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Abstract
Background: Despite a considerable number of articles regarding neurological manifestations associated with
severe acute respiratory syndrome coronavirus 2 infection, reports on transverse myelitis and encephalitis are scarce.
Case presentation: We report a 35-year-old Asian Arab female presenting with longitudinally extensive transverse
myelitis within 3 weeks after being diagnosed with mild coronavirus disease 2019 infection. Administration of highdose methylprednisolone led to significant clinical improvement. However, 2 days after discharge, the patient was
readmitted with encephalitis manifestations, consisting of fever and loss of consciousness, along with deterioration
in myelitis symptoms. Severe acute respiratory syndrome coronavirus 2 antibody was detected in cerebrospinal fluid,
but DNA of severe acute respiratory syndrome coronavirus 2 was not found. Clinical recovery was achieved after the
administration of intravenous immunoglobulin.
Conclusion: Longitudinally extensive transverse myelitis can be a neurological manifestation of coronavirus disease
2019 and can be followed by encephalomyelitis episodes. High-dose steroids and intravenous immunoglobulin as an
immunomodulator are possible effective treatment options.
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Introduction
Neurologic involvement in patients with coronavirus disease 2019 (COVID-19) has been documented extensively,
with the most prevalent self-reported neurological complaints being relatively mild, such as headache, hyposmia, and hypogeusia. Examples of uncommon nervous
system disorders in this population include, but are not
limited to, stroke, acute myelitis, and encephalitis [1].
Acute transverse myelitis, which by itself is a rare neurological condition, has been described to be associated
with COVID-19 in various countries; however, the evidence is largely in the form of case reports or series [2,
3]. In addition, a global report showed that, among the

neurological signs and/or syndromes encountered, meningitis and/or encephalitis and myelopathy were the least
frequently found, occurring in 0.1% and 0.2% of hospitalized patients with COVID-19, respectively [4]. Acute
disseminated encephalomyelitis (ADEM), a subtype
of encephalitis correlated with poor recovery and high
mortality, has also been increasingly reported in these
patients [5]. In this article, we present a rare case of longitudinally extensive transverse myelitis (LETM) occurring
as a parainfectious manifestation of COVID-19 followed
by encephalitis in a female patient. Previous publications
have noted LETM and post-COVID encephalomyelitis
occurring on separate occasions, but only a few patients
developed both [2, 6, 7].
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Case presentation
A 35-year-old female Asian Arab patient was referred to
a tertiary health care facility in Jakarta, Indonesia, with
transverse myelitis following severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection. She
was previously diagnosed with mild COVID-19 (flu-like
symptoms, including anosmia) and underwent self-isolation. However, 3 weeks later, she started experiencing
pain in her lower extremities (hyperalgesia), followed by
tingling sensation and gradual weakness in all four limbs.
Within a few days, she was also unable to urinate and defecate. Her spine magnetic resonance imaging (MRI) scan
showed T2 hyperintensities along the cervicothoracic
region (Fig. 1A), suggestive of longitudinally extensive
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transverse myelitis (LETM). The patient had no significant prior medical history.
One day after her naso-oropharyngeal polymerase
chain reaction (PCR) result for SARS CoV-2 was negative, the patient was transferred to our hospital. Upon
neurological examination, it was found that she had
tetraparesis, with more severe weaknesses in her lower
extremities, hyperreflexia, and positive Babinski’s signs
for both legs. She also had hypoesthesia, paresthesia, and
proprioceptive disturbance below Thoracal 4 (Th4) level,
as well as urinary and fecal retention. Blood evaluation
revealed an elevated D-dimer level (4660 µg/L), with
normal C-reactive protein and procalcitonin concentrations. Anti-aquaporin-4 immunoglobulin G (IgG) was

