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Guillain-Barré syndrome after SARS-CoV-2
infection in an international prospective
cohort study
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In the wake of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic, an increasing number
of patients with neurological disorders, including Guillain-Barré syndrome (GBS), have been reported following this
infection. It remains unclear, however, if these cases are coincidental or not, as most publications were case
reports or small regional retrospective cohort studies.

The International GBS Outcome Study is an ongoing prospective observational cohort study enrolling patients
with GBS within 2 weeks from onset of weakness. Data from patients included in this study, between 30 January
2020 and 30 May 2020, were used to investigate clinical and laboratory signs of a preceding or concurrent SARS-
CoV-2 infection and to describe the associated clinical phenotype and disease course. Patients were classified
according to the SARS-CoV-2 case definitions of the European Centre for Disease Prevention and Control and la-
boratory recommendations of the World Health Organization.

Forty-nine patients with GBS were included, of whom eight (16%) had a confirmed and three (6%) a probable SARS-
CoV-2 infection. Nine of these 11 patients had no serological evidence of other recent preceding infections associ-
ated with GBS, whereas two had serological evidence of a recent Campylobacter jejuni infection. Patients with a con-
firmed or probable SARS-CoV-2 infection frequently had a sensorimotor variant 8/11 (73%) and facial palsy 7/11
(64%). The eight patients who underwent electrophysiological examination all had a demyelinating subtype, which
was more prevalent than the other patients included in the same time window [14/30 (47%), P = 0.012] as well as
historical region and age-matched control subjects included in the International GBS Outcome Study before the
pandemic [23/44 (52%), P =0.016]. The median time from the onset of infection to neurological symptoms was
16 days (interquartile range 12-22).

Patients with SARS-CoV-2 infection shared uniform neurological features, similar to those previously described in
other post-viral GBS patients. The frequency (22%) of a preceding SARS-CoV-2 infection in our study population
was higher than estimates of the contemporaneous background prevalence of SARS-CoV-2, which may be a result
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of recruitment bias during the pandemic, but could also indicate that GBS may rarely follow a recent SARS-CoV-2
infection. Consistent with previous studies, we found no increase in patient recruitment during the pandemic for
our ongoing International GBS Outcome Study compared to previous years, making a strong relationship of GBS
with SARS-CoV-2 unlikely. A case-control study is required to determine if there is a causative link or not.
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direct infection or through its social and economic consequences.
The severity and impact of this outbreak prompted the World
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV- Health Organization (WHO) to declare SARS-CoV-2 a Public Health
2) pandemic has affected the entire world population, either by Emergency of International Concern on 30 January 2020." Besides

Introduction
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the well known severe respiratory signs, both central and periph-
eral neurological complications have been reported.>™* Potential
pathophysiological mechanisms for these complications may be
either direct viral invasion, indirect damage as a result of the in-
flammatory response (para-infectious, post-infectious), or hyper-
coagulability in cases of cardiovascular complications.’ One of the
reported neurological disorders is Guillain-Barré syndrome (GBS),
an inflammatory polyradiculoneuropathy characterized by rapidly
progressive weakness and sensory signs, usually preceded by an
infectious trigger.® Several pathogens have previously been associ-
ated with GBS and outbreaks of these infections may lead to an
increased incidence of GBS as seen during the Zika virus pandemic
in 2015-16.”"° The clinical phenotype, electrophysiological subtype
and disease course of GBS are heterogeneous and may be influ-
enced by the type of preceding infection as a result of differences
in antigenic targets. In some of these clinical variants specific anti-
body responses against gangliosides could be found. For example,
a preceding infection with Campylobacter jejuni is associated with
antibodies against GM1 and GD1a, and a pure motor axonal variant
with a more severe disease course and poor outcome.*°

Since the beginning of the recent pandemic, over 90 GBS
patients with a possible relation to SARS-CoV-2 have been
reported.™ ™ However, whether SARS-CoV-2 is another potential
infectious trigger or whether the reported cases are coincidental is
still unclear. In the current study, we identified GBS cases with a
preceding SARS-CoV-2 infection, based on clinical and laboratory
features, during the first months of the pandemic within the
framework of the International GBS Outcome Study (IGOS), an on-
going prospective observational cohort study which began in
2012." We describe in detail the clinical phenotype, electrophysio-
logical subtype, and disease course of these patients.

Materials and methods

Data from all GBS patients included in IGOS from 30 January until
30 May 2020 were used for this study. IGOS is an international mul-
ticentre prospective observational cohort study in which all GBS
patients can be included within 2 weeks from the onset of symp-
toms, independent of the disease severity or clinical variant. Data
and biological samples are collected according to a predefined
protocol.” As the first wave of the SARS-CoV-2 pandemic may
have caused delays in hospital referral and study inclusion, we
allowed 4weeks from symptom onset for the inclusion of GBS
cases. Information on the acute phase of GBS was collected retro-
spectively in these patients. Patients needed to fulfil the diagnostic
criteria for GBS (National Institute of Neurological Disorders and
Stroke) or its clinical variants.’®' Patients with an alternative
diagnosis were excluded.

Patient recruitment rates of IGOS from the previous 3years
were compared with the recruitment rate during the first months
of the pandemic. Because patient inclusion depends, among other
factors, on whether or not study sites are actively recruiting
patients, we also looked at inclusion rates in selected countries
(China, Italy, Switzerland and The Netherlands) with stable inclu-
sion rates of > 10 patients/year in the past years.

