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CASE REPORT

COVID‑19‑associated leukoencephalopathy 
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Abstract 

Background:  Several cases of coronavirus disease 2019 (COVID-19)-associated leukoencephalopathy have been 
reported. Although most cases involve hypoxia, the pathophysiological mechanism and neurologic outcomes of 
COVID-19-associated leukoencephalopathy remain unclear.

Case presentation:  We report a case of COVID-19-associated leukoencephalopathy without severe hypoxia in a 
65-year-old woman diagnosed with pyelonephritis. After the initiation of intravenous ceftriaxone, her fever resolved, 
but she developed an altered state of consciousness with abnormal behavior and, subsequently, a relapse fever. 
She was diagnosed with COVID-19 pneumonia and was intubated. Lung-protective ventilation with deep sedation 
and neuromuscular blockade were used for treatment. After cessation of sedative administration, her mental status 
remained at a Glasgow Coma Scale score of 3. COVID-19 was assumed to have caused leukoencephalopathy due to 
the absence of severe hypoxia or other potential causes. She subsequently showed gradual neurologic improvement. 
Three months after the COVID-19 diagnosis, she regained alertness, with a Glasgow Coma Scale score of 15.

Conclusion:  Clinicians should consider leukoencephalopathy in the differential diagnosis of consciousness disorders 
in patients with severe COVID-19, even in the absence of severe hypoxia. Gradual neurologic improvement can be 
expected in such cases.
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Background
Several neurologic manifestations of coronavirus dis-
ease 2019 (COVID-19) have been reported, with 36.4% 
of inpatients with COVID-19 having neurologic mani-
festations [6]. Furthermore, several cases of COVID-
19-associated leukoencephalopathy have been reported 
[5, 7, 8, 10]. Two reports [5, 8] suggested that hypoxia 
contributes to the development of this phenomenon, but 

hypoxia’s precise pathogenetic role remains unclear. Fur-
thermore, previous reports have not discussed the neu-
rologic outcomes associated with COVID-19-associated 
leukoencephalopathy. Herein, we report a case of severe 
COVID-19-associated leukoencephalopathy without 
severe hypoxia. The patient experienced gradual neuro-
logic improvement from a comatose state to a Glasgow 
Coma Scale score of 15 over three months.
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Case presentation
A 65-year-old woman with type 2 diabetes, hypertension, 
obesity, and hyperlipidemia presented to the emergency 
department with a 4-day history of fever and shaking 
chills on the day of presentation. Body temperature was 
38  °C on presentation. Her physical examination results 
were unremarkable. A non-contrast computed tomog-
raphy (CT) abdominal scan revealed perinephric fat 
stranding of the right kidney. The chest CT scan revealed 
no abnormalities. Urine analysis revealed pyuria. Acute 
pyelonephritis was suspected, and the patient was admit-
ted and received intravenous ceftriaxone. Urine culture 
testing yielded Klebsiella pneumoniae, and the diagno-
sis of acute pyelonephritis was confirmed. Blood culture 
testing yielded negative results.

The patient’s fever resolved 3 days after admission, but 
she experienced a relapse fever (> 38  °C) 2  days later (a 
day herein defined as day 1). The fever persisted, and she 
developed an altered state of consciousness with abnor-
mal behavior on day 4. Delirium was suspected. She was 
treated with antipsychotics, but the symptoms persisted. 
On day 6, she developed desaturation (oxygen satura-
tion of 91%), started receiving supplemental oxygen, and 
was monitored using a continuous pulse oxygen monitor. 
A chest CT scan revealed multiple bilateral subpleural 
ground-glass opacities. COVID-19 pneumonia was sus-
pected. Reverse-transcription polymerase chain reaction 
(RT-PCR) testing of a nasopharyngeal swab taken on 
day 7 returned positive results for severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), and she was 
treated with favipiravir for 10  days. The patient had no 
contact with patients or healthcare workers diagnosed 
with COVID-19 inside the hospital; thus, the infec-
tion was considered to be community acquired. On day 
10, she developed acute respiratory distress and was 
intubated.

