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Abstract

First reported in Wuhan, China, Novel Coronavirus Disease-19 rapidly spread causing an outbreak of viral pneumonia and
became a pandemic in early 2020. It was later discovered to be caused by Severe Acute Respiratory Syndrome Coronavirus
2, a novel coronavirus. Although the vast majority of cases have primarily involved the respiratory system, some serious
cases have started to emerge with central and peripheral nervous system complications. We present the case of a 30-year-
old morbidly obese male who initially presented to the emergency department with seizures, altered mental status, and
COVID-19 pneumonia. After a 21-day hospital course including 14 days of intensive care unit management, he was stabilized
and discharged to a rehabilitation facility. He returned | day later with worsening respiratory distress and was found to have
acute pulmonary embolism requiring placement of an inferior vena cava filter. After an additional 6 days in the hospital, he
was discharged back to the outpatient facility. He returned for a third time with altered mental status, visual and auditory
hallucinations, and confabulation. This report provides critical information in revealing a peculiar neurological sequela of
COVID-19 induced leukoencephalopathy and its disease course. We hope to shed light on this sequence of events by
providing possible mechanisms to aid clinicians in the identification and management of this complication.
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tomography (CT), bilateral lung involvement with multi-
lobar ground-glass opacities (GGOs), is the predominant
finding with the onset of symptoms. Peripheral GGO accu-
rately distinguishing COVID-19 from other viral etiologies in
up to 80% of cases.*>

The data regarding neurological presentations of COVID-
19 are sparse but current evidence suggests that the central

Introduction

As of 14 June 2020, the World Health Organization (WHO)
has reported 7,690,708 cases and 427,630 deaths globally
attributed to Novel Coronavirus Disease-19 (COVID-19).!
Recent studies show the mean age to be 51.97years old,
55.9% being male with 36.8% having hypertension, cardio-
vascular disease, and diabetes as the most common co-mor-
bidities.? Clinical features commonly reported include fever,
cough, and dyspnea.’

Laboratory findings may include decreased albumin, ele-
vated lactate dehydrogenase, leukopenia, lymphopenia,
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thrombocytopenia, as well as, elevations in C-reactive pep-
tide, erythrocyte sedimentation, aminotransferases, creatine
kinase, and D-dimer.>?

Testing for Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) involves sample collection
with nasopharyngeal or oropharyngeal swabs with subse-
quent amplification through a reverse transcription polymer-
ase chain reaction (RT-PCR). On chest X-ray or computed
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nervous system (CNS), peripheral nervous system (PNS),
and skeletal system may all be affected.®’

In this report, we provide further clinical evidence of
CNS involvement in COVID-19. Our patient presented with
seizure activity and alteration in mental status with no prior
history of organic or psychiatric pathologies. We will further
examine possible mechanisms for our patient’s peculiar clin-
ical presentation.

Case section

A 30-year-old morbidly obese male with a body mass index
(BMI) of 50.7kg/m? and a history of gastroesophageal reflux
disease was brought in by ambulance to the emergency
department (ED) after his wife witnessed him make grunting
sounds, fall from the bed, and subsequently have convulsive
movements. According to his wife, he had never had any
similar episodes and she denied he had any complaints of
fever, chills, cough, diarrhea, or vomiting nor had he traveled
recently or any sick contacts.

On admission of the patient to the ED, the temperature
was 38.5°C, the pulse 128 beats per minute, the blood pres-
sure of 104/75mmHg, the respiratory rate 30 breaths per
minute, and the oxygen saturation 99% on a non-rebreather
mask at 70% fraction of inspired oxygen. On examination,
he was unresponsive, and his eyes remained open throughout
with bilateral upper extremity myoclonus.

Initial labs were concerning for elevated lactic acid
(2.3 mmol/L) and elevated D-dimer (2.09 mg/L). RT-PCR test-
ing for SARS-CoV-2 was positive. Electrocardiogram (EKG)
showed sinus tachycardia, cardiac enzymes were negative.
Initial chest X-ray on presentation (see Figure 1) showed a
right lower lobe patchy density with blunting of the left costo-
phrenic angle suggesting early COVID-19 pneumonia.

