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Abstract

Background The COVID-19 pandemic, induced by the worldwide spreading of the SARS-CoV-2, is well known for its
clinical picture consistent with respiratory symptoms. If pulmonary complications are the most common manifestation of
the disease, neurological problems are also significantly present, with complications including acute cerebrovascular events,
encephalitis, Guillain-Barré and Miller Fisher syndromes, acute necrotizing hemorrhagic encephalopathy and hemophago-
cytic lymphohistiocytosis. These medical signs can be considered direct effects of the virus on the nervous system, para-
infectious or post-infectious immune-mediated diseases, and neurological complications of the systemic effects of the
SARS-CoV-2.

Case In the present article, the encephalitis case in a 5-year-old girl positive for COVID-19 admitted to the emergency
department complaining of fever and swelling in the neck is described. At this time, her neurological examination was
unremarkable. Over the next few days, the fever went down and she experienced acute behavioral changes, mild confusion,
and drowsiness. The brain MRI and electroencephalography (EEG) showed CNS involvement, suggestive of encephalitis.
Conclusion The dramatic improvement of the symptoms after immunotherapy with corticosteroids reinforced the hypothesis
of an immune-related mechanism.
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Introduction herpes simplex, varicella zoster, Epstein-Barr viruses, cyto-

megalovirus, human immunodeficiency virus (HIV), and
Occasional viral encephalitis in children and young adults  enteroviruses [1]. The ways of access and propagation of
include a large and heterogeneous group of inflammatory  the viruses are mainly the respiratory tract, the oral cavity,
brain diseases, characterized by different symptoms and  and also the peripheral nerves, and among them, the olfac-
variable onset. The most frequent etiological agents are  tory bulb represents a preferential route [2]. The differential
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diagnosis between the various viral forms is complex, based
on laboratory data, confirmed infection, and examination of
the liquor. The neuroimaging also can highlight the pres-
ence of lesions in the brain parenchyma, confined in typical
locations, prevalent prerogative of a specific viral agent [3].

MRI of the brain is the main examination, essential for
the study of a patient suspected of suffering from encephali-
tis. The test allows performing morphological and functional
study of the brain, with early identification of any lesion of
the cerebral parenchyma, even in the hyperacute phase [3].
After injection of the paramagnetic contrast agent, the image
sequence can resolve any alteration of the blood-brain bar-
rier and associated meningeal modification [4].

SARS-CoV-2 is a large single-stranded RNA virus. The
S protein, protruding from the viral envelop, is the main
antigenic component, constituted by the S1 and S2 subu-
nits [5]. The cell invasion by SARS-CoV-2 begins with the
binding of the virus to the angiotensin-converting enzyme
2 (ACE2) receptors, highly expressed in neurons and glial
cells of the CNS and epithelial cells of respiratory system [6]
and, to a lesser extent, in the kidneys, heart, adipose tissue,
and reproductive organs of both sexes [7]. In the following
step, the host transmembrane serine protease 2 cleaves the
S protein at the junction between the two domains, causing
the insertion of the S2 domain into the cell membrane and
allowing the penetration of the viral genome into the host
cell cytoplasm [7, 8]. The new viruses are assembled in the
endoplasmic reticulum and Golgi apparatus and ready to
infect any other cell expressing the ACE2 receptors.

The infection induced by the new SARS-CoV-2 occurs
in various forms, from asymptomatic to severe, and usually
they are strongly linked to the age and health conditions of
the patients. In the symptomatic form, common manifes-
tations include loss of smell and taste, fever, cough, sore
throat, fatigue, and general feeling of malaise. Some gas-
trointestinal symptoms are also frequent, such as diarrhea,
nausea, and anorexia [9-11].

Although the SARS-CoV-2 infection mainly affects the
respiratory system causing, in the severe form, lung injuries
and failure [12], the occurrence of neurological symptoms in
COVID-19 patients is more and more evident and constantly
growing. As experienced by numerous patients, also at the
onset of the infection, clinical evidence has highlighted the
marked neurotropism of the new SARS-CoV-2.

