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Abstract
Background and purpose: The association between Guillain−Barré syndrome (GBS) and 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is debated. This study 
reappraises, after three pandemic years, the epidemiological data and the features of 
GBS in SARS-CoV-2 patients.
Methods: A systematic review and meta-analysis of case reports/series and cohort stud-
ies published between 1 January 2020 and 19 April 2023 was performed.
Results: In all, 209 case reports/series (304 patients) and 26 cohort studies were in-
cluded. The risk of GBS in northern Italy during the first pandemic wave was 2.85 times 
increased (95% confidence interval [CI] 1.54; 5.25) whereas in some countries the risk 
during the first pandemic year was 0.17 times reduced (risk ratio 0.83, 95% CI 0.75; 0.93). 
The incidence of GBS in SARS-CoV-2 Italian hospitalized cohorts was 8.55 per 1000 (95% 
CI 5.33; 12.49) with an estimated incidence of 0.13 GBS per 1000 in the SARS-CoV-2 
infected population. In European cohorts the pooled rate of GBS with SARS-CoV-2 in-
fection was 61.3% of the total. GBS patients with SARS-CoV-2 infection showed more 
frequently, but not differently from non-infected patients, the classical clinical presenta-
tion and the demyelinating subtype. Cranial nerves were more frequently involved in 
SARS-CoV-2 infected patients.
Conclusions: An increased risk of GBS occurred in northern Italy during early COVID-19 
pandemic. The recognition of the ‘Italian factor’ reconciles contrasting results of the 
epidemiological studies. The slightly reduced GBS risk in other countries and the rela-
tively high frequency of GBS associated with SARS-CoV-2 infection can be explained 
by the adopted health measures that decreased the circulation of other GBS infective 
antecedents.
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INTRODUC TION

Guillain−Barré syndrome (GBS), a rare but potentially fatal 
immune-mediated neuropathy, is thought to be an autoimmune, 
post-infective disorder. Several infectious agents, including 
Campylobacter jejuni, Mycoplasma pneumoniae, Epstein–Barr virus, 
cytomegalovirus, hepatitis E virus and Zika virus have been identi-
fied as triggers [1–4]. A definite pathogenic link by cross-reactive 
antibodies against ganglioside epitopes has been established only 
for C. jejuni, although molecular mimicry is considered possible 
also for Haemophilus influenzae, cytomegalovirus and M. pneumo-
niae [5].

The GBS eponym incorporates a number of related autoimmune 
neuropathies including the GBS and Miller Fisher syndrome (MFS) 
variants and their subtypes [6]. On the basis of electrophysiological 
and pathological characteristics, GBS has been classified into acute 
inflammatory demyelinating polyradiculoneuropathy (AIDP), acute 
motor axonal neuropathy (AMAN) and acute motor sensory axonal 
neuropathy (AMSAN) [1].

Since the onset of the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) pandemic, an increased number of case 
reports or small series of GBS occurring in SARS-CoV-2 infected 
patients have been published from all over the world suggesting a 
possible epidemiological association and a pathogenic link. During 
the first pandemic wave (March–April 2020) two studies in northern 
Italy reported a 2.6–7-fold increased GBS incidence compared to the 
previous year [7, 8]. On the other hand, during the first five pan-
demic months, the incidence of GBS in the UK, as derived from the 
National Immunoglobulin Database, was reduced compared with the 
same period of the previous 5 years [9]. Similar results were recently 
reported in South Korean and in Swedish studies [10, 11]. These con-
trasting findings make the debate on GBS and SARS-CoV-2 infection 
heated.

On 5 May 2023 the World Health Organization (WHO) declared 
the end of the SARS-CoV-2 public health emergency of international 
concern started on 30 January 2020 with a total of 765,222,932 
confirmed cases and nearly 7 million deaths (WHO's Coronavi-
rus Dashboard). Up to now some systematic reviews on GBS and 
SARS-CoV-2 infection, but only one meta-analysis covering the first 
pandemic year, have been published [12–16]. The aim of this work is 
to reappraise, after three pandemic years, the epidemiological data 
and the clinical features of GBS in SARS-CoV-2 patients compared to 
non-SARS-CoV-2 infected contemporary or historical GBS controls.

METHODS

Study design, search strategy and inclusion criteria

An author (SC) performed a systematic search on all studies pub-
lished from 1 January 2020 to 19 April 2023 via PubMed MEDLINE. 
All available peer-reviewed papers published in English, French, Ital-
ian and Spanish were included. Letters, commentaries and reviews 

that reported original data were also included. No restriction on 
population sex, ethnicity, age and medical history was applied. The 
search terms and the flowchart of study selection are reported in the 
Supplementary Material, Figure S1.

