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Abstract

Coronavirus disease-19 (COVID-19) is caused by a severe acute respiratory syndrome coronavirus-2 and was
declared a pandemic in March 2020. It mainly causes upper respiratory symptoms, but an interstitial viral
pneumonia may occur, in severe cases complicated by acute respiratory distress syndrome. Neurological
involvement has been reported but has not been well investigated. A 75-year old man presenting with severe
COVID-19 related pneumonia developed a severe cognitive impairment and a right temporal hemianopsia, with
focal microangiopathy and subacute ischemic alterations detected on brain imaging, interpreted as vasculitic-
inflammatory injury. The neurological disorder was diagnosed only after he was extubated. A rehabilitation
program was set up, so the patient had a complete cognitive recovery. Our case underlines how COVID-19 can
lead to severe neurological sequelae, so neurological examination should be promptly performed when patients
display signs of nervous system involvement, in order to prevent further damages.

Keywords: Severe acute respiratory syndrome coronavirus-2, coronavirus disease-19, neurological involvement,
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INTRODUCTION

In December 2019, several cases of pneumonia of unknown origin were reported in Wuhan, Hubei
province of the Republic of China. An emerging coronavirus, named novel coronavirus 2019 (2019-CoV)
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was then isolated on 7th January 2020 by the China Center for Disease Control (CDC) and lately renamed
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) by the World Health Organization (WHO).
Infection caused by SARS-CoV-2 was first declared an outbreak by the WHO on the 30th of January 2020
and later a pandemic on the 11th of March 2020.

Patients affected by coronavirus disease-2019 (COVID-19), the infection caused by SARS-CoV-2, mainly
present with fever, cough, fatigue, dyspnea, constitutional symptoms such as headache or myalgia and
gastrointestinal symptoms such as vomiting, diarrhea and nausea. More severe cases can develop viral
pneumonia, acute respiratory distress syndrome, multiorgan failure and death".

Coronaviruses have shown neurotropic and neuroinvasive capabilities and coronaviruses infections in
humans have been associated with neurological manifestations such as seizures, change in mental status
and encephalitis. Neurological involvement in COVID-19 has also been reported, particularly in severely ill

patients, although evidence is still scarce'”.

Here we describe a case of central nervous system (CNS) involvement in a patient affected by severe
COVID-19.

CASE REPORT

A 75-year-old Caucasian male was referred to the Emergency Department of our hospital on 22nd March
2020 for dyspnea and fever in the previous week. His past medical history was consistent with systemic
hypertension, well controlled with angiotensin receptor blocker and calcium channel blocker. No history
of minor stroke or brain damage was found, no neurological investigation has ever been necessary during
patients life. He reported no allergies and he was an ex-smoker. The patient was referred to the emergency
room where nasal swab for SARS-CoV-2 (SARS-CoV-2 Assay Allplex™) was performed and turned out
positive. Arterial blood gas analysis revealed mild hypoxemic respiratory failure and a chest computed
tomography scan showed bilateral ground-glass opacities [Figure 1].

Neurological examination was normal. The patient was diagnosed with COVID-19 pneumonia and was
admitted to the medical ward. Low flow oxygen and antibiotic therapy with ceftriaxone were started.
According to the Italian Society of Tropical and Infectious Diseases guidelines and based on the
therapeutic evidences in March 2020, hydroxychloroquine 200 mg bid for ten days was administered
and then prophylactic low molecular weight heparin (LMWH) was given, but no antiretroviral drugs were
administered due to the presence of first degree atrioventricular block detected on an electrocardiogram.

Due to worsening respiratory conditions characterized by severe hypoxemic respiratory failure (PaO2/FiO2
ratio 83), the patient was transferred to the intensive care unit (ICU) and invasive mechanical ventilation
was initiated on March 24th. His blood exams are reported in Table 1.

Following intubation, a marked elevation of D-dimer (389 ng/mL to 39.000 ng/mL), fibrinogen (706 mg/dL)
and interleukin 6 (IL-6) (up to 136 pg/mL, normal value < 40 pg/mL) were noticed. Deep vein thrombosis
and pulmonary embolism were excluded. In consideration of the new concern on COVID-19 derived pro-
thrombotic state and microangiopathy'®”, LMWH was increased to anticoagulant therapeutic dosage (from
March 28th to April 10th).

The patient stayed in the ICU for 17 days (where he was on propofol, rocuronium, fentanyl and
noradrenaline), was extubated on the 8th of April and then was transferred to the clinical ward. No
significant complications were reported except for Enterococcus faecium positivity on blood samples,
not associated with a significant increase of inflammatory markers. However, vancomycin therapy was
administered successfully.
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Figure 1. Chest computed tomography scan of patient performed on March 22nd showing diffuse ground-glass areas and lower lobes
consolidations

Table 1. Patient's blood exams

Exams Laboratory reference values  Admission Intubation Weaning Ward Recovery
WBC (10°/mm?) 4-10 7.08 8.36 15.33 1212 5.98
Lymphocytes count 1-4 0.7 0.7 13 1.7 2
10°/mm?)