From a clinical point of view, the involvement of the
CNS is manifested through the appearance of more or less
serious symptoms, from headache, disturbances of smell,
and anosmia, to impaired consciousness, acute cerebrovas-
cular disease, ataxia, and seizure [2, 10, 11]. Pavone and
coworkers [13] reported two cases of pediatric patients
showing a temporal correlation between the insurgence of
COVID-19 infection and the onset of pediatric acute neu-
ropsychiatric syndrome, an obsessive-compulsive disorder
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associated with other cognitive, behavioral, and/or neuro-
logical symptoms [13].

The route for the invasion of the CNS typically starts
in the peripheral tissues, and then the virus spreads to the
peripheral nerves through which it reaches the CNS [10,
11]. Furthermore, the crossing of the blood-brain barrier
directly from the bloodstream has been observed.

The virus can cause neurological disorders through the
action of different mechanisms, that is, (i) hypoxic injury,
(i) hypercoagulability, and (iii) inflammatory response
[14]. In the first one, patients with severe COVID-19
may develop serious shortness of breath and hypoxia [5].
During hypoxia, the excessive accumulation of anaerobic
metabolites in the mitochondria and acid metabolites in
the brain leads to edema of the brain cells and obstruction
of the cerebral blood flow [15].

The hypercoagulability mechanism, frequently observed
in patients with severe COVID-19 infection, could predis-
pose to stroke [15]. A retrospective analysis revealed that
abnormal coagulation, including markedly elevated levels
of the D-dimer breakdown products and fibrin, longer pro-
thrombin time, and activated partial thromboplastin time,
is associated with a poor prognosis. Furthermore, dissemi-
nated intravascular coagulation is commonly associated
with lethal COVID-19 form [16].

Several studies have indicated that the Sars-CoV-2
induces proinflammatory cytokine signals releasing a
large amount of inflammatory factors such as IL-6, IL-12,
IL-15, IL-1pB, and TNF-a [17, 18]. This is one of the patho-
physiological processes responsible for neurological and
brain damages caused by the inflammatory mechanism in
SARS-Co-2 disease [18]. Cytokine storm can stimulate an
immune attack in the body, causing multiple organ failure.
These mechanisms can also act, simultaneously, in com-
bination [19].

How SARS-CoV-2 can cause neurological effects in
pediatric patients is still unclear [13]. The direct viral
injury to neural cells through the olfactory nerves, the
endothelial vascular damage due to the interaction with
angiotensin-converting enzyme 2 receptors, and the
inflammatory response are the hypothesized mechanisms
[13].

Although the clinical picture of the acute phase of Covid-
19 is, in itself, very complex and affects many organs, recent
studies have identified a new consequence of SARS-CoV-2
infection with medium- and long-term effects, involving the
nervous system, called Post-COVID-19 Neurological Syn-
drome. Although it mainly occurs in patients with severe
COVID-19 forms, it can even affect patients with mild-
COVID-19 infection and it concerns one-third of the SARS-
CoV-2-affected people [11]. The pathology originates from
molecular mechanisms that give rise to neuroinflamma-
tion, compromises the social skills and quality of life of the
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affected patients and it will represent the new challenge in
the fight against coronavirus in the next future [11, 20-22].

Case report

In October 2020, a 5-year-old previously healthy girl started
experiencing some mild, self-limiting cough symptoms
associated with a fever episode. Family and patient histories
did not indicate anything significant and no medication was
taken by the girl. A couple of days later, she was admitted to
the emergency department complaining of a painful swelling
in her neck. She especially presented a painful tumefaction
in the right latero-cervical area, with a large erythematous
patch of the overlying skin. The patient showed negativity
to SARS-CoV-2 infection, as indicated by rapid swab test.

Therefore, due to the clinical suspect of lymph node
abscess, an ultrasound of the neck was immediately
requested and performed (Fig. 1). The study highlighted the
presence, in correspondence with the clinical finding, of
multiple lymph nodes with oval morphology and a slightly
inhomogeneous and hypoechoic structure (size of about 1.6
cm), while normal morphology in the lymph nodes on the
left side was observed.

On the next day, the little patient underwent a standard
chest X-ray examination and ultrasound test of the complete
abdomen. They were both normal.

In the following days, a sudden worsening of the clinical
conditions was observed with the appearance of neurological
symptoms such as altered mental status, increased irritabil-
ity, sleepiness, lack of energy, and lethargy.

