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ABSTRACT

(© 2018 The Authors. This is an open access - . . . .
article under the CC-By-NC license. . Background: During the COVID-19 pandemic, besides the most prevalent respiratory and

systemic symptoms, some neurological symptoms such as acute hemorrhagic necrotizing
encephalopathy and myelitis associated with COVID-19 have been reported. It is suspected that
COVID-19 involves different body systems via interaction with the ACE-2 (angiotensin-converting
enzyme 2) receptor. As ACE2 is expressed on the surface of central nervous system cells, including
the brain and spine, these kinds of manifestations are inevitable.

Clinical Presentation and Intervention: Here we report a case of COVID-19 associated
with acute myelitis in an infected patient in the north of Iran during the pandemic of COVID-19.
He presented with paraparesis and urinary incontinence. Unfortunately, he did not respond to anti-
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® The spike protein of COVID-19 virus could interact with ACE2 which expressed on the capillary endothelium of

some organs, including the brain and spine.

® Para/post-infectious or infectious myelitis could be a complication of COVID-19 infection.

Introduction

he worst 21* century pandemic of a novel
coronavirus emerged in Wuhan City, China,
in Winter of 2019 ; then, it has rapidly spread
throughout the world. Its primary manifes-
tation is severe acute respiratory distress,
i.e. [Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2)] is named by the World Health Organiza-
tion as Coronavirus Disease 2019 (COVID-19). At the
beginning of April 2020, a million confirmed cases and >
60000 deaths have occurred to this condition around the
world. Besides, the respiratory and systemic symptoms
which are most frequently presented in COVID-19, some
neurological symptoms have been reported [1].

Previous studies have indicated that beta coronavirus-
es, including SARS-CoV and Middle East Respiratory
Syndrome-CoV (MERS-CoV), could attack the Central
Nervous System (CNS) in human patients and experi-
mental animals. SARS-CoV-2 shares a highly homolo-
gous sequence with these family of coronaviruses; ac-
cordingly, it is highly suspected that it possesses similar
neuroinvasive and neurotrophic properties [2, 3].

Some evidence suggests that the virus’s neurotropism
property results from the strong expression of the Angioten-
sin-Converting Enzyme 2 (ACE 2) target in the CNS [4].

Approximately 36% of infected patients have been re-
ported with neurological symptoms, including dizziness,
headache, ataxia, seizures, anosmia, ageusia, neuralgia,
fatigue, twitching, and myalgia. These symptoms are
more frequent in patients with severe COVID-19 and
lower lymphocyte count [1].

Some researchers found the most conclusive evidence
for the neurovirulence of COVID-19 by the isolation of
COVID-19 Ribonucleic Acid (RNA) in the Cerebrospi-
nal Fluid (CSF) [5].

Poyiadji reported the first case of COVID-19 with
acute hemorrhagic necrotizing encephalopathy. A female

who worked in airline presented with a 3-day history of
fever, cough, and confusional state [6].

Furthermore, Jingyuan Liu diagnosed a COVID-19
patient with viral encephalitis in Beijing Ditan Hospital.
The presence of SARS-CoV-2 in cerebrospinal fluid was
confirmed by PCR in this patient [2].

In human patients and experimental animals, the brain-
stem is reported to be infected by SARS-CoV. Some
researchers suggest that the respiratory symptoms may
be due to the involvement of the medullary cardiorespi-
ratory center. Considering the high similarity between
SARS-CoV and SARS-CoV2, brainstem involvement
may occur by the latter, too [7, 8].

Kang Zhao et al. were the first group to report a case
of acute myelitis in a COVID-19 patient in Wuhan City,
China. The patient was a man who developed flaccid
paraparesis limbs with urinary and bowel incontinence
after a high fever (40° C), With a diagnosis of post-in-
fectious acute myelitis and comprehensive treatment, the
paralysis of bilateral lower limbs improved [9].

We reported another case of acute myelitis in a CO-
VID-19 infected patient in the north of Iran during the
pandemic of COVID-19.

Case Presentation

A 60-year-old patient with a history of diabetes mel-
litus, hyperlipidemia, and hypertension was referred to
an academic hospital in northern Iran on March 8, 2019.
Furthermore, he presented progressive weakness of
lower limbs accompanied by urinary incontinence and
constipation from three days before admission. He had
developed fever, nausea, and vomiting about two weeks
before admission.