(10°/mm?)

PLT (10°/mm?) 150-400 155 200 526 477 233
Ferritin (ng/mL) 23-336 1,910 2,321 870.3 697.7 456.8
LDH (1U/L) <248 599 657 477 369 177
CPK (U/L) <172 1,344 975 458 157 20
D-dimer (ng/mL) 200-350 389 39,382 5,506 2679 518
CRP (mg/dL) <0.5 21.39 33.03 17.36 4.63 0.77
Fibrinogen (mg/dL) 160-400 706 900 603 359 432
AST/ALT (UI/L) <51/<51 130/71 141/90 36/39 48/46 23/36
IL-6 (pg/mL) <40 / 136 49 / /

WABC: white blood cells; PLT: platelets; LDH: lactate dehydrogenase; CPK: creatinine phosphokinase; CRP: C-reactive protein; AST/ALT:
aspartate transaminase/alanine transaminase; IL-6: interleukine-6

After extubation, however, the patient showed neurological impairment. He was awake, but confused,
agitated and uncooperating. Confabulation and echolalia were present. The patient only occasionally
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Figure 2. Magnetic resonance imaging fluid attenuated inversion recovery sagittal image showing cortical and subcortical ischemic
lesions in occipital parasagittal areas (arrows), extending in calcarine fissure and superior lingual gyrus (A); susceptibility weighted
imaging axial image showing some microbleeds in splenium of corpus callosus (circle) (B)

answered simple questions and rarely followed simple orders. He showed poor attention and concentration
deficits. Moreover, he presented leg stiffness, but no rigor nucalis and no sensitivity nor motor alterations
were noted. Grasping and suckling reflexes were detected, but neither Babinski reflex nor cranial nerve
deficits were noted. Magnetic resonance imaging (MRI) of the head with gadolinium contrast and lumbar
puncture for cerebrospinal fluid (CSF) analysis were performed. The MRI [Figure 2] excluded the presence
of cerebral edema and major stroke. However, occipital lesions were detected, moreover, chronic vascular
alteration with microhaemorragic foci were found, interpreted as focal microangiopathy with subacute
ischemic lesions due to vasculitic-inflammatory injury.

Chemical-physical examination of CSF revealed clear fluid, containing 79 mg/dL glucose (reference
interval 60-89 mg/dL), a slightly increased proteins level at 62.3 mg/dL (reference interval 15-45 mg/dL)
and no cells. Microbiological CSF analyses (bacteria, fungi, Herpes simplex-1 virus, Herpes simplex-6
virus and Varicella zoster virus) were negative. The patient was examined by a neurologist who attributed
the neurological condition to a microthrombotic angiopathy in the context of a COVID-19 related altered
immunity. Nonetheless, empiric antiviral therapy with acyclovir was started on April 17th for a duration
of fifteen days, without significant improvement. A rehabilitation program was then started. We witnessed
a slight and progressive neurological improvement of our patient’s cognitive state, which allowed a
gradual consensual improvement of his motor performance. He indeed became more cooperating and
oriented both in the time and space, but still had episodes of confusion and confabulation. He developed
anosognosia and intermittent episodes of coprolalia and palilalia. Stiffness improved such that, under
medical supervision, the patient could assume the sitting position on the bed with good trunk control.
Currently, the patient is awake, oriented both in space and time, cooperating, he answers simple and
complex questions, follows simple and complex orders. He had a successful and complete cognitive
recovery. In fact, he is able to do crosswords properly. He has no sensory nor motor alteration, he can
perform postural steps completely unaided and he walks autonomously. A right temporal hemianopia has
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been observed as the patient became more cooperating, which did not improve during hospital stay. The
patient will complete his rehabilitation program at home and a follow-up MRI with gadolinium contrast
and a visual field exam have been scheduled.

DISCUSSION

Coronaviruses are primary respiratory viruses, causing mostly upper respiratory tract symptoms, but
also bronchiolitis and pneumonia with dyspnea and respiratory distress, especially in elderly and frail
patients[s’g]. Nonetheless, coronaviruses capacity to invade the CNS has been described™. On December
2003 Hung et al."" reported the first case of SARS-CoV CNS infection in a patient with SARS, with
detection of viral RNA in CSF and blood samples. Desforges et al."” well described the SARS-CoV
neurotropism, highlighting that neuroinvasive coronaviruses can damage the CNS, leading to direct
damage in the form of encephalitis, encephalopathy or indirect neurological disease, mediated by
inflammation and microglia activation. Moreover, several studies demonstrated that human coronaviruses

are structurally related to neuroinvasive animal coronaviruses'"”.

On March 2020 researchers from Beijing Ditan Hospital, China, described the first confirmed patient
with COVID-19 whose CSF tested positive for SARS-CoV-2 RNA, after presenting with neurological
disorders". Other cases of neurologic alterations associated with COVID-19 were reported by Mao et al."".
Moreover, cases of encephalitis'"”, stroke™ or demyelinating lesions'"” have been reported.