The inclusion criteria were (i) definite SARS-CoV-2 infection con-
firmed by a positive nasal or throat swab polymerase chain reaction 
(PCR) for viral RNA or a positive serological test for anti-SARS-
CoV-2 antibodies; or clinically probable coronavirus disease 2019 
(COVID-19) diagnosis based on the European Centre for Disease 
Prevention and Control case definitions 2020 [17]; (ii) diagnosis of 
GBS, MFS and their subtypes according to a clinical classification [6]; 
(iii) occurrence of SARS-CoV-2 infection within 60 days from GBS 
onset [18]; (iv) hospitalized patients.

The certainty of GBS and MFS diagnosis was assessed by the 
Brighton Collaboration GBS Working Group criteria [19] or Asbury's 
criteria [20]. The electrodiagnosis of GBS subtypes made directly 
by the original authors was adopted or, when not clearly stated, an 
author of this paper (AU) formulated it through evaluation of the 
reported electrophysiological findings employing the categories of 
AIDP, AMAN, AMSAN, inexcitable, equivocal and normal [21].

Study quality assessment and publication bias

This study was registered in the International Prospective Register 
of Ongoing Systematic Reviews in 2022 (CRD42022321079) and 
was conducted complying with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses guidelines (Table S1) [22]. 
Eligible cohort studies were subjected to quality control and bias as-
sessment through the Newcastle−Ottawa Scale [23].

Statistical analysis

All analyses were performed using R software version 4.1.0. The 
packages utilized and further information on statistical methodol-
ogy are detailed in the Supplementary Material [24].

For case reports/series, continuous variables were expressed as 
median, interquartile range and range. Clinical features and labora-
tory findings were expressed as the number of patients in whom 
the variable was present in the numerator, and the total number of 
reported cases in the denominator: n/N (%).

The Mantel–Haenszel method was employed in a random-
effects model for calculating the pooled risk ratio (RR) of develop-
ing GBS between SARS-CoV-2 infected patients and non-infected 
controls. For the study of GBS incidence both the Freeman−Tukey 
transformation (FTT) and the general linear mixed model (GLMM) 
were used. Average effects for the outcomes and 95% confidence 
intervals (CIs) were obtained using a random-effects model. Both 
methods were used since conflicting opinions persist on which is 
the best for meta-analysis of rare events [25]. The proportion of 
total variability due to between-study heterogeneity was estimated 
by Cochran Q χ2 statistics and I2 statistics [26]. Since our analysis 
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dealt with rare events, a cut-off was not set for homogeneity for 
the Cochran Q χ2 test p value and/or for I2 statistics. I2 represents 
what proportion of the observed variance is attributed to the vari-
ance in true effects rather than to sampling error. For a qualitative 
interpretation, I2 values lower than 30% were considered to rep-
resent low variability due to between-study heterogeneity, whilst 
values higher than 75% indicated considerable high variability. The 
Knapp−Hartung adjustment was applied to the calculation of con-
fidence intervals when more than five studies were available, using 
the Paule−Mandel estimator for τ2. Forest plots were built for each 
meta-analysis end-point and then an assessment was made for the 
presence of small-study effects and possible publication bias using 
Egger's and Peters' method for assessment of funnel plot asymmetry 
when more than 10 studies were available. Wherever feasible, an 
influence analysis was conducted and the result was plotted using a 
Baujat plot. Outlier analysis was also implemented [24].

RESULTS

The flowchart of study selection is presented in Figure S1. A total 
of 3925 references were identified; after reviewing the title and the 
abstract 3640 were not pertinent and were eliminated.

Of the 285 potentially relevant papers, after reading the full text 
51 papers were excluded because they did not report GBS cases or 
unclear diagnosis, GBS was not associated with SARS-CoV-2 infec-
tion, the interval between SARS-CoV-2 infection and GBS onset was 
greater than 60 days, patients were not hospitalized, insufficient or 
overlapping data. Overall, 234 studies were included. Since meta-
analytical results were similar using both FTT and GLMM, here FTT 
results only are presented, whilst GLMM results can be found in the 
Supplementary Material, Section 2.

Epidemiological results

A more detailed presentation of the meta-analyses is reported in the 
Supplementary Material, Section  2. When missing, the inhabitant 
populations of selected countries were obtained from national and 
international databases (South Korea [https://popul​ation.un.org/
wpp/], Sweden [www.scb.se], Italy [ISTAT, https://www.census.
gov/popcl​ock/]). When not clearly stated, the exact number of GBS 
cases for each year was obtained on consulting the authors.

Guillain−Barré syndrome risk during the first 
COVID-19 pandemic wave of 2020

Three cohorts were included in the analysis of GBS risk during the 
first pandemic wave of COVID-19 (March–April 2020) and the same 
period of 2019 [7, 8, 27].