She was managed with a lung-protective ventilation 
strategy under deep sedation and neuromuscular block-
ade, and she received intravenous cefepime and merope-
nem for suspected sepsis. When sedative administration 
ceased on day 17, she was comatose, with a Glasgow 
Coma Scale (GCS) score of 3. Non–contrast-enhanced 
head magnetic resonance imaging (MRI) performed on 
day 25 revealed symmetric lesions with restricted dif-
fusion in the deep brain white matter (WM), temporal 
lobe WM, and pons, suggesting leukoencephalopathy 
(Fig.  1A–F). Lumbar puncture was performed on day 
26. Her cerebrospinal fluid (CSF) was clear, with a nor-
mal initial pressure (150 mmH2O). CSF analysis revealed 
elevated levels of total protein (57.5 mg/dL) and myelin 
basic protein (149.3  pg/mL) but no pleocytosis (cells: 1 
μL−1). Her CSF tested positive for oligoclonal bands, but 
her serum did not. CSF culture testing returned negative 

results, as did RT-PCR testing of her CSF for SARS-
CoV-2. Her cytology results were unremarkable. Electro-
encephalography performed on day 31 revealed diffuse 
slowing without epileptiform activity. Her oxygen satura-
tion remained above 90% throughout the hospitalization 
period, except for a temporary drop to 88% for 20 min on 
day 18.

Electrolyte disturbances recognized during hospitali-
zation were mild hyponatremia of a minimum serum 
sodium level of 132 mEq/L and mild hypophosphatemia 
of a minimum serum phosphate level of 1.9  mg/dL, 
both observed on admission, and hypernatremia with a 
maximum serum sodium level of 159 mEq/L on day 29. 
Rapid correction of these disturbances was not observed. 
The maximum systolic blood pressure observed was 
170  mmHg, and severe hypertension was absent. She 
developed azotemia (maximum value of 115  mg/dL on 
day 25) due to acute kidney injury, and received continu-
ous renal replacement therapy. Although azotemia is a 
risk factor for posterior reversible encephalopathy syn-
drome (PRES), it was unlikely due to low apparent dif-
fusion coefficient values on MRI, as apparent diffusion 
coefficient values are not decreased in PRES [9]. Acute 
disseminated encephalomyelitis was unlikely as typi-
cal lesions are asymmetric, and when white matter is 
involved, they demonstrate small lesions and large, con-
fluent, or tumefactive lesions, which were not observed 
[13].

Hypoglycemia were also not observed. Thyroid func-
tion tests performed on days 7 and 44 yielded normal 
results. The patient did not have elevated levels of anti-
thyroid peroxidase antibodies or anti-thyroglobulin anti-
bodies. She tested negative for anti-myeloperoxidase, 
anti-proteinase 3, and anti-nuclear antibodies (apart 
from anti-centromere antibodies), and her complement 
levels were normal. No physical signs of connective tissue 
disease were observed, and she tested negative for human 
immunodeficiency virus.

The drugs she received while hospitalized had no 
known associations with leukoencephalopathy. Acute 
disseminated encephalomyelitis, multiple sclerosis, and 
progressive multifocal leukoencephalopathy are all asso-
ciated with asymmetric WM lesions [4, 11] and were 
considered unlikely diagnoses. Since other etiologies 
were unlikely based on our investigations, we assumed 
that our patient’s leukoencephalopathy was attributed to 
COVID-19.

On day 44, our patient regained the ability to open 
her eyes in response to verbal stimuli. On day 65, mus-
cle contraction was observed in response to commands. 
A follow-up MRI scan on day 70 revealed reductions in 
all lesions (Fig. 1G–I). On day 86, we replaced the tra-
cheal cannula with a speech cannula, following which 
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she could speak. Her GCS score had improved to 15 
by that point. On day 99, she ate regular meals with 
assistance. In spite of undergoing rehabilitation, severe 
muscle weakness persisted. She required assistance to 
roll over in bed. Her right arm remained completely 
paralyzed. She had no memory or cognitive deficits but 
had persistent somnolence. On day 105, she was trans-
ferred to another hospital for rehabilitation.

