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Abstract

Guillain-Barré syndrome (GBS) is an inflammatory polyradiculoneuropathy associated
with numerous viral infections. Recently, there have been many case reports describ-
ing the association between coronavirus disease-2019 (COVID-19) and GBS, but
much remains unknown about the strength of the association and the features of
GBS in this setting. We reviewed 37 published cases of GBS associated with COVID-
19 to summarize this information for clinicians and to determine whether a specific
clinical or electrodiagnostic (EDx) pattern is emerging. The mean age (59 years), gen-
der (65% male), and COVID-19 features appeared to reflect those of hospitalized
COVID-19 patients early in the pandemic. The mean time from COVID-19 symptoms
to GBS symptoms was 11 days. The clinical presentation and severity of these GBS
cases was similar to those with non-COVID-19 GBS. The EDx pattern was consid-
ered demyelinating in approximately half of the cases. Cerebrospinal fluid, when
assessed, demonstrated albuminocytologic dissociation in 76% of patients and was
negative for severe acute respiratory distress syndrome-coronavirus-2 (SARS-
CoV-2) in all cases. Serum antiganglioside antibodies were absent in 15 of 17 patients
tested. Most patients were treated with a single course of intravenous immunoglobu-
lin, and improvement was noted within 8 weeks in most cases. GBS-associated
COVID-19 appears to be an uncommon condition with similar clinical and EDx pat-
terns to GBS before the pandemic. Future studies should compare patients with
COVID-19-associated GBS to those with contemporaneous non-COVID-19 GBS
and determine whether the incidence of GBS is elevated in those with COVID-19.
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1 | INTRODUCTION

motor axonal neuropathy; AMSAN, acute motor sensory axonal neuropathy; COVID-19,
coronavirus infectious disease-2019; CRP, C-reactive protein; CSF, cerebrospinal fluid; EDx,

electrodiagnosis; ESR, erythrocyte sedimentation rate; GBS, Guillain-Barré syndrome; IVlg,
intravenous immunoglobulin; LDH, lactate dehydrogenases; MERS, Middle East respiratory
syndrome; MFS, Miller Fisher syndrome; PLEX, plasma exchange; RT-PCR, real-time
polymerase chain reaction; SARS-CoV-2, severe acute respiratory distress syndrome-

coronavirus-2.

Coronavirus disease-2019 (COVID-19), caused by the severe acute
respiratory distress syndrome-coronavirus-2 (SARS-CoV-2), is primar-
ily a respiratory infection, but has been associated with a variety of

neurological symptoms, including dizziness, headache, confusion,
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myalgia, and loss of taste and smell.! Reports are emerging of several
neurological illnesses that co-occur with COVID-19 such as encephali-
tis? and, particularly, stroke.3*

Guillain-Barre syndrome (GBS) is an acute, generalized poly-
radiculoneuropathy that is preceded by a symptomatic infection such
as Campylobacter jejuni, Epstein-Barr virus, influenza, or cytomegalovi-
rus in about two thirds of cases.®> GBS has been associated with influ-
enza infections and vaccinations® and, recently, an increased
incidence of GBS was reported during the Zika virus outbreak in
South America.” GBS associated with COVID-19 is now widely
reported, but the strength and mechanism of the association and the
clinical and electrodiagnostic (EDx) patterns remain unclear. We
undertook a review of the current literature to clarify what is known
about GBS-associated COVID-19 during this early stage of the

pandemic.

2 | METHODS

This work is a retrospective review of published literature in English
of COVID-19-associated GBS identified by a Medline search via
PubMed up to June 22, 2020. We accepted a priori the diagnostic
criteria for GBS and details of subtype classification (acute inflamma-
tory demyelinating polyneuropathy [AIDP], acute motor axonal neu-
ropathy [AMAN], acute motor sensory axonal neuropathy [AMSAN],
and Miller Fisher syndrome [MFS]) used by the authors of the articles,
because formal review and classification of the patients was limited
by the lack of availability of complete data. We then applied the
Hadden electrophysiological criteria for GBS (P.N., R.C.) to each case,
depending on data availability, and compared the original diagnosis to
the Hadden criteria diagnosis.2 Descriptive statistics were used. Vary-
ing denominators represent the number of patients for whom the data

were available.

3 | RESULTS

3.1 | Clinical presentation and course
A total of 45 patients from 29 published articles (see Table S1 online)
were available for analysis.”*® One series of eight patients was
excluded due uncertainty about the diagnosis of COVID-19%” and
incomplete neurological data leaving 37 patients from 28 publications
in the final analysis.

