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Subacute presentation with gait preservation is rare in the initial presentation of
transverse myelitis (TM) in children. Lyme TM is poorly described in the
literature. Here, we present the case of a 10-year-old boy who presented with
neck pain with irradiation in the upper limbs for 13 days, accompanied by a right
latero-torticollis. Magnetic resonance imaging (MRI) of the spine showed a
hypersignal in the centromedullary T2 weighted image (WI) between C1 and C7,
which was suggestive of cervical TM. A lumbar puncture revealed pleocytosis
and proteinorachia. The test results of Borrelia IgG in the blood and intrathecal
IgG synthesis were positive, confirming the diagnosis of TM secondary to Lyme
disease. The patient was treated with high doses of steroids and antibiotics,
following which he recovered completely. After a review of the clinical features
of the eight previously published pediatric cases, we can conclude that Lyme
TM usually has a subacute clinical presentation and is frequently limited to the
cervical spine with pure sensory symptoms and gait preservation. Moreover,
acute and chronic sphincter dysfunction is rare, and recovery is usually complete.
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Introduction

Transverse myelitis (TM) is a rare disorder with approximately 1–5 new cases per million

of the population per year, with 20% of all cases reported in patients under 18 years of age (1).

Diagnosis requires clinical symptoms and evidence of inflammation within the spinal cord via

cerebrospinal fluid analysis and/or magnetic resonance imaging. The onset of symptoms varies

from 4 h to 3 weeks, but in almost half of the cases, the diagnosis is made within 24 h (1).

Clinical features consist of sensory disturbances in most patients, followed by weakness and
Abbreviations

B., Borrelia; CSF, cerebrospinal fluid; IV, intravenous; LETM, longitudinal extensive transverse myelitis;
MOGAD, myelin oligodendrocyte glycoprotein antibody disease; MRI, magnetic resonance imaging;
NSAIDs, nonsteroidal anti-inflammatory drugs; TM, transverse myelitis; WI, weighted image.
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sphincter dysfunction. Children suffer from more severe clinical

impairment than adults. In the series by Pidcock et al., 89% of the

pediatric patients were bed- or wheelchair-bound or required

assisted ventilation (2). Treatment methods include oral steroids,

intravenous immunoglobulins, plasma exchange, and

immunomodulatory therapies. Sensory-motor symptoms and

chronic sphincter dysfunction have been shown to be the principal

sequelae.

Lyme disease is an infection secondary to a bacterium of the

Borrelia-type spirochete family transmitted by Ixodes ticks. The

most common species in Europe are Borrelia afzelli and garinii,

which are responsible for more neurological damage. Natural

evolution occurs in three stages. The primary attack results in the

appearance of an erythema migrans from a few days to a few weeks

after the bite, accompanied by non-specific general signs. The

secondary phase is revealed by an attack that can be multisystemic:

visceral, ophthalmological, cardiological, rheumatological, and

neurological (which can be central or peripheral). The most

common condition in children is peripheral facial paralysis. The

last phase is manifested by more severe neurological damage such

as myelopathy, progressive encephalopathy, or ischemic stroke.

Neurological manifestations occur in 3%–15% of all cases of Lyme

disease (3). The treatment requires antibiotic therapy and the

prognosis is usually excellent, particularly in children. The

diagnostic evaluation for neuroborreliosis should always include a

cerebrospinal fluid (CSF) lumbar puncture, leukocyte cell count,

and measurement of the B. burgdorferi CSF-to serum antibody

index. However, a negative antibody index has been found in up to

30% of neuroborreliosis patients. In these patients, the typical

clinical symptoms, the presence of B. burgdorferi IgM and IgG

antibodies in the serum, CSF pleocytosis, and a positive response to

antibiotic treatment are mandatory criteria for the diagnosis of

neuroborreliosis (4).