In the ED, he was given levetiracetam, lorazepam, and phe-
nytoin for seizure prevention. Given his neurological status

and imaging suggestive of pneumonia, he was intubated and
mechanically ventilated immediately in the ED and trans-
ferred to the intensive care unit (ICU).

Head CT without contrast (see Figure 2) during day 7
revealed near-complete bilateral opacification of the sphenoid
sinuses and several ethmoid air cells consistent with a sinus
infection and a mild hypodensity of the white matter surround-
ing left basal ganglia and thalamus with apparent mass effect
on the left lateral ventricle. Cerebrospinal fluid (CSF) testing
was contraindicated due to the mass appearing lesion on initial
head CT. Serial head CT scans were all subsequently negative
for intracranial abnormality; however, they continuously dem-
onstrated sinusitis. Electroencephalogram, complete meta-
bolic panel, and serology for herpes simplex virus (HSV) were
all non-diagnostic. Magnetic resonance imaging (MRI) could

Figure |. Anterior—posterior portable chest radiograph shows
a right lower lobe patchy density (red arrow) and blunting

of the left costophrenic angle (red arrow) suggestive of early
pneumonia.

Figure 2. Axial non-enhanced CT. (a) Image through the right mastoid shows mild opacification of the mastoid air cells (red circle).

(b) Image through the left mastoid shows mild opacification of the mastoid air cells (red circle). (c) Image through the sinuses shows
bilateral nearly complete opacification of the sphenoidal sinuses (red rectangle). (d) Image through the brain shows a mild hypodensity of
the white matter (white rectangle) surrounding the left basal ganglia and thalamus with apparent mass effect on the left lateral ventricle
(green arrow) which is lower than the right. These findings could be secondary to early ischemia or encephalitis.
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Figure 3. Axial IV contrast—enhanced CT image through the chest. (a—c) Images show bilateral lower lung filling defects; opacification

of the arterial system was limited due to poor timing bolus.

Figure 4. Axial head MRI T2-FLAIR weighted. (a—c) Images through the brain show nonspecific bilateral ill-defined confluent high
T2-FLAIR signal lesion in the deep and subcortical white matter of both cerebral hemispheres (blue arrows).

not be completed due to body habitus. He was managed with
antiepileptics, antibiotics, anticoagulation, and acyclovir for
seizures, pneumonia, and encephalopathy, respectively. After
14days in the ICU, he had significant clinical improvement,
and he was downgraded to the general medical floor. Acyclovir
was discontinued after completion of a 10-day course.

On day 17 of hospital stay, despite therapeutic anticoagu-
lation with enoxaparin, he began complaining of leg pain
and duplex ultrasound confirmed a bilateral deep vein throm-
bosis (DVT). He was subsequently started on heparin sodium
intravenously, which was discontinued on the same day as he
had developed hematuria. He was subsequently switched to
apixaban and discharged after a 21-day course for manage-
ment at an outpatient treatment facility.

Oneday after discharge, he was brought back to the hos-
pital due to respiratory distress with oxygen saturation at
84% on room air. A chest CT angiography (see Figure 3)
demonstrated suboptimal pulmonary arterial opacification
for probable bilateral pulmonary embolism (PE). Ultimately
on day 5 of this stay, the decision was made to place an

Option™ ELITE inferior vena cava (IVC) filter that was
placed in the infrarenal portion of IVC to prevent future pul-
monary emboli. Following this procedure, he was again dis-
charged on day 6 to an outpatient service.