Ninety-nine GBS patients were identified over a total of 
46,913,302 inhabitants. The random-effects model yielded an RR of 
1.96 (95% CI 0.71; 5.47) showing that the risk of developing GBS in 
the general population during the first COVID-19 pandemic wave of 
2020 was almost two times higher compared with the same period 
of the previous year (Figure 1a). The I2 was high (74%). When limiting 
the analysis to the Italian cohorts, the pooled RR was 2.85 (95% CI 
1.54; 5.25) (Figure 1b).

Risk of GBS patients being positive for SARS-CoV-2 
during the first pandemic wave

Four European cohorts were employed, three already included in 
the previous analysis [7–9, 27].

F I G U R E  1 Forest plots of Guillain−Barré syndrome (GBS) risk in the general population during the first pandemic wave in 2020 compared 
to the same period of 2019: (a) all available studies; (b) only Italian cohorts. Events, number of GBS cases; Total, number of inhabitants.
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A total of 110 GBS cases were identified: 69 cases associated 
with SARS-CoV-2 infection and 41 without SARS-CoV-2 infection. 
The random-effects model yielded an RR of 1.52 (95% CI 0.54; 4.30) 
with an I2 of 82% (Figure 2a). The pooled rate of GBS patients with 
SARS-CoV-2 infection was 61.33% of the total GBS cases (Figure 2b).

Guillain−Barré syndrome risk during the first 
COVID-19 pandemic year

Three cohorts were included [10, 11, 28]. The exact number of GBS 
cases for each year was obtained on consulting the authors. 1493 
GBS were identified over a total of 123,202,390 inhabitants. The 
random-effects model yielded an RR of 1.01 (95% CI 0.62; 1.63) 
(Figure  3a). The risk of developing GBS in the general population 
during the first pandemic year was nearly the same compared with 
the previous year. However, on re-running the analysis excluding the 
Italian cohort the RR was 0.83 (95% CI 0.75; 0.93) (Figure 3b), thus 
slightly reduced.

Incidence of GBS in SARS-CoV-2 hospitalized patients

In 11 studies, a total of 61 GBS cases were reported over 132,132 
SARS-CoV-2 hospitalized patients [27, 29–38]. The modelled pro-
portion yielded 2.96 GBS cases per 1000 SARS-CoV-2 patients (95% 
CI 0.57; 6.75) (Figure 4a). The I2 was very high (93.9%). Two outliers 
were identified [27, 33]. Removing them and re-running the analysis 

yielded a proportion of 4.82 GBS cases per 1000 SARS-CoV-2 pa-
tients (95% CI 1.99; 8.69). The I2 was reduced to 72.4%.

In six studies including 516 SARS-CoV-2 infected patients with 
various neurological impairments (neuro-COVID) [39], 48 GBS 
cases were reported [36, 40–44]. An incidence of 90.37 GBS cases 
per 1000 SARS-CoV-2 patients with neuro-COVID was found 
(Figure 4b). The I2 of this analysis was low (I2 of 26%).

The incidence of GBS in SARS-CoV-2 patients was also analysed 
with respect to the geographical distribution. Limiting the analysis 
to the European cohorts and excluding the Italian studies, two co-
horts from Spain and one from Romania were considered. A GBS 
incidence of 0.4 per 1000 SARS-CoV-2 patients (95% CI 0.00; 1.77) 
with an I2 of 71% was found (Figure 5a). Considering only the two 
Italian cohorts, a GBS incidence of 8.55 per 1000 SARS-CoV-2 pa-
tients (95% CI 5.33; 12.49) was found (Figure 5b). Looking at African 
countries, two studies from Egypt were found where the incidence 
of GBS cases per 1000 SARS-CoV-2 patients was 7.77 (95% CI 3.02; 
14.40) (Figure 5c).

Assessment of study quality and publication bias

The overall quality of included studies was high (Table S2). Assess-
ment of funnel plot asymmetry with visual inspection and Egger's 
and Peters’ test showed potential asymmetry in the risk of GBS dur-
ing the first pandemic wave and year (small number of included stud-
ies) and the incidence of GBS in SARS-CoV-2 hospitalized patients 
(considering both general and neuro-COVID only populations).

F I G U R E  2 (a) Forest plot of Guillain−Barré syndrome (GBS) risk in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infected and non-infected patients: SARS CoV2+ events, number of GBS cases in SARS-CoV-2 infected patients; SARS CoV2− events, 
number of GBS cases in SARS-CoV-2 non-infected patients; Total, total number of GBS cases. (b) Pooled incidence of GBS with SARS-CoV-2 
infection: Events, number of GBS cases in SARS-CoV-2 infected patients; Total, total number of GBS cases.
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Sensitivity analyses and assessment of heterogeneity

Leave-one-out sensitivity analysis was performed (Supplemen-
tary Material Section 2). No single study significantly affected the 

computed effect size for each outcome. A Baujat plot was also pro-
duced to elucidate the contribution of a single study to the over-
all random-effects model heterogeneity (Supplementary Material 
Section 2).