In our case we cannot exclude a direct viral cerebral injury, as we have not analyzed blood viral load by real
time polymerase chain reaction (PCR), due to lack of equipment. It is possible that SARS-CoV-2 spread by
hematogenous route into the CNS. A trans-neuronal route of neuroinvasion through the olfactory nerve
is also possible, although less probable in our case, as the patient never suffered from anosmia. Cases of
SARS-CoV-2 detection in CSF have been previously reported“s]. However, in several studies, CSF analysis
was not performed, or when performed, SARS-CoV-2 was not detected"*'”***! despite a confirmed
pneumonia caused by SARS-CoV-2 associated with onset of neurological symptoms.

We can also hypothesize that a cytokines release storm, by mechanism similar to that leading to lung
damage™, affected the brain. Two possible components could be involved. The first might have been the
local hyperactivated immune response induced by SARS-CoV-2, as already described for other viruses,
leading to an intense inflammation of the brain parenchyma. The second might have been the activation
of the endothelial cells due to cytokines and chemokines release, leading to a local pro-thrombotic state™".
New evidences highlight hyperinflammation™ and thrombosis™®” as important pathogenic mechanisms
in COVID-19. The occurrence of both venous and arterial thrombosis in COVID-19 has been reported'®.
Moreover, capillary congestion, microthrombi and vasculitis have been detected post-mortem in lungs of
a small cohort of deceased COVID-19 patients, despite anticoagulation[%]. A pro-thrombotic state with
microthrombi development in the pulmonary circulation could hint the worsening of the ventilation/
perfusion ratio. The altered cross talk between inflammation, coagulation and the complement system could
culminate in a generalized thrombotic state™, with organ failure and death™. Moreover, the endothelial
role in brain damage is supported by the endothelial cells” high expression of ACE-2 receptors, which

[2

have been reported as a target of SARS-CoV-2 infection". This binding may also lead to an inflammatory

endothelial dysfunction, causing an alteration in brain autoregulation of cerebral circulation”.

In our case we suggest a multifactorial mechanism of brain damage perpetrated by SARS-CoV-2. All the
described mechanisms, direct or indirect, might have had a role in the pathogenesis of the brain damage
of the patient, also with different timing. In our patient, we could hypothesize that the virus disseminated
via the bloodstream, possibly due to the host risk factors, such as old age and hypertension, leading to the
first “hit” in the lung and brain parenchyma. The dysregulated and exuberant immune response, with the
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cytokines release storm, determined the second “hit”, causing leukocytes recruitment and organ infiltration,
endothelial activation™ and local microangiopathy™", responsible of further damage.

Of note, when the respiratory failure occurred, a proper neurological examination of our patient could
not have been performed since he was urgently intubated. The observed increase of CRP, IL-6, D-dimer,
and fibrinogen could have been markers of hyper-inflammation, prothrombotic state and endothelial
activation. Ventilatory and neurological worsening probably occurred with a similar timing in the context
of COVID-19 progression, because of what was previously described, but the neurological clinical features
became apparent only after intubation weaning. Mao et al."*, in their multicentric observational study,
pointed out how patients with neurological manifestations had more severe acute respiratory syndrome
and higher D-dimer and fibrinogen levels than patients who did not develop neurological manifestations.

Our report has some limitations. PCR for SARS-CoV-2 was not performed on CSE, even though a negative
result would not have excluded the presence of the virus in the CNS®". Of note, Li et al.”” described
how virus particles were detected exclusively in neuronal cells. Moreover, several authors reported low
sensibility of method™*".

Electroencephalogram was not performed due to lack of instrumentation in COVID patients’ ward,
however the diagnostic specificity of this methodology is not always supported in patients with neurological
manifestations in the context of COVID-19"",

To our knowledge, no large cohort studies on brain MRI abnormalities in COVID-19 patients have been
performed to date; Kremer et al.”” described eight brain MRI patterns, including FLAIR hyperintensities
located in temporal lobe and hyperintense white matter, in a cohort of 37 patients, but, similarly to our
case, the pathophysiological mechanism remained unclear. Moreover, only one patient was found positive
on CSF PCR test for SARS-CoV-2 and EEG, when performed, showed nonspecific alterations in the 27% of
cases.

Fitsiori et al.”* have recently described how patients who suffered from severe and moderate pulmonary
COVID-19 requiring ICU mechanical ventilation developed neurological impairment. They pointed out
that brain MRI showed multiple microbleeds involving atypical area, such as the corpus callosum, similarly
to our case [Figure 2]. Anzalone et al.”” described MRI alterations in four cases of subacute encephalopathy
in severe COVID-19 patients requiring intubation.

Our case demonstrates that patients with COVID-19 can have neurological manifestations and severe
neurological sequelae. Rapid deterioration of respiratory conditions could lead to delayed diagnosis of
neurological involvement. For this reason, we believe that neurological involvement should be investigated
as soon as possible to ensure a greater possibility of diagnosis and neurorehabilitation. Moreover,
the pathophysiological mechanism of CNS damage is still not completely understood. Neurological
examination as well as CSF examination and radiologic studies should be performed in all patients
displaying signs of CNS involvement, to allow a prompt intervention and prevent further damage.
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