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ABSTRACT

Neurovisual involvement has been reported in a number of patients with severe SARS-CoV-2
disease (COVID-19), mainly among adult patients. In children, such involvement has been reported
in rare cases, often in those presenting with severe forms of COVID-19. The aim of this work is to
explore the association between mild COVID-19 and neurovisual manifestations. We report the
cases of three previously healthy children who developed neurovisual manifestations following
mild acute COVID-19, analysing the clinical phenotype, the latency between the onset of acute
COVID-19 and neurovisual involvement, and the kinetic of resolution. Our patients developed
different clinical patterns, including visual impairment and ophthalmoplegia. In two cases, these
clinical features occurred during acute COVID-19, while in the third patient their development was
delayed after 10 days from disease onset. Furthermore, the dynamics of resolution were different,
with one patient showing remission after 24 hours, the second after 30 days, and the third showing
persistence of the strabismus after 2 months of follow-up. The spreading of COVID-19 among the
paediatric population will probably lead to an increase of atypical disease forms, including those
presenting with neurovisual involvement. Therefore, a better knowledge of the pathogenic and
clinical features of these manifestations is warranted.
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Introduction developed neurovisual manifestations, including
visual impairment and ophthalmoplegia, following
acute COVID-19 and discuss the potential pathogenic
and clinical implications. Each patient underwent
a careful ophthalmological examination at symptom
onset and during follow-up, which included ophthal-
moscopy, Lang test for stereopsis and LEA symbol

test or Snellen charts to measure visual acuity.

Since the first stages of the coronavirus 2019
(COVID-19) pandemic, it has been demonstrated
that SARS-CoV-2 has a pleiotropic effect on the cen-
tral nervous system. PTSD in parents of children with
severe diseases: a systematic review to face Covid-19
impact.' Indeed, acute SARS-CoV-2 infection can be
associated with a high variety of signs and symptoms
deriving from neurological involvement, including
headache, anosmia, ageusia, behavioural disturbances
and anxiety, as well as seizures, movement disorders,
cerebrovascular disease, and acute encephalitis.>”

Case presentations

Case 1

However, neurovisual involvement has been reported
only in few cases, mostly in adult patients,* whereas it
is extremely rare in children. Herein, we describe the
cases of three previously healthy children who

The first patient is a 2-year-old boy with
a previously unremarkable medical history, who
was admitted to the emergency department due to
the development of monocular convergent
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strabismus of the right eye after 2 days of fever. No
other symptoms were reported. Neurological exam-
ination did not show any pathological findings, as
well as the remaining physical assessment. A swab
for SARS-CoV-2 polymerase chain reaction (PCR)
was performed and was positive. An ophthalmolo-
gical evaluation did not find any abnormalities,
except for convergent strabismus of the right eye
and diplopia, which was noticed by showing difter-
ent images to the child on the Lang test and asking
him to point at them. No refractive error was
noticed. In order to exclude secondary causes for
the clinical picture observed, contrast-enhanced
brain magnetic resonance imaging (MRI) of the
brain and orbits was performed, which was normal.

A week later, repeat examination showed that his
right eye was straight, but that he had developed
a left convergent strabismus which persisted,
although improved, at 2-months follow-up. In
addition, he had a partial deficit in left eye abduc-
tion and a loss of stereopsis.

Case 2

The second patient is a 5-year-old boy, with an
unremarkable past medical history, who developed
mild SARS-CoV-2 infection, characterised by fever
and vomiting with early spontaneous resolution.
Ten days from disease onset, he developed acute
monocular convergent strabismus of the right eye
and diplopia. A swab for SARS-CoV-2 PCR was
performed and was positive. Neurological and phy-
sical examination were unremarkable, while
ophthalmological examination revealed mild 1
dioptre myopia in the right eye but normal cor-
rected visual acuity in each eye measured with the
LEA symbol test, astigmatism, right comitant eso-
phoria, and diplopia, which spontaneously resolved
after 24 hours. During the 2 months of follow-up he
did not experience any relapses.

Case 3

The third patient is an 8-year-old boy with
a previously unremarkable past medical history
who developed fever, headache, myalgia, and
a reduction of visual acuity and perception. He
reported seeing object as bigger or smaller than
usual. In particular, he remembered that ‘the

television looked smaller and more distant from
the couch than usual’ on one or two occasions
and that posters in his room ‘appeared bigger
than they actually were’” as he was staring at them.
The visual symptoms accompanied the onset of
headaches but were not complained during his
initial assessment or during hospitalisation.