Fig. 1 A Spine MRI scan before the first admission, showing T2 hyperintensity along the cervicothoracic region, corresponding with LETM; B brain
MRI result during the first admission, revealing hyperintensity in T2 and fluid-attenuated inversion recovery (FLAIR) in the posterior horn of the
lateral ventricles; C repeat brain MRI scan obtained during the second admission, exhibiting no new lesion
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not detected in her serum. Cerebrospinal fluid (CSF)
analysis revealed lymphocytic pleocytosis (70 leukocytes/μl) and normal protein level. SARS-CoV-2, Mycobacterium tuberculosis, fungi, and other viruses were not
detected by CSF PCR tests, while Gram and acid-fast
bacillus stains also yielded negative results. Brain MRI
showed paraventricular hyperintensity on T2 and FLAIR
(Fig. 1B).
The patient received high-dose methylprednisolone
(1 g/day) for 5 days, which was tapered off afterwards.
Her motor strength improved remarkably, enabling her
to stand up. However, her sensory and autonomic disturbances persisted. After 12 days of hospitalization, the
patient was discharged to continue treatment in the outpatient clinic.
Two days later, the patient was readmitted to our hospital with complaints of persistent high fever (> 38 °C),
nausea, and worsening of her lower limb strength
(Fig. 2). Blood tests revealed normal levels of leukocytes,
C-reactive protein (CRP), and procalcitonin. Meanwhile,
routine urinalysis showed the presence of bacteria and
nitrites, with positive urine culture for Enterobacter
sp. (> 105 colony-forming units/mL). The patient was
thus diagnosed with a urinary tract infection (UTI) and
treated with intravenous fosfomycin on the basis of bacterial culture and antimicrobial susceptibility testing
results.
Nevertheless, her fever persisted even after 3 days of
treatment with combinations of intravenous antipyretics and the use of a surface cooling device. On day
3, she tended to be in a somnolent state; we suspected

Fig. 2 Timeline of clinical course
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the fever was not only due to the UTI, but might have a
central nervous system (CNS)-underlying etiology. The
patient was given 250 mg of intravenous methylprednisolone, and her consciousness improved. We performed
a second brain MRI scan and found no notable changes
compared with the first one (Fig. 1C). The following day,
the patient was once again somnolent, accompanied by
tachycardia, tachypnea, and fever, and was transferred to
the intensive care unit. We escalated the methylprednisolone dose to 500 mg/day, and the patient quickly regained
consciousness.
Between day 7 and day 14, the patient’s consciousness
fluctuated considerably, from obtundation to a fully alert
state; she even experienced disorientation and hallucinations (visual and auditory), along with intractable fever.
Electroencephalography (EEG) revealed slowing background within theta frequency and intermittently high
amplitude of rhythmic delta–theta wave at the bilateral
frontotemporal lobe . Another lumbar puncture was
performed, and CSF analysis revealed mild pleocytosis
(12 cells/µL) and a positive result for anti-SARS-CoV-2
antibody (28 U/ml) with serum titer 250 U/ml. On the
basis of the clinical progression and MRI and laboratory findings, the final diagnosis of COVID-19-related
encephalomyelitis was made. Extensive workup did not
result in any other notable findings. As high-dose corticosteroid did not provide optimal clinical resolutions,
intravenous immunoglobulin (0.4 g/kg body weight)
was administered for 5 days. The patient’s conditions
improved substantially without any adverse event; she
remained alert and did not have any hallucinations, and
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her EEG showed improvement, with alpha frequency
dominating as background rhythm and delta waves at the
bilateral frontotemporal lobe being significantly reduced
(Fig. 2B). On day 23, the patient was discharged. Her
autonomic functions gradually recovered, whereas no
significant improvement was reported for her motor and
sensory disturbances. On 4-week follow-up, she showed
improvement in her motor strength and she still continued her rehabilitation program. Sometimes she remembered words that she said during her hallucination, and
she was glad that it did not come up again.

