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SARS-CoV-2 infection in healthy children is usually benign. However, severe, life-threatening cases have
previously been reported, notably in infants. We must be aware that data on the natural history of COVID-
19 are still full of gaps, especially as far as the pediatric population is concerned. Therefore, it is impor-
tant to describe rare manifestations of SARS-CoV-2 acute infection in children. Here we present the case
of acute hemorrhagic necrotizing encephalitis (AHNE) in a previously healthy, 2-month-old male infant

Keywords: with SARS-CoV-2 infection. After 2 days of fever with signs of respiratory tract infection, neurological
SARS-CoV-2 manifestations appeared: irritability, nystagmus, agitation then apathy. As a consequence of apnea, he re-
COvID-19 quired emergent intubation and was transferred to our PICU. Brain MRI revealed diffuse areas of oedema
fltﬂfological associated with numerous symmetrical changes with punctate hemorrhages in basal ganglia, thalami,

brainstem, and cerebral gray matter. CSF was clear with pleocytosis 484 cells/pul, elevated lactic acid and
protein. Despite broad microbiological testing, only SARS-CoV2 was detected in PCR nasal swab. There-
fore, acute hemorrhagic necrotizing encephalitis (AHNE) as a result of COVID-19 was the most probable

diagnosis. The outcome was unfavorable - brain death was confirmed, life support was withdrawn.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

encephalitis

Introduction

SARS-CoV-2 infection is benign in most pediatric patients
(Bailey et al, 2021; He et al, 2020). However, its clini-
cal course in children is highly variable, with many asymp-
tomatic or monosymptomatic cases with anosmia and hypogeu-
sia. Among hospitalized children, fever, chills and gastrointesti-
nal symptoms prevail, whereas cough and respiratory signs are
less common (Kim L. 2020). It has been established that the
SARS-CoV-2 virus has neuroinvasive properties (ladecola et al.,
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2020; Severo Bem Junior et al., n.d.). Neurologic complications
such as malaise, headache and anosmia are common in all age
groups, but more severe: dizziness, altered mental status, ischemic
strokes, encephalopathy, and encephalitis have also been reported
(Severo Bem Junior et al., 2020 Aug). Children with neurological
symptoms associated with COVID-19 have been shown to have
changes on MR imaging (Abdel-Mannan et al., 2020), but the exact
mechanisms of the SARS-CoV-2 neurotropism have not yet been
fully elucidated. Here we present a unique case of fatal, fulminant
acute hemorrhagic encephalitis in a SARS-CoV-2 infected infant.

Case description

A 2-month-old, term-born, previously healthy boy was admitted
to the tertiary university hospital with a history of cough, sneezing,
loss of appetite and fever for two days. Both parents were SARS-
CoV-2 positive. The patient’s PCR nasal swabs also were positive.
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Figure 1. Axial T2W MRI Image - hyperintensity in basal ganglia, thalami, frontal and occipital gray and white matter.

On admission his vital signs were normal, although dehydration
was noted.

He was irritable, then apathetic. Nystagmus was observed,
neonatal reflexes were normal. His laboratory tests on admission
showed leucopenia 1.65 [x 10\*3/uL] with 42% lymphocytes and
52% neutrophils, low Hb 9.3g/dl and PLT 183 [x 10\*3/uL], CRP
7.4 mg/l, PCT 116.76 ng/ml, D-dimers 0.97 (N <0.5), glucose 149
mg/dl. Intravenous rehydration was started. The attempts of lum-
bar puncture failed. A few hours after admission, the baby had
apnea with consequent cardiac arrest. The child’s trachea was in-
tubated, and after successful resuscitation, he was transferred to
PICU. As anisocoria appeared, a CT scan was obtained. An area of
lower density in the left insula was found, so edema or encephali-
tis was suggested. On cranial ultrasound, meningitis was suspected.
Analgosedation with morphine and midazolam was started, and
3% hypertonic saline was administered. The blood cultures, bacte-
rial PCRs, as well as PCRs for common neurotropic viruses were
taken. Lumbar puncture was successfully performed. The CSF was
clear with pleocytosis 484 cells/ul, (34.9% mononuclear and 65.1%
polynuclear cells), elevated concentration of lactic acid >12 mmol/l
(serum lactic acid was approximately 3 mmol/l), extremely high
protein - 660.00 mg/dl (N 20-50), positive Pandy’s and Nonne-
Apelt tests, low glucose <10mg/dl (blood 102 mg/dl) chlorides 138
mmol/l (115-130). CSF meningoencephalitis PCR panel was nega-
tive; it was also tested for viral antibodies, including SARS-COV-
2. Antimicrobial therapy was started with cefotaxime, vancomycin,
and acyclovir, as herpes meningoencephalitis was considered. De-
spite treatment, the child’s condition quickly deteriorated.