Comprehensive data on demographics, symptoms of preceding
infections, co-morbidities, clinical presentation of GBS, CSF
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examination, nerve conduction studies (NCS), treatment, disease
progression, and clinical course were collected prospectively at
fixed time points.”® Clinical parameters have been defined in the
original IGOS protocol and are described in previous publica-
tions.”™!® We interpreted data until a maximum follow-up of
13 weeks. Data collected after 13 weeks will be used for future stud-
ies. The clinical variant of GBS was identified by the local investi-
gator at Week 2 and, if missing, at Week 1 or entry. Disease
severity was expressed using the GBS disability score (0-6):
0 = healthy, 1 =minor symptoms but capable of running, 2 = able
to walk 10 m without assistance but unable to run, 3 = able to walk
10 m with help, 4 = bedridden or chair bound, 5 = requiring assisted
ventilation for at least part of the day, 6 = dead.” Severe GBS was
defined as a GBS disability score at nadir > 3, similar to previous
studies.” For patients with Week 13 missing who were able to
walk independently at Week 8 or Week 4, this previous visit was
used to determine the GBS disability score at Week 13. The electro-
physiological subtype was determined according to the Hadden
classification, by using the raw data of the first NCS.?* If the raw
NCS data were missing, we used the subtype defined by the local
investigator.

Additional information regarding the clinical suspicion of SARS-
CoV-2 infection was collected with a structured questionnaire,
which contained questions on preceding symptoms, laboratory
and radiological results, serological evidence of other recent infec-
tions, and complications of SARS-CoV-2.

Investigators were asked to test the included patients for SARS-
CoV-2 by PCR (on oro/nasopharyngeal, respiratory, or faecal mater-
ial) and/or serology (IgM and IgG) in the local hospitals. Dutch
patients with a probable or confirmed SARS-CoV-2 infection and
available material were tested for SARS-CoV-2 serology (Wantai
SARS-CoV-2 total Ig and IgM ELISA from Beijing Wantai Biological
Pharmacy Enterprise Co., Ltd) at the Erasmus MC University
Medical Center.?

Patients were classified according to the SARS-CoV-2 case defi-
nitions of the European Centre for Disease Prevention and Control
(Box 1).” Patients were classified as ‘possible’ if they had at least
one clinical sign of SARS-CoV-2 infection, ‘probable’ if they had
abnormalities on radiological imaging suspicious for SARS-CoV-2
infection, or if they had both clinical signs and an epidemiological
link, and ‘confirmed’ if there was laboratory confirmation of SARS-
CoV-2 infection. Laboratory confirmation was based on the WHO
recommendations and defined as a positive PCR for SARS-CoV-2 or
positive serology on repeated samples.?*** Radiological findings
suspicious for SARS-CoV-2 infection on CT-thorax consisted of bi-
lateral infiltrates, uni- or bilateral ground-glass opacities, multi-
focal consolidation, or bilateral interstitial abnormalities.?®

In the main analysis, we focused on the clinical phenotype and
subtype of GBS patients with a confirmed/probable SARS-CoV-2 in-
fection and compared these patients with the other patients that
were included in the same time window (possible and no suspi-
cion combined). We chose this comparison because the patients in
the possible group had non-specific symptoms that are also com-
mon in respiratory tract infections caused by other pathogens. We
also performed three additional analyses. In the first analysis, we
aimed to investigate whether the clinical phenotype and subtype
of SARS-CoV-2 confirmed/probable cases was specific for SARS-
CoV-2 and compared their neurological features with historical
control patients matched for region and age (+15years) that were
included in IGOS before the pandemic (2012-17). In the other two
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Box 1 Case definitions SARS-CoV-2 infection based on the ECDC criteria and WHO laboratory recommendations

Clinical criteria
Any person with at least one of the following symptoms:
¢ cough
¢ fever
¢ shortness of breath
¢ sudden onset of anosmia, ageusia or dysgeusia

Diagnostic imaging criteria

Radiological evidence showing lesions compatible with COVID-19?

Laboratory criteria

Detection of SARS-CoV-2 nucleic acid in a clinical specimen OR positive serology on repeated serum samples®

Epidemiological criteria
At least one of the following two epidemiological links:

* close contact with a confirmed COVID-19 case in the 14 days prior to onset of symptoms

¢ having been a resident or a staff member, in the 14 days prior to onset of symptoms, in a residential institution for vulnerable
people where ongoing COVID-19 transmission has been confirmed

Case classification

Possible case:

Any person meeting the clinical criteria
Probable case:

Any person meeting the clinical criteria with an epidemiological link

OR

Any person meeting the diagnostic imaging criteria
Confirmed case:

Any person meeting the laboratory criteria

Adapted from: European Centre for Disease Prevention and Control. Case definition for coronavirus disease 2019 (COVID-19), as of 29 May 2020. https://www.ecdc.euro-
pa.eu/en/covid-19/surveillance/case-definition. ECDC = European Centre for Disease Prevention and Control; WHO = World Health Organization.
#Radiological evidence compatible with COVID-19’ was defined as the presence of bilateral infiltrates, uni- or bilateral ground-glass opacities, multifocal consolidation,

or bilateral interstitial abnormalities on CT-thorax.

Ppositive serology on repeated serum samples’ was added to the laboratory criteria, as described in the WHO recommendations for laboratory testing.

additional analyses, we compared the clinical GBS phenotype and
disease course of the three subgroups of SARS-CoV-2 suspicion
separately (confirmed/probable versus possible versus no suspicion)
and excluded the possible patients (confirmed/probable versus no
suspicion) as some of them may have had a recent SARS-CoV-2 in-
fection. The additional analyses are provided in the Supplementary
material. Significant findings and discrepancies between these anal-
yses and the main analysis are described in the text.