At the time of referral, his gastrointestinal symptoms
and fever had obviated. Vital signs were stable, as fol-
lows: O2 saturation: >95% at rest; temperature: 37° C;
pulse rate: 80 beats/min; respiratory rate: 18 breaths/min,
and Blood Pressure (BP): 120/70 mm Hg.



http://cjns.gums.ac.ir/

April 2020, Volume 6, Issue 2, Number 21

) Caspian Journal of
/ Neurological Sciences

Table 1. The patient’s characteristics of blood routine and biochemical tests after admission

Indicators (Normal Range)

Patient’s Test Results

White blood cell (4-10x10%/mL)
Red blood cell (4.7-6.1x10%/mL)
Hemoglobin (14.0-18 g/L)
Hematocrit (42.0-52.0%)
MCV (80-95 fL)
MCH (27-31 pg)
MCHC (32-36 g/dL)
Platelet (140-440x103)
Alanine aminotransferase (<41 U/L)
Aspartate aminotransferase (<37 U/L)
Alkaline phosphatase (80-306 U/L)
Lactic dehydrogenase (<480 U/L)
Blood urea nitrogen (8-20 mg/dL)
Creatinine (0.7-1.4 mg/dL)
Sodium (135-145 mmol/L)
Potassium (3.5-4.5 mmol/L)
Fasting blood sugar (<100 mg/dL)
Cholesterol (<200 mg/dL)
Triglyceride (<160 mg/dL)

8400
4.39
13.2
39.9
90.8
30.0
33.0
226
33
31
175
372
20
11
132
4.2
151
85
81

In the examination, the strength of the upper limbs
was equal to the 5/5 Medical Research Council Scale
(MRC) in the distal and proximal parts, and the strength
of the lower limbs was 5/5 and 3/5 MRC in the distal
and proximal parts, respectively. At this time, the Deep
Tendon Reflexes (DTR) of the lower limb was measured
as zero, which increased to 3+ during hospitalization,
and the same value for the upper limb was 2+. Plantar
reflex was upward. Hoffman was negative. The cranial
nerves and finger to nose were normal, and heel to shin
could not be performed because of weakness.

The patient’s drug history included Aspirin, metformin
500 mgBD, valsartan 80 mg/d, amlodipine 2.5 mg/d,
and atorvastatin 40 mg/d. During his hospitalization, we
started Clexane 60 daily for the prevention of Deep Vein
Thrombosis (DVT), and due to the findings of his spi-
ral chest Computerized Tomography (CT) scan (taken
on March 8, 2019) corresponding to a lung infection
with COVID-19 virus (bilateral and peripheral ground-
glass opacities) (Figure 1A). Moreover, we prescribed
him with hydroxychloroquine 400 mg/d and oseltamivir

@CINS

75mg, BID (twice a day) for 5 days. The post-admission
laboratory findings of the patient are presented in Table 1.

The electrodiagnostic study by Electromyography and
Nerve Conduction Velocity (EMG-NCV) was normal.
No lesion was found in the Magnetic Resonance Imag-
ing ( MRI) of the thoracic and lumbar spinal cord. In the
axial and sagittal planes of T2 weighted scans of cervi-
cal MRI performed on March 9, 2019, a hyperintense
lesion from level C1 to C4 with mainly central involve-
ment corresponding with cervical myelitis was evident
(Figure 2A).

Anti-NMO Ab was requested for the patient, which
provided a negative result.

Methylprednisolone 500 mg intravenously was started
for the patient on March 14, 2019; however, after tak-
ing one dose, it was stopped due to the findings of the
spiral chest CT scan; it corresponded to a lung infec-
tion with COVID- 19 virus. Then, the treatment with
IVIG 30 gr/d was initiated for 5 days. On the second
day of treatment with IVIG, the strength of the lower
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Figure 1. Spiral chest CT scan

A First spiral chest CT scan of the patient (a 60 years old man), taken on March 8, 2019; B. The second spiral chest CT scan was done
on March 22, 2019, with bilateral and peripheral ground-glass opacities corresponding to a lung infection with COVID-19 virus

limbs increased to 4+/5 MRC; however, with continued In the second cervical MRI obtained on March 18,
treatment, it decreased again in the following days and 2019, the previous hyperintense lesion was smaller and
reached 1/5 MRC. shrunken (Figure 2b).