F I G U R E  3 Forest plots of Guillain−Barré syndrome (GBS) risk during the first pandemic year and 2019: (a) including all available studies; 
(b) excluding the Italian cohorts. Events, number of GBS cases; Total, number of inhabitants.

F I G U R E  4 (a) Forest plot of Guillain−Barré syndrome (GBS) incidence in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infected hospitalized patients: Events, number of GBS cases; Total, number of SARS-CoV-2 infected hospitalized patients. (b) Forest plot of 
GBS incidence in patients with neuro-COVID: Events, number of GBS cases; Total, number of patients with neuro-COVID.
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Clinical results

Data were collected from 304 patients with GBS associated with 
SARS-CoV-2 infection deriving from 209 case reports/series stud-
ies: 118 cases were reported in 2020, 113 in 2021, 57 in 2022 
and 16 in 2023 to 19 April. The reference list is reported in the 
Supplementary Material. Patients were reported from all conti-
nents except Australia, and specifically from 42 countries, mostly 
from Europe (39.8%). The highest percentage (15.5%) was from 
the USA, followed by Italy (14.8%) and India (13.5%) (Table S3). 
Amongst the 45 Italian cases, 93.3% were reported from North-
ern Italy, 2.2% from Central Italy and 4.4% from Southern Italy. 
In Table 1 are summarized the patients' demographic, clinical and 
laboratory features.

The median age was 54 years and the majority (66.4%) of pa-
tients were men. Six (2.0%) patients had a previous GBS episode, 
one during another SARS-CoV-2 infection. Five (4.9%) women devel-
oped GBS during pregnancy with foetal sufferance in two.

The diagnosis of SARS-CoV-2 infection was made by positive 
PCR of nasopharyngeal swab in 260 (85%) patients (sometimes after 
repeated tests), by serology in 29 (9.5%), by high-resolution com-
puted tomography in five (1.6%) and by clinical criteria with epide-
miological link in 10 (3.3%) patients. Of the 181 patients in whom 
the information was available, 28.2% where first hospitalized for 

COVID-19 and then developed GBS, whereas in 71.8% GBS was the 
reason for admission. Of 167 SARS-CoV-2 PCR tests done at GBS 
onset, 124 (74.3%) were positive.

An asymptomatic SARS-CoV-2 infection, before GBS onset, was 
reported in 32 (10.9%) patients. In these patients, the diagnosis of 
SARS-CoV-2 infection was made by nasopharyngeal swab PCR in 24 
(75.0%), by serology in seven (21.8%) and by clinical features with an 
epidemiological link in one (3.1%).

The median interval between onset of SARS-CoV-2 symptoms/
infection and GBS onset, reported in 261 patients, was 14 days. In 
only eight (3.1%) cases the interval was between 42 and 60 days.

Other infective agents known to be associated with GBS were 
looked for in 83 (27.3%) patients and excluded in 78 (94.0%). In one 
patient a cytomegalovirus reactivation (hypothesized to be due to 
COVID-19 immunosuppression) was reported, in three C. jejuni sero-
positivity was reported, whilst in one the result was doubtful.

The classical presentation (symmetrical weakness of the limbs, 
sensory symptoms and reduced or absent tendon reflexes) was 
observed in 209 (68.8%) patients whilst the paraparetic subtype 
was reported in 18.4% of cases. Twenty (6.6%) MFS cases, seven 
(2.3%) facial diplegia, four (1.3%) polyneuritis cranialis, three (1.0%) 
pharyngeal-cervico-brachial weakness, three (1.0%) acute ataxic 
neuropathy and three (1.0%) cases of Bickerstaff brainstem enceph-
alitis were reported.

F I G U R E  5 Guillain−Barré syndrome (GBS) incidence in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infected 
hospitalized patients analysed by geographical region. Forest plots for (a) European cohorts without Italian studies; (b) Italian cohorts only; 
(c) Egyptian cohorts only. Events, number of GBS cases; Total, number of SARS-CoV-2 infected hospitalized patients.
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TA B L E  1 Demographic, clinical and laboratory features of 304 patients with SARS-CoV-2 infection and Guillain−Barré syndrome.

