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A B S T R A C T   

Introduction: and importance: Neurological ailments are reported during and after SARS-COV-2 infection. 
Case presentation: We report a 67-year-old Iranian man with COVID-19 infection and Acute Disseminated 
Encephalomyelitis (ADEM) whose neurological symptoms appeared before clinical and radiological pulmonary 
manifestations. 
Clinical discussion: COVID-19 can cause neurological complication without entering the CNS via para infectious 
inflammatory mechanisms. 
Conclusions: This report shows that ADEM might be among primary presentations of COVID-19.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2 
emerged as pandemic in 2020 which is commonly presented by fever 
and respiratory symptoms [1]. With advancements in evidences, 
multi-organ dysfunction is also reported with the infection [2,3]. 
Neurological complications associated with central nervous system 
(CNS) and peripheral nervous system (PNS) such as encephalitis and 
Guillen Barre disease have been reported with the infection [3–5]. 
Despite diverse CNS presentations, detection of virus in cerebrospinal 
fluid has been scarcely reported, indicating that various mechanisms are 
responsible for neurological manifestation of the disease [17]. In this 
report, we describe a rare presentation of COVID-19 as a result of 
multifocal injuries in a 67-year-old male patient. 

2. Case description 

A 67-year-old male was presented to emergency department (ED) 
with decreased level of consciousness. Symptoms initiated with 

drowsiness, two days before admission. Past medical history was insig-
nificant. At the time of referral, his body temperature was 37.1 ◦C. He 
was drowsy and could not speak consistently, and could not obey simple 
tasks. Deep tendon reflexes were brisk and plantar reflexes were up-
ward. Magnetic resonance imaging (MRI) of brain revealed extensive 
high signal lesions in T2W and FLAIR sequences on bilateral cerebral 
hemispheres, para ventricular and subcortical white matter, middle 
cerebellar peduncles, centrum semi vale, corpus callosum, the basal 
ganglia, thalami, midbrain, and pons (Fig. 1). Post-contrast MRI showed 
sparse enhancements on midpart of the midbrain and left parietal lobe 
(Fig. 2) COVID-19 infection was suggested by positive nasopharyngeal 
RT-PCT test result. Contrast enhanced CT thorax scan was normal at the 
time of admission. One day after admission, loss of consciousness along 
with respiratory distress, ultimately leading to the requirement of 
endotracheal intubation and admission to intensive care unit (ICU). 
Spiral CT scan for chest revealed diffused bilateral patchy ground glass 
opacities in both lungs along with few subpleural consolidations, indi-
cating COVID-19 (Fig. 3). Patient did not have any previous viral 
infection based on his asymptomatic history. 

Laboratory results from admission showed elevated C-reactive 
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protein (CRP) (106 mg/L) and ESR (44 mm/h). Prothrombin Time (PT), 
International normalized ratio (INR) and Partial Thromboplastin Time 
(PTT) were in normal. Lymphopenia was present. Cerebrospinal fluid 
(CSF) analysis was normal for cell count, glucose and protein. CSF was 
negative for SARS-COV-2 and other viruses including Epstein-Barr virus, 
herpes simplex, cytomegalovirus, varicella-zoster. No oligoclonal bands 
were present. 

Clinical and Image findings coupled with laboratory data, led to the 
diagnosis of Acute disseminated encephalomyelitis (ADEM) associated 
with COVID-19. Along with COVID-19 treatment, methylprednisolone 1 
g IV daily for 5 days was instituted. Neurologic status was grossly un-
changed. Thus, Intravenous Immunoglobulin (IVIG) 0.4 g/kg daily was 
administered for 5 more consecutive days after Methylprednisolone 
pulse therapy. 

The patient eventually died after 4 weeks of hospital admission due 
to worsening of his respiratory and neurologic conditions. 

The methods are stated in accordance with SCARE 2020 guidelines 
[6]. 

