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Purpose: The largest nationwide outbreak of Omicron, a severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) variant,
occurred between December 2022 and February 2023 in China. This multicenter case-control study investigated the clinical features of
GBS during this period.

Methods: The clinical characteristics of patients diagnosed with GBS associated with SARS-CoV-2 were assessed during an Omicron
outbreak at 14 referral hospitals in Hubei Province, Southern China. In the case-control study, patients with GBS were identified and
diagnosed between 2021 and 2022 at Tongji Hospital in Wuhan, Hubei province.

Results: Forty-one patients were diagnosed with GBS during the Omicron outbreak. The median patient age was 57.5 years, and 51.2%
were male. The median period between the preceding infection and onset of neurological symptoms was 10 days. The majority of the
patients (38 cases [92.7%]) presented with classic sensorimotor neuropathy, with the lower limbs involved more often; 17 cases (41.5%)
were accompanied by cranial neuropathies, which was most observed with the bilateral or unilateral facial paralysis (13 cases [31.7%]).
Albuminocytologic dissociation was observed in 27 patients (71.1%), and mild pleocytosis was found in five patients (12.2%), with
a maximum of 22 cells/mm’. Thirty-two patients finished the electrophysiological studies, and axonal variants were confirmed in 21 cases
predominantly as acute motor-sensory axonal neuropathy (40.6%) or acute motor axonal neuropathy (25.0%). Anti-ganglioside antibodies
were detected in 19 patients (46.3%). Intravenous immunoglobulin administration improved the patients’ symptoms.

Conclusion: The characteristics of SARS-CoV-2-associated GBS during the Omicron outbreak appear clinically as sensorimotor neuropathy,
with a predominant electrophysiological axonal form. A mainly classic post-infectious immune-mediated mechanism may be involved in this
process, such as a temporal profile of clinical symptoms, axon-associated autoantibodies, and improvement by immunotherapy.
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Introduction

Coronavirus disease-2019 (COVID-19) is caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2).
Although SARS-CoV-2 primarily involves in the respiratory system, increasing evidence suggests that its pathology may
extensively involve in multiple other organs, including the central and peripheral nervous system.' In the peripheral
nervous system, COVID-19 is associated with smell and taste dysfunction, muscle injury, Guillain-Barré syndrome
(GBS), and its variants.’

GBS is a rare immune-mediated disease of the peripheral nerves and roots that manifests as acute flaccid paralysis
and anomalous sensory symptoms but potentially leads to severe disability and fatality.> The global incidence of GBS
varies, with most countries reporting an incidence of about 1.1-1.8 per 100,000 person-years.*> A recent national survey
reported that the incidence of GBS was 0.233 in children and 0.829 in adults per 100,000 person-years in China as of
2021.° Approximately two-thirds of patients who developed GBS reported symptoms of an infection in the 6 weeks
preceding disease onset, notably Campylobacter jejuni, cytomegalovirus (CMV), Epstein-Barr virus, influenza, and Zika
virus.® Since the COVID-19 outbreak in January 2020, numerous case reports of GBS have been published.”® The
clinical and electrodiagnostic patterns of COVID-19-associated GBS in the early pandemic experience are similar to
those of classic post-infectious GBS.'® However, the strength of the association between GBS and SARS-CoV-2
infection remains unclear.

Omicron is a variant of SARS-CoV-2 with high infectivity and antibody evasion ability."""'* A nationwide outbreak of
Omicron occurred in China from December 2022 to February 2023. According to the information from the Virus Disease
Institute at the Chinese Center for Disease Control and Prevention, a total of 1142 cases have been fully sequenced
nationwide from December 1*' to December 26™ in 2022 in China. The results revealed that the BA.5.2 and BF.7 variants
of the Omicron strain were the predominant strains nationwide. Given the initial threat of the original COVID-19 strain
to the nervous system and the increasing reports of GBS, it is important to examine the impact of the Omicron variant on
the peripheral nervous system. However, whether the population characteristics, clinical and electrodiagnostic feature of
COVID-19-associated GBS are different from other post-infection GBS is remains unclear. This multicenter case-control
study aimed to investigate the characteristics of GBS during this period.

