaging before admission. In one 
case brain MRI was performed 2 months after therapy, because of persisting 
facial nerve palsy. MRI confirmed facial neuritis. Central imaging of all other 
children did not show any abnormalities. Two patients underwent electro-
myography (EMG) for a persistent facial nerve palsy, both showed signs of 
regeneration.

Treatment
All patients were treated with intravenous (IV) ceftriaxone, most of them 
(n=16) for 3 weeks. In three cases IV treatment had to be ceased because of 

Table 1:  Overview of presenting symptoms of patients with LNB

Presenting symptom Number of patients

Cranial nerve palsy 16 (80%)

Facial nerve palsy 15 (75%)

- Unilateral 14 (70%)

                          - Bilateral 1 (5%)

Oculomotor nerve palsy 1 (5%)

Diplopia 1 (5%)

Meningitis 3 (15%)

Guillain Barré syndrome 1 (5%) 

Fever 1 (5%)

Vomiting 1 (5%)

Weight Loss 1 (5%)

Limb pain 3 (15%)

Headache 7 (35%)

Neck/back pain 7 (35%)

sudden skin rash, two of them (10 and 12 years of age) switched to doxycy-

clin, a younger child (5 years old) to amoxicillin. Two patients were treated for 

only 2 weeks. Six patients received alternative treatment before changing to 

ceftriaxone, because of uncertain diagnosis at that time (table 3).

Outcome
Complete clinical resolution was noted in the majority of the patients (n=13). 

In two patients a discrete facial asymmetry persisted, while one patient con-

tinued having mild anisocoria. There was full motoric remission of the child 

with Guillain-Barré syndrome. One girl had to be readmitted because of post 

viral asthenia, but eventually fully recovered. Three children were lost to fol-

low up.

Figure 1:  CTiming of presentation. Y axis = number of patients, x-axis = months
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Table 2:  Serology results of peripheral blood and CSF samples

Patient Peripheral blood Cerebrospinal !uid Conclusion
LNBNo ELISA IgM IgG IgM IgG WBC 

1 + + + + + 192 De"nite

2 + + UC + + 186,8 De"nite

3 + - UC + + 145,6 De"nite

4 + + UC NA NA 22,8 Possible

5 + + UC + + 41 De"nite

6 + - UC + + 127,7 De"nite

7 - UC - UC UC 1,4 Possible

8 + - UC + + 48,4 De"nite

9 + + UC + UC 24 De"nite

10 - - - + + 135 De"nite

11 + + - + UC 137 De"nite

12 + + UC + + 0,4 Possible

13 + + - NA NA 625 Possible

14 + - + + + 110 De"nite

15 - - - + + 900 De"nite

16 + - UC + + 2391 De"nite

17 + UC UC UC UC 26,8 Possible

18 - UC - + - 10 De"nite

19 + - + + + 40 De"nite

20 + - - + + 3 Possible

Abbreviations: UC unclear ;  NA not available; WBC white blood cell (normal amount in CSF 
<5WBC/µL)

Table 3:  Serology results of peripheral blood and CSF samples

Treatment No of patients

IV ceftriaxone 16

Before ceftriaxone treatment

IV cefotaxime 1

IV cefotaxime + Acyclovir 2

PO cefuroxime 1

IV pulse steroids (3 days) 2

IV steroids (7 days) 1

PO methylprednisolon 1

Switch after skin reaction

PO doxycyclin 2

PO amoxicillin 2

Abbreviations: PO perorally ; IV intravenous

Discussion
Cranial nerve palsy, more speci"cally facial nerve palsy, is the most common 
clinical manifestation of LNB in the pediatric population (1-4). Of our group of 
patients 75% presented with facial nerve palsy. In the last decades, the occurrence 
of Lyme disease in children presenting with facial nerve palsy has increased. Still, 
numbers can strongly differ between endemic areas, with mainly a European 
preponderance. A recent Northern American study con"rmed LNB in up to 34% of 
the children with facial nerve palsy, which made it the most frequently diagnosed 
etiology. In the majority of patients (66%) no clear cause was found (Bell’s palsy 
or idiopathic facial nerve) (5). In a different Norwegian study LNB was mentioned 
to be the cause of facial nerve palsy in up to 75% of the children   (6). 

Besides cranial nerve palsy 15% of our patients showed clinical signs of 
meningitis. However, less speci"c symptoms, as for example headache, fatigue 

or fever, did also occur (Table 1). Therefore, in combination with the absence 
of erythema chronicum migrans or noticed tick bites, correct diagnosis of LNB 
can be dif"cult. Studies showed a delay of LNB diagnosis in children with more 
nonspeci"c symptoms or absence of cranial nerve palsy. Compared to adults, 
painful meningoradiculitis, radiculoneuritis and encephalopathy are less common 
presenting symptoms in children (3-4).