3. Discussion 

In this patient, the clinical presentation coupled with imaging 
characteristics is consistent with a diagnosis of an acute demyelinating 
event. Our patient was diagnosed with COVID-19 based on positive RT- 
PCR for SARS-CoV-2 virus on admission. Signs of lung involvement 
evolved only after CNS involvements. We hypothesize that SARS-CoV-2 
infection might have been responsible for the post-infectious demye-
linating CNS lesions, an entity known to occur in conjunction to many 
viral infections, and is in the spectrum of ADEM. This report is impor-
tant, because it suggests that ADEM might be among primary pre-
sentations of SARS-COV-2. Nevertheless, establishing a coincidence or a 
cause-and-effect relationship may not be easily possible. This similar to 
some reports wherein the neurological syndrome appeared before clin-
ical and/or radiological pulmonary manifestations. In some instances, 
the obvious clinical pulmonary symptoms never developed [7, 16]. 

ADEM,also known as postinfectious encephalomyelitis, is an infre-
quent para- or postinfectious autoimmune complications [7]. It is 
mainly a disorder of children. However, few cases in adults have also 
been reported. Clinically, it is heterogenous by nature and generally 
causes multifocal neurologic deficits in an acute manner, which often 
progresses rapidly. Typical MRI lesions consists of FLAIR hyper-
intensities in deep white matter and at the grey/white matter interface. 
Post-contrast enhancement is not always detected and usually in the 
form of punctate or rim enhancing pattern. Restriction can be detected 
in DWI sequence, especially in early course of disease [8]. ADEM, as an 
immune-mediated demyelinating monophasic disorder, typically pre-
sents between 2 and 4 weeks after viral infections or immunizations [8, 
9] Thus, the temporal relationship between COVID-19 symptoms and 
the onset of ADEM seems to be shorter than the classical picture 
described for other viral infections. 

Acute Hemorrhagic Leukoencephalitis (AHLE), as a severe form of 
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Fig. 1. T2 flare views, axial magnetic resonance imaging (MRI), showing multifocal T2 hyperintense lesions with sparse enhancement on bilateral cerebral 
hemispheres, para ventricular and subcortical white matter, middle cerebellar peduncles, centrum semiovale, corpus callosum, thevbasal ganglia, thalami, midbrain 
and brain stem. 
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ADEM has been also reported in a COVID-19 patient [9]. ADEM and 
AHLE share similar histologic features, however, in our patient, size of 
the lesions, lack of hemorrhage in the images, and normal CSF analysis 
are all in favor of ADEM diagnosis rather than AHLE, although the 
natural history was as grave as AHLE. 

To our knowledge, ADEM has been reported in association with 
COVID-19 in a few children and adult patients [10–15]. The prognosis of 
these patients has been mostly favorable. However, our case had a poor 

outcome because of severe pulmonary involvement and respiratory 
distress as a result of COVID-19. We believe the presentation of 
COVID-19 as ADEM, which was not reported previously, may imply the 
severity of viral and/or inflammatory multi-system COVID-19 infection 
and can be considered an index for poor outcome. However, large scale 
multi-center studies are required in this regard. 

It is likely that more than one immune mechanism is involved in 
triggering ADEM in susceptible patients and the exact mechanism of 

Fig. 2. T1 postcontrast (gadolinium) views, axial magnetic resonance imaging (MRI), showing multifocal T2 hyperintense lesions with sparse enhancemen on 
bilateral cerebral hemispheres para ventricular and subcortical white matter, middle cerebellar peduncles, centrum semiovale, corpus callosum, thevbasal ganglia, 
thalami, midbrain and brain stem. 

Fig. 3. Chest CT scan shown ground glass opacities on the right middle lobe. There is also visible the reticular pattern on both lungs’ fields.  
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ADEM in case of COVID-19 infection is largely hypothetical and needs 
further research. 

