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ABSTRACT

Miller-Fisher syndrome (MFS) is a rare variant of Guillain-Barré syndrome (GBS) manifesting as the triad of
ataxia, areflexia, and ophthalmoplegia. With the extensive 2019 coronavirus disease (COVID-19) immuni-
zation program, cases of GBS or MFS following vaccination are increasingly being reported. A 64-y-old
Chinese man presented with new-onset paresthesia of the extremities, bilateral abduction limitation, right
facial palsy, areflexia of bilateral lower limbs, and left-dominant limb ataxia 12 d after the second dose of
inactivated vaccine against COVID-19. Cerebrospinal fluid analysis indicated albumin-cytological dissocia-
tion and was positive for anti-GQ1b 1gG and anti-GT1b IgG. Nerve conduction studies of limbs showed
evidence of axonal neuropathy with reduced sensory amplitudes. Based on the clinical presentations,
temporal progression of symptoms, and laboratory findings, the diagnosis of MFS-GBS overlap syndrome
was made. The patient was treated with intravenous immunoglobulin and acupuncture and made
a complete recovery 54 d after the onset of his initial neurological signs. To the best of our knowledge,
we report the first case of MFS-GBS overlap syndrome following the inactivated COVID-19 vaccination.
However, a coincidental relationship with this inactivated vaccine cannot be excluded. Although the
benefits of COVID-19 vaccination largely outweigh its risk and the prognosis of MFS is generally favorable,
a close surveillance of neurological complications post-COVID-19 vaccination is always necessary, con-
sidering its potentially disabling and lethal effects on vaccinated populations.
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Introduction Organization pharmacovigilance database to investigate asso-
ciations of GBS with COVID-19 vaccines, indicating that the
ChAdOx1 nCoV-19 and two messenger RNA-based COVID-
19 vaccines had a higher risk for GBS against the entire
database.® At present, reports of post-COVID-19 vaccination

MEFS or MFS-GBS overlap syndrome are less frequent, in

Guillain-Barré syndrome (GBS) is an immune-mediated
demyelinating polyneuropathy of the peripheral nervous sys-
tem characterized by symmetrical weakness of the extremities
with hyporeflexia or areflexia and sensory disturbances.

Miller-Fisher syndrome (MFS) is a rare variant of GBS with
a prevalence of one to two people per million each year and
manifests as the triad of ataxia, areflexia, and ophthalmoplegia.
Cases in which MFS coexists with other features of GBS, such
as limb weakness, paresthesia, and facial palsy, are considered
MFS-GBS overlap syndromes.”

GBS is believed to be a postinfectious disorder, and 2/3 of
patients report neurological symptoms after a preceding
respiratory or gastrointestinal tract infection.” Reports from
northern China are linked to C. jejuni infections and the
acute motor axonal neuropathy phenotype, providing favor-
able evidences to support an autoantibody-mediated immune
process in GBS being triggered by molecular mimicry between
structural components of peripheral nerves and the
microorganism."* With the extensive 2019 coronavirus disease
(COVID-19) immunization program, cases of GBS following
vaccination are increasingly being reported.”” A study per-
formed a disproportionality analysis using the World Health

which most cases received ChAdOx1 nCoV-19 or messenger
RNA-based COVID-19 vaccines. Here, we report the first case
of a patient with MFS-GBS overlap syndrome following
the second dose of inactivated COVID-19 vaccine and conduct
a scope review of MFS or its limited forms following COVID-
19 vaccines.

Case presentations

A 64-y-old Chinese man complained of mild nasal conges-
tion and runny nose but no fever 10 d after the second dose
of the Sinovac-CoronaVac COVID-19 vaccine. He was not
treated with any medications. A negative PCR result for
COVID-19 infection was confirmed at that time. And the
above symptoms were completely relieved on the next day.
One day later, the patient experienced new-onset numbness
of bilateral lower limbs below the knee joint and numbness
of bilateral upper limbs below the elbow joint. His
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symptoms progressed over the next 10d to developed dou-
ble vision, dizziness, nausea, headache, dribbling of saliva,
and inability to fully close the right eye. No associated
respiratory distress, dysphagia, or urinary or bowel symp-
toms were reported by him. The patient was admitted to the
hospital 15d after limb paresthesia onset. There was
a history of cholecystitis, chronic gastritis, and a surgery
for gallstone. The patient was not on any regular medica-
tions. He denied a history of smoking, alcohol consumption,
or drug abuse. The family history of him was
noncontributory.

A complete review of systems was unremarkable. On neu-
rological examination, he was noted to be conscious, alert, and
oriented. His speech was clear, with intact naming and repeti-
tion. Both pupils were round, equal (right: 3.0 mm and left: 3.0
mm), and slowly reactive to light. Impaired abduction of both
eyes (more prominent in the right eye) and right facial diplegia
involving the forehead were observed. The other cranial nerves
were preserved normally. Gait was normal, with no evidence of
muscle weakness, ataxia, or sensory disturbances. Deep-tendon
reflexes of bilateral lower limbs were absent.