On the second day, he was unconscious, his pupils were fixed
and dilated, corneal, and gag reflexes were absent, with absent
respiratory drive and motor response to painful stimuli. Global
hypotonia and lack of deep reflexes were observed. His ante-
rior fontanelle was remarkably elevated. The MRI (Fig. 1) re-
vealed diffuse areas of edema associated with numerous symmet-
rical changes with punctate hemorrhages in basal ganglia, thalami,
brainstem, and cerebral gray matter.

Figure 1: Axial T2W MRI Image - bilateral symmetrical hyper-
intensity in basal ganglia, thalami, frontal and occipital gray and
white matter. 2: Axial DWI (B = 1000) at the same level as Fig 1 -
bright areas of restricted diffusion. 3: Axial SWI - dark spots of
numerous acute hemorrhages (deoxyhemoglobin) Fig 2.

It was suggested that Acute Hemorrhagic Necrotizing Encephali-
tis (AHNE) or Acute Necrotizing Encephalopathy (ANE) triggered by
a viral infection should be considered. As ANE may result from ge-
netic mutations, e.g., the RANBP2I gene and mitochondrial disease,
genetic (including WES - Whole Exome Sequencing) and metabolic
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testing were performed. All the obtained laboratory results were
negative, including bacterial cultures, except for repeated positive
PCR swabs for SARS-CoV-2. Immunoglobulin treatment was consid-
ered, but due to neurologic sequelae, it was not administered. The
later course of the disease was unfavorable. The baby showed signs
of brain death. After confirming the diagnosis, ventilatory support
was switched off Fig 3.