SARS-CoV-2 probable and confirmed patients were tested locally
for other preceding infections associated with GBS including:
Campylobacter jejuni, Mycoplasma pneumoniae, Epstein-Barr virus
(EBV), cytomegalovirus (CMV) and hepatitis E virus (HEV), when
possible. Test results were defined as positive, negative, or incon-
clusive based on definitions of the local laboratory. In general, evi-
dence of a recent infection was defined via IgM positivity for M.
pneumoniae and HEV, IgM or IgA positivity for C. jejuni, IgM positiv-
ity with negative IgG or IgG with low avidity for CMV, and virus
capsid antigen (VCA) IgM positivity with negative Epstein-Barr nu-
clear antigen (EBNA) IgG for EBV. See the Supplementary material
for a more detailed description of the interpretation of the test
results.

Statistical analysis was performed with IBM SPSS Statistics 25.
Variables were described using medians (interquartile range, IQR)
and numbers (percentage). To compare variables between sub-
groups, a Mann-Whitney U-test or Kruskal-Wallis test was used
for numerical variables and a chi-square test or Fisher’s exact test
for categorical variables. A two-sided P-value < 0.05 was consid-
ered significant. For the comparison of the SARS-CoV-2 confirmed/
probable cases with historical control patients included in IGOS be-
fore the pandemic, we used a 1:7 ratio and the cases and matched
controls were analysed as two independent groups. In the add-
itional analysis where three subgroups were compared, a
Bonferroni correction was used to correct for multiple testing.
Therefore, we divided the significance level of 0.05 by the number
of possible tests (three groups = three pairwise comparisons), so
P-values < 0.017 were considered to be significant for this
analysis.

IGOS was approved by the institutional review boards of the
Erasmus MC University Medical Center (MEC-2011-477) and all par-
ticipating international local site institutes. Written informed con-
sent was obtained from each patient.
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Patients included in IGOS
30" Jan- 30" May 2020

Excluded because of

> alternative diagnosis
n=3
Study cohort
A 4 A 4 A 4 A 4
Unclassifiable Mo suspicion Possible Probable Confirmed
i SARS-CoV-2 SARS-CoV-2 SARS-CoV-2 SARS-CoV-2
G n=21 n=3 n=8
Figure 1 Patient inclusion and SARS-CoV-2 case classification.
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Figure 2 Patient inclusion in IGOS between 2017 and 2020. Patient inclusion within IGOS per month from 2017 until 2020. Fluctuations in inclusion

rate can be explained by countries that started or stopped recruiting patients.

Data availability

Data of included patients in IGOS will be used for future studies
and may be made available upon reasonable request after consult-
ing the IGOS Steering Committee.

Results

Patient inclusion and classification

Fifty-two GBS patients were enrolled in IGOS from 30 January to 30
May 2020 (Fig. 1). Three patients were excluded from analysis be-
cause of an alternative diagnosis: one patient had myelitis (and a
PCR confirmed SARS-CoV-2 infection), one had polyradiculopathy
due to a B-cell lymphoma, and one had thiamine deficiency.

The 49 remaining patients were included in China (n=6),
Denmark (n=1), France (n=3), Greece (n=1), Italy (n=7), Japan

(n=2), The Netherlands (n = 12), Spain (n = 2), Switzerland (n = 14),
and the UK (n = 1). We did not see an increase in the inclusion rate
of IGOS during the pandemic compared to the previous 3years
(Fig. 2). When focusing on selected regions (e.g. Switzerland, The
Netherlands, China) with more stable inclusion rates, only
Switzerland had an increase in patient inclusion in April 2020 (six
patients versus an average of one to three inclusions per month in
the year before the pandemic).

Forty-eight questionnaires assessing clinical suspicion for
SARS-CoV-2 infection were completed (response rate of 98%).
Based on the European Centre for Disease Prevention and Control
(ECDC) case definitions, two patients (4%) were unclassifiable;
21 (43%) did not have suspicion for SARS-CoV-2; 15 (31%) were
classified as possible; three (6%) as probable; and eight (16%) as
confirmed cases.

Below we focus on the clinical features and disease course of
GBS patients with a probable or confirmed SARS-CoV-2 infection
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SARS-CoV-2 confirmed/probable®