Discussion and conclusions
In this report, we document a rare case of severe 
COVID-19-associated leukoencephalopathy without 
severe hypoxia. The patient displayed gradual neurologic 
improvement over 3 months.

In a report concerning six patients with severe COVID-
19, leukoencephalopathy was postulated to be a delayed 
response to profound COVID-19–induced hypoxia [5]. 

Fig. 1  Brain magnetic resonance imaging (MRI) findings. A–C T2-weighted imaging (A) performed on day 25 reveals a lesion in the pons, with 
hyperintensity on diffusion-weighted images (B) and low apparent diffusion coefficient values (C). D–F T2-weighted imaging (D) performed on 
day 25 reveals symmetrical, bilateral periventricular deep brain white matter lesions, with hyperintensity on diffusion-weighted images (E) and low 
apparent diffusion coefficient values (F). G–I T2-weighted imaging (G) performed on day 70 reveals a reduction in the white matter lesions, with 
hyperintensity on diffusion-weighted images (H) without low apparent diffusion coefficient values (I)
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All six patients had low partial oxygen pressures (PaO2; 
46–66  mmHg) during the clinical course. Their MRI 
findings included symmetric involvement of the deep 
cerebral WM but sparing of the subcortical U-fibers 
and brainstem, as expected from delayed posthypoxic 
leukoencephalopathy (DPHL). In all cases, neurologic 
symptoms were initially detected 14–23  days after the 
lowest PaO2 was recorded, which is consistent with 
DPHL. Another study reported 10 cases of leukoen-
cephalopathy in critically ill COVID-19 patients [8]. All 
10 developed hypoxia, with extremely low blood oxygen 
saturation (60–85%).

In contrast, our patient’s oxygen saturation level 
remained above 88%. Her first neurologic symptoms 
developed on day 4 of infection, before the appear-
ance of desaturation. MRI revealed a lesion in the pons, 
which is usually spared in DPHL. Our patient’s clinical 
course, lack of severe hypoxia, and MRI findings make 
DPHL unlikely. Another report described seven cases of 
COVID-19-associated leukoencephalopathy, with three 
featuring brainstem lesions and six featuring middle cere-
bellar peduncle lesions [10]. These findings are unusual in 
DPHL, implying an alternative pathogenesis for COVID-
19-associated leukoencephalopathy.

High plasma cytokine concentrations are found in 
patients with COVID-19, especially those with severe 
infections [3], and a cytokine storm is a hypothesized 
cause of lung injury in COVID-19. Increased levels of 
interleukin-6, interleukin-8, and interleukin-10 were 
detected in the CSF of three patients with severe COVID-
19 who developed encephalopathy and encephalitis [1]. 
SARS-CoV-2 antibodies were found in their CSF, so CSF 
viral penetration was suspected. CSF SARS-CoV-2 pene-
tration, causing an extensive inflammatory response, may 
contribute to the pathogenesis of COVID-19-associated 
leukoencephalopathy.

One limitation of our study is that we did not test the 
CSF samples for other viruses that might have contrib-
uted to leukoencephalopathy. Viral infections that are 
known to cause symmetrical leukoencephalopathy are 
cytomegalovirus and Epstein–Barr Virus, and involve-
ment of leukoencephalopathy is common in immu-
nocompromised patients [2, 12]. Considering that the 
patient had no underlying immunodeficiency, we assume 
the involvement of these viruses as unlikely.