On ophthalmological assessment he complained
of with diplopia associated with right eye exo-
phoria. The LEA symbol test revealed a mild loss
of visual acuity (9/10 with the right eye and 9/10
with the left eye). The fundus examination and
neurological assessment were normal. He tested
positive for SARS-CoV-2. Brain MRI performed
during the acute phase was normal.

While the acute infection resolved without com-
plications, the diplopia and loss of visual acuity
persisted for 1 month after the clinical resolution.
An ophthalmological follow-up evaluation, per-
formed 1 month after disease onset, revealed
a completely restored visual acuity and normal
ophthalmological examination.

Discussion

The spectrum of neuro-COVID-19 has been widely
explored in the adult population, displaying
a greater prevalence among patients with severe
disease and potentially leading to severe complica-
tions including ischaemic and haemorrhagic
stroke.” The clinical course of neuro-COVID is
usually milder in children.® Concerning the
ophthalmological involvement, there are anecdotal
reports in adults of ophthalmoplegia, cranial nerve
palsies, diplopia, ptosis (in the context of suspected
Fisher syndrome or myasthenia gravis), and rare
forms of optic neuritis triggered by the virus.”

In children, neurovisual involvement during
COVID-19 has been reported only in a few cases,
mostly in the form of optic neuritis,® in patients
showing elevated intracranial pressure or in those
diagnosed with the multisystem inflammatory syn-
drome in children,” a hyperinflammatory condition
that can develop 4-6 weeks after acute COVID-19.
Cases of cranial nerve palsy in children with mild
COVID-19 have been previously reported, often in
patients  with  significant  neuro-metabolic
comorbidities."
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Figure 1. Proposed pathogenesis of neurovisual manifestations in COVID-19. MIS-C = Multisystem inflammatory syndrome in children.

We have presented two cases of strabismus and
a case of acute visual impairment associated with
mild acute SARS-CoV-2 infection and without
known predisposing factors for the development of
neurological or immune disorders. Interestingly, the
symptoms appeared with different timings from the
onset of acute COVID-19, being observed at disease
onset in Cases 1 and 3 and after 10 days in Case 2.
Additionally, the children had a different outcome
regarding the resolution of the clinical picture, with
symptoms being only transient in Case 2 and persist-
ing during a 1-month follow-up in Cases 1 and 3.

Of note, Case 3 is presented with symptoms
recalling the clinical picture known as Alice in
Wonderland syndrome (AIWS),!! which presents
with aschematia and dysmetropsia and has been
mainly linked to migraine and different infectious
diseases, mostly Epstein-Barr virus (EBV).'?
However, differently from AIWS, serological test-
ing performed in Case 3 did not reveal signs of
previous EBV infection. To our knowledge, this is
the first reported case of AIWS associated with
SARS-CoV-2 infection.

Although strabismus, visual impairment,
diplopia, and cranial nerve palsies are rare find-
ings in children with COVID-19, the spreading
of SARS-CoV-2 infection among the paediatric
population will probably lead to the increasing
recognition of atypical presentation of COVID-
19 in children, including neuro-
ophthalmological manifestations. Furthermore,
the impact of the new viral variants on these
complications has still to be defined.

The aetiology underlying neurovisual involvement
in COVID-19 has not been completely elucidated,
although the neurotropism of SARS-CoV-2, its ability
to directly induce neuroinflammation, and the inter-
action between the pathogen and the host immune

system are all likely to play an important role
(Figure 1).° Concerning this, it is possible that differ-
ences in the innate and adaptive immune response
between adults and children'* could partly explain the
different incidences of these manifestations across age
groups. Immune-mediated mechanisms could result
in cranial nerve palsy and impairment in muscular
activity (i.e. of the lateral rectus or abducens nerve
palsy in all three cases), with also even direct involve-
ment of the optic nerve, as hypothesised for explain-
ing the clinical picture in Case 3. The individual
genetic and immunological background could be
also implicated in explaining the different clinical
presentations and the dynamics of the symptom reso-
lution observed in the described patients.

Current knowledge regarding the molecular
mechanisms responsible for the SARS-CoV
-2-induced immune dysregulation suggests that in
patients not showing spontaneous resolution, immu-
nomodulatory treatments (particularly, corticoster-
oids) could represent valid therapeutic strategies.

Hopefully, a better characterisation of the neuro-
ophthalmological complications of paediatric
COVID-109, the specific predisposing factors, and the
clinical course will help in improving the healthcare
response also against this rare disease complication.
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