Total (n = 49) Yes (n=11) No (n=36) P-value
Demographics
Median age (IQR) 56 (37-67) 63 (60-67) 53 (32-66) 0.035"
Males/females (ratio) 31/18 (1.7) 7/4 (1.8) 23/13 (1.8) 0.99
Preceding symptoms (%)
Fever 22/48 (46) 10 (91) 12 (33) 0.001"
Respiratory® 14/47 (30) 9(82) 5(14) <0.001"
Gastro-intestinal 14 (29) 3(27) 11 (31) 0.84
None 17 (35)n =48 1(9) 16 (44) 0.039"
Days before onset GBS (IQR) 13 (6-22)n=31 16 (12-22) n=10 12 (5-23)n =20 0.40
Clinical GBS variant (%)
Sensorimotor 35/47 (75) 8(73) 27/34 (79) 0.69
Pure motor 3/47 (6) 0(0) 3/34(9) 0.57
MFS 2/47 (4) 0(0) 1/34 (3) -
MFS-GBS overlap syndrome 3/47 (6) 2(18) 1/34 (3) 0.14
Ataxic 4/47 (9) 1(9) 2/34 (6) 0.71
Neurological deficits at entry©
Cranial nerve involvement (%) 16/47 (34) 5 (46) 10/34 (29) 0.46
Oculomotor 6 (13) 1(9) 4(12) 0.81
Facial 12 (26) 4 (36) 8 (24) 0.45
Bulbar 10 (21) 3(27) 6(17) 0.67
Median MRC sum score (IQR) 52 (41-60) n = 45 51 (22-54) 51 (41-59) n = 32 0.58
Tetraparesis (%) 30 (67) 8(73) 22 (69) 0.73
Paraparesis (%) 3(7) 0(0) 3(9) 0.57
Sensory deficits (%) 32/45 (71) 9(82) 21/32 (66) 0.46
Pain (%) 22/48 (46) 3(27) 18/35 (51) 0.16
Ataxia(%) 15/37 (41) 3/9(33) 11/27 (41) 0.69
Autonomic dysfunction? (%) 11/47 (23) 4 (36) 7/34 (21) 0.42
Days onset GBS-entry (IQR) 5(3-10)n =48 9 (3-11) 5(2-9)n=35 0.25
Clinical severity of GBS
Lowest MRC sum score (IQR) 47 (33-56) n = 46 44 (2-52)n=11 46 (34-55)n = 33 0.39
Highest GBS disability score (%)
0-2 8/47 (17) 0(0) 8/34 (24) 0.17
34 30/47 (64) 7 (64) 21/34 (62) 0.91
5 9/47 (19) 4(36) 5/34 (15) 0.19
CSF
Leucocyte count (IQR) 2(1-3)n=42 1(1-3)n=9 2(14)n=31 0.50
Protein level, g/l (IQR) 1.01 (0.49-1.55) 1.50 (0.85-1.87) 0.80 (0.45-1.51) 0.16
Elevated, >0.45 g/l (%) 32 (76) 8(89) 23 (74) 0.65
Days onset GBS-spinal tap (IQR) 4 (2-8) 4(2-9) 4(2-9) 0.69
Electrophysiological subtype (%)
Demyelinating 23/39 (59) 8/8 (100) 14/30 (47) 0.012"
Axonal 3/39 (8) 0(0) 3/30 (10) 0.59
Equivocal 13/39 (33) 0(0) 13/30 (43) 0.034"
Treatment (%)
Intravenous immunoglobulins 39/47 (83) 10/11 (91) 28/34 (82) 0.66
Plasma exchange 3/47 (6) 1/11(9) 2/34 (6) 0.71
Corticosteroids® 2/47 (4) 0(0) 2/34 (6) -
None 5/47 (11) 0(0) 4/34 (12) 0.56

Results were given as median (25th-75th percentile) or as counts (percentage). MRC sum score = sum of Medical Research Council scores for muscle groups for shoulder ab-

duction, elbow flexion, wrist extension, hip flexion, knee extension and ankle dorsiflexion of both limbs.

*Significant values (P < 0.05).

Classification by the ECDC case definitions. Unclassifiable patients (n = 2) are not shown.

PRespiratory symptoms included cough and or dyspnoea.
“Parameters that could not be examined were coded as missing values.

dAutonomic dysfunction included disturbances in blood pressure and cardiac, gastro-intestinal or bladder dysfunction.
€Additional to intravenous immunoglobulins.
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GBS after SARS-CoV-2 infection cohort study

Table 3 Clinical course and outcome of GBS in relation to SARS-CoV-2 infection
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SARS-CoV-2 confirmed/probable®

Total (n = 49) Yes (n=11) No (n = 36) P-value
Mortality (%) 3/46 (7) 2(18) 1/34 (3) 0.14
Mechanical ventilation (%) 9/47 (19) 4(36) 5/34 (15) 0.19
Days of ventilation (IQR) 17 (10-31) n=7 31(17-31)n=2 11(7-25)n=5 0.25
ICU admission (%) 13/47 (28) 6 (55) 7/34 (21) 0.05
Days in ICU (IQR) 14 (3-31)n=12 28 (740)n=>5 3(3-24)n=7 0.09
Week 4
MRC sum score (IQR) 54 (32-60) n = 30 49 (21-60) n =8 55 (41-60) n = 22 0.28
GBS disability score (%)
0-2 16/31 (52) 3/8 (38) 13/23 (57) 0.43
3-4 12/31 (39) 3/8 (38) 9/23 (39) 0.94
5 3/31(10) 2/8 (25) 1/23 (4) 0.16
Week 13
GBS disability score (%)
0-2 21/30 (70) 4/8 (50) 16/21 (76) 0.20
34 6/30 (20) 2/8 (25) 4/21 (19) 0.72
5 0(0) 0(0) 0(0) -
6 3/30 (10) 2/8 (25) 1/21 (5) 0.18

Results are given as median (25th-75th percentile) or as counts (percentage). MRC sum = sum of Medical Research Council scores for muscle groups for shoulder abduction,
elbow flexion, wrist extension, hip flexion, knee extension and ankle dorsiflexion of both limbs.

*Significant values (P < 0.05).

2Classification by the ECDC case definitions. Unclassifiable patients (n = 2) are not shown.

(n=11) and compare them to the other GBS cases included in the
same time period with a possible SARS-CoV-2 infection or without
SARS-CoV-2 suspicion (n = 36).

Table 1 summarizes the clinical characteristics of the total cohort and
compares the patients with a confirmed/probable SARS-CoV-2 infec-
tion to those without. Two patients had an unclassifiable SARS-CoV-2
status and were therefore excluded from this comparison. A more
detailed overview of the clinical features of the confirmed and prob-
able SARS-CoV-2 infected patients is shown in Table 2.

The median age of the total cohort was 56years (IQR 37-67).
The patients with a confirmed/probable SARS-CoV-2 infection
were significantly older than the remaining patients [63 years (IQR
60-67) versus 53years (IQR 32-66), P =0.035]. The median time
from onset of weakness until study entry was 5days (IQR 3-10).
Three patients entered the study between 2 and 4weeks after
onset of neurological symptoms, due to a delay in hospital admis-
sion or a delay in informed consent due to the pandemic.
Preceding respiratory symptoms and fever occurred more fre-
quently in patients with a confirmed/probable SARS-CoV-2, which
was expected as the classification according to the ECDC case defi-
nitions is partly based on such symptoms.