The present case is important because unlike in pre-
viously reported cases, the COVID-19-associated leu-
koencephalopathy emerged without severe hypoxia. 
Furthermore, this case illustrates the long-term clini-
cal course of the condition, which has seldom been dis-
cussed. Moreover, this case illustrates MRI findings 
that were not previously reported in COVID-19-as-
sociated leukoencephalopathy. There are currently no 

recommendations for managing COVID-19-associated 
leukoencephalopathy; however, our patient’s case shows 
that gradual neurologic improvement may be achieved 
without any additional interventions; hence, unneces-
sary interventions and treatments can be avoided. How-
ever, further investigations are necessary to accumulate 
knowledge of the neurological outcomes of COVID-
19-associated leukoencephalopathy to confirm that treat-
ment is unnecessary.

Abbreviations
COVID-19: Coronavirus disease 2019; CT: Computed tomography; RT-PCR: 
Reverse-transcription polymerase chain reaction; SARS-CoV-2: Severe acute 
respiratory syndrome coronavirus 2; GCS: Glasgow Coma Scale; MRI: Magnetic 
resonance imaging; WM: White matter; CSF: Cerebrospinal fluid; DPHL: 
Delayed posthypoxic leukoencephalopathy.

Acknowledgements
Not applicable.

Author contributions
HK wrote the initial draft. HK, NS, AK, MA, and TO planned the study. MK, TW, 
YK, TI, and SI acquired and interpreted the laboratory findings. MH, SM, and FN 
reviewed literature. All authors critically revised the manuscript for important 
intellectual content. All authors read and approved the final manuscript.

Funding
The authors did not receive any specific Grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
The Ethics Committee of Tokyo Metropolitan Bokutoh Hospital approved this 
case report.

Consent for publication
Because the patient died due to a different medical condition after she was 
transferred to another hospital, consent could not be obtained. Written 
informed consent was obtained from the patient’s family for publication of 
this case report and any accompanying images.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Infectious Diseases, Tokyo Metropolitan Bokutoh Hospital, 
4‑23‑15 Kotobashi, Sumida‑ku, Tokyo 130‑8575, Japan. 2 Department of Res‑
piratory Medicine, Tokyo Metropolitan Bokutoh Hospital, 4‑23‑15 Kotobashi, 
Sumida‑ku, Tokyo 130‑8575, Japan. 3 Tertiary Emergency Medical Center 
(Trauma and Critical Care), Tokyo Metropolitan Bokutoh Hospital, 4‑23‑15 
Kotobashi, Sumida‑ku, Tokyo 130‑8575, Japan. 

Received: 24 December 2021   Accepted: 27 April 2022

References
	1.	 Benameur K, Agarwal A, Auld SC, Butters MP, Webster AS, Ozturk T, Howell 

JC, Bassit LC, Velasquez A, Schinazi RF, Mullins ME, Hu WT. Encephalopathy 



Page 5 of 5Kojima et al. BMC Infectious Diseases          (2022) 22:444 	

•
 
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

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

and encephalitis associated with cerebrospinal fluid cytokine alterations 
and coronavirus disease, Atlanta, Georgia, USA, 2020. Emerg Infect Dis. 
2020;26(9):2016–21. https://​doi.​org/​10.​3201/​eid26​09.​202122.

	2.	 Boucher A, Herrmann JL, Morand P, Buzelé R, Crabol Y, Stahl JP, Mailles A. 
Epidemiology of infectious encephalitis causes in 2016. Med Mal Infect. 
2017;47(3):221–35. https://​doi.​org/​10.​1016/j.​medmal.​2017.​02.​003.

	3.	 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, 
Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao H, 
Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin Q, Wang J, Cao B. Clinical features 
of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. 
2020;395(10223):497–506. https://​doi.​org/​10.​1016/​S0140-​6736(20)​
30183-5.

	4.	 Kanekar S, Devgun P. A pattern approach to focal white matter hyper‑
intensities on magnetic resonance imaging. Radiol Clin North Am. 
2014;52(2):241–61. https://​doi.​org/​10.​1016/j.​rcl.​2013.​11.​010.