Methods
Study Design and Participants

Fourteen centers participated in this case-control study in Hubei Province, southern China. Patients were diagnosed with
GBS that occurred following SARS-CoV-2 infection during the outbreak of the Omicron pandemic between
December 2022 and February 2023 were enrolled as S-GBS, while patients with GBS with other types of preceding
infections diagnosed between 2021 and 2022 at Tongji Hospital, Huazhong University of Science and Technology,
Wuhan, China, were included as case-controls (C-GBS). In the C-GBS group, SARS-CoV-2 testing was performed
regularly during the hospital stay (on admission and then every 7 days during hospitalization); therefore, SARS-CoV-2
infection could be ruled out. All patients (aged > 18 years) participated in this study were diagnosed with GBS by
neurologists based on the Brighton Collaboration GBS Working Group criteria and classified according to the Brighton
Criteria, ranging from high to low diagnostic certainty.'* The exclusion criteria were peripheral neuropathies with other
factors, undiagnosed cases or cases with incomplete clinical data, and COVID-19 vaccination or COVID-19 infection
within 3 months.

Electronic questionnaires were distributed to the neurologists at each center. The patients’ clinical and demographic
data were collected from medical records obtained during the hospital stay. Demographic data, including sex, age at
onset, medical history and comorbidities, clinical signs and symptoms of both COVID-19 and GBS, illness duration and
severity, cerebrospinal fluid (CSF) examination results, electrophysiological examination results, radiographic test
results, treatment received, and clinical prognosis information were collected. The GBS Disability Scale grading system
(Hughes scale) was used to measure disability degree.'* The scale ranges from 0 to 6, with lower scores indicating more
preserved function. Cases were classified as severe (Hughes grade > 3) or mild (Hughes grade < 3). The Medical
Research Council (MRC) scale was used to evaluate muscle strength in the 12 different muscle groups.'> The scores
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range from 0 to 60, with higher scores indicating greater muscle strength preservation. Two trained neurologists were
responsible for the final data collection: one recorded all data and the other reviewed each patient’s final diagnosis.

SARS-Cov-2 Detection

A combination of ribonucleic acid (RNA) and/or specific antigen (nucleocapsid protein) detection of SARS-CoV-2 was
performed as described previously.'® Respiratory specimens were collected using nasopharyngeal and pharyngeal swabs.
The rapid and accurate detection of SARS-CoV-2 nucleic acids is enabled by real-time reverse transcription polymerase
chain reaction.

The SARS-CoV-2-specific antigen is detected by a lateral-flow immunochromatographic assay using gold nanopar-
ticles and a colorimetric label to provide a rapid platform for point-of-contact detection. This was detected by
calorimetry. The assay was completed within 20 min with approximately 90% accuracy. It can only identify acute or
early infections if the virus is actively replicating.

Electrophysiological Examination

Electrophysiological assessments were performed using standard electromyography techniques, including motor and
sensory nerve conduction studies, H-reflexes, and F-waves of the peripheral nerves (median and ulnar nerves in the upper
limbs as well as peroneal, tibial, and sural nerves in the lower limbs). The measured parameters included motor nerve
velocity, distal motor latency (DML), minimum F-wave latency, minimum H-reflex latency, compound muscle action
potential (CMAP) amplitude, presence of a conduction block, sensory nerve velocity, and sensory nerve action potential
amplitude.

Ganglioside Antibody Detection

The ganglioside antibodies were tested by a qualified commercial company. A dot immunoblotting assay (MyBiotech,
China) was used to assess patients’ serum and CSF samples. Autoantibodies were tested for reactivity to gangliosides,
such as GM1, GM2, GM3, GM4, GDla, GD1b, GD2, GD3, GT1la, GT1b, GQ1b, and sulfatides.

Statistical Analysis

GraphPad Prism 9.2.0 (GraphPad Software, USA) was used for the statistical analysis and picture drafting. A descriptive
analysis was conducted to describe the patients’ demographic and clinical characteristics. Based on the distribution of
values, continuous data are expressed mean + standard deviation or as median and interquartile range (IQR). We applied
the 7 test or the Mann—Whitney U-test to test nonparametric continuous data and the %> or Fisher’s exact test to compare
proportions. Differences were considered statistically significant at p<0.05.

