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Abstract

The SARS-CoV-2 pandemic has significantly transformed the world.
While it was initially viewed as a respiratory virus, it has now been found to
cause cardiovascular, gastrointestinal, and psychological complications.
Moreover, the nervous system (NS) is also greatly affected. Research has
identified dizziness, headaches, as well as disturbances in one's taste and
smell abilities as the most frequent symptoms of NS involvement. Even
more significant changes may occur in patients who get infected with
SARS CoV-2, such as the development of acute cerebrovascular disorders
(stroke), multiple sclerosis, acute disseminated encephalitis, Guillain-
Barré syndrome, encephalitis, and myelitis. It is important to note these
potential complications and monitor patients closely. A retrospective
study conducted in Wuhan, China revealed that CNS (central nervous
system) involvement occurred three times more frequently than PNS
(peripheral nervous system) involvement. This emphasizes the critical
importance of studying and describing CNS manifestations. This case
report depicts Miller Fisher syndrome in a 5-month-old infant after SARS
CoV-2 infection and explores literature on pediatric cases and potential
pathogenic mechanisms.
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Introduction

reveal albumin-cytologic dissociation, which suggests a

Miller-Fisher Syndrome (MFS) is an acute rise in protein level within the cerebrospinal fluid (CSF),

peripheral neuropathy that is considered a clinical variant
of Guillain-Barré syndrome. It arises from the impact
of various viral, bacterial, and fungal pathogens. An
infectious agent triggers an autoimmune inflammatory
response, which results in damage to the peripheral nerves,
followed by demyelination and subsequent axonal injury.
This syndrome presents a clinical triad consisting of
ophthalmoplegia, ataxia, and areflexia, with the potential
addition of moderately pronounced peripheral tetraparesis.
MEFS combines both central nervous system involvement,
which affects the cerebellar structures leading to ataxia,
and peripheral nervous system involvement, particularly
the third, fourth, or sixth cranial nerves, as well as
peripheral nerves, resulting in ophthalmoplegia and ataxia
[1]. The incidence of MFS generally accounts for a small
subset of GBS patients, making up only 5%. However, a
study conducted in Asia revealed a higher incidence of
GBS in Asian countries [2]. With the increasing incidence
of neurological complications associated with SARS
CoV-2, there is concern that it could potentially contribute
to existing MFS incidence numbers in the future. Typical
laboratory findings of Guillain-Barre syndrome (GBS)

while the cell count remains in the normal range [3].
Additional diagnostic methods that bolster suspicion of
GBS include electromyography (EMG) and magnetic
resonance imaging (MRI), along with the identification
of anti-GQ1b antibodies. However, despite the fact that
anti-GQ1b antibodies are positive in the majority of GBS
patients (up to 90%), their absence does not exclude the
diagnosis [4,5]. We herein report a retrospective case of
Miller Fisher syndrome development in a 5-month-old
infant subsequent to SARS CoV-2 infection. Possible
pathogenic mechanisms related to this case are also
discussed.

Case presentation

A 5-month-old infant was admitted to the Pediatric
Clinical Infectious Disease Hospital in Almaty with
a history of high fever of up to 38.5°C, coughing,
sore throat, nasal discharge, and fatigue. The onset of
the disease was sudden and manifested as refusal to
breastfeed and irritability. On the third day of illness,
the child displayed a temperature of up to 38.5°C. The
mother initially believed that the symptoms indicated the
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emergence of new teeth and she administered her own gingival
pain reliever and ibuprofen. On the fourth day of symptoms,
the mother scheduled an appointment with a pediatrician at a
private medical center. Following examination, the child was
diagnosed with acute respiratory viral infection (ARVI), acute
pharyngitis, and acute otitis media. The child was then sent
for home treatment. However, the next morning the infant's
condition rapidly worsened by developing shortness of breath
and the emergence of neurological symptoms, including left
ptosis, general fatigue, and loss of movement in the extremities,
and lethargy. This led to the family calling for an ambulance and
seeking care at the Pediatric Infectious Disease Hospital.