The majority of SARS-CoV-2 confirmed/probable patients had a
sensorimotor GBS variant (8/11, 73%), although Miller Fisher syn-
drome (MFS) GBS overlap (2/11, 18%) and an ataxic variant (1/11,
9%) were also reported. All patients with a confirmed/probable
SARS-CoV-2 infection had a severe form of GBS (GBS disability
score at nadir > 3). Common early neurological features were: fa-
cial weakness in 7/11 (64%), sensory deficits in 9/11 (82%), and
autonomic dysfunction in 7/11 (64%), although not significantly
different compared to the other patients.

Electrophysiological examination was performed in 39/49 (80%)
patients, with raw data available in 37 (including all patients with
a confirmed/probable SARS-CoV-2 infection). The data for these

37 patients were independently assessed and classified according
to the Hadden classification. For the other two patients, the
classification of the local investigator was used. All confirmed and
probable SARS-CoV-2 patients who underwent NCS had a demyeli-
nating subtype, which was more frequent than in the other GBS
patients [8/8 (100%) versus 14/30 (47%), P = 0.012]. After excluding
the patients from Asia (n = 8), this association was still statistically
significant (P = 0.047). Both SARS-CoV-2 confirmed/probable cases
and the other patients underwent extensive electrophysiological
examination as approximately four motor and three sensory
nerves were examined in both groups.

In 42/49 (86%) patients, a spinal tap was performed with a
median leucocyte count of 2 cells/ul (IQR 1-3) and protein level of
1.01g/1 (IQR 0.49-1.55). CSF examination was performed in 9/11 (82%)
confirmed/probable SARS-CoV-2 patients of whom only one had an
increased (>5 cell/pl) leucocyte count of 20 cells/pl. This patient was
negative for SARS-CoV-2 PCR in CSF and other diagnoses (e.g. myeli-
tis, infectious causes) were excluded after extensive investigation.
The demyelinating features on NCS further confirmed the diagnosis
of GBS in this patient. All SARS-CoV-2 confirmed/probable patients
received immunomodulatory treatment: 10/11 (91%) intravenous
immunoglobulins and 1/11 (9%) plasma exchange. None received
additional treatment with steroids. Treatment did not differ be-
tween subgroups. Antiganglioside antibodies were tested in two
SARS-CoV-2 infected patients and were negative in both.

Based on the Brighton Collaboration criteria, 6/11 SARS-CoV-2
confirmed/probable patients had a Level 1 certainty of GBS, 2/11 a
Level 2, 2/11 a Level 3 (no CSF and NCS performed due to SARS-
CoV-2 restrictions), and 1/11 a Level 4 (ataxic variant). Notably, one
patient (Level 1) also had cervical myelitis with two short-segment
foci on spinal cord MRI, one lateral and one central, which did not
fully explain all of the observed neurological features such as facial
palsy. The CSF of this patient showed a normal leucocyte count
(3 cells/pl) and increased protein level (1.11g/l) with a negative
SARS-CoV-2 PCR in CSF. Electrophysiological examination in this
patient showed a sensorimotor demyelinating polyneuropathy,
which further supported the diagnosis of GBS.
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All 11 GBS patients with a confirmed and probable SARS-CoV-2
developed neurological symptoms between 22 March and 24 April.
These patients were included in Italy (n=2), The Netherlands
(n =4), Spain (n = 1), Switzerland (n = 3), and the UK (n = 1) (Table 2).
Three have been described in previously published case reports
and another two were included and analysed in a retrospective co-
hort study.***® Common preceding infectious symptoms were
fever 10/11 (91%), cough 7/11 (64%), and dyspnoea 5/11 (45%). Other
reported symptoms were diarrhoea 3/11 (27%), fatigue 3/11 (27%),
anosmia 3/11 (27%) and ageusia 2/11 (18%). The median time be-
tween preceding infectious symptoms and GBS symptoms was
16days (IQR 12-22), which did not significantly differ when com-
pared with the patients without a probable or confirmed SARS-
CoV-2 infection (Table 1).

PCR SARS-CoV-2 testing was performed in 26/49 (53%) patients
with a median time of 14 (IQR 5-28) days after onset of infectious
symptoms. One patient tested positive for SARS-CoV-2 with PCR
during rehabilitation 2months after onset of GBS symptoms, and
was therefore not included in the SARS-CoV-2 confirmed/probable
group. Of the eight patients with a confirmed SARS-CoV-2 infec-
tion, seven had a positive PCR on an oro/nasopharyngeal swab
during the acute phase of GBS or in the 3 weeks before, and in one
a recent infection was confirmed by paired serology. All three
patients with a probable SARS-CoV-2 infection had suspicious
findings on CT-thorax in the setting of a negative PCR: in one ser-
ology was not performed, one had positive IgM and positive total
Ig, and one had a positive IgG, but these were not confirmed in a
paired test. SARS-CoV-2 PCR in CSF was performed in four of eight
patients who had a positive oro/nasopharyngeal swab for SARS-
CoV-2 and was negative in all four. A CT-thorax was performed in
8/11 (73%) of the confirmed/probable cases, seven of whom had
abnormalities suspicious for SARS-CoV-2 infection. Four had a bi-
lateral interstitial pneumonia and three had bilateral or unilateral
ground glass opacities.

At hospital admission, 8/11 (73%) confirmed/probable SARS-
CoV-2 patients had increased inflammatory markers (C-reactive
protein and/or erythrocyte sedimentation rate). Other frequent la-
boratory abnormalities were increased liver enzymes (aspartate
aminotransferase and/or alanine transaminase) 9/10 (90%), lym-
phocytopaenia 4/10 (40%), increased lactate dehydrogenase 4/8
(50%), and increased ferritin and creatinine kinase in 2/3 (67%).
Pneumonia was the most common complication of SARS-CoV-2
infection and was present in 8/11 (73%) patients. Additionally, one
patient suffered from acute respiratory distress syndrome and
sepsis, one from pulmonary embolism and myocardial infarction,
one from sepsis and atrial fibrillation, and one had a cervical
myelitis.