Results
Clinical Characteristics of COVID-19

Forty-one patients were diagnosed with GBS during the study period. The clinical features of the COVID-19 patients are
summarized in Table 1.

The median patient age was 57.5 years, and the population included 21 men (51.2%) and 20 women (48.8%). The
most common medical history was hypertension. Thirty-eight patients (92.7%) had received one or more doses of
COVID-19 vaccine at least 3 months prior to the outbreak. All COVID-19 vaccines were confirmed by the authorities as
inactivated, adenoviral, or mRNA. All the patients had close contact with confirmed COVID-19 cases.

The median persistence of COVID-19 symptoms in the 41 patients was 5 days. The patients primarily reported
symptoms of acute upper respiratory tract infection, mainly having a moderate to high fever (above 38.5°C), along with
a prominent dry cough and sore throat, which significantly hindered swallowing. Fatigue, headache, and muscle pain
were also prevalent. Anosmia and/or ageusia were observed in 10 cases. Only 3 patients experienced gastrointestinal
symptoms such as diarrhea and reduced appetite at the same time. Dyspnea was less frequent, occurring in three patients.
And other respiratory pathogens were screened negative based on the electronic medical records.
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Table | Clinical Manifestations of COVID-19 Preceding Guillain—Barré
Syndrome (n=41)

n (%) or median (IQR)
Age (years) 57.5 (24-93)
Gender / Male 21 (51.2%)
Medical history
Hypertension 16 (39.0%)
Diabetes mellitus 6 (14.6%)
Thyroid disease 2 (4.9%)
Cardiovascular disease | (2.4%)
Sjogren’s syndrome 1 (2.4%)
Tumor | (2.4%)
Vaccination status
Unvaccinated 3 (7.3%)
Vaccinated | dose 3 (7.3%)
Vaccinated 2 doses 8 (19.5%)
Vaccinated 3 doses 26 (63.4%)
Symptoms of COVID-19
Persistence of the symptoms(days) 5 (1-30)
Fever 31 (75.6%)
Cough, odynophagia 20 (48.8%)
Fatigue 11 (26.8%)
Anosmia, ageusia, or both 10 (24.4%)
Headache, myalgia 5 (12.2%)
Diarrhea, poor appetite 3 (7.4%)
Dyspnea 3 (7.3%)
Etiological detection of SARS-CoV-2
Only RNA detection 23 (56.0%)
Only antigen detection 9 (22.0%)
Both-positive of RNA and antigen detection 9 (22.0%)
Chest CT scan (n=28)
Radiographic representative features 14 (50.0%)
Negative findings 14 (50.0%)
Treatment for COVID-19
Symptomatic treatment 34 (82.9%)
Antiviral therapy (Azvudine, Paxlovid, etc.) 17 (41.4%)
Intravenous immune globulin 11 (26.8%)
Glucocorticoid 8 (19.5%)
No treatment 3 (7.3%)

Abbreviations: COVID-19, Coronavirus disease 2019; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; RNA, ribonucleic acid; IQR, interquartile range.

All the cases were confirmed COVID-19 by the detection of RNA and/or specific antigen of SARS-CoV-2. Twenty-
eight patients finished the pulmonary computed tomography (CT), half of which showed typical radiological features of
viral infection. Representative radiological changes on a chest CT presented as bilateral pulmonary parenchymal ground-
glass and consolidated pulmonary opacities with a peripheral or posterior distribution due to inflammatory responses'®'”
were helpful in increasing the veracity of a definitive COVID-19 diagnosis, especially in the conditions of negative tests
for RNA and/or a specific antigen. Due to the concentrated infections of a large population in a short period of time, the
close contact history with a confirmed case of COVID-19 and the tight medical resources, 9 (22.0%) patients who were
positive of antigen detection did not take additional RNA testing in our retrospective study.

Despite no generally proven effective therapies, some treatments have shown benefits in certain subpopulations of
COVID-19 patients.'® Thirty-four patients (82.9%) received symptomatic treatment for the COVID-19. Other treatments

were also supplied as well for the patients according to different conditions (as shown in Table 1).
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Neurological Findings of GBS Spectrum in S-GBS Group
The neurological findings and laboratory features of patients in the S-GBS group are summarized in Table 2.