TM secondary to Lyme disease accounts for 4% of all

neurological damage secondary to Lyme disease (4). Eight

pediatric cases have been reported so far. We present the ninth

pediatric case, and after an extensive review of the literature, we

could provide evidence that the clinical presentation of

neuroborrelial TM is different from classical TM. Indeed, TM

secondary to Lyme disease is more often subacute with gait

preservation, is limited to the cervical spine, sphincter

dysfunction is unusual, and recovery is complete after prolonged

antibiotherapy. These findings may help improve the

management of TM in children.
FIGURE 1

MRI of the cervical spine showing extensive centromedullary T2
weighted image (WI) hypersignal (A) with normal T1 WI signal
impairment between the C1–C7 metamers associated with mild
swelling at the cervical spinal cord and leptomeningeal enhancement
at the lumbosacral level and the cauda equine (B).
Case report

A 10-year-old boy with no particular medical history attended

a consultation with his pediatrician because of persistent nocturnal

and rotational neck pain with irradiation in the upper limbs for 13

days with a feeling of heaviness and paresthesia in the fingers.

Pyrexia was also present for 11 days (38–39°C) with fatigue and

headaches. A clinical examination revealed pain provoked by

anteroposterior and lateral flexion of the neck accompanied by a

right latero-torticollis and dysesthesia in the C3–C4 level on the
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right side. The cranial nerves, cerebellar tests, motor strength,

and walking gait were normal, and the patient had no sphincter

problems. Vital parameters were normal, as were the results of a

physical examination.

Magnetic resonance imaging (MRI) of the cervical spine

revealed a C1–C7 centromedullary T2 weighted image (WI)

hypersignal with a normal T1 WI signal associated with a slight

swelling of the cervical cord and a leptomeningeal enhancement

at the lumbosacral and the cauda equina level (Figure 1) on T1

WI with gadolinium injection, suggestive of longitudinal

extensive transverse myelitis (LETM).

Therefore, an extensive workup was performed using blood

serologies (Mycoplasma, Treponema, Hepatitis, Borrelia, Herpes,

Human immunodeficiency virus, and West Nile), autoimmune

factors (antinuclear factor, anti-neutrophil cytoplasm antibodies,

anti-ganglioside and rheumatoid factor), Myelin oligodendrocyte

glycoprotein (MOG), anti-aquaporin 4 (AQP4), onco-neuronal

antibodies, CSF analysis with HSV1 polymerase chain reaction, viral

meningitis/encephalitis panel (Haemophilus influenzae, Listeria

monocytogenes, Neisseria meningitidis, Streptococcus agalactiae,

Streptococcus pneumoniae, Cytomegalovirus, Enterovirus, Herpes

simplex virus 1, Herpes simplex virus 2, Human herpes virus 6,

Parechovirus, and Varicella zoster virus et Cryptococcus neoformans/

gattii) and oligoclonal bands.

A CSF analysis revealed a pleocytosis (268 nucleated elements/

µL; normal value: 0–5/µL) with 5.6/µL red blood cells (normal

value: 0–5/µL) and proteinorachia (2.36 g/L; normal value: 0.15–

0.45 g/L), and the meningitis/encephalitis panel was negative. The

patient was treated with high-dose methylprednisolone 1.2 g/day

(=30 mg/kg/day) IV for 5 days and Ceftriaxone 2 g 2×/day IV

(=100 mg/kg/day). After 48 h, the symptoms decreased and CSF

bacterial culture was negative, and, therefore, Ceftriaxone was

stopped. Nevertheless, after 2 days under steroids alone, neck pain

and laterocollis reappeared. Because the patient was a resident of a

tick-endemic area, blood Borrelia IgG was tested by using ELISA,
frontiersin.org
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FIGURE 2

Summary of the clinical case in the presentation of a timeline. D0 corresponds to the diagnosis of transverse myelitis;↗ to an increase in symptoms; ↘ to
a decrease in symptoms.
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and the results were positive (106.8 N: 10–15 UA/mL), which was

confirmed by Western blot. The patient reported that he had an

erythematous spot in the neck a few months back, which was

suggestive of an erythema migrans, but he did not remember that

he had suffered from a tick bite. Ceftriaxone was restarted, and

the day after, a CSF Borrelia IgG test was done, which showed

positive results (IgG: 66.6 UA/mL—normal value: 4.5–5.5 UA/mL),

with oligoclonal bands in the CSF confirming the diagnosis of

neuroborrelial TM. The patient received Ceftriaxone 100 mg/kg/

day IV for a total of 14 days, followed by oral Doxycycline 200 mg

1×/day for 7 days. On day 7 of his hospitalization, a spinal MRI

was performed, which showed a normalization of cervical spinal

cord signal abnormalities and a complete regression of

leptomeningeal enhancement in the cauda equina. The patient

recovered completely after 23 days (Figure 2).
Discussion

TM is a rare and potentially devastating medical condition with

variable outcomes. TM secondary to Lyme disease are exceptionnal

and limited to the description of single cases, both in children and

adults. After an extensive review of the pediatric literature, we wish

to emphasize five aspects of TM secondary to Lyme disease: (1)

presentation is more often subacute, (2) lesions are mainly

located in the cervical spine, (3) gait is usually preserved, (4)

sphincter dysfunction is unusual, and (5) recovery is usually

complete after prolonged antibiotherapy.