Number of patients 304

Gender, male–female 202 (66.4%)–102 (33.6%)

Age, years, median (IQR) (range) 54 (39–65), (2–94)

Diagnosis of SARS-CoV-2 infection Nasopharyngeal swab positive 260 (85.0%)

Serology positive 29 (9.5%)

High resolution chest computed tomography 5 (1.6%)

Clinical and epidemiological link 10 (3.3%)

Relationship between SARS-CoV-2 and GBS

First hospitalized for Not reported 123 (40.5%)

COVID-19 51/181 (28.2%)

GBS 130/181 (71.8%)

Nasopharyngeal swab at GBS onset Not reported 137 (45.1%)

Positive 124/167 (74.3%)

Negative 43/167 (25.7%)

Asymptomatic SARS-CoV-2 infection before GBS 32 (10.5%)

Time interval between SARS-CoV-2 symptoms onset and GBS 
symptoms onset (available in 261 patients), days, median 
(IQR), (range)

14 (7–21), (0–60)

Neurological features Cranial nerve(s) impairment 125 (41.1%)

Ophthalmoparesis 35 (11.5%)

Facial nerve palsy 73 (24.0%)

Bulbar palsy 32 (10.5%)

Four limbs weakness 207 (68.1%)

Weakness limited to LLs 56 (18.4%)

Hypo-areflexia 286 (94.1%)

Sensory disturbances 174 (57.2%)

Ataxia 53 (17.4%)

Dysautonomia 41 (13.5%)

Blood pressure disorders and dysrhythmia 39/41 (95.1%)

Ileus paralyticus 3/41 (7.3%)

Sphincter disorders 18/304 (5.9%)

Faecal incontinence 7/18 (38.9%)

Urinary retention 16/18 (88.9%)

Urinary incontinence 7/18 (38.9%)

Hypersomnolence and consciousness disturbances 9/304 (2.9%)

Clinical classification Classical GBS 208/304 (68.4%)

Paraparetic 56/304 (18.4%)

Facial diplegia with/without paraesthesia 7/304 (2.3%)

Polyneuritis cranialis 4/304 (1.3%)

Pharyngo-cervical-brachial 3/304 (1.0%)

Miller Fisher syndrome 20/304 (6.6%)

Acute ataxic neuropathy 3/304 (1.0%)

Bickerstaff brainstem encephalitis 3/304 (1.0%)

Electrodiagnosis Not done 60/304 (19.7%)

AIDP 138/244 (56.6%)

AMAN 28/244 (11.5%)

AMSAN 36/244 (14.8%)

Inexcitable 1/244 (0.4%)

(Continues)
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Three cohorts reported the relative incidence of classical GBS 
and MFS in SARS-CoV-2 infected patients versus non-SARS-CoV-2 
infected controls [9, 28, 45]. The raw percentage of patients de-
veloping classical GBS was 83.7% in SARS-CoV-2 infected patients 
and 82.9% in non-SARS-CoV-2 infected patients with no difference 
in risk ratio (RR 1.04, 95% CI 0.94; 1.14) (Figure 6a). MFS was 4.1% 
in SARS-CoV-2 infected and 9.4% in non-SARS-CoV-2 infected pa-
tients, with a 0.49 times reduced risk in SARS-CoV-2 patients (RR 
0.51, 95% CI 0.16; 1.65) (Figure 6b).

In four cohorts the raw percentage of cranial nerve involvement 
was 37.5% in non-SARS-CoV-2 infected patients and 49.1% in SARS-
CoV-2 infected patients with 1.41 RR of cranial nerve involvement 
(RR 1.41, 95% CI 1.09; 1.83) (Figure 6c) [9, 28, 45, 46].

Electrophysiology was performed in case reports/series stud-
ies in 244 (80.2%) patients. AIDP was the most common GBS sub-
type (56.6%) followed by AMSAN (14.8%) and AMAN (11.5%). In 31 
(12.7%) patients electrophysiological findings were equivocal, being 
abnormal but not fulfilling the criteria for a primary demyelinating 

Equivocal 31/244 (12.7%)

Normal 2/244 (0.8%)

CSF Not performed 59/304 (19.4%)

Albumino-cytological dissociation 204/245 (83.6%)

Normal 41/245 (16.7%)

PCR for SARS-CoV-2 positive 2/65 (3.1%)

Brighton criteria Not applicable 22 (7.2%)

Level 1 145/282 (51.4%)

Level 2 113/282 (40.1%)

Level 3 24/282 (8.5%)

Anti-ganglioside antibodies

Patients with reported ganglioside antibodies 16/91 (17.6%)

Ganglioside antibodies subtype Total

Anti-GM1 5

Anti-GM2 3

Anti-GM3 1

Anti-GD1a 6

Anti-GD1b 3

Anti-GQ1b 5

Anti-GT1a 3

Anti-GT1b 1

MRI Not performed 172/304 (56.6%)

Normal/not contributory 81/132 (61.4%)

Enhancement of cranial nerves, roots/plexus and 
leptomeninges

51/132 (38.6%)

Invasive mechanical ventilation 92/304 (30.3%)

ICU admission 95/304 (31.3%)

Immunotherapy Not reported 16/304 (5.3%)

None 12/288 (4.2%)

IVIG 214/276 (77.5%)

PLEX 23/276 (8.3%)

IVIG and PLEX 22/ 276 (8.0%)

Steroids 6/276 (2.2%)

Length of hospitalization, days, median (IQR) (range) 16.5 (11–34.25), (5–156)