Based on the medical history, the child demonstrated age-
appropriate developmental milestones. The child only received
prophylactic vaccinations at birth, and all other vaccinations
were declined due to written parental refusal. There was no
family history of autoimmune or neurological disease. The
epidemiological history indicates a recent occurrence of acute
respiratory viral infection (ARVI), which occurred approximately
two weeks ago with mild symptoms that improved within three
days. Due to receiving treatment at home, the infant was not seen
by a specialist and was not tested for possible causes of ARVI.

Upon admission and objective examination, the infant
presented with severe and unstable condition due to type
2 respiratory failure, metabolic acidosis, and neurological
impairment. The child appeared lethargic, intermittently restless,
and moaning. Pupil examination revealed bilaterally dilated
pupils with weak light response. Weak muscle tone and reflexes
were found in both upper and lower extremities. No signs of
meningeal irritation were noted. The fontanelle measured
2.5x2.5cm with no bulging. The oropharyngeal exam revealed
only erythema of the posterior pharyngeal wall and tonsils.
Lung auscultation revealed diminished respiratory sounds with
crackles in the lower lobes, indicating moderate mixed-type
dyspnea at rest with a respiratory rate of 54 bpm. Muffled heart
sounds and tachycardia (185 bpm) were noted. Abdominal
palpation showed moderate hepatomegaly and splenomegaly
but was painless. The patient remained hemodynamically stable.
Due to the severity of the infant's condition, he was promptly
referred to the pediatric intensive care unit.

A lumbar puncture was conducted upon admission,
revealing elevated protein levels and a normal cell count in the
cerebrospinal fluid (CSF). The cell count was 3 cells/microliter
with 100% lymphocytes and protein levels were 920 g/l. The
CSF appeared clear with normal pressure and glucose levels,
indicating albumin-cytologic dissociation. Subsequently, an
ELISA analysis of the CSF was performed to detect antiGQ1b
IgG and IgM antibodies, yielding a negative result (reference
range <1700 BTU). After one week, the Gram stain and CSF
culture results demonstrated no growth. Furthermore, the
respiratory viral PCR panel tests for SARS-CoV-2, flu, and RSV
were all negative. A chest X-ray revealed bilateral multifocal
pneumonia and first degree thymus enlargement (Figure 1).
Notably, the serological panel showed negative results for
chlamydia trachomatis, toxoplasma gondii, and herpes simplex,
but only CMV IgG antibodies were positive. The general blood
count test revealed an increase in leukocytes (22*103/mcL),
accompanied by elevated levels of neutrophils (75%) and
reduced levels of lymphocytes (14%). The nerve conduction test
showed indications of impairments in both sensory and motor
nerve conduction, with the absence of both H reflex and F waves.

In the days following admission to the pediatric
intensive care unit, the patient's condition deteriorated with the
disappearance of the gag reflex, development of swallowing

Figure 1 - Chest radiograph showing bilateral multifocal

pneumonia with first degree of thymus enlargement.

Figure 2 - Cranial CT scan: benign enlargement of frontoparietal
subarachnoid space.

difficulty, and right-side facial muscle paralysis, indicating
cranial nerve involvement. A brain CT scan was performed to
rule out any other cranial conditions that could be causing these
symptoms. The CT scan revealed benign enlargement of the
frontoparietal subarachnoid space without signs of hemorrhage
or tumor, as shown in Figure 2.

Further investigation for possible causes that could have
triggered Miller Fisher Syndrome revealed positive IgG to
N-protein of SARS-Cov-2 - 4.85s/co while IgM to N-protein
of SARS-Cov-2 was negative. Based on patient’s symptoms,
epidemiological history and laboratory findings a clinical
diagnosis of Miller Fisher Syndrome was made. The diagnosis
was confirmed by using the Brighton Collaboration GBS
Working Group criteria with 1 level of certainty (Figure 3).