Two SARS-CoV-2 confirmed/probable patients had serological
evidence of a recent C. jejuni infection. One patient had a positive
PCR for CMV on respiratory material with a negative IgM antibody
response, indicating a reactivation of CMV.

Twenty-eight (57%) patients had a follow-up duration of 8 weeks
or longer. Three (7%) patients died (Table 3): two from SARS-CoV-2
pneumonia or related complications (pulmonary embolism), and
one SARS-CoV-2 negative patient died from a Pseudomonas aerugi-
nosa pneumonia. Of the SARS-CoV-2 confirmed/probable patients,
6/11 (55%) needed to be admitted to the intensive care unit (ICU),
and 4/11 (36%) required mechanical ventilation. All patients admit-
ted to the ICU had CT thorax abnormalities and complications

L. W. G. Luijten et al.

related to SARS-CoV-2 infection (pneumonia, acute respiratory dis-
tress syndrome, sepsis, pulmonary embolism), and five had a se-
vere tetraparesis, of whom four with cranial nerve involvement.
Three of the six patients admitted to the ICU also underwent NCS
and had a demyelinating GBS subtype. GBS disability score and
Medical Research Council (MRC) sum score at Weeks 4 and 13 did
not differ between subgroups.

In the previous analysis, we compared the clinical GBS phenotype
of the patients with a confirmed/probable SARS-CoV-2 infection to
the patients with no/possible SARS-CoV-2 suspicion that were
included in the same time window. Additional analyses on the
GBS phenotype and disease course of the SARS-CoV-2 confirmed/
probable cases are provided in the Supplementary material.
Compared to historical control patients included in IGOS before
the pandemic (between 2012 and 2017), matched for region and
age (Supplementary Table 1), SARS-CoV-2 confirmed/probable
patients had significantly more often a demyelinating NCS sub-
type [8/8 (100%) versus 23/44 (52%), P = 0.016] and a higher CSF pro-
tein level [1.50 g/l (IQR 0.85-1.87) versus 0.65 g/1 (0.4-1.11), P = 0.014].
The timing of the lumbar puncture after onset of weakness was
similar with a median of 4days (IQR 2-9) versus 5days (IQR 2-7)
(P =0.47). Other clinical features, including sex, clinical GBS vari-
ant, neurological deficits at study entry, time between onset GBS
and study entry, MRC sum score and GBS disability score at nadir,
and CSF leucocyte count, did not significantly differ between the
SARS-CoV-2 cases and historical controls.

Patients with a confirmed/probable SARS-CoV-2 infection had
significantly more often a demyelinating NCS subtype compared
to the other subgroups of SARS-CoV-2 suspicion, also after exclud-
ing the possible patients (Supplementary Table 2). No other signifi-
cant differences between subgroups were found (Supplementary
Tables 2 and 3).

Discussion

In this international prospective cohort study, 22% of the GBS
patients included during the first 4 months of the pandemic had a
preceding SARS-CoV-2 infection. Eight (16%) had a confirmed and
three (6%) a probable infection. These patients were all >50years
of age and had a demyelinating electrophysiological subtype. The
most common GBS variant in this group was the sensorimotor
(73%), and patients frequently had facial palsy (64%). All GBS
patients with a SARS-CoV-2 infection had a severe form of GBS as
none of them could walk independently at nadir (GBS disability
score >3). We cannot determine whether their recovery was worse
compared to the other GBS patients as patient numbers were small
and their disease course may have also been affected by the sever-
ity and complications of SARS-CoV-2 infection.

Similar phenotypic features were found in previously published
SARS-CoV-2 related cases, in which a sensorimotor and demyeli-
nating GBS was predominant, although some variants, such as
MFS and axonal subtypes, have also been reported.’?*3! Our
study cohort also contained two confirmed/probable SARS-CoV-2
infected patients with MFS-GBS overlap syndrome, but no patients
with a pure motor variant or an axonal electrophysiological sub-
type. A sensorimotor demyelinating GBS with facial palsy has also
been described in relation to other viral triggers of GBS, including
CMV, Zika virus, HEV and varicella zoster virus.”*>* This is there-
fore the expected clinical and electrophysiological phenotype in
virus-related GBS, although its presence in the vast majority of
SARS-CoV-2 infected GBS patients does not provide evidence of a
causal effect. Should SARS-CoV-2 indeed be able to trigger GBS, our
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data are consistent with a post-infectious disease mechanism ra-
ther than direct viral invasion, as the time between onset of SARS-
CoV-2 symptoms and GBS ranged from 2 to 3.5 weeks, none of the
tested patients were positive for SARS-CoV-2 PCR in the CSF, and
all but one patient had a normal leucocyte count in the CSF. Our
findings are consistent with the other published SARS-CoV-2-
related GBS case reports, from which in only the first published
case the possibility of direct viral invasion was hypothesized.*?

When comparing the GBS features of SARS-CoV-2 confirmed/
probable patients with the other patients that were included in our
study during the same time window we found no significant dif-
ferences, except for a higher age and a higher frequency of a
demyelinating subtype in the SARS-CoV-2 confirmed/probable
cases. The latter might be partially explained by the fact that the
Asian patients in our cohort were all in a group with no/possible
SARS-CoV-2 suspicion and all GBS patients with confirmed/prob-
able SARS-CoV-2 infection came from Europe, where the sensori-
motor (demyelinating) variant is generally the most common
subtype.'® However, this finding remained significant after exclud-
ing the patients from Asia and also cannot be explained by the
timing of NCS during disease course or extensiveness of NCS,
which were equal in both groups. This suggests that a demyelinat-
ing NCS might be a specific feature for GBS following a SARS-CoV-2
infection, although this is no proof for an association, and is sup-
ported by the fact that also compared to historical matched control
patients included in IGOS before the pandemic, a demyelinating
subtype was more frequent in the GBS patients with a confirmed/
probable infection. On the other hand, an equivocal subtype,
which signifies a group in which the distinction between demyeli-
nating and axonal cannot be accurately made, was more common
in the patients without a confirmed/probable SARS-CoV-2 infec-
tion, and could therefore have caused a lower proportion of
demyelinating variant in this group.