In-hospital death 22/304 (7.2%)

Time interval from GBS diagnosis to death (reported in 17/21 
patients): days, median (IQR) (range)

4 (2–7.5) (1–50)

Abbreviations: AIDP, acute inflammatory demyelinating polyneuropathy; AMAN, acute motor axonal neuropathy; AMSAN, acute motor and sensory 
axonal neuropathy; COVID-19, coronavirus disease 2019; CSF, cerebrospinal fluid; GBS, Guillain− Barré syndrome; ICU, intensive care unit; IQR, 
interquartile range; IVIG, intravenous immunoglobulins; LLs, lower limbs; MRI, magnetic resonance imaging; PCR, polymerase chain reaction; PLEX, 
plasma exchange; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

TA B L E  1 (Continued)
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or axonal neuropathy. Two patients (0.8%) showed normal elec-
trophysiology. In six cohorts the summed percentage of patients 
with AIDP was 60.8% in SARS-CoV-2 infected patients and 51.8% 
in non-infected patients with a non-significant difference (RR 1.13, 
95% CI 0.87; 1.47) (Figure 7a) [9, 28, 45–48]. Axonal GBS (AMAN 
and AMSAN) was 21.7% in SARS-CoV-2 infected and 25.7% in non-
infected patients with a 0.24 times lower risk of axonal GBS in SARS-
CoV-2 infected patients (RR 0.76, 95% CI 0.56; 1.12) (Figure 7b).

In case reports/series studies cerebrospinal fluid (CSF) examina-
tion was performed in 245 patients. Albumino-cytological dissocia-
tion was present in 204 (83.6%). Only two out of 62 patients (3.2%) 
showed a positive SARS-CoV-2 PCR in CSF.

The Brighton criteria for diagnostic certainty of GBS and MFS 
were not applicable in four patients because of missing data and in 

18 patients diagnosed as facial diplegia, polyneuritis cranialis, acute 
ataxic neuropathy and Bickerstaff brainstem encephalitis. In the re-
maining 282 patients 51.4% reached level 1 of certainty, 40.1% level 
2 and 8.5% level 3, making the diagnosis quite certain in the great 
majority of cases.

Anti-ganglioside antibodies were searched in 91 patients and 
immunoglobulin M (IgM) and/or IgG against different gangliosides 
were found in 16 (17.6%) patients, with anti-GD1a, anti-GM1 and 
anti-GQ1b being the most frequent antibodies.

In five cohort studies the summed percentage of deceased pa-
tients was 1.28% in SARS-CoV-2 infected patients and 5.05% in non-
infected patients (Figure 6d) [9, 27, 45, 46, 48]. A 0.31 times reduced 
risk of death was found in the SARS-CoV-2 infected GBS population 
(RR 0.69, 95% CI 0.12; 3.87).

F I G U R E  6 Forest plots for (a) classical Guillain−Barré syndrome (GBS) risk ratio; (b) Miller Fisher syndrome (MFS) risk ratio; (c) cranial 
nerve risk ratio; (d) mortality risk ratio. SARSCoV2+ events, number of classical GBS cases, MFS cases, number of patients with cranial nerve 
involvement, number of deaths in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infected patients; SARSCoV2− events, 
number of classical GBS cases, MFS cases, number of patients with cranial nerve involvement, number of deaths in SARS-CoV-2 non-
infected patients; Total, total number of GBS cases.
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DISCUSSION

The risk of developing GBS in northern Italy during the first COVID-19 
pandemic wave was 2.85 times increased compared with the same pe-
riod of the previous year, whereas, when considering the first pandemic 
year, the overall GBS risk was in some countries 0.17 times reduced [7, 
8, 10, 11]. In northern Italy the GBS risk decreased from 2.6 in March–
April 2020 to 1.41 considering the whole first pandemic year [7, 28].

The overall incidence of GBS in SARS-CoV-2 hospitalized pa-
tients was 2.69 per 1000 but an analysis by geographical distribu-
tion showed that in northern Italy the incidence was 8.5 per 1000, 
whereas in other European cohorts it was only 0.4 per 1000 [27, 30, 
36–38]. About 90 per 1000 hospitalized patients with neuro-COVID 
had GBS similarly to what was reported in another meta-analysis [15].

The overall picture seems blurred, but it is considered that the 
contrasting results of the epidemiological studies and the high 
proportion of the variance in some meta-analyses can be recon-
ciled by the recognition of an ‘Italian factor’ on the basis of the 
following remarks: (i) the number of GBS cases reported from 
northern Italy, although it could be ascribed to a publication bias, 
was similar to the number of cases reported from the USA but with 
less than one-twelfth of the population; (ii) the almost three times 
increased risk of GBS in northern Italy during the first pandemic 
wave; (iii) the 21-fold increased incidence of GBS in SARS-CoV-2 
hospitalized patients in northern Italy compared to other Euro-
pean countries [36, 38].