One of the potential underlying mechanisms of ADEM in association 
with SARS-CoV-2 is the cytokine pathway activation, which is known to 
be involved in the pathology of ADEM. It has been stated to result from T 
cells affected by SARS-CoV-2 inducing a storm of cytokines, especially 
IL-6 [16–18]. This results in sequences of immune responses that may 
play an important role in the pathogenesis of ADEM [19]. 

Other mechanisms being discussed elsewhere includes post- 
infectious inflammatory process leading to the production autoanti-
body production to neuronal antigens [20].This mechanism is stated as 
“molecular mimicry” whereby an infectious organism contains 
numerous epitopes mimicking the structure of endogenous myelin epi-
topes [21]. Some of the T-cells points toward the infectious epitopes 
during an immune response against the entering organism. As an un-
desirable consequence, some T-cells become skilled at cross-reacting 
with self-myelin peptides [21]. These cross-reactive T-cells grow in 
numbers in response to self-antigenic stimulation and release chemo-
kines that further recruit added lymphocytes and macrophages to the 
site of activation all of which enhances the demyelination process and 
neuronal injury [7, 21]. Based on few histopathological studies [22], the 
corresponding mechanism has been noticed in six post-mortem patients 
in forms of lymphocytic panencephalitis and meningitis along with 
brainstem perivascular and interstitial inflammatory alteration with 
neuronal loss as major features [7, 21]. 

It has long been accepted that the term ADEM should not be utilized 
in cases of acute encephalitis, which are caused by direct invasion of the 
viruses into the CNS [7]. Still, few evidence of direct viral invasion with 
supportive histopathological features have been claimed, albeit very 
rare [23,24]. It has been hypnotized that SARS-CoV-2 dictates tissue 
tropism using the angiotensin-converting enzyme type 2 (ACE-2) re-
ceptor to bind to cells. The ACE-2 receptor can be found in nervous 
system tissue as well as endothelial cells among tissues of many other 
organs [25,26]. In the current report, the COVID-19 RNA was not 
detected using CSF, using RT-PCR method, thereby this mechanism may 
not comply to this case. 

In addition, some studies have showed vascular-thrombotic com-
plications associated with COVID-19 infection [6]. Histopathological 
findings of the postmortem brain study of a patient with diagnosis of 
SARS-COV-2 without specific signs of ADEDM suggested a vascular 
origin with secondary myelin loss, and the neocortical microscopic in-
farcts identified raise the possibility of micro thromboembolic events, 
probably related to COVID-19 related complications. However, in that 
study, the clinical presentation of ADEM was not apparent and the bi-
opsy solely resembled an acute disseminated encephalomyelitis 
(ADEM)-like histological appearance. 

Since we did not perform a postmortem study, we cannot verify the 
exact reason, although the pattern of DWI and ADC-map sequences of 
brain MRI may suggest micro thromboembolic events. 

For treatment, high dose corticosteroid followed by IVIG seemed to 
be effective [12]. However, controversy remains regarding the optimal 
treatment options including the use of high dose corticosteroids in 
viremic, and often lymphopenic patients. The potential risks of using 
IVIG for ADEM, in patients with pro-thrombotic risk factors such as 
elevated D-dimer levels should be taken into consideration [27]. Since 
this condition is potentially associated with high mortality, ADEM 
should be taken into account as a serious possible complication of 
COVID-19 infection during pandemic and prompt treatment should be 
initiated. 

Our understanding of the Para infectious neuropathology of SARS 
CoV-2 continues to evolve, but as a cause of devastating outcome in 
many patients that do survive, there must be special attention to the 
phenomenology, pathophysiology and treatment of CNS involvement in 
COVID-19 patients [28]. 

4. Conclusion 

ADEM might be among the primary extra-pulmonary manifestation 
of COVID-19 infection. Special awareness is warranted in patients pre-
senting with any possible neurological manifestation in the current 
pandemic situation to prevent mortality and severe morbidity. 
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