Symptoms 1 ) 3 4
Symmetric flaccid limb weakness + + + +/-
Decreased or absent deep tendon reflexes A= aF + +/-
in weak limbs

Monophasic course and time between onset of + + + +/-
signs 12 hours to 28 days

Cerebrospinal fluid (CSF) cell count <50/ml + +/- - +/-
CSF protein level is greater than normal value + +/- - +/-
Absence of alternative diagnosis for weakness + a5 + +/-
Nerve conduction test results is consistent with + +/- - +/-

one of the subtypes of Guillain Barre Syndrome

Figure 3 - Brighton criteria for Guillain Barre Syndrome. (+)
present, (-) absent, (+/-) present or absent.
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Initially prior to ruling out CNS infection empirically
ceftriaxone along with acyclovir was given intravenously. In
addition to antibiotics and antiviral medicine methylprednisolone
was administered. Following completion of differential
diagnosis and obtaining laboratory results ceftriaxone and
acyclovir were discontinued, and instead, 2g/kg intravenous
immunoglobulin (IVIg) was given. Overall, signs of cranial
nerve impairment persisted for 6 days. After being monitored
and treated in pediatric intensive care unit for 13 days gag
reflex, difficulty in swallowing and facial paralysis resolved.
Subsequently, the patient was further referred to the pediatric
neurology department. Following a total hospital stay of 20
days, the patient was discharged with mild muscle weakness in
extremities.

Discussion

Prior to the COVID-19 pandemic, the global incidence
of Guillain-Barré¢ Syndrome (GBS) was approximately 1-2
cases per 100,000 people, and the manifestation variant of
Miller-Fisher Syndrome (MFS) accounted for only 5% of GBS
cases [4,6]. A systematic review conducted on nervous system
involvement triggered by SARS CoV-2 shows 25 cases of MFS
associated with COVID-19 in adults, and four cases in children
[7]. Searching for previously reported relevant scientific articles
and literature found no cases of MFS associated with SARS cov-
2 in the Republic of Kazakhstan. However, there was only one
case of MFS has been described in the Russian Federation [8,9].
Researchers who conducted genetic analyses of COVID-19
recovered patients discovered that Asians and individuals of
African descent experienced more severe outcomes. It is essential
to note that patients experiencing severe COVID-19 symptoms
may suffer from neurological impairment due to rapid clinical
deterioration or worsening of their condition [10].

The pathogenesis of CNS involvement in COVID-19
remains variable. In studies describing cases of meningitis and
encephalitis, autopsy material exhibited SARS-CoV-2 RNA
[11,12]. This finding is explained by the viral particles entering
through the endothelial cells of capillaries, similar to how
it affects other organs and systems. The mechanism of injury
causing MFS-like symptoms is thought to be immune mediated
rather than direct viral neurotropism, as SARS-CoV-2 RNA
was not detected when examining cerebrospinal fluid (CSF)
from affected patients [13,14]. Several studies have shown
that the immune-inflammatory response to COVID-19 and the
heightened production of IL-1, IL-6, IL-17, IL-22, and TNF-a
lead to nervous system involvement that is as significant as that
in other organs [15,16].

Furthermore, the hypothesis is supported by the finding
that in the majority of cases, the time span between the
onset of COVID-19 symptoms and the onset of neurological
symptoms exceeded two weeks, suggesting a post-infection
autoimmune process [17]. Another crucial point to consider is
the prompt and favorable response to treatment observed after
the administration of intravenous immunoglobulins. Thus, the
immune-mediated neuropathy triggered by COVID-19 could
be induced by cross-reactivity and molecular mimicry between
SARS-CoV-2 antigenic epitopes and carbohydrate fragments of
surface cranial nerve glycoproteins [18]. Given this factor, it is
justifiable to examine both the direct neurotropism of SARS-
CoV-2 in causing complications like anosmia, encephalitis,
and meningitis, as well as the immune-mediated mechanism
in the origin of Miller-Fisher Syndrome (MFS) or Guillain-
Barré Syndrome (GBS) [19,28]. The diagnosis of MFS cases

are based on history of symptoms and physical examination
where presentation of classical triad such as ataxia, areflexia,
and ophthalmoplegia can be found. Furthermore, indirect
changes in cerebrospinal fluid (CSF) or nerve conduction studies
corresponding to the polyneuropathy patterns described for MFS
when CSF sampling is not accessible is also useful. For CSF
analysis, slight pleocytosis, an elevated protein concentration,
and the absence of other microorganisms in PCR analysis or
bacteria culture test [3,20]. This is also supported by the presence
of anti-GQ1b antibodies in some patients, which are commonly
associated with Miller Fisher syndrome. Anti-GQ1b antibodies
bind to gangliosides on the oculomotor nerve, abducens nerve,
vagus nerve, limb muscle spindle, and brainstem network
structure by blocking acetylcholine excretion from the motor
terminals resulting in symptoms including ataxia, weakness,
breathing difficulties, and areflexia [21].