Regarding the last point, the pooled incidence of 8.55 GBS cases 
per 1000 SARS-CoV-2 infected in northern Italy during the first 
pandemic wave surely overestimated the incidence in the general 
population because only hospitalized patients were considered. The 
study by Rifino and coworkers was made in the Bergamo province, 
which carried until 30 April 2020 the sad record of the highest num-
ber (n = 11,313) of confirmed SARS-CoV-2 cases in Italy [36]. Taking 
this number as denominator, the incidence of GBS decreases from 
9.66 to 1.5 per 1000 confirmed SARS-CoV-2 infections in the gen-
eral population. Data on seroprevalence in northern Italy during the 
first pandemic wave are scarce. However, extrapolating the 12% in-
fection rate found in the healthcare workers at the end of the first 
pandemic wave in the Lombardy region [49] to the Bergamo prov-
ince population (1,108,126 inhabitants), the estimated incidence of 
GBS decreases further to 0.13 per 1000 SARS-CoV-2 infections and 
it is similar to the 0.15 per 1000 incidence estimated in a previous 
meta-analysis [15]. This value is lower than the estimated incidence 
reported for C. jejuni infection (0.25–0.65 per 1000) or during the 
Zika virus outbreak in French Polynesia (0.24 per 1000) [50]. North-
ern Italy was the first European region to face a sudden, exceptional 
emergency that almost overwhelmed the health system. The high 
number of SARS-CoV-2 infected patients may contribute to explain 
the increased risk of GBS in northern Italy during the first pandemic 
wave. Other hypothetical explanations for the ‘Italian factor’ are the 
occurrence of a variant of SARS-CoV-2 strain with an increased capa-
bility to trigger GBS or an increased susceptibility in the population 

F I G U R E  7 Forest plots of (a) severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and risk of acute inflammatory 
demyelinating polyradiculoneuropathy (AIDP), (b) SARS-CoV-2 infection and risk of axonal Guillain−Barré syndrome (GBS) (acute motor 
axonal neuropathy and acute motor sensory axonal neuropathy): SARSCoV2+ events, number of AIDP or axonal GBS cases in SARS-CoV-2 
infected patients; SARSCoV2− events, number of AIDP or axonal GBS cases in SARS-CoV-2 non-infected patients; Total, total number of 
GBS cases.
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to develop GBS after SARS-CoV-2 infection, as suggested for ACE2 
gene variants [51].

With regard to the slightly reduced GBS risk in some countries it 
should be underlined that the SARS-CoV-2 pandemic was character-
ized by unique and drastic public health measures that by reducing 
the circulation of infective agents known to trigger GBS decreased 
the overall risk. Indeed, in two South Korean studies, most respi-
ratory and common gastrointestinal infections, including C. jejuni, 
decreased significantly during the pandemic [52, 53].

The pooled incidence of GBS associated with SARS-CoV-2 infec-
tion was 61% of the total, and in the Spanish Emergency Departments 
study patients with SARS-CoV-2 infection were six times more likely 
to develop GBS compared to patients without SARS-CoV-2 infection 
[27]. This estimated relative frequency of GBS associated with SAR-
CoV-2 infection is considerably higher compared to the frequency 
of other known infective antecedents (30% for C. jejuni, 10% for M. 
pneumoniae, 4% for cytomegalovirus, 3% for hepatitis E virus and 
1% for Epstein–Barr virus [3]) and supports the association between 
GBS and SARS-CoV-2 infection.

Considering the clinical features of GBS associated with SARS-
CoV-2 infection it was found that the median interval between the 
onset of COVID-19 and GBS was 14 days. Although the distinction 
between parainfective and post-infective disorders based solely on 
the time interval seems simplistic in SARS-CoV-2 infection and GBS 
[16], this time interval in addition to the very low rate of positive PCR 
for SARS-CoV-2 in CSF suggest a post-infective mechanism.

Most SARS-CoV-2 infected patients showed the classical GBS pre-
sentation: 68.4% in case reports/series studies and up to 88.8% in the 
largest cohort study [28]. However, all clinical variants and subtypes 
were reported. The meta-analysis showed that the risk of developing 
classical GBS was the same in SARS-CoV-2 infected and non-infected 
populations whereas the risk of developing MFS was found to be about 
half of the non-infected population. However, the confidence intervals 
for MFS analysis were wide, so a clear conclusion on this point is still to 
be reached. Cranial nerves, excluding the olfactory nerve, appeared to 
be more involved in SARS-CoV-2 infected GBS.