Our patient developed a subacute TM with pain provoked by

anteroposterior and lateral flexion of the neck, accompanied by a

right latero-torticollis and dysesthesia at the C3–C4 level on the

right side. A spinal MRI showed an extensive T2 hypersignal

between C1 and C7, with a normal T1 signal confirming the

diagnosis of LETM. Even if the patient did not spontaneously

complain of a tick bite, we tested Borrelia IgG by ELISA as he was

a resident of a tick-endemic area. The Borrelia IgG test results were

positive in the blood (106.8 UA/mL—normal value: 10–15 UA/mL),

which was confirmed by Western Blot, and CSF Borrelia IgG test

results were also positive (IgG: 66.6 UA/mL—normal value:

4.5–5.5 UA/mL), confirming the diagnosis of TM secondary to
Frontiers in Pediatrics 03
Lyme disease. Various hypotheses were excluded for our patient.

Because encephalopathy was not a part of the initial clinical

presentation, a diagnosis of acute disseminated encephalomyelitis

(ADEM) was unlikely. Multiple sclerosis (MS) was not evoked

because the brain MRI did not meet McDonald’s criteria, and the

spinal MRI did not show small segment plaques within the cervical

cord but did show LETM. Neuromyelitis Optica was excluded

because the patient had no optic involvement, and the test results

of AQP-4 and MOG antibodies in the blood were negative. The

diagnosis of flaccid myelitis was not evoked because the patient had

no flaccid paresis and there were no signal abnormalities in the

gray matter on the spinal MRI. The patient does not fall within the

framework of a Myelin oligodendrocyte glycoprotein antibody

disease (MOGAD) in a broader sense because the results of the

anti-MOG antibody test were negative. The results of the tests of

the antinuclear factors and ANCA were also negative, which did

not suggest an autoimmune disease. Neither the clinical

presentation nor the negative onconeuronal antibodies were

suggestive of a paraneoplastic disease.

We found eight pediatric cases of neuroborrelial TM described

in the literature in addition to our case (Table 1) (4–6) and

compared them with the Pidcock review that included five

pediatric series (2) for a total of 125 patients with TM. First, we

could observe a longer delay in symptoms for TM secondary to

Lyme disease (17 days + 11.5SD) compared with 2 days for the

other causes of TM in children. Subacute presentation has already

been reported in neuroborreliosis with different presentations such

as cerebellitis (7), meningitis, and radiculoneuritis. Even though

acute presentations of TM have also been described [68.2% of

cases were assigned a diagnosis of TM within 7 days of the onset

of symptoms (2)], a subacute neurological presentation might be a

clue in the diagnosis of neuroborrelial TM. The B. burgdorferi

genome does not encode any known toxins or the machinery that

would be required to secrete them; tissue damage, and hence

disease, is believed to be mediated by the inflammatory response

elicited in the mammalian host (3). This may be the reason why

the involvement is subacute in Lyme disease. Little is understood

about the processes that occur late in infection and the

mechanisms that enable the bacterium to persist in the face of the

robust cellular and humoral immune responses that it elicits. In
frontiersin.org
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TABLE 1 Summary table of the different cases of patients with transverse myelitis caused by Lyme disease described in the literature, to which our patient
case has been added. In this study, we were interested in determining the following: duration of symptoms, localization, gait preservation, sphincter
disorder, response to treatment.