On the second day of admission, the patients reported
unsteadiness and slight difficulty walking. Examination
revealed left-dominant limb ataxia and mild ataxic gait.

Investigations

Routine hematological and biochemical analyses were normal,
including complete blood count, coagulation profile, blood
glucose, glycated hemoglobin, sodium, potassium, and renal
and liver function tests. The infectious and immunological
examinations were unremarkable, including C-reactive pro-
tein, hepatitis series antigens and antibodies, HIV, thyroid
function and related antibodies, rheumatoid factor (RF), anti-
nuclear antibody, anti-SS-A antibody, anti-SS-B antibody, anti-
Jo-1 antibody, anti-PM-Scl antibody, anti-SCI-70 antibody,
anti-Ro-52 antibody, anti-Sm antibody, anti-RNP antibody,
anti-ds-DNA antibody, antineutrophil cytoplasmic antibody
(ANCA), and anticardiolipin antibody (ACA). Tumor marker
tests were negative including cancer antigen 125 (CA125),
carcinoembryonic antigen (CEA), cancer antigen 199
(CA199), prostate-specific antigen (PSA), and alpha-
fetoprotein (AFP). Blood B12/folate, serum iron, ferritin, and
transferritin levels were normal. PCR result for COVID-19
infection was negative. Magnetic resonance imaging (MRI) of
the brain demonstrated no evidence of an acute infarct (sup-
ported by a negative result of diffusion-weighted imaging) or
other abnormalities. The cerebrospinal fluid (CSF) analysis
showed the following: total protein 691.39 mg/L (normal
range: 150-450 mg/L), leukocyte 10/pL (normal range: 0-10/
uL), polymorphonuclear leukocytes 0/uL, immunoglobulin
G 67.5 ng/L (normal range: 0-34 mg/L), immunoglobulin
A 8.22 ng/L (normal range: 0-5mg/L), and microalbumin
424 ng/L (normal range: 0-350 mg/L). The CSF oligoclonal
bands were negative. CSF anti-GQ1b IgG and anti-GT1b IgG
were found to be positive. The CSF acid-fast staining, India-ink
capsule staining, and culture were negative and CSF cytology
was normal. Nerve conduction studies (NCS) of limbs showed

evidence of axonal neuropathy with reduced sensory ampli-
tudes. No decremental response to repetitive nerve stimulation
was observed, and the result of single-muscle-fiber electromyo-
gram was negative. Brainstem and somatosensory-evoked
potential tests were normal.

Treatment and outcomes

The patient was diagnosed with MFS-GBS overlap syndrome
according to clinical presentations of ataxia, areflexia, ophthal-
moplegia, limb paresthesia, and facial palsy, temporal progres-
sion of symptoms, and laboratory findings. He was planned to be
treated with 0.4 g/kg per day of intravenous immunoglobulin
(IVIG) for 5d. On d 2 of IVIG administration, the numbness of
all four limbs, abduction limitation of both eyes, and ataxia were
improved. Due to the high costs of IVIG, the patient refused to
continue IVIG treatment and was discharged (22 d after the limb
paresthesia onset). After discharge, the patient received acu-
puncture treatment [once (20-30 minutes) a day for 20 d] and
was followed up in the outpatient clinic. Fifty-four days after the
onset of his initial neurological signs (limb paresthesia), the
symptoms of ataxia, areflexia, ophthalmoplegia, limb paresthe-
sia, and facial palsy were completely resolved.

Discussion

In the present study, we described a male Chinese patient who
developed paresthesia in the distal extremities, abductor nerve
palsy, facial palsy, areflexia, and ataxia 12 d after the second
dose of Sinovac-CoronaVac, consistent with MES-GBS overlap
syndrome, which, to the best of our knowledge, was the first
reported case of MFS-GBS overlap syndrome following inacti-
vated COVID-19 vaccine.

Sinovac-CoronaVac manufactured by the Sinovac Life
Sciences Co., Ltd., and adjuvanted (with aluminum hydroxide)
to boost the response of the immune system is an (Vero Cell)
inactivated vaccine against COVID-19. Recommended schedule
is two doses (0.5 mL each) at an interval of 2—4 weeks. Route and
site of administration is intramuscular administration, and the
preferred site is deltoid muscle. With the widespread implemen-
tation of COVID-19 immunization program, a growing concern
is vaccine-related side effects. An interim analysis of two clinical
trials of inactivated COVID-19 vaccine showed that the degree
of local and systemic vaccination-related adverse events follow-
ing immunization was generally mild.” However, the incidence
of GBS or MFS after the inactivated vaccination had not been
reported. Regarding other types of COVID-19 vaccines, seven
cases of GBS were reported following BNT162b2 mRNA vaccine
among approximately 4 million recipients, and a recent report
issued by the UK Health Security Agency concluded that the risk
of developing GBS after ChAdOx1vaccine adds 5.6 extra cases of
GBS per million doses.'®"" Hence, for detailed description and
comparison of the clinical and prognosis information regarding
the association between COVID-19 vaccines and MFS, we sys-
tematically searched in “PubMed,” “Web of Science,” and
“Cochrane” using the keywords“COVID-19” or “SARS-CoV
-2,” “vaccination” or “vaccine,” “Miller Fisher syndrome” or
“MFS” or “acute ataxic neuropathy” or “acute ophthalmopar-
esis” from 1 January 2020 to 30 July 2022. The flow diagram of
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Figure 1. The PRISMA 2020 flow diagram of publication identification.

publication identification is listed in Figure 1. To this end, 25
records were screened and 9 records were finally included in the
literature review after identification.