Other preceding infections associated with GBS were tested in
all SARS-CoV-2 probable/confirmed cases and were absent in 9/11
(82%). Two SARS-CoV-2 confirmed patients had serological evi-
dence of a recent C. jejuni infection. In addition, one patient had a
positive CMV PCR in respiratory material with a negative IgM anti-
body response, which is a common finding in patients with re-
spiratory illness and is considered to be a sign of reactivation
rather than a primary infection.?® The C. jejuni infection could have
played a role in the induction of GBS, in which concurrent infec-
tion with SARS-CoV-2 may or may not have been contributory.
Alternatively, it may have been a coincident infection not related
to the induction of GBS, or a false-positive result due to polyclonal
B cell bystander activation during the cytokine storm induced by
SARS-CoV-2. Furthermore, previous studies reported that approxi-
mately one-third of patients with GBS have no known infectious
trigger, either symptomatic or serological.® Either way, these find-
ings show the importance of testing for other infections that are
known to trigger GBS when trying to establish the relation between
emerging infectious diseases and GBS. Previous SARS-CoV-2
related GBS case reports often did not perform such serological
testing.'>3031

In accordance with the Brighton Collaboration criteria, 8/11 GBS
patients with a confirmed/probable SARS-CoV-2 infection reached
a Level 1 or 2 diagnostic certainty."”” We considered the presence of
an ICU-related (critical illness) polyneuropathy unlikely because
five of six patients admitted to the ICU had cranial nerve involve-
ment. Interestingly, one patient with a confirmed SARS-CoV-2 in-
fection had both GBS with facial weakness, limb weakness and a
demyelinating NCS and a myelitis with sensory level and urinary/
defecation disturbances and a cervical myelopathy. The combin-
ation of GBS and myelitis has previously been described in relation
to Zika virus.*® Another patient with myelitis after SARS-CoV-2
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infection was initially included in this study, but ultimately
excluded because the diagnosis of GBS was subsequently refuted.
Other cases of myelitis following SARS-CoV-2 infection have also
been published in the past year.’” This underlines the importance
of being aware of myelitis as a potential mimic of GBS.

All GBS patients with a confirmed or probable SARS-CoV-2 in-
fection in our cohort were included in Europe over a period of
1 month, late March to late April, which matches the peak of the
first wave of the pandemic in Europe. Whether the prevalence of
SARS-CoV-2 infection (22%) in our cohort can be solely explained
by a large SARS-CoV-2 infection rate in the community, or whether
this indicates that SARS-CoV-2 increases the risk of GBS cannot be
established in this study. Accurate estimations of the local com-
munity infection rates of SARS-CoV-2 infection during these
4months of the pandemic are lacking, because asymptomatic
patients were likely to be missed and because the prevalence var-
ied greatly within short time periods depending on country, city
and even neighbourhood. Seroprevalence studies in Europe (Spain
>60000 patients and Switzerland >2500 patients) showed infec-
tion rates in the general population of 5-10%, of whom one-third
were asymptomatic.>®3° This percentage is probably an underesti-
mation of the actual community prevalence, because 10% of
patients with a positive PCR in this study did not (yet) have detect-
able antibodies.?® Sensitivity and specificity of antibody testing is
strongly dependent on the type and timing of the test.?>*° On the
other hand, the prevalence of SARS-CoV-2 infection in our cohort
could also have been underestimated, because not all patients
have been systematically tested by PCR or serology, and samples
were often collected days to weeks after the start of the infectious
symptoms, which could have led to false-negative results.
However, the nasopharyngeal swabs of ‘negatively tested patients’
were not collected at later times than samples of ‘positively tested
patients’.

Previous studies reported that the incidence of GBS can in-
crease due to vaccine programmes or infectious disease epidemics.
In 1976, a 7-fold increase of GBS cases was noticed in the USA dur-
ing the national HIN1 swine flu vaccination programme.*! This as-
sociation resulted in a more active monitoring of the occurrence of
GBS during vaccine safety studies, such as during the 2009 HIN1
flu vaccination programme, and the publication of diagnostic crite-
ria for GBS for vaccine safety studies by the Brighton Collaboration
in 2011.Y So far, other studies on the relation between influenza
vaccines and GBS have either shown no association or an increase
in risk of only one GBS case per 1 million vaccinees.*” Another ex-
ample is the Zika virus pandemic of 2015-16, when two GBS cases
per 10000 Zika virus cases were reported, with an estimated sero-
logical community prevalence of Zika virus of 49%, which led to a
1-6 times increase in incidence of GBS.**** Based on the previously
mentioned serological estimated population prevalence of SARS-
CoV-2 infection, we would also have expected an increase in the
incidence of GBS during the first months of the pandemic. In the
IGOS study, we did not see such an increase in the total inclusion
rate (Fig. 2). However, we cannot accurately estimate the global
GBS incidence based on these data because IGOS is not designed
as a surveillance study. The sample size of our study represents
only 0.001% of the expected global GBS cases during the time
period of 4months (~30000 cases). The inclusion rate has fluctu-
ated over the past years, as it is dependent on many factors,
including the number of centres actively recruiting patients over
time. During the SARS-CoV-2 pandemic, inclusion rate could have
been decreased due to SARS-CoV-2 restrictions and general public
health measures, or biased due to scientific interest in a possible
association between GBS and SARS-CoV-2 infection (referral bias).
The latter could have led to an overestimation of the SARS-CoV-2
prevalence in our cohort. When focusing on the patient
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recruitment in selected regions, a small increase in average patient
inclusion per month was seen in April 2020 in Switzerland, but not
seen in three other regions (Netherlands, China and Italy).