In the S-GBS group, the median time between SARS-CoV-2 infection and the onset of neurological symptoms was 10
days, while the period between onset and nadir was 9 days. The most common neurological manifestation at nadir was

Table 2 Neurological Features of Guillain—Barré Syndrome Spectrum (n, % or Median, IQR)

S-GBS (n=41) | C-GBS (n=50) | p

Age (years) 57.5 (24-93) 51 (18-78) 0.246
Gender/Male 21 (51.2%) 27 (54.0%) 0.792
Time interval between infection and onset of neurological symptoms (days) 10 (3-24) 7 (3-21) 0314
Period between onset to nadir (days) 9 (3-20) 7 (2-22) 0.209
Duration of hospital stay (days) 14 (6-60) 16 (7-107) 0.110
Neurological symptoms or signs at nadir
Limb weakness 36 (87.8%) 47 (94.0%) 0.823
Symmetric 34 (82.9%) 40 (80.0%) 0.909
Asymmetric 2 (4.9%) 7 (14.0%) 0.187
Weakness limited to lower limbs 12 (29.3%) 17 (34.0%) 0.729
Areflexia or decreases reflexes 32 (78.0%) 44 (88.0%) 0.702
Paresthesia 27 (65.9%) 45 (90.0%) 0.331
Cranial nerve involvement 17 (41.5%) 21 (42.0%) 0.974
Ophthalmoparesis 4 (9.8%) 3 (6.0%) 0.536
Unilateral or bilateral facial palsy 13 (31.7%) 18 (36.0%) 0.763
Bulbar weakness 7 (17.1%) 8 (16.0%) 0.908
Pain 3 (7.3%) 12 (24.0%) 0.068
Dysautonomia 3 (7.3%) 7 (14.0%) 0.362
Mechanical ventilation 6 (14.6%) 7 (14.0%) 0.941
Lumbar puncture (n=38) (n=48)
Interval between onset and the lumbar puncture (days) 9.5 (3-24) 9.5 (3-26) 0.108
Albumino-cytological dissociation® 27 (71.1%) 40 (83.3%) 0.173
Median proteins (g/L) 0.8 (0.11-2.56) | 1.02 (0.24-2.66) | 0.065
Median white-cell count (per mm3) 2.5 (0-22) 0 (042) 0.609
Electrodiagnostic features (n=32) (n=50)
Interval between onset and EMG (days) 12 (7-18) 11.50 (4-24) 0511
Acute inflammatory demyelinating polyneuropathy 6 (18.8%) 15 (30.0%) 0.167
Acute motor axonal neuropathy 8 (25.0%) 23 (46.0%) 0.059
Acute motor-sensory axonal neuropathy 13 (40.6%) 9 (18.0%) 0.236
Acute sensory neuropathy 1 (3.1%) I (2.0%) /
Other GBS variants 2 (6.3%) / /
Equivocal 2 (6.3%) 2 (4.0%) /
Meet Brighton criteria level®
Level | 20 (48.8%) 36 (72.0%) 0.264
Level 2 17 (41.5%) 14 (28.0%) 0.346
Level 3 4 (9.8%) / /
Treatment
Intravenous immune globulin 33 (80.5%) 34 (68.0%) 0.601
Glucocorticoid 25 (61.0%) / /
Plasmapheresis 3 (7.3%) 7 (14.0%) 0.362

Notes: *Albumino-cytological dissociation indicates a CSF white-cell count of less than 50 cells/mm? with an elevated protein level (cut-off value,
2 0.45g/L). *Brighton criteria levels indicate the certainty of a diagnosis of GBS. Level I: is supported by nerve-conduction studies and the
presence of albumino-cytological dissociation in CSF and indicates the highest degree of certainty. Level 2: is supported by either a CSF white-cell
count of less than 50 cells/mm? (with or without an elevated protein level) or nerve-conduction studies consistent with the GBS (if the CSF white-
cell count is unavailable). Level 3: based on clinical features without support from nerve-conduction or CSF studies.