In the case reports/series studies respiratory failure requiring 
invasive ventilation and intensive care unit (ICU) admission occurred 
in about 30% of patients. In the largest cohort study 49.2% of GBS 
cases associated with SARS-CoV-2 infection were admitted to the 
ICU compared with 14.7% of SARS-Co-2 negative patients [28]. It is 
likely, at least for the patients in whom GBS occurred during hospi-
talization for COVID-19, that COVID-19-related respiratory and sys-
temic impairment contributed to the higher frequency of admissions 
to the ICU.

In the case reports/series studies death occurred in 7.5% of pa-
tients with a median interval from GBS diagnosis to exitus of 4 days. 
This quite high percentage and the ‘fulminating’ course was in most 
cases due to a coexisting severe COVID-19. On the other hand, the 
meta-analysis of cohorts showed a 0.21 times reduced risk of death 
in SARS-CoV-2 infected patients. This apparent discrepancy can be 
explained by a selection bias in case report analysis with respect to 
cohorts, in which control groups were present.

In case reports/series and cohort studies, the great majority of 
GBS cases associated with SARS-CoV-2 were treated with intra-
venous immunoglobulins and plasma exchange and no significant 
difference in the response rate to therapy with SARS-CoV-2 non-
associated GBS was found in a cohort study [28].

In case reports/series studies the majority of SARS-CoV-2 in-
fected patients showed the AIDP electrophysiological subtype; 
however, the actual criteria adopted for electrodiagnosis were only 
occasionally reported. In the largest published cohort, employing a 
criterion set that demonstrated in previous studies a high diagnos-
tic accuracy, the AIDP subtype was 76.2% [21, 28]. A meta-analysis 
showed that the risk of developing AIDP amongst SARS-CoV-2 in-
fected patients is the same compared to non-SARS-CoV-2 infected 
patients whereas the risk of developing axonal GBS (AMAN and 
AMSAN) is 0.24 reduced in SARS-CoV-2 infected patients. These 
data support the association between SARS-CoV-2 infection and 
prevalently demyelinating nerve damage.

In case reports/series CSF examination showed albumino-
cytological dissociation in 82.6% and in the largest cohort in 61.2% 
of GBS patients with SARS-CoV-2 infection with no significant dif-
ference from SARS-CoV-2 non-infected cases [28].

Anti-ganglioside antibodies were found in 17.6% of patients. The 
surface of the SARS-CoV-2 spike protein is heavily glycosylated and 
in 40 sera of COVID-19 patients high levels of antibodies to numer-
ous self-glycans, even non-human, were described [54]. Specifically, 
antibodies to gangliosides reported in GBS were found in 15% of 
sera but it is not stated if these patients actually had GBS. Overall, 
molecular mimicry between SARS-CoV-2 and GBS and whether anti-
ganglioside antibodies are capable of primarily inducing nerve dam-
age or are only an epiphenomenon are to be demonstrated.

This study presents some limitations. The reduced number of 
published cohorts, the small sample size in some of them and the 
high number of SARS-CoV-2 infected individuals, even asymptom-
atic, make it hard to draw an accurate statistical statement about the 
overall true risk and incidence of GBS with respect to SARS-CoV-2 
infection. Moreover, since a minimum of 10 studies for each of our 
analyses was hardly reached, a precise estimation of the variability 
of the effect size across studies would be biased [55]. Because of the 
health emergency, overwhelming during the first pandemic period 
in some countries, it is likely that mild GBS cases, either associated 
or not with SARS-CoV-2 infection, were not admitted or not recog-
nized. Additionally, in critically ill COVID-19 patients GBS could have 
been misdiagnosed as critical illness polyneuropathy when electro-
physiological and CSF testing were not performed.

CONCLUSIONS

The increased overall risk of GBS in the general population and the 
high GBS incidence in SARS-CoV-2 hospitalized patients indicate 
that something happened in northern Italy during the first pandemic 
wave. The slightly decreased risk of GBS in some countries and the 
considerably higher frequency of GBS associated with SARS-CoV-2 
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infection during the pandemic were probably due to the adopted 
public health measures that decreased the circulation of other GBS 
infective antecedents. The above observations support, in our opin-
ion, an association between SARS-CoV-2 infection and GBS and the 
recognition of the ‘Italian factor’, although not easily explainable, 
sheds some light on an apparently confused picture.

Guillain–Barré syndrome patients with SARS-CoV-2 infection 
showed more frequently, and not differently from non-infected 
patients, the classical clinical presentation and the demyelinating 
electrophysiological subtype. Cranial nerves were more frequently 
affected in SARS-CoV-2 infected patients. Respiratory insufficiency, 
requiring invasive ventilation, and ICU admission were more fre-
quent in SARS-CoV-2 infected GBS patients probably because of 
concomitant severe COVID-19.

How SARS-CoV-2 may trigger GBS is currently unknown. None-
theless, the time interval between GBS onset and SARS-CoV-2 in-
fection, as well as the very low rate of SARS-CoV-2 RNA found in 
CSF, indicate a post-infective disorder.
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