Several other recently published studies have investigated the
relationship between SARS-CoV-2 and GBS, reaching varying con-
clusions. A retrospective multicentre study in two SARS-CoV-2
hotspot regions in Italy found an increase in GBS incidence in
March and April 2020 (30 patients) compared to those same
months in 2019 (17 patients).” From these data they concluded
that the incidence rate of GBS is 47.9 cases per 100000 SARS-CoV-2
infections. However, this is likely to be an overestimation due to
underestimation of the total number of SARS-CoV-2 infections.*® A
retrospective case-control study among patients in Spanish emer-
gency departments also found that during March and April 2020
patients with SARS-CoV-2 infection were 6 times more likely to de-
velop GBS compared to patients without a SARS-CoV-2 infection.*®
However, in this study the total number of GBS cases was in fact
lower than in the same period in the preceding year.** Although
these findings suggest a possible relationship, they cannot in
themselves establish causation. Both studies had small patient
numbers, took place in a short period of time, and have numerous
potential confounders. An epidemiological study based on the
National Immunoglobulin Database in the UK found a reduction in
the incidence of GBS during the SARS-CoV-2 pandemic.*® And al-
though this could be explained in part by a reduced exposure to
other bacterial or viral pathogens due to the SARS-CoV-2 restric-
tions, namely social distancing, there was no correlation between
the regional incidences of GBS and SARS-CoV-2. In the same study,
a subset of 47 patients with GBS was described, representing <25%
of the total 219 GBS cases logged with the National
Immunoglobulin Database over the same period, of which 25/47
(53%) patients had a confirmed/probable SARS-CoV-2 infection. No
phenotypic differences were found when compared to the remain-
ing 22 non-SARS-CoV-2 controls. In April and May 2020, a total of
25 cases of GBS in London were logged with the national database,
by which time an estimated 1.5 million Londoners had already
made a serological response to SARS-CoV-2. Assuming all 25 cases
were SARS-CoV-2 related, the maximum risk could therefore be
calculated at one case of GBS for every 60000 SARS-CoV-2 infec-
tions.”® Should the incidence rate calculated in the Italian study
(47.9 cases per 100000 SARS-CoV-2 infections) be correct, there
should have been approximately 718 cases of GBS in London in
these 2months. From these observations, the authors concluded
that a causative relationship between SARS-CoV-2 and GBS was
unlikely. Based on these findings and given the fact that in our
study no increase in inclusion rate was found, it seems that the
risk of developing GBS following SARS-CoV-2 infection is either
non-existent or at most small, and considerably lower when com-
pared with, for example, C. jejuni or Zika virus. Results from a re-
cently published national registry in Singapore showed a decrease
in hospital admissions of GBS patients during the pandemic as
well. ¥

IGOS is a prospective cohort study and the inclusion of patients
is dependent on the efforts of the local investigator, and can be se-
lective. Our study should therefore be regarded as a case series
with the advantage of having a multicentre and prospective collec-
tion of data according to a predefined standard protocol. In add-
ition, we used predefined criteria for a confirmed or probable
SARS-CoV-2 infection and were able to exclude other infections in
a subgroup of patients. Our study also has several important limi-
tations. First, the study design was not appropriate to establish
causation or to determine an association between GBS and SARS-
CoV-2 in the absence of a matched control group of patients with-
out GBS. Second, as a consequence of the SARS-CoV-2 pandemic,
clinical follow-up was limited, and most laboratory tests were
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performed locally as samples could not be transported to the coor-
dinating centre at the Erasmus MC University Medical Center
Rotterdam on short notice due to travel restrictions. This led to
non-uniform testing of biological samples for SARS-CoV-2 serology
and other preceding infections. Since three samples were collected
post-immunoglobulin treatment, we were not able to completely
rule out a recent EBV and CMV infection in these patients. Third,
we used the ECDC case definitions for SARS-CoV-2 infection to
classify our patients, although this classification system was
developed for clinical purposes. We chose to focus on the GBS
patients with a confirmed/probable SARS-CoV-2 infection, because
10/15 (67%) of the patients with a possible infection were not
tested for SARS-CoV-2 by PCR, and in 12/15 (80%) no CT-thorax was
done, leading to considerable diagnostic uncertainty in this patient
population. Although the WHO criteria are stricter, we decided
against this criteria set as CT abnormalities are not included,
which we considered a valuable diagnostic tool in our cohort.
Lastly, patient subgroups were small and the follow-up was short,
making interpretation of findings worthy of some caution.

In conclusion, we were able to identify a confirmed or probable
preceding SARS-CoV-2 infection in 11 (22%) GBS patients during
the first months of the pandemic in the context of a large, inter-
national, prospective cohort study. These patients shared similar
features, as they frequently had a sensorimotor phenotype with
facial palsy and significantly more often had a demyelinating sub-
type compared with both the other patients included in the same
time window as well as historical control patients. In line with
other studies, we did not find an increase in inclusion rate in IGOS,
suggesting that a strong association between SARS-CoV-2 and GBS
is unlikely. Nevertheless, we cannot exclude that SARS-CoV-2 may
be an occasional trigger for GBS. Since our study was not designed
to quantify a causative link between GBS and SARS-CoV-2, an un-
biased multicentre international case-control study is needed to
determine whether there is an association or not.
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