Discussion

Severe neurologic complications of pediatric COVID-19 are rare.
They were more commonly observed in MIS-C/PIMS-TS (Multi-
system Inflammatory Syndrome in Children/Paediatric Inflamma-
tory Multisystem Syndrome Temporally associated with SARS-CoV-
2) than the acute infection phase (Feldstein et al., 2021; Sira-
cusa et al.,, 2021; Singer et al., 2021). They include cerebrovascu-
lar events, encephalopathy, acute disseminated encephalomyelitis,
meningoencephalitis, Guillain Barre syndrome, and cranial nerve
palsies. (Siracusa et al., 2021; Singer et al., 2021). Several mech-
anisms for SARS-CoV-2 neuroinvasion have been postulated in-
cluding transsynaptic transfer across infected neurons, entry via
the olfactory nerves, infection of vascular endothelium, or leuko-
cyte migration across the blood-brain barrier (BBB), affected by
inflammation and dysregulated immune response. (Zubair et al.,
2020). The ability of spike proteins on the viral surface to bind
to the angiotensin-converting enzyme 2 receptors (ACE-2) makes
it a possible way of entry as they are expressed in the human
respiratory system: airway epithelia and lung parenchyma, vascu-
lar endothelia and brain- in neurons, astrocytes, and oligodendro-
cytes. Both direct neuroinvasion/neurotropy and indirect mecha-
nisms may play an important role in COVID neuropathology; ev-
idence although rapidly emerging is still limited. In our patient
hemorrhagic changes seen on MRI suggest AHNE (acute hem-
orrhagic encephalitis). We also considered acute necrotizing en-
cephalopathy (ANE). This is a fatal syndrome with the damage of
symmetrical subcortical structures of gray matter, including mostly
basal ganglia and thalami, usually triggered by a viral infection or
less commonly by metabolic errors in genetically susceptible pa-
tients. The disorder is characterized by fulminant encephalopathy,
coma, and bilateral symmetrical necrotizing parenchymal changes
on neuroimaging. Its pathophysiology is unclear, but the immune
mechanism is probably involved. Importantly, it is not considered
inflammatory encephalitis as there are no signs of inflammation in
the CSF (pleocytosis extremely rare) or the brain (Mizuguchi, 1997).
The first infantile ANE case was recently reported in association
with a previous COVID infection (Lazarte-Rantes et al., 2021). We
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excluded ANE because of signs of neuroinflammation: high pleocy-
tosis and protein in CSF and lack of metabolic or genetic abnormal-
ities in WES linked to mutations in RANBP2. Acute hemorrhagic
necrotizing encephalitis (AHNE) is not the same entity as acute
necrotizing encephalopathy (ANE), however, they are sometimes
used interchangeably in the medical literature. In AHNE the mech-
anism is probably directly related to acute viral infection, so we
postulate that AHNE may be the correct diagnosis in our patient.
Up to now, cases of Covid-19 related AHNE have been reported
in the adult population but not in children. (Ghosh et al., 2020)
It is the first, to our knowledge, pediatric acute phase COVID-
19 AHNE case. The uncommon finding compared to previously
reported COVID meningoencephalitis cases (Lazarte-Rantes et al.,
2021; Siracusa et al., 2021) was relatively high CSF cell count (484
cells/ul) , yet it was within the typical range for viral meningoen-
cephalitis. Also, Lewis et al. report WBC pleocytosis >100 in 8/409
(2%) patients with COVID-related CNS involvement (Lewis et al.,
2021). The exact mechanism of COVID-related neurologic injury is
not known. Karnik et al. showed that SARS CO-V 2 could enter the
nervous system directly and indirectly (Karnik et al., 2021 Jun 5)
leading to direct viral neuronal injury, induced cell death, poor
cell-to-cell communication, a secondary hyperinflammatory syn-
drome, para- or post-infectious inflammatory or immune-mediated
disorder (Karnik et al., 2021 Jun 5). Neurological complications may
also be a consequence of hypoxia, critical illness, and iatrogenic
complications. In our case neurological manifestations with con-
comitant changes on CT imaging were observed early in the course
of the disease. This fact may support the idea that they were di-
rectly COVID-19 related. We could not identify the SARS-CoV2 in
the CSF, but in the recent systematic review of the literature, its
presence in CSF was proven only in 2/59 pediatric cases and in
17/303 (6%) of all COVID-19 patients tested (Lewis et al., 2021).
As many bacterial and viral pathogens were excluded, and only
SARS-COV?2 tested positive, we assume it must have been the cause
of AHNE in our case. The fulminant course of the disease lead-
ing to brain death in our patient made treatment futile, but early
immunomodulatory treatment with intravenous immunoglobulin,
plasma exchange, steroids and possibly also interleukin 6 blockade
have been effective in some cases. , Finsterer ], 2021, (Finsterer and
Scorza, 2021; Koh et al., 2019)

Conclusions

The vast majority of SARS-CoV-2-related neurologic problems
concern the adult population. Pediatric COVID-19 is commonly per-
ceived as benign, with most severe cases concerning children with
MIS-C/PIMS-TS. Severe neurologic manifestations in children are
sporadic and data are sparse. The presented case with the fatal
outcome is the first report to our knowledge of AHNE in a pre-
viously healthy, SARS-CoV-2 acutely infected infant.
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