Discussion and conclusions
Inflammatory processes of the CNS due to immune
response following SARS-CoV-2 infection have been
recounted several times, including in encephalomyelitis. LETM is one of the neurological complications
associated with SARS-CoV-2 infection, and several
mechanisms underlying this condition have been suggested. First, it might be caused by direct spread of the
virus to the CNS through blood circulation, nasal epithelium, or vagus nerve via angiotensin-converting enzyme
2 (ACE2) receptor, which leads to demyelination. The
ACE2 receptor has been demonstrated to be the target of
the COVID-19 virus and is expressed on the spinal cord
membrane. Alternatively, it might be due to hyperinflammation attributable to post-infection immune response.
Similar to published cases, treatment with high-dose
methylprednisolone led to remarkable clinical improvements in our patient [12, 13].
The patient was readmitted to our hospital with
encephalitis manifestations within 15 days after testing
negative for COVID-19. Post-COVID encephalomyelitis
has been described previously, although with apparently
distinct presentations [7]. Positive anti-SARS-CoV-2
antibody in CSF samples of patients with COVID-19 with
neurologic symptoms has also been demonstrated previously [14]. Our patient had a high titer of CSF anti-SARSCoV-2 antibody, 28 U/mL, with a cutoff value of 0.8 U/
mL. In comparison, her serum antibody titer was 250 U/
mL.
Consistent with previously published reports, CSF
SARS-CoV-2 tested negative by PCR, which might
indicate a decreased likelihood of direct viral invasion.
Nonetheless, the presence of anti-SARS-CoV-2 antibodies might be a clue to neuroinvasion (stimulated by local
antigens) instead of merely reflecting circulating antibodies that enter the brain passively. A recently published
laboratory study showed that CSF SARS-CoV-2 antibodies were detected only in mice with brain infections,
regardless of the existence of concurrent systemic SARSCoV-2 infection. Therefore, a positive anti-SARS-CoV-2
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antibody in CSF might be highly suggestive of a SARSCoV-2 infection of the CNS [15].
The detection of SARS-CoV-2 IgG in CSF might suggest blood–brain barrier (BBB) dysfunction and/or
intrathecal IgG synthesis, but it was not possible to differentiate them in this case because we were not able to
evaluate the patient’s albumin CSF and serum concentration to calculate the IgG index. We were also unable
to check the interleukin (IL)-6 level, which has been
suggested to play an important role in neurological disturbances related to COVID-19 and was reported to
have direct association with illness severity [12].
In accordance with the proposed disease pathogenesis and pathophysiology of COVID-19, which involve
cytokine and immune-mediated neuroinflammatory
processes, the use of high-dose steroids, plasmapheresis, and intravenous immunoglobulin (IVIg) has been
reported to be effective in patients with COVID-19
encephalopathy [16]. However, our patient showed
only a modest response with high-dose methylprednisolone during the second admission. Her fluctuation in
consciousness throughout the second hospitalization
might be partially attributable to the administration
of a relatively lower dose of methylprednisolone (250–
500 mg/day). We were cautious of giving the steroid
because the patient had previously received a very high
dose of methylprednisolone; the risk of sepsis was also
taken into consideration, as the patient had definite
UTI. On the other hand, there was immediate clinical
recovery following concomitant administration of IVIg
therapy; a similar response in a patient with encephalopathic COVID-19 has been reported previously [16].
Taking a lesson from this case, we encourage clinicians to be aware of LETM as a manifestation of
COVID-19 and be cautious of the risk of encephalomyelitis following the infection. High-dose steroids
and IVIg as an immunomodulator are possible effective treatment options for encephalomyelitis associated
with SARS-CoV-2 infection.
Abbreviations
LETM: Longitudinally extended transverse myelitis; ACE2: Angiotensin-converting enzyme 2; MP: Methylprednisolone; IVIg: Intravenous immunoglobulin.
Acknowledgements
Not applicable.
Author contributions
RE, KM, FO, and DI participated in the patient care. RE, KM, ANM, SLR, and AR
participated in manuscript drafting and editing. All authors read and approved
the final manuscript.
Funding
There was no funding provided for this report

Estiasari et al. Journal of Medical Case Reports

(2022) 16:329

Availability of data and materials
Any supporting data can be obtained by direct correspondence with the corresponding author (RE).

Declarations
Ethics approval and consent to participate
Our institute did not require ethical approval owing to the nature of this study.
Consent for publication
Written informed consent for publication was obtained from the patient for
publication of this case report and any accompanying images. A copy of the
written consent is available for review by the Editor-in-Chief of this journal.
Competing interests
All authors have no competing interests.
Author details
1
Department of Neurology Faculty of Medicine Universitas Indonesia, Cipto
Mangunkusumo Hospital Jakarta, Jl. Salemba 6, Jakarta 10430, Indonesia.
2
Department of Parasitology Faculty of Medicine Universitas Indonesia, Cipto
Mangunkusumo Hospital Jakarta, Jl. Salemba 6, Jakarta 10430, Indonesia.
3
Cipto Mangunkusumo General Hospital Jakarta, Jakarta, Indonesia.