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; GBS, Guillain—Barré syndrome; S-GBS, SARS-CoV-2 associated
GBS; C-GBS, case-control GBS; L, liter; IQR, interquartile range.
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flaccid paralysis of the limbs (36 cases [87.8%]) accompanied by sensory disturbances simultaneously or separately (27
cases [65.9%]). The cranial nerves were involved in 17 patients (41.5%), with bilateral or unilateral facial palsy being the
most common (13 cases [31.7%]). On neurological examination at the nadir of the GBS, the median grade of the Hughes
scale was 2 (IQR, 1-5) (Figure 1A). The percentage of patients with a Hughes scale score > 3 was 46% (19 cases)
(Figure 1B). The median MRC score was 48 (IQR, 0-60), and the MRC scores in the lower extremities (median, 24;
IQR, 0-30) were lower than those in the upper limbs (median, 26; IQR, 0-30) (p=0.0385) (Figure 1C). Six patients
(14.6%) developed respiratory failure at nadir and received assisted ventilation. The median duration of hospital stay was
14 days (IQR, 6-60 days).

A CSF examination was completed in 38 patients (92.7%). Albuminocytologic dissociation was observed in 27
patients (71.1%). Five patients (13.2%) had slight pleocytosis with a maximum of 22 cells/mm?, indicating a mild
inflammatory phenomenon. Nerve conduction studies and electromyography were performed in 32 patients (78.0%). The
electrophysiological characteristics predominantly involved axonal damage patterns in the peripheral nerves (21 cases
[65.6%]), classified mainly as 13 cases (40.6%) of AMSAN, 8 cases (25.0%) of AMAN, 6 cases (18.8%) of AIDP, and 3
cases (9.4%) of GBS variants. Two patients (6.3%) underwent equivocal studies that did not allow a subtype classifica-
tion (Supplementary Table 1). In analyses of ganglioside antibodies obtained from 41 patients, 19 (46.3%) exhibited

a positive autoimmune response to the gangliosides, including four cases in the CSF simultaneously or separately. Twelve
patients (29.2%) tested positive for only one type of autoantibody, while seven (17.1%) demonstrated overlapping
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Figure | Limb’s weakness pattern in SARS-CoV-2 associated GBS. (A) The changes of Hughes scale between at nadir and at discharge in SARS-CoV-2 associated GBS (p=
0.0028). (B) The distribution of the Hughes scale at nadir (left panel) and at discharge (right panel) in SARS-CoV-2 associated GBS. At discharge, the number of patients with
Hughes scale>3, dropped sharply (p=0.02). (C)The changes of Medical Research Council (MRC) score between at nadir and at discharge in SARS-CoV-2 associated GBS. At
nadir, MRC score in the lower extremities is lower than that in the upper (P=0.0385). At discharge after treatment, the MRC score in lower extremities improved (p=0.018).
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Table 3 Gangliosides Antibodies Spectrum in SARS-CoV
-2 Associated GBS (n, %)

S-GBS (n=41) | C-GBS (n=50)

Positive autoantibodies 19 (46.3%) 27 (54.0%)
Anti-GM | -IgG 7 (17.1%) 16 (32.0%)
Anti-GM | -IgM | (2.4%) 6 (12.0%)
Anti-GD | b-IgG 2 (4.9%) 9 (18.0%)
Anti-GD | b-IgM / | (2.0%)
Anti -GDla-IgG 2 (4.9%) | (2.0%)
Anti-GM3-IgG 2 (4.9%) | (2.0%)
Anti-GM4-1gG 2 (4.9%) 2 (4.0%)
Anti-GQ|b-IgG 2 (4.9%) | (2.0%)
Anti-GQIb-IgM 2 (4.9%) /
Anti-sulfatides-IgG 2 (4.9%) /
Anti-GD3-IgG | (2.4%) /
Anti-GM2-IgG / 5 (10.0%)
Anti-GT I b-IgG / | (2.0%)

Abbreviations: S-GBS, SARS-CoV-2 associated GBS; C-GBS, case-
control GBS.

antibodies. In addition, among all ganglioside antibodies, immunoglobulin G-anti-GM1 antibody in the serum was
mostly observed in patients with S-GBS (seven cases [17.1%]) (Table 3).

Forty-one patients were classified according to the Brighton Criteria, ranging from high to low of diagnostic certainty:
as 20 patients (48.8%) met level 1, 17 cases (41.5%) met level 2, and four cases (9.8%) met level 3 (Table 2).