Serological testing of Lyme disease is most often performed by the ‘two step 
procedure’ (7,8). This method combines a sensitive enzyme immunoassay with 
an additional immunoblot. While ELISA is a very sensitive and cost-effective 
method for detecting Borrelia antibodies, immunoblotting is a more qualitative, 
time consuming and high-cost procedure with higher speci"city. Therefore, 
immunoblotting is generally preserved for positive ELISA samples. 

By itself,  the two-tier procedure is insuf"cient for diagnosis of LNB. For example, 
in patients with acute neuroborreliosis, antibody testing can be negative in serum, 
while already being positive in CSF (7-9). Thus, because of this seronegative 
window negative serology cannot exclude diagnosis of LNB. Of all our study 
patients only 50% (n=10) tested positive after the two-tier procedure, while 
80% (n=16) showed intrathecal Borrelia antibodies. Serological follow-up can be 
useful to detect seroconversion in case of early negative serological testing but in 
case of long lasting symptoms (>6 weeks) a negative two step procedure helps 
to rule out Lyme infection (4,11). 

Besides dif"culties with diagnosing early manifestations of Lyme disease, also 
the possibility of false-positivity has to be taken into account (5,7). In 2016 an 
American study found that only 71% of the children with a positive IgM but 
negative IgG immunoblot had Lyme disease (10). A positive IgM immunoblot is 
thus not always a sign of active infection and can lead to important over-diagnosis. 
This IgM false-positivity is mostly caused by cross-reactivity or previous infection. 
IgM immunoblot is known to remain positive for a long time after infection. We 
therefore advise to only perform testing when there is real clinical suspicion of 
Lyme disease. This increase in pre-test probability will lead to a better positive 
predictive value of the two-tier procedure. 

In literature international consensus about diagnostic evaluation of LNB in 
children is still lacking. In 2012 the European Federation of Neurological Societies 
(EFNS) published renewed guidelines concerning diagnosis and management 
of European LNB. Mygland and colleagues applied following diagnostic criteria: 
presence of neurological symptoms suggestive for LNB without other clear causes, 
CSF pleiocytosis and presence of intrathecal synthesis of Borrelia antibodies. 
They spoke of ‘de"nite’ LNB when all 3 criteria were met, and of ‘possible’ LNB 
when only 2 criteria were ful"lled. This implies performing lumbar punctures 
with every suspicion of LNB. The EFNS also mentioned that when intrathecal 
antibody production is lacking, Borrelia antibodies have to be found in serum 
after a duration of 6 weeks to con"rm diagnosis (12,13). The Infectious Disease 
Society of America (IDSA) on the other hand suggested that a lumbar puncture 
solely is indicated when clinical signs of meningitis are present (ie nuchal rigidity, 
headache). They stated that, for children with isolated facial nerve palsy, lumbar 
puncture was not needed (14). Current Belgian guidelines (BAPCOC) are similar 
to those of the IDSA and EFNS. In their opinion a lumbar puncture is not always 
needed in case of a child presenting with facial nerve palsy and positive Borrelia 
serology. In all other cases (ie. adults or children without facial nerve palsy), they 
advise to do CSF testing (15).

Since clinical presentation of LNB in children is not always clear cut and diagnostic 
testing takes time, other neurological conditions have to be taken into account. 
This is why all our patients underwent a lumbar puncture and in 65 percent of 
the cases central imaging was performed (brain MRI and/or CT). The majority of 
our patients had a lymphocyte-predominant pleiocytosis in CSF. In 80% there 
was evident intrathecal synthesis of Borrelia antibodies, con"rming the diagnosis 
of LNB. Viral PCRs (including for example Herpes simplex virus, Cytomegalovirus, 
Enterovirus,…) and cultures were performed on CSF in almost all patients, in 
order to rule out other possible viral and bacterial causes. Central imaging came 
back negative in all of our patients.