	5.	 Lang M, Buch K, Li MD, Mehan WA Jr, Lang AL, Leslie-Mazwi TM, Rincon 
SP. Leukoencephalopathy associated with severe COVID-19 infection: 
sequela of hypoxemia? AJNR Am J Neuroradiol. 2020;41(9):1641–5. 
https://​doi.​org/​10.​3174/​ajnr.​A6671.

	6.	 Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, Chang J, Hong C, Zhou Y, 
Wang D, Miao X, Li Y, Hu B. Neurologic manifestations of hospitalized 
patients with coronavirus disease 2019 in Wuhan. China JAMA Neurol. 
2020;77(6):683–90. https://​doi.​org/​10.​1001/​jaman​eurol.​2020.​1127.

	7.	 Poyiadji N, Shahin G, Noujaim D, Stone M, Patel S, Griffith B. COVID-
19-associated acute hemorrhagic necrotizing encephalopathy: imaging 
features. Radiology. 2020;296(2):E119–20. https://​doi.​org/​10.​1148/​radiol.​
20202​01187.

	8.	 Radmanesh A, Derman A, Lui YW, Raz E, Loh JP, Hagiwara M, Borja MJ, Zan 
E, Fatterpekar GM. COVID-19-associated diffuse leukoencephalopathy 
and microhemorrhages. Radiology. 2020;297(1):E223–7. https://​doi.​org/​
10.​1148/​radiol.​20202​02040.​32437​314.

	9.	 Raman R, Devaramane R, Jagadish GM, Chowdaiah S. Various imaging 
manifestations of posterior reversible encephalopathy syndrome (PRES) 
on magnetic resonance imaging (MRI). Polish J Radiol. 2017;82:64–70. 
https://​doi.​org/​10.​12659/​pjr.​899960.

	10.	 Rapalino O, Pourvaziri A, Maher M, Jaramillo-Cardoso A, Edlow BL, Conklin 
J, Huang S, Westover B, Romero JM, Halpern E, Gupta R, Pomerantz S, 
Schaefer P, Gonzalez RG, Mukerji SS, Lev MH. Clinical, imaging, and lab 
correlates of severe COVID-19 leukoencephalopathy. AJNR Am J Neurora‑
diol. 2021;42(4):632–8. https://​doi.​org/​10.​3174/​ajnr.​A6966.

	11.	 Sarbu N, Shih RY, Jones RV, Horkayne-Szakaly I, Oleaga L, Smirniotopoulos 
JG. White matter diseases with radiologic-pathologic correlation. Radio‑
graphics. 2016;36(5):1426–47. https://​doi.​org/​10.​1148/​rg.​20161​60031.

	12.	 Soares BP, Provenzale JM. Imaging of herpesvirus infections of the CNS. 
AJR Am J Roentgenol. 2016;206(1):39–48. https://​doi.​org/​10.​2214/​AJR.​15.​
15314.

	13.	 Tenembaum S, Chitnis T, Ness J, Hahn JS. Acute disseminated encephalo‑
myelitis. Neurology. 2007;68(16 Suppl 2):S23-36. https://​doi.​org/​10.​1212/​
01.​wnl.​00002​59404.​51352.​7f.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.3201/eid2609.202122
https://doi.org/10.1016/j.medmal.2017.02.003
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/j.rcl.2013.11.010
https://doi.org/10.3174/ajnr.A6671
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1148/radiol.2020201187
https://doi.org/10.1148/radiol.2020201187
https://doi.org/10.1148/radiol.2020202040.32437314
https://doi.org/10.1148/radiol.2020202040.32437314
https://doi.org/10.12659/pjr.899960
https://doi.org/10.3174/ajnr.A6966
https://doi.org/10.1148/rg.2016160031
https://doi.org/10.2214/AJR.15.15314
https://doi.org/10.2214/AJR.15.15314
https://doi.org/10.1212/01.wnl.0000259404.51352.7f
https://doi.org/10.1212/01.wnl.0000259404.51352.7f

	COVID-19-associated leukoencephalopathy in the absence of severe hypoxia with subsequent improvement: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusion: 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