In our patient apart from anti-GQIlb antibodies the
classic clinical symptoms and CSF changes were present. The
absence of anti-GQ1b antibodies considers the case of MFES to
be atypical as the majority of MFS cases (85-90%) are known
to have positive anti-GQ1b antibodies particularly in variants
with ophthalmoplegia [4,22]. However, despite being positive
in majority of the patients with MFS absence of antiGQ1b
antibodies does not rule out the diagnosis [23]. Additionally,
the systematic review published in 2021 by Martins-Filho et al
revealed that significant number of MFS cases were anti-GQ1b
antibody negative [24].

We think in our case there were several factors that
contributed to patient’s condition. Firstly, the history of
contracting an acute respiratory infection prior to development
of neurological complications which further proved to be SARS-
CoV-2 infection by identification of IgG to N-protein of SARS-
Cov-2. It is worth noting that according to multicenter study
conducted in South Korea among the children to see antibody
responses to SARS-CoV-2 revealed that anti-SARS-Cov-2 IgG
antibodies become detectable in all children after 14 days from
onset of SARS-Cov-2 [25]. Apart from molecular mimicry that
is well known in development of cross-reaction against myelin
of the host nerves. Another risk factor that could possibly
trigger inadequate immune reaction was thymus enlargement
identified during chest organ investigation. Given the fact that
thymus has a major role in differentiation and maturation of
T-cells, thymic enlargement could play an important role in
developing many conditions including respiratory distress and
autoimmune disorders [26,27]. Finally, the reason for the late
hospital admission which led to multifocal pneumonia with
type 2 respiratory failure and negative metabolic changes was
home treatment and misdiagnosis and underestimation of child’s
condition. At the time of admission parents could not recall
what treatment was prescribed by the private medical center
pediatrician and did not present it later.

In conclusion, the case of the 5-month-old infant highlights
the challenges in diagnosing and managing neurological
complications related to COVID-19. While Miller Fisher
Syndrome (MFS) is a rare form of Guillain-Barré Syndrome
(GBS), this case emphasizes the importance of increased
awareness of unique and less common clinical presentations
during the ongoing COVID-19 pandemic.

Several factors contributed to the child's condition. Initially,
the respiratory symptoms were misdiagnosed as acute respiratory
viral infection (ARVI), leading to a delay in appropriate medical
care. Subsequently, the identification of IgG to N-protein of
SARS-CoV-2 indicates that the child had previously contracted
SARS-CoV-2. This highlights the significance of considering
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COVID-19 as a potential trigger for neurological complications,
even in young children. The absence of anti-GQ1b antibodies,
which are usually related to MFS, in our patient's case highlights
the atypical nature of the condition and serves as a reminder
that clinical diagnosis should not solely rely on the presence of
specific antibodies. The thymus enlargement discovered during
chest organ investigation contributes an additional level of
complexity to the case. Thymic enlargement can impact immune
responses, and its role in contributing to autoimmune disorders
and respiratory distress should not be underestimated.

In addition, the rapid and positive response to intravenous
immunoglobulin treatment further supports the hypothesis
that COVID-19-triggered immune-mediated neuropathy may
involve cross-reactivity and molecular mimicry between SARS-
CoV-2 antigenic epitopes and cranial nerve glycoproteins. This
case adds valuable evidence to the growing body of knowledge
regarding the neurological symptoms of COVID-19, emphasizing
the significance of timely diagnosis and appropriate treatment.
Furthermore, it highlights the necessity for further research to

enhance our comprehension of the intricate connection between
viral infections, the immune system, and neurological problems.
We suggest that healthcare providers should maintain a high
level of suspicion for neurological complications, particularly in
cases where initial symptoms may be linked to a SARS-CoV-2
infection. This approach can facilitate prompt diagnosis and
treatment, which may result in more favorable outcomes among
affected individuals.
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