Reported
cases

Duration of
symptoms
(days)

Localization Gait
preservation

Sphincter
dysfunction

Response Treatment

Baumann
et al. (10)

21 From the pons down
to C5

Yes No Complete recovery Céfalosporine and NSAIDs

Meurs et al.
(11)

14 Cervical spinal cord
from C3 to C7

Yes No Complete recovery Ceftriaxone (1.5 g/day during 3 weeks)
and methylprednisolone (5 days
750 mg/day)

Huisman et al.
(12)

5 Cervical spinal cord Yes No Responsive (information
about full or partial
response could not be
obtained from the report)

Ceftriaxone IV

Linssen et al.
(13)

3 — Difficulty in
walking

Yes Complete recovery Penicilline IV

Bigi et al. (9) 28 Medulla down to
cervical spine—pons
to the conus

Yes No Complete recovery Ceftriaxone IV (14 days)

Erol et al. (4) 10 T10-L1 Weakness in both
legs

No Complete recovery Methylprednisolone IV (1 g/day for 5
days) followed by prednisolone for 1
month and 4 mg/kg of doxycycline for
14 days

Khan et al. (5) 21 T7 to the conus Yes No No information Ceftriaxone 2 g 2×/day for 21 days

Gaudichon
et al. (6)

42 C2 to C5 Yes No Complete recovery Ceftriaxone 2 g 2×/day for 28 days

Our Case 13 C1 to C7 Yes No Complete recovery Methylprednisolone IV 5 days and
Ceftriaxone 2 g/day IV for 19 days and
doxycycline for 7 days

Colot et al. 10.3389/fped.2023.1064234
the past, the emphasis has been on immune evasion by the

spirochaete, and this topic needs greater scrutiny. Nevertheless,

attention also needs to be paid to the possibility that host-

mediated modulation of pathogen-sensing pathways and of

resultant responses contributes to spirochaete persistence (8).

Second, in neuroborrelial TM, involvement of the spine is mostly

cervical in six out of nine patients (66%) while in the Pidcock

review, cervical involvement was present in only 14% of patients

(2). Interestingly, as in the case of Bigi et al., there was also a

striking discrepancy between the severe mainly cervical imaging

manifestations and the minimal clinical signs and symptoms (9).

As the presence of a- or pauci-symptomatic TM is known to

predict multiple sclerosis and neuromyelitis optica (NMO) (1), our

case report might also suggest that neuroborrelial TM should be

suspected in paucisymptomatic TM. Third, the inability to walk is

seen in more than 80% of TM in children (2), while it is observed

only in two out of nine patients (22%) in neuroborrelial TM. Gait

preservation in neuroborrelial TM might be explained by the

predominance of the cervical spine lesion but also by the

discrepancy between the clinical manifestations and the extent of

the spinal MRI abnormalities. Fourth, sphincter dysfunction is

present in 87% of patients in the Pidcock series, while it is

documented in just one out of nine (11%) patients in TM

secondary to Lyme disease (2). In pediatric TM, a high dose of

corticosteroids is the recommended treatment for TM in children

and adults. Nevertheless, our patient first showed improvement on

combined steroids and antibiotherapy, but his condition

deteriorated on steroids alone after we stopped antibiotherapy

because of a negative CSF bacterial culture, and finally, he
Frontiers in Pediatrics 04
was cured with long-term antibiotherapy. Our case illustrates

that neuroborrelial TM should be treated with long-term

antibiotherapy and that steroids do not seem to improve

the prognosis.

The limitation of our article lies in the fact that we extrapolate

information from a limited group of patients (nine cases) because

TM secondary to Lyme disease is rare and not all cases are reported

in the literature.
Conclusion

TM in a subacute presentation, gait preservation, a discrepancy

between the severe mainly cervical imaging manifestations and the

minimal clinical signs and symptoms, and the absence of sphincter

dysfunction should raise suspicion of TM secondary to Lyme

disease. Those with TM presenting with the above characteristics

should be maintained on antibiotherapy until the results of Lyme

serology are obtained even in the presence of a negative CSF

culture. Prognosis is usually excellent after a 3-week

antibiotherapy, with usually complete recovery.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, and further inquiries can be

directed to the corresponding author.
frontiersin.org

https://doi.org/10.3389/fped.2023.1064234
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Colot et al. 10.3389/fped.2023.1064234
Ethics statement

Written informed consent was obtained from the individual(s),

and minor(s)’ legal guardian/next of kin, for the publication of any

potentially identifiable images or data included in this article.
Author contributions

CC wrote the first draft of the manuscript. AA carried out

manuscript revision, read the manuscript, and approved the

submitted version. ADL and PJ were involved in the selection of

figures. CA, CM, and JF contributed to manuscript revision. All

authors contributed to the article and approved the submitted

version.
Frontiers in Pediatrics 05
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. AbsoudM,Greenberg B, LimM,LotzeT, ThomasT,DeivaK, et al. Pediatric transverse
myelitis. Neurology. (2016) 87(Suppl 2):46–52. doi: 10.1212/WNL.0000000000002820