Clinical Features of S-GBS Versus C-GBS

Fifty cases of GBS were included in the C-GBS group. According to medical records, all patients complained of infective
symptoms preceding GBS, such as fever, influenza-like symptoms, and diarrhea. Detailed pathogenicity data were not
recorded. The clinical findings of C-GBS are summarized in Table 2.

The clinical characteristics of S-GBS and C-GBS were similar in all aspects (post-infection pattern, temporal profile,
limb weakness distribution, axonal damage pattern, detection of anti-ganglioside antibodies, and CSF findings) except for
different electrophysiological subtype distributions such as dominant AMSAN in S-GBS and AMAN in C-GBS
(Figure 2A—C) (Tables 2 and 3).

Treatment for and Short-Term Prognosis of GBS

In S-GBS group, a total of 33 patients (80.5%) had received IVIG within 2 weeks after symptom onset, while 3 patients
(7.3%) were treated with plasma exchange. Twenty-five patients (61%) were treated with glucocorticoids simultaneously
or separately to reduce the inflammatory reaction triggered by COVID-19 (Table 2). Five out of the 6 patients underwent
assisted ventilation when the disease progressed improved thereafter. Only one elderly female (90 years of age) in the
S-GBS group, who had a history of hypertension and was unvaccinated against COVID-19, died. She experienced rapid
progressive bulbar paralysis and quadriparalysis after the COVID-19 infection, which persistently deteriorated despite
treatment with IVIG and glucocorticoids, and ultimately died of respiratory failure. At discharge, the Hughes scale
(median, 1; IQR, 0—6) decreased significantly, compared with that at the nadir (p=0.0028) (Figure 1A). The proportion of
patients with a Hughes scale score > 3 decreased from 46% to 22% (p=0.02), suggesting a good short-term prognosis
(Figure 1B). The MRC score (median, 26; IQR, 0-30) of the lower limbs also increased significantly after treatment
compared with that at the nadir (p=0.018). Good improvement was observed in the MRC sum score (median, 56; IQR,
0-60) and upper limb score (median, 30; IQR, 0-30) at discharge, but the value was comparable with that at the nadir
(p=0.063 and p=0.202, respectively) (Figure 1C).
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Figure 2 Comparison with temporal profile, weakness pattern, improvement after treatment between SARS-CoV-2 associated GBS and case control GBS. (A)The temporal
profile was comparable in the two groups. (B) The weakness pattern and (C) the improvement after treatment were similar in the two groups.

Patients in the C-GBS group also received treatment with IVIG (34 [68.0%]) or plasma exchange (seven [14.0%]).
The symptoms were significantly improved at discharge, with the Hughes scale score decreasing sharply (median, 2;
IQR, 0-4) and the MRC sum score increasing significantly (median, 48; IQR, 26-60) compared to those at the nadir
(p<0.0001 and p=0.0003, respectively). However, these values in the C-GBS group were comparable to those in the
S-GBS group (p=0.326 and p=0.308, respectively) (Figure 2B and C).

Discussion

In our study, the most patients were mild cases of COVID-19 and the older were more often affected.* As most of the
exposures were concentrated in December 2022 in our study, it was challenging to distinguish the distinct viral variants
of COVID-19 within this investigation. However, according to the sampling survey from the Virus Disease Institute at
the Chinese Center for Disease Control and Prevention, the BA.5.2 and BF.7 variants of the Omicron strain were the
predominant strains nationwide from December 1 to December 26" in 2022 in China, accounting for 80% of the total
prevalence. Before the outbreak of Omicron, a very strict dynamic COVID-zero strategy was implemented in Hubei
compared to other provinces. We infer that Omicron strain might have had a higher proportion in Hubei than in other
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regions in the short period following the relaxation of COVID-zero and isolation policy. A recent study found that the
replication of Omicron variants was less efficient (more than 10 times lower) in human lung tissue than in the prime
strain [27], indicative of less severe disease associated with the lower respiratory tract. This hypothesis was further
supported by growing real-world data showing that the risk of progression to severe clinical outcomes, severity of illness
hospitalization, and deaths due to the Omicron outbreak was lower than that in the delta (B.1.617.2) variant.'” !
Moreover, the symptoms of Omicron infection are milder and shorter, especially among vaccinated individuals, than
those of the delta variant.*’