He returned to the hospital again 4days later for altered
mental status and hallucinations. During the examination, he
endorsed visual and audio hallucinations of voices telling him
to kill himself, he denied being suicidal. The patient also con-
fidently believed he was in another state, and he would con-
tinuously change his story when interviewed in the subsequent
days. A head CT was done but showed no acute pathology.
MRI of the head without contrast (see Figure 4) on day 3 of
current stay revealed an ill-defined confluent high T2 FLAIR
signal lesions in the deep and subcortical white matter of both
cerebral hemispheres which are nonspecific, although no
restricted diffusion or acute infarct was seen. At the time of
writing, he remained hemodynamically stable, and SARS-
CoV-2 testing was repeatedly negative; however, his mental
status continued to wax and wane with periods of clear cogni-
tion interspersed with wild autobiographical stories.
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Discussion

Concerning neurological complications of COVID-19
including seizure activity, Guillain—Barré syndrome, and
encephalopathy have been previously reported.”!! However,
the constellation of neurological findings of COVID-19 seen
in our young patient has not been previously reported.

In addition to acute onset neurological findings, which
persisted nearly a month after presentation and continued at
the time of writing, MRI imaging demonstrated lesions in
the deep and subcortical white matter of both hemispheres,
seen as hyperintensities. Similar findings have been recently
reported in a 59-year-old male with confirmed COVID-19,
which demonstrated diffuse hyperintensities in the posterior
predominant white matter along with microhemorrhages in
the corpus callosum (not seen in our patient).!? This suggests
that there may be SARS-CoV-2 tropism for the white matter
in patients with CNS involvement. We suspect that the neu-
rological sequelae seen in our case are a result of COVID-
19-induced leukoencephalopathy, which refers to any
pathology of the brain that results in interference with the
white matter of the CNS. Broadly, encephalopathy manifests
as an altered mental state that may present as confusion, dis-
orientation, behavioral changes, with or without inflamma-
tory changes in the brain.

SARS-CoV-2 entry into the host cell is mediated by its
spike glycoprotein S1 subunit-receptor fusion with the
angiotensin-converting enzyme (ACE)-2 receptor. Surface
glycoprotein (S) has also been implicated in inducing neu-
ronal injury.!> ACE-2 receptor expression has been found
to be positively correlated with CoV-2 infection and has
abundantly expressed in the CNS.'* In addition, SARS-
CoV autopsy findings have demonstrated viral particles in
the neurons of the hypothalamus and cortex.!® Given the
close link between SARS-CoV and SARS-COV-2, we sus-
pected direct neural involvement may play a role in our
patient’s findings.

In a study of mice transgenic for human ACE-2 receptor,
intranasal viral inoculation with SARS rapidly led to viral
particles affecting other parts of the brain.!® Given the pro-
clivity of SARS-CoV-2 for ACE-2 receptor, abundant on
the nasal epithelium, a potential route for CNS invasion
may be through the nasal epithelium, olfactory nerves, and
olfactory bulb.!”

The proposed mechanism involves the movement of
SARS-CoV-2 across the cribriform plate which is adjacent to
the olfactory bulb.'*!® An early manifestation of COVID-19
has been anosmia, loss of sensation of smell, which supports
entrance of SARS-CoV-2 across the cribriform plate into the
olfactory bulb.'*'® The inflammatory response from SARS-
CoV-2 may contribute to this by impeding odorants from
reaching the receptor neurons.'® In most cases, the loss of
smell resolves in weeks.'®

Netland et al.!” have demonstrated in murine models that
SARS-CoV invades the CNS primarily through the olfactory

nerve, allowing further spread through structures within the
CNS contiguous the olfactory bulb.