2. Pidcock FS, Krishnan C, Crawford TO, Salorio CF, Trovato M, Kerr DA, et al.
Acute transverse myelitis in childhood center-based analysis of 47 cases. Neurology.
(2007) 68:1474–80. doi: 10.1212/01.wnl.0000260609.11357.6f

3. Hugonenq C, Chabrol B, Mancini J, Dulac O, Ponsot G, Arthuis M, et al. Livre
“Neurologie pédiatrique” 3ème éditionMédecine-Sciences.Flammarion. (2010) 1(16):417–8.

4. Erol I, Kılıcarslan B, Saygi S, Demir S, Alehan F. Acute transverse myelitis in a
child with lyme disease and a review of literature. Pediatr Neurol. (2013) 48:325–8.
doi: 10.1016/j.pediatrneurol.2012.12.001

5. Khan S, Singh N, Dow A, Ramirez-Zamora A. Pediatric acute longitudinal
extensive transverse myelitis secondary to neuroborreliosis. Case Rep Neurol. (2015)
7:162–6. doi: 10.1159/000438696

6. Gaudichon J, Sakr W, Becher S, Linard M, Kozisek S. Myélite transverse aiguë et
maladie de lyme: à propos d’un cas. Arch Pediatr. (2013) 20:646–9. doi: 10.1016/j.
arcped.2013.03.025

7. Neophytides A, Khan S, Louie E. Subacute cerebellitis in lyme disease. Int J Clin
Pract. (1997) 51(8):523–4. PMID: 9536610
8. Radolf J, Caimano M, Stevenson B, Hu L. Of ticks, mice and men: understanding
the dual-host lifestyle of lyme disease spirochaetes. Nat Rev Microbiol. (2012)
10:87–99. doi: 10.1038/nrmicro2714

9. Bigi S, Aebi C, Nauer C, Bigler S, Steinlin M. Acute transverse myelitis in
lyme neuroborreliosis. Infection. (2010) 38:413–6. doi: 10.1007/s15010-010-
0028-x

10. Baumann M, Birnbacher R, Koch J, Strobl R, Rostasy K. Uncommon
manifestations of neuroborreliosis in children. Eur J Paediatr Neurol. (2010)
14:274–7. doi: 10.1016/j.ejpn.2009.08.003

11. Meurs L, Labeye D, Declercq I, Piéret F, Gille M. Acute transverse myelitis as a
main manifestation of early stage II neuroborreliosis in two patients. Eur Neurol.
(2004) 52:186–8. doi: 10.1159/000081864

12. Huisman TA, Wohlrab G, Nadal D, Boltshauser E, Martin E. Unusual
presentations of neuroborreliosis (lyme disease) in childhood. J Comput Assist
Tomogr. (1999) 23:39–42. doi: 10.1097/00004728-199901000-00009

13. Linssen WH, Gabreëls FJ, Wevers RA. Infective acute transverse myelopathy.
Report of two cases. Neuropediatrics. (1991) 22:107–9. doi: 10.1055/s-2008-
1071427
frontiersin.org

https://doi.org/10.1212/WNL.0000000000002820
https://doi.org/10.1212/01.wnl.0000260609.11357.6f
https://doi.org/10.1016/j.pediatrneurol.2012.12.001
https://doi.org/10.1159/000438696
https://doi.org/10.1016/j.arcped.2013.03.025
https://doi.org/10.1016/j.arcped.2013.03.025
https://pubmed.ncbi.nlm.nih.gov/9536610
https://doi.org/10.1038/nrmicro2714
https://doi.org/10.1007/s15010-010-0028-x
https://doi.org/10.1007/s15010-010-0028-x
https://doi.org/10.1016/j.ejpn.2009.08.003
https://doi.org/10.1159/000081864
https://doi.org/10.1097/00004728-199901000-00009
https://doi.org/10.1055/s-2008-1071427
https://doi.org/10.1055/s-2008-1071427
https://doi.org/10.3389/fped.2023.1064234
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Case report: Subacute transverse myelitis with gait preservation secondary to Lyme disease and a review of the literature
	Introduction
	Case report
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