On March 20, 2019, considering the temporary im-
provement on the second day of treatment with IVIG

JNS
Figure 2. Sagittal planes of T2 weighted scans

A First cervical MRI of the patient (a 60-year-old man) conducted on March 9, 2019, a hyperintense lesion from level C1 to C4 corre-
sponding to transverse myelitis; B. T2 weighted scans of second cervical MRI taken on March 18, 2019, the lesion has been shrunken
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and the probability of the simultaneous effect of methyl-
prednisolone and IVIG on the improvement of the symp-
toms, two measures for the patient was taken, as follows:

1. Because about 26 days had passed since the onset
symptoms of the disease, an infection specialist was
consulted for starting methylprednisolone prescription.
The request was not agreed upon due to the findings of
the second spiral chest CT scan performed on March 22,
2019 (Figure 1B).

2. It was decided to examine the patient’s CSF and naso-
pharyngeal swab specimens in terms of 2019-Novel Coro-
navirus (2019-nCoV) real-time reverse transcriptase-poly-
merase chain reaction (RT-PCR) on March 21, 2019. The
relevant CSF results were suspicious and the nasopharyn-
geal swab results were negative.

Then, on March 23, 2019, plasmapheresis 1/5 L/d
started for 5 days; however, there was no improvement
in the patient’s condition and the strength of the lower
limbs remained at 1/5 MRC. Eventually, on March 23,
the patient was discharged with 1/5 MRC strength of the
lower limbs.

Discussion

We presented a case of COVID-19 with myelitis during
the pandemic of COVID-19. Moreover, the patient had
a fever and gastrointestinal symptoms before presenting
neurologic signs.

It is not certain that COVID-19-associated myelitis is
an infectious process due to the direct attack of the virus
or an immunologic reaction to the virus (para- or post-
infection). This differentiation is essential for treatment
selection.

There is a theory that COVID-19 can enter the brain
microvasculature from the general circulation and the
spike protein of the virus could interact with ACE2
expressed in the capillary endothelium and damage to
the endothelium could result in viral access to the CNS.
This theory is the result of prior research on SARS-CoV
[10]. ACE2 receptors are also expressed on the surface
of spinal cord cells [11, 12]. Accordingly, it is compre-
hensible that COVID-19 also involves the spinal cord.

The spinal symptoms appeared after two weeks of
the patient’s systemic symptoms; thus, it seems that the
myelitis, in this case, is post-infectious, mainly because
of normal CSF analysis without pleocytosis or lympho-
cytosis. This myelitis type occurs with numerous other

) Caspian Journal of
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viruses and bacteria by the immunologic reaction, not a
straight attack of the virus to the spinal cord [9, 13, 14].

Additionally, anti-inflammatory approaches may be
effective in treating it. However, due to the inadequate
evidence, we did not initiate corticosteroid therapy for
the patient (considering that the patient’s temporary re-
covery appeared to be due to the single dose of meth-
ylprednisolone or synergistic effects of IVIG). We also
had no evidence of the priority of plasmapheresis over
IVIG or vice versa to decide the most appropriate first-
line treatment.

Furthermore, the patient with myelitis who was report-
ed by Zhao et al. received all antiviral agents, includ-
ing ganciclovir, lopinavir/ritonavir, moxifloxacin, dexa-
methasone, human immunoglobulin, and mecobalamin
[9]. Although it was reported as post-infectious myelitis.

In this patient, in addition to examining other causes of
myelitis, according to the risk factors of atherosclerosis
(history of diabetes mellitus, hyperlipidemia, & arte-
rial hypertension), spinal ischemia was also considered.
Ischemia mainly affects the anterior spinal cord, espe-
cially the thoracic cord, due to the circulatory system of
the spinal cord; however, the spinal involvement of this
patient did not follow an ischemic pattern.