Serological investigations for HSV1, varicella-zoster,
Epstein-Barr, and CMV were negative. The RT-PCR test for
SARS-CoV-2 was performed using a nasopharyngeal swab
which was positive. Arterial blood gas analysis indicated a
PO,/FiO, ratio of 240 mmHg. Electroencephalogram did not
display any significant epileptic discharges, but a widespread

Fig. 1 Ultrasound of the neck indicating the lymph node swelling

slowing of the underlying rhythm. The EEG (Fig. 2) showed
a slow base rhythm (theta-delta) together with synchronous
bilateral potentials formed by slow waves with predomi-
nance on the right side.

A MRI examination of the brain was immediately
requested, with and without contrast medium.

The MRI studies were promptly performed at the Radiol-
ogy Unit of the hospital on 1.5-T MR scanner. The sequences
included fast spin echo (FSE), diffusion-weighted imaging
(DWI), TIWI, T2-weighted imaging (T2WI), and T2-fluid-
attenuated inversion recovery (T2-FLAIR) in the axial plane,
T2WI or T2-FLAIR in the sagittal plane, and CE T1WI in
the axial, coronal, and sagittal planes after injection of 0.1
mmol/kg of GBCAs (Fig. 3).

Axial DWI demonstrated the presence of a hyperintense
focal lesion in the splenium of the corpus callosum, which
appeared slightly swollen, and an additional area with the
same signal characteristics in the right parietal subcortical
area. In the long TR sequences, the lesions appeared hyper-
intense, but did not show any contrast enhancement.

The remaining regions were within limits.

These lesions were compatible with parenchymal cerebral
edema due to brain inflammation in accordance with the
diagnosis of encephalitis in patient with SARS-CoV-2.

An intravenous treatment with ceftriaxone (50 mg/kg/
day), vancomycin (15 mg/kg/day), acyclovir (0.8 mg/kg
every 8 h), and steroids (dexamethasone 0.6 mg/kg/day) was
immediately started. Lumbar puncture was performed and
the cerebrospinal fluid (CSF) was clear and colorless. CSF
laboratory tests showed WBC 0.5x107/L (normal value <4),
protein 0.27 g/L (normal 0.15-0.45), and normal glucose.
The CSF specimen was negative for SARS-CoV-2 test. The
patient did not evidence any bacterial or tuberculous infec-
tion of the CNS. Anti-HSV 1, varicella-zoster, Epstein-Barr,
and CMV IgM antibodies were not detected in serum sam-
ples. After a cycle of high-dose intravenous methylpredni-
solone, a quick and complete remission of symptoms was
observed. Two weeks later, the patient was discharged from
hospital after two consecutive and negative throat swab tests
for SARS-CoV-2. No consequences of the infection can be
recorded at the present time.

Discussion

Paterson and colleagues [23] described in 2020 the emerging
spectrum of COVID-19 neurological syndromes. Guillain-
Barré and Miller Fisher syndromes, acute necrotizing hemor-
rhagic encephalopathy, and acute disseminated encephalomy-
elitis have been described in COVID-19 patients suggesting a
key role of the host-immune response mechanism rather than
a direct neuro-invasion of the SARS-CoV-2 [24-27]. In fact,
a subsidiary effect of the virus invasion is the reaction of the
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«Fig.2 EEG showing a widespread slowing of the underlying rhythm

innate immune system leading to uncontrolled inflammatory
response and the so-called cytokine storm. This, in turn, causes
apoptosis of cells and vascular leakage and, in many cases,
death [28].

The early suspicion of COVID-19 encephalitis and the
appropriate CSF studies were the key to establish the correct
diagnosis and timely management of the pathology. Despite
the absence of CSF pleocytosis, the suspicion of CNS enceph-
alitis should still be considered. Although the conclusive diag-
nosis of viral encephalitis largely depends on virus isolation,
this can be difficult for COVID-19, because SARS-CoV-2
dissemination is transient and its CSF titer may be extremely
low [29]. Consistently, anti-SARS-CoV-2 IgM and IgG were
not detectable in the patient’s CSF sample [29]. Therefore,
as mentioned before, a physical evaluation of neurological
symptoms and noninvasive tests such as brain RMN and EEG
are important to lead a presumptive diagnosis [30]. From this
case, it can be assumed that encephalitis in children is a com-
plication of COVID-19 infection or, indeed, that it represents
the first manifestation of the infection [29]. After multiplica-
tion in the primary (subcutaneous, respiratory mucosa, lymph
nodes) and secondary (endothelium, muscle, marrow) sites,
the SARS-CoV-2 would trigger an abnormal immune and/or
inflammatory response, through still not completely under-
stood mechanisms, causing damage to the vascular endothe-
lium of the brain, arteriolar angiopathy, and in some cases
direct, onconeural damage as described in literature in many
dysimmune encephalitis [31]. The precise pathogenesis of
encephalitis with SARS-CoV-2 infection is still unclear as well
as its histopathological features. Viral epitopes resembling
myelin antigens have the ability to activate myelin-reactive
T-cell clones via molecular mimicry [32], and may thus elicit
a CNS-specific autoimmune response, as in acute disseminated
encephalomyelitis. Taken together, our findings support the