HCoV-0C43, HCoV-229E, and mouse hepatitis virus
(MHV) are other coronaviruses which have been implicated
in CNS infections. HCoV-OC43 uses axonal transport mech-
anism to invade the CNS and directly damaging neurons
leading to cellular injury and death.!® Furthermore,
HCoV-OC43 has been detected in tissues of Alzheimer’s,
Parkinson’s, and multiple sclerosis patients.!® HCoV-229E
has been implicated in febrile seizures and death.'® Studies
of MHYV infection in both mice and primates have also shown
viral entry into the CNS through intranasal and intravenous
pathways leading to acute encephalomyelitis and focal
demyelination from a local inflammatory response leading
to microglial activation and expression of inflammatory
mediators. Although some have suggested that the blood—
brain barrier’s role in containing SARS-CoV-2 need to be
investigated, other studies hypothesize that the large particle
size of SARS-CoV-2 supports an alternative mechanism of
CNS entry.!*!3

The white matter in the CNS is constructed by oligo-
dendrocytes which create a myelin sheath around the
nerves to aid in conduction among other functions.
Demyelination can result from pathogens that invade the
CNS and afflict injury onto the oligodendrocytes resulting
on the loss of the protection sheath around the nerves.
Studies of MHV were found to be involved in acute and
chronic demyelination in mice.?’ The virus was found to
disrupt the hosts’ genetic and immune response in specific
mice strains. This suggests that certain patients infected
with SARS-CoV-2 may have a genetic predisposition that
allows for development of leukoencephalopathy.
Interaction of SARS-CoV-2 with ACE-2 receptors in neu-
ronal cells can generate a cyclical pattern of viral budding
followed by damage to neuronal cells.'

Another proposed mechanism for the entrance of SARS-
CoV-2 into brain parenchyma is viremia of the microcircula-
tion of the cerebrum, where blood flow velocity is decreased
may allow for increased interaction between ACE-2 receptors
expressed on the capillary endothelium and the SARS-CoV-2
virus spike protein.'* Secondarily, release of SARS-CoV-2
via budding from the capillary endothelium results in addi-
tional damage to the endothelial lining, facilitating entrance
into the brain.'* However, endothelial rupture in the form of
hemorrhage within the cerebrum would occur before the
manifestations of neuronal injury.'*?!

The true mechanism of SARS-CoV-2 entrance into the
CNS is likely a combination of viremia in the microcircula-
tion of the cerebrum inciting endothelial injury via binding
of the spike protein to ACE-2 receptors and budding of pack-
aged virus from the endothelium as well as early entrance via
the cribriform plate.'*!'® An alternative explanation for the
findings in our patient is a nervous system injury secondary
to systemic inflammation.
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SARS-CoV 2 has shown to induce a severe and life-threat-
ening inflammatory response, as evidenced by descriptions of
cytokine storm in severely ill patients. Increased inflamma-
tory mediators in COVID-19 infected patients including
interleukin (IL)-6 and IL-1, as well as procoagulant inflam-
matory cytokines such as tumor necrosis factor-alpha (TNF-
alpha) and IL-2R, are elevated in COVID-19 patients.??
Neurotropic viruses have been shown to induce the release of
TNF-alpha and IL-6 from glial cells.?»?** The resultant pro-
inflammatory response may wreak havoc on the CNS.

COVID-19 has also shown a prothrombotic response
related to inflammation resulting in thromboembolism of
veins and arteries. In a study of 184 ICU patients with con-
firmed COVID-19 pneumonia, thrombotic events were seen
in 31% of patients, despite all patients receiving thrombo-
prophylaxis.?> 81% of these patients developed a PE.'® In
another study examining 388 COVID-19 patients with diag-
nosed thromboembolic events, 50% occurred within 24 h of
hospital admission.?® During the latter part of the disease
course, our patient developed both a PE and bilateral DVT,
raising suspicion that systemic inflammation may also play a
role in our patient’s neurological findings.

Conclusion

Our case was limited by the inability to obtain an initial MRI
due to the patients’ body habitus. The initial CT was also
delayed, 7 days after patient presentation. These factors lim-
ited the visualization of any acute pathology if it was
present.

The relationship between SARS-CoV-2 and the CNS has
been widely speculated. In this report, we provide clinical
evidence of COVID-19 affecting the CNS with bizarre and
unexplained sequelae. Further studies are needed to clarify
the mechanism of injury.
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