As for the neurological findings in the COVID-19 group, the sensorimotor form was dominant, and the distribution of
weakness was more often involved in the lower limbs as previously reported.”” The Hughes scale, a well-known
disability scale ranging from 0 to 6, was used to assess clinical disability. A Hughes scale score > 3 generally indicates
serious motor dysfunction and a poor prognosis.'* Mechanistic ventilation is required in severe cases of disease

progression. In some previous studies,”**

the clinical findings seemed more serious; approximately one-third of patients
required mechanical ventilation and autonomic dysfunction was more frequent, which might be related to different
variants of SARS-CoV-2 in different local regions.

In our study, the clinical characteristics of S-GBS and C-GBS are similar in terms of post-infection pattern, temporal
profile, limb weakness distribution, axonal damage pattern, detection of anti-ganglioside antibodies, CSF findings, and
good short-term prognosis, but different electrophysiological subtype distributions dominate (AMSAN in S-GBS and
AMAN in C-GBS). Axonal GBS, redefined as a new subtype of GBS in Northern China in 1993,% remains the most

common variant in Eastern and Northern China,>*%

similar to the predominant variant in our case-control group. Our
findings suggest that the characteristics of SARS-CoV-2—associated GBS resemble those of other classic post-infectious
GBS cases, particularly in China, where the axonal variant is common. Two additional GBS groups with a similar viral
pandemic background further support a post-infectious mechanism, such as the Zika-associated GBS cohort in French
Polynesia®® and the Japanese encephalitis—associated GBS cohort in China.'® Both GBS cohorts share some common
features with S-GBS, including a post-infectious process, axonal variants, and positive anti-ganglioside antibody testing.
Therefore, we speculate a mainly post-infectious mechanism may have been involved in COVID-19-associated GBS in
our study. However, a strong causal relationship between COVID-19 and GBS has not been established.

An international prospective cohort study recently reported that SARS-CoV-2 patients frequently had a sensorimotor
phenotype with facial palsy and they significantly more often had a demyelinating subtype, which differs from our
findings.”” Meanwhile, a great majority of SARS-CoV-2 patients were electrophysiologically diagnosed with
AIDP,>7#28 suggesting that demyelinating nerve conducting study results might be a specific feature of GBS following
SARS-CoV-2 infection at the population level.?” Additionally, bilateral facial paralysis and facial palsy with distal
paresthesia as well as the AIDP subtype are the main clinical manifestations of vaccine-associated GBS that have been
reported mostly within a 6-week risk window of the adenoviral vector vaccine for COVID-19.%°"* In our study, there are
still certain differences in the clinical profiles compared to other GBS cases related to COVID-19, which might due to
differences in evolutionary changes in the virus, host-dependent factors, antigenic target differences, and social and
psychological factors during a pandemic. Censi and colleagues found that various time points (the first wave of the
pandemic and subsequent years) as well as regional differences have a notable impact on GBS following the COVID-19
pandemic.***> Palaiodimou and colleagues conducted the first meta-analysis on this topic.>® However, it is limited by
inadequate statistical analyses and outdated data.

In addition, technical errors in electrophysiological testing need to be taken into account. Caution should be exercised
when making an electrophysiological diagnosis of AIDP in the early phase of GBS. The electrodiagnostic subtypes of
a significant number of GBS patients were changed during follow-up, and 22-38% of patients switched from AIDP or
equivocal subtypes to axonal GBS after a series electrodiagnostic study.?’” Therefore, electrodiagnostic studies are more
reliable when performed 3—6 weeks versus 1-2 weeks after GBS onset.*® Considering the limitations in clinical practice,
some patients completed only one electrophysiological examination, as in most of our cases, and deviations are inevitable
in the electrophysiological classification. Although the GBS subtype diagnosis currently does not impact treatment, we

believe that it is important to understand its underlying pathophysiology and prognosis.*’
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We identified an axonal damage pattern in the S-GBS group, frequently accompanied by anti-ganglioside antibodies,
particularly anti-GM1 antibodies. A specific mechanistic link was observed between certain anti-ganglioside antibodies
and distinct phenotypic characteristics of infection-associated GBS. For example, GM1 and GD1a antibody levels are
frequently elevated in patients with AMAN or AMSAN.* CMV-associated GBS with anti-GM2 antibodies presents
mainly as the AMSAN variant.*>*' In our case-control group, anti-GM2 antibodies were detected, though their
association with CMYV infection remains uncertain. Interestingly, Zika virus—associated GBS initially manifested as
AMAN with anti-GA1 antibodies and later, at follow-up 3 months later, involved multiple antibodies, including anti-
GMI antibodies.*®