The clinical characteristics and prognosis of MFS following
COVID-19 vaccination are listed in Table 1. In the 10 cases
studied, including the patient in the present case report, the
mean age was 63.5 (35.3-72.7) [median (interquartile range)]
years old and 80% of patients (8/10) were male. Only one patient
had definitive history of preceding respiratory tract infection.
Notably, our case showed mild nasal congestion and runny nose
before the appearance of neurological symptoms, and we could
just rule out the COVID-19 infection of him by PCR test.
Whether other respiratory tract infections were present or not
was not confirmed. Regarding the vaccine types and number of
dose, three patients were with the first-dose BNT162b2, three
patients were with the second-dose BNT162b2, two patients
were with the first-dose ChAdOx1/S, one patient was with the
first-dose inactivated COVID-19 vaccine, and our case was with
the second-dose inactivated vaccine. And the time from vaccina-
tion to neurological symptom onset was 13.0 (8.0-17.3) d. As for
the clinical presentations, the typical symptoms of GBS including
limb weakness and paresthesia were observed in 20% (2/10) and
40% (4/10) patients, respectively, indicating the possibility of
MES-GBS overlap syndrome. Facial palsy was observed in 30%
(3/10) of cases, and only one patient was observed to have
respiratory involvement. Ophthalmoplegia, ataxia, and areflexia,
the typical symptoms of MFS, were found in 100% (9/9), 77.8%
(7/9), and 66.7% (6/9) of cases. On the relevant auxiliary exam-
inations, CSF albumin-cytological dissociation and anti-
ganglioside antibody were observed in 88.9% (8/9) and 62.5%
(5/8) of cases. Lines of evidences indicated that the antiganglio-
side antibodies play a significant role in the pathogenesis of acute
autoimmune neuropathies. Anti-GQ1b-IgG is thought to be
a key factor in the pathogenesis of MFS, especially for patients
with ophthalmoplegia. GQ1b is richly present on paranodal

regions of the extramedullary portion of the oculomotor, tro-
chlear, and abducens nerves.'® Inactivated COVID-19 vaccine
may also have the GQI1b epitope, which will cause cross-
reactivity to vaccine components and peripheral nerves through
molecular mimetic mechanisms. To be noted, of these 10 cases, 2
patients reported by Abi¢i¢ et al. and Kubota et al. manifested as
isolated ophthalmoplegia with anti-GQ1b-IgG (+),"*'> which
indicated that for patients presenting with isolated ophthalmo-
plegia and having a history of preceding infection or vaccination,
anti-ganglioside antibody test was helpful for accurate diagnosis
making. Regarding the treatment and prognosis, immunother-
apy was effective in all cases, and most patients had a favorable
prognosis, which was consistent with the MFS caused by pre-
ceding infections or other vaccination."'*°

There are several limitations in the present study. Firstly, as it
is well known, preceding respiratory tract infections are impor-
tant triggers of MFS. Our patients initially presented with mild
nasal congestion and runny nose 10 d after the second dose of
the vaccine. Although the COVID-19 infection was ruled out at
that time, the possibility of respiratory tract infection caused by
other microorganisms cannot be excluded. Whether the MFS-
GBS overlap syndrome in our case is caused by the COVID-19
vaccination, a precursor respiratory tract infection or
a combination effect of vaccine and infection cannot be clearly
determined. However, the onset of neurological symptoms was
just 1 d after the symptoms of nasal congestion and runny nose,
which is not in accordance with the latency period of 7-22 d for
infection-induced MFS or GBS reported previously." Therefore,
it is more likely that the MFS—-GBS overlap syndrome in our
study was caused by COVID-19 vaccination. Secondly, enhanced
MRI was not performed, which made us not obtain related
imaging evidence of the oculomotor, abducens, and facial nerves
impairments in our case. Thirdly, anti-ganglioside antibodies
were tested only in the CSF, which did not allow us to make
a comparison of the antibody profiles in the serum and CSF.
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Conclusions

We report the first case of MFS-GBS overlap syndrome follow-
ing the inactivated COVID-19 vaccination. However,
a coincidental relationship with this inactivated vaccine cannot
be excluded, which made it difficult to conclude a definite
cause-and-effect relationship between vaccine against
COVID-19 and MFS-GBS overlap syndrome in this time.
A close surveillance of neurological complications post-
COVID-19 vaccination is always necessary considering its
potentially disabling and lethal effects on vaccinated popula-
tions, although the prognosis of MFS is generally favorable
indicated by the scope review.
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