Page 5 of 5

12. Fumery T, Baudar C, Ossemann M, London F. Longitudinally extensive
transverse myelitis following acute COVID-19 infection. Multiple Scler
Relat Disord. 2021;48: 102723.
13. Ashfaq MA, Javed I, Arshad M, Yaseen MR. Role of methylprednisolone in
longitudinal extensive transverse myelitis (LETM) in children. Pak J Med
Sci. 2020;36(3):451–5. https://doi.org/10.12669/pjms.36.3.1232.
14. Alexopoulos H, Magira E, Bitzogli K, Kafasi N, Vlachoyiannopoulos P,
Tzioufas A, et al. Anti-SARS-CoV-2 antibodies in the CSF, blood–brain
barrier dysfunction, and neurological outcome. Neurol Neuroimmunol
Neuroinflamm. 2020;7: e893. https://doi.org/10.1212/NXI.0000000000
000893.
15. Song E, Bartley CM, Chow RD, Ngo TT, Jiang R, Zamecnik CR, et al.
Divergent and self-reactive immune responses in the CNS of COVID-19
patients with neurological symptoms. Cell Rep Med. 2021;2(5): 100288.
https://doi.org/10.1016/j.xcrm.2021.100288.
16. Muccioli L, Pensato U, Bernabe G, Ferri L, Tappata M, Volpi L, et al. Intravenous immunoglobulin therapy in COVID-19-related encephalopathy. J
Neurol. 2021;268:2671–5. https://doi.org/10.1007/s00415-020-10248-0.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Received: 10 November 2021 Accepted: 20 July 2022

References
1. Nepal G, Rehrig JH, Shrestha GS, Sing YK, Yadav JK, Ojha R, et al. Neurological manifestations of COVID-19: a systematic review. Crit Care.
2020;24:421. https://doi.org/10.1186/s13054-020-03121-z.
2. Román GC, Gracia F, Torres A, Palacios A, Gracia K, Harris D. Acute transverse myelitis (ATM): clinical review of 43 patients with COVID-19-associated ATM and 3 post-vaccination ATM serious adverse events with the
ChAdOx1 nCoV-19 vaccine (AZD1222). Front Immunol. 2021;12: 653786.
https://doi.org/10.3389/fimmu.2021.653786.
3. Schulte EC, Hauer L, Kunz AB, Sellner J. Systematic review of cases of
acute myelitis in individuals with COVID-19. Eur J Neurol. 2021;28:3230–
44. https://doi.org/10.1111/ene.14952.
4. Chou SHY, Beghi E, Helbok R, Moro E, Sampson J, Altamirano V, et al.
Global incidence of neurological manifestations among patients hospitalized with COVID-19—a report of the GCS-NeuroCOVID consortium and
the ENERGY consortium. JAMA Netw Open. 2021;4(5): e2112131. https://
doi.org/10.1001/jamanetworkopen.2021.12131.
5. Siow I, Lee KS, Zhang JJY, Saffari SE, Ng A. Encephalitis as a neurological
complication of COVID-19: a systematic review and meta-analysis of incidence, outcomes, and predictors. Eur J Neurol. 2021;28:3491–502. https://
doi.org/10.1111/ene.14913.
6. Baghbanian SM, Namazi F. Post COVID-19 longitudinally extensive transverse myelitis (LETM)—a case report. Acta Neurol Belg. 2020. https://doi.
org/10.1007/s13760-020-01497-x.
7. Kim JW, Abdullayev N, Neuneier J, Fink GR, Lehmann HC. Post-COVID-19
encephalomyelitis. Neurol Res Pract. 2021. https://doi.org/10.1186/
s42466-021-00113-4.
8. Harvey CM, Gottipati R, Schwarz S, Auer D, O’Donoghue M, Russell NH,
et al. Acute disseminated encephalomyelitis following allo-SCT: central
nervous system manifestation of GVHD. Bone Marrow Transplant.
2014;49:854–6. https://doi.org/10.1038/bmt.2014.29.
9. Anilkumar AC, Foris LA, Tadi P. Acute disseminated encephalomyelitis.
In: StatPearls. Treasure Island (FL); Started Publishing: 2021. https://www.
ncbi.nlm.nih.gov/books/NBK430934/. Accessed 19 Jul 2021.
10. Kim SM, Kim SJ, Lee HJ, Kuroda H, Palace J, Fujihara K. Differential diagnosis of neuromyelitis optica spectrum disorder. Ther Adv Neurol Disord.
2017;10(7):265–89. https://doi.org/10.1177/1756285617709723.
11. Parsons T, Banks S, Bae C, Gelber J, Alahmadi H, Tichauer M. COVID19-associated acute disseminated encephalomyelitis (ADEM). J Neurol.
2020;267(10):2799–802.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