Whether the “molecular mimicry” mechanism still works in SARS-CoV-2—-associated GBS remains to be clarified,
although anti-ganglioside antibodies are found in up to 60% of GBS cases.**** Keddie et al** inferred that molecular
mimicry causation is less likely identified when searching for homology of the axonal or myelin surface proteins and
glycoproteins between any SARS-CoV2 proteins and human nerves and obtaining nothing. In addition, the concept of
molecular mimicry between SARS-CoV-2 and various human organs and tissues may serve as a potential trigger for
multi-organ autoimmunity in COVID-19,* such as through the lymphocytic recognition of self-antigens, molecular
mimicry,” or human heat shock proteins.*® Another possibility is that post-translational modifications of viral proteins
result in the generation of immunogenic surface glycomolecules®’ that might participate in the autoimmune response.
Considering the close relationship between anti-ganglioside antibodies and axonal neuropathies in infection-associated
GBS, a complicated hyperreactive autoimmune response targeting the peripheral nervous system may be involved in
GBS development regardless of the initial triggers.

In another Zika virus—associated GBS cohort in Colombia, approximately half of the patients had a rapid onset of
neurological symptoms during viremia, the so-called para-infectious onset, reflecting a variable clinical phenotype that
differs from the known post-infectious mechanisms. The presence of viruses in the CSF of three patients in this Zika
virus—associated GBS cohort suggests a possible neuroinvasive process.** A few COVID-19-associated GBS cases also
seemed to have a para-infectious profile, with the virus presenting in the CSF.”* In our study, we could not confirm the
mechanism of para-infection. However, mild pleocytosis was observed in five patients in our study with a maximum of
22 cells/mm’, as observed in another study,” indicating a slight inflammatory reaction possibly caused by viremia.
Moreover, owing to the inflammatory mechanism of SARS-CoV-2, it actively contributes to the increase in the
inflammatory response and triggers a lack of control in the immune system, which can result in GBS-associated
neurological illnesses.®

As COVID-19 variants continue evolving worldwide, more studies are necessary to investigate the possible neuro-
logical effects of SARS-CoV-2 infection.

Limitations

Our study is limited by its retrospective nature. First, we collected cases that occurred during the Omicron variant
outbreak in a narrow time window in a local area in southern China, which was not representative of all COVID-19-
associated GBS cases during the pandemic. Second, most patients were followed up for less than 2 months; therefore,
possible acute onset- chronic inflammatory demyelinating polyneuropathy (A-CIDP) could not be completely ruled
out. In addition, as a multicenter study, it was difficult to achieve complete unity in the electrophysiological studies,
such as cutoff values and interpretation of the final results. Most patients underwent the electrophysiological
examination only once within 3 weeks of disease onset; therefore, some AMAN cases might have been unrecognized.
However, this did not change the final judgment as axonal variants were the predominant forms in our study. In
addition, the false-positive rate for anti-ganglioside antibodies should be considered. Finally, although we excluded
COVID-19 infection during the hospital stay, the pathogens of the case-control GBS could not be ascertained because
of the lack of relevant data recorded, and we confirmed the preceding infections by medical record review and clinical
symptoms.
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Conclusion

Based on this multicenter retrospective study of 41 cases diagnosed during the outbreak of Omicron variants in southern
China, we report that the clinical features of SARS-CoV-2- associated GBS appears to be classic sensorimotor
neuropathy with a predominant electrophysiological axonal form, which differs from other COVID-19-associated GBS
cases reported previously. Furthermore, the temporal profile of neurological symptoms, presence of axon-associated
antibodies, and improvement with immunotherapy suggest a post-infectious immune-mediated mechanism.
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