In this patient, the diagnosis of myelitis due to CO-
VID-19 virus infection or post-infection was made
based on history, peripheral ground-glass opacity on
spiral chest CT scan, and suspicious CSF PCR for CO-
VID-19 virus. Considering that the myelitis may be post-
infectious rather infectious, determining the antibodies
against the COVID-19 virus in CSF is more obligatory
than the RNA of the virus by PCR assay. Besides, the
PCR sensitivity in CSF may be similar to the pharyngeal
swab PCR in different stages of the disease mentioned in
Xiao study [15]. However, there was no evidence about
the sensitivity of COVID-19 virus-PCR assay in CSF. In
this patient, at the time of disease, we have no access to
antibody assay by ELISA; however, the electrophoresis
of CSF demonstrated a high level of gamma globulin as
8.4 mg/dL, i.e. 14.7% (normal range:3.0%-12.0%) of to-
tal protein (total protein: 57.4 mg/dL).

In the first case of myelitis reported by Kang Zhao,
the test of COVID-19 RNA nasopharyngeal swab was
positive. Furthermore, the chest spiral CT demonstrated
patchy ground-glass shadow in the anterior segment of
the upper lobe of the right lung and patchy high-density
shadow in the upper lobe of the left lung . In this case,
the serological testing of CSF and spinal cord MRI the

Saberi A, et al. COVID-19-associated Myelitis. Caspian J Neurol Sci. 2020; 6(2):132-138.



http://cjns.gums.ac.ir/

5) Caspian Journal of
/ Neurological Sciences

were not performed because of special and emergency
situation of the pandemia. [9].

A biomarker of the COVID-19 in the CSF or serum
of the patients with neurological symptoms is essential
and ideal to diagnose cases of COVID-19 with CNS
involvement. However, such methods were not avail-
able that time. [16].

The patient’s PCR sample of the nasopharyngeal swab
was negative after nearly 1 moth post the patient’s fever
and systemic symptoms demonstration. According to
Xiao, the positive rate of RT-PCR assay was highest at
days 0-7 (97.9%), followed by 68.8%, 36.3%, 30.0%,
and 26.3% at days 8-14, 15-21, 22-28, and >28, respec-
tively. The median period for the last RT-PCR assay was
24 days (IQR, 20-28; range, 9-48). In Xiao study, male
patients had a slightly longer time interval (17 days) of
positive SARS-CoV-2 RT-PCR assay than female pa-
tients (15 days). Also a risk factor for prolonged virus
replication was old age. Older patients (>65 years) had
a significantly longer time interval (18 days) of positive
SARS-CoV-2 RT-PCR test results than patients aged
<65 years (14 days) [15]. Unfortunately, in this patient,
nasopharyngeal swab specimens were not initially taken
and the diagnosis of COVID-19 was considered based
on the symptoms and the spiral chest CT scan data.

The patient’s spiral chest CT scan at the time of admis-
sion was indicative of lung involvement with bilateral
and peripheral ground-glass opacities [17]. Although the
most apparent abnormalities on chest CT were observ-
able for 10 days, they disappeared 14 days after the onset
of symptoms that might last for a longer period [18].

Conclusion

The CNS, including the spinal cord, could be involved
by SARS-COV2 directly or through immune reactions.
There is no consensus about its treatment. Numerous
questions should be answered in future studies. Should
the corticosteroids be prescribed to these patients in
the post-infectious phase? Does plasma exchange have
superiority to IVIG for the treatment of SARS-COV2-
associated myelitis?

Should the other therapies for modulating the immune
system, like tocilizumab be considered in this situation?
Considering the direct involvement of spinal paren-
chyma, can other compounds suggested for treating of
COVID-19, such as remdesivir or ganciclovir, lopinavir/
ritonavir, be tried? Notably, we can mention the case re-

April 2020, Volume 6, Issue 2, Number 21

ported by Zhao et al., who demonstrated nearly full re-
covery in his lower limb strength [9].

Furthermore, for the confirmation of SARS-COV2-as-
sociated myelitis, the CSF immunologic assay might be
more sensitive than the PCR assay of SARS-COV2 RNA.

Eventually, it seems that the definite diagnosis of the
type of involvement (direct invasion of virus or immu-
nologic reaction to the virus) of the spine in association
with SARS-COV?2 should be made by biopsy or autop-
sy for determining the most effective treatment. As the
ACE2 receptors (the target receptor of SARS CoV-2)
expresses on endothelium of vessels , it is interesting
whether SARS-CoV-2 could be isolated from the en-
dothelium of vessels adjacent to the necrotic areas of the
CNS of COVID-19 patients at autopsy [6].
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