hypothesis that corticosteroids therapy can be effective in the
treatment of severe COVID-19-related encephalitis. Although
rare, pediatric encephalitis cases related to SARS-CoV-2
para-infection and post-infection have already been reported
in literature. Some results, highlighting symptom similarities
and differences with the case here reported, are summarized
in Table 1. Once more, it is important to highlight that the
early establishment of the diagnosis and the immediate com-
mencement of a management plan may contribute to a better
outcome.

Conclusions

From this clinical case, it emerges that encephalitis in chil-
dren can be a complication of COVID-19 infection, or it
can be even considered that the encephalitis itself could
be the initial manifestation of a not yet overt infection.
Furthermore, the case suggests that neurological manifes-
tations might be expected in COVID-19 infection, despite
the absence of significant respiratory symptoms.

The neurological mechanism of viral agents, in general,
and of COVID-19 in particular, could occur in different
steps. Initially, we observe a multiplication in the primary
(subcutaneous, respiratory mucous membranes, lymph
nodes) and secondary (endothelium, muscle, marrow)
sites. Then, the subsequent viremia would cause capil-
lary infiltration, an abnormal immune and/or inflammatory
response, which, with a still unknown mechanism, could
damage the vascular endothelium of the brain, and cause
an arteriolar angiopathy and development of lesions of
the cerebral parenchyma of the relative affected regions.
In conclusion, it appears quite evident that COVID-19 is
a complex pathology made more complex by the presence
of comorbidities, such as obesity and diabetes, and age of
the patients.
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Fig. 3 Magnetic resonance
imaging (MRI) of brain. Axial
DWI images show an hyper-
intense focal lesion in the
splenium of corpus callosum
and an additional area in the
left parietal subcortical site

(A and B). Axial T2 image of
the same lesion of splenium of
corpus callosum that appears
subtly hyperintense (C). Axial
MRI CE does not evidence any
pathological enhancement of
the lesion (D)

Table 1 Encephalitis pediatric cases developed as SARS-CoV-2 para-infection

patients is indicated as F for female and M for male

or post-infection in previously healthy patients. The sex of

Reference Age (years)

Condition

COVID-19 symptoms

Encephalitis symptoms

Present case 5 F

[13] 12M

[13] 13M

[33] 16 F

[34] 10F

[35] 13F

[36] 11M

[37] ™

[38] 5F

[39] 0.75 Unknown

Para-infection

Para-infection

Para-infection

Para-infection

Para-infection

Para-infection

Para-infection
Para-infection

Para-infection

Para-infection

Cough, fever

Absent

Cough, fever, skin rush

Sore throat, fever

Ageusia, headache, malaise,
urinary incontinence

Fever

Weakness
Absent

Fever, painful abdomen, diarrhea

Fever, breath shortness

Neck swelling, right latero-cervical and painful lymphad-
enopathy, altered mental status, irritability, sleepiness,
lethargy, lack of energy

Severe emotional lability, facial tics, obsessive-compulsive
disorder

Obsessive-compulsive disorder, facial tic, hyperactivity,
aggressiveness, irritability, inattentiveness

Insomnia, anorexia, paranoia, hallucinations, severe encepha-
lopathy

Stop speaking, mobilizing, and using right arm, hypertonia,
brisk reflexes, right-sided Babinski, and sluggish pupils

Headache, non-explosive vomiting, sudden-onset sensory
disorder

Epilepsy
Unsteady gait, ataxia, somnolence, seizures, not elicited deep
tendon reflexes

Neck swelling, right latero-cervical and painful lymphad-
enopathy

Seizures, enlargement of lateral ventricles, hydrocephalus
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