During the last decade, studies have suggested CXCL13 (CXC motif ligand 
13) to be an early diagnostic marker for LNB (11, 16-19). This chemokine is 
produced in non-lymphoid tissues during in!ammation and attracts B cells to the 
central nervous system, resulting in intrathecal synthesis of Borrelia antibodies. 
Henningsson et al demonstrated a statistically signi"cant difference in CXCL13 
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concentrations between LNB and non-LNB patients, along with a rapid decrease 
after adequate therapy. A meta-analysis in 2018 evaluated the accuracy of 
CXCL13 as a diagnostic tool for LNB (20). They found an acceptable pooled 
sensitivity and speci"city of 89% and 96% respectively, using a cut-off value 
of 162 pg/mL. Rupprecht and colleagues also stated that intrathecal Borrelia 
antibody index tested negative in 10-30% of the patients with symptom duration 
less than 6 weeks. CSF CXCL13 measurement could thus be a supplemental 
early marker in diagnosing acute LNB. However, consensus about the right cut-off 
value has still to be reached. CXCL13 was not tested in our study patients but 
should be considered as a possible valuable addition to our diagnostic approach. 
CXCL13 testing can be done in our hospital’s laboratory, since it functions as 
national reference center for Borrelia spp. No additional costs are charged.

Borrelia PCR is another diagnostic method for LNB. Speci"city is acceptable 
but sensitivity is low (10-30%). Therefore PCR is less useful in diagnosing LNB 
(8,11,16). In our patients PCR of CSF was performed 7 times, of which only one 
tested positive. A positive PCR of CSF appears to be more frequent in patients 
with a shorter duration of symptoms (<2 weeks) (8). Isolating Borrelia by culture 
is no standard procedure either, since it is expensive and results are only available 
after more than 2 weeks. The sensitivity of a culture is only 3 – 17% in CSF 
samples. Therefore a negative culture cannot exclude LNB (21).

Consensus is not only lacking in diagnosing LNB, also regarding to LNB treatment 
opinions differ. The EFNS advised parenteral antibiotic treatment (IV ceftriaxone) 
of LNB with CNS manifestations (myelitis, encephalitis, vasculitis) (12). In absence 
of CNS manifestations (meningitis, cranial nerve palsy, radiculopathy, peripheral 
neuropathy) European studies showed that oral doxycycline and intravenous 
ceftriaxone, penicillin or cefotaxime were equally effective and safe (22). Although 
it has excellent central nervous system penetration, doxycycline is not used 
in children under the age of 8 years because of the risk of irreversible tooth 
discoloration. These children were generally treated with amoxicillin or cefuroxime 
axetil. The American guidelines, for example of IDSA and the American Academy 
of Neurology (AAN), also approved oral treatment of cranial nerve palsy, but 
didn’t agree on other subjects (14,21,23). The IDSA guidelines for example 
recommended IV treatment in case of meningitis, radiculopathy or late LNB. 
The AAN on the other hand accepted oral therapy in patients with meningitis 
or neurological syndromes with CSF pleiocytosis, but suggested IV treatment in 
those patients with more severe symptoms. All aforementioned studies advised a 
total duration of treatment of 14 days (10-28 days). 

The majority of our patients was treated with parenteral antibiotics (ceftriaxone 
monotherapy) once correctly diagnosed with LNB. Thirty percent of the children 
received other therapy prior to diagnosis, because LNB was not yet con"rmed. 
Only four patients switched to oral treatment, all of them because of an allergic 
skin reaction after IV administration of ceftriaxone. Based on current guidelines, 
oral treatment could also have been considered in our patients.

Prognosis after treatment for LNB is generally good. The majority of our children 
with LNB had complete resolution of their symptoms. A recent review mentioned 
complete recovery in 70-85% of the LNB patients within 6-12 months (21). Even 
over 90% of their children with cranial nerve palsy fully recovered. Previous 
studies showed the importance of early treatment. Treatment delay seemed 
to increase the chance of residual symptoms (1). Besides fast and adequate 
treatment, preventive measurements (such as tick repellents, protective clothing) 
are of course equally important, since the majority of children who developed LNB 
were not aware of a previous tick bite (24-27). 

Conclusion
Facial nerve palsy is the most common presenting symptom of LNB in the pedi-
atric population, though more nonspeci"c presentation is possible. LNB needs to 
be considered if a child presents with neurological symptoms, especially in spring 
or summertime. The majority of patients will have no clear notion of a previous 
tick bite or erythema migrans lesion. The diagnostic process of LNB in children 
is often challenging, and consensus concerning diagnostic work up is lacking. 
Although invasive for children, we suggest performing lumbar punctures in order 
to look for pleiocytosis, suggestive for LNB, and to con"rm intrathecal synthesis 
of Borrelia antibodies. If necessary other investigations are indicated to rule out 
other possible causes. Treatment consists of adequate antibiotic therapy, after 
which there is a good resolution of symptoms. In absence of CNS manifestations 

or without an ill appearing child, antibiotics could be administered orally, although  
in reality, based on the presence of pleiocytosis, IV treatment is often more fre-
quently preferred. 
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