Table 1 provides the demographic and clinical data of the
37 patients. The mean age of the patients was 58.7 years. Most (90%)
were at least age 50 years old, and 65% were male. The most common
COVID-19 symptoms were cough, fever, or both, and the diagnosis
was confirmed by nasopharyngeal, oropharyngeal, or fecal real time
polymerase chain reaction (RT-PCR) (81%) or by SARS-COV-2
immunoglobulin G or M antibody testing (19%). Abnormalities on
pulmonary imaging were noted in 24 (68.9%) patients, consisting of

ground-glass opacities, interstitial pneumonitis, consolidation, or

TABLE 1 Demographics and clinical features

Number (%) or
mean (SD, range)

58.7 (11.2, 23-77)

Feature (n = 37)
Mean age (years)

Age breakdown (years)

20-29 1(2.7)
30-39 2(5.4)
40-49 1(2.7)
50-59 13(35.1)
60-69 12 (32.4)
70-79 8(21.6)
Males 24 (64.9)
COVID-19 symptoms preceding neurological symptoms®
None 2(4)
Cough, fever, or both 34 (91.9)
Anosmia 7 (18.9)
Ageusia 5(13.5)
Myalgia 5(13.5)
Diarrhea 4(10.8)
Odynophagia 5(13.5)
Headache 4(10.8)
Dyspnea 3(8)
Transient rash 1(2.7)
Neurologic symptoms
Paresthesia or pain 25 (67.6)
Limb weakness 25 (67.6)
Cranial nerve symptoms 13 (35)
Neurological examination findings during the course of illness
Limb weakness 29 (78.3)
Sensory abnormalities 19 (51)
Cranial nerve deficits 15 (41)
Unilateral or bilateral facial weakness 9 (24.3)
Ophthalmoparesis 4(10.8)
Bulbar weakness 2(5.4)
Hypo/areflexia 37 (100)
Dysautonomia 7 (18.9)
Mechanical ventilation 14 (37.8)

Abbreviation: COVID-19, coronavirus disease-2019.
?Most patients had more than one symptom.

bibasilar opacities. Two patients presented with neurological symp-
toms. Both reported exposure to COVID-19 but did not have sys-
temic symptoms at presentation. They had pulmonary ground-glass
opacities on computed tomography (CT) of the chest, indicating
asymptomatic infection.*>3¢ For the remainder, the mean time to
onset of neurological symptoms was 11 + 6.5 days (range, 3-28 days)
from the onset of COVID-19 and a majority of patients (31 of
37, 84%) developed GBS while experiencing ongoing symptoms from
COVID-19. Limb paresthesias or pain and weakness were the most

common symptoms on presentation and most patients developed
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varying degrees of extremity weakness during the course of the ill-
ness. Most patients developed limb weakness during the course of
their illness and more than a third required mechanical ventilation. In
the 16 patients for whom data were available, the mean time to nadir
of neurological symptoms was 5 days (range, 1.5-10 days).

TABLE 2 Laboratory and imaging features
Number (%)

Laboratory abnormalities
Elevated inflammatory markers (see text) 15 (40.5)
Lymphocytopenia 12 (32.4)
Thrombocythemia 2 (5.4
Leukocytosis 2(5.4)
Hyponatremia 1(2.7

MRI of the spine (n = 15)
Normal 9 (60.0)
Lumbosacral root enhancement 2(13.3)
Radiculitis and brachial/lumbosacral plexitis 2(13.3)
Leptomeningeal enhancement 1(6.7)
Myelopathy 1(6.7)

CT or MRI imaging of the brain (n = 14)
Normal 10(71.4)
Facial nerve enhancement 2(14.3)
Cranial neuritis 1(71
Enlargement, T2 hyperintensity, enhancement 1(7.1)

of CN Il

Cerebrospinal fluid (n = 33)
Albuminocytologic dissociation 25 (75.8)
Normal 6(18.2)
Pleocytosis 2(6.1)
SARS-CoV-2 PCR (n = 18) 0(0.0)

Abbreviations: CN, cranial nerve; CT, computed tomography; MRI, mag-
netic resonance imaging; PCR, polymerase chain reaction; SARS-CoV-2,
severe acute respiratory distress syndrome-coronavirus-2.

TABLE 3 Guillain-Barré syndrome subtype classification

GBS subtype per original report Number (%)
AIDP 24 (64.8)
Acute motor sensory axonal neuropathy 5(13.5)
Miller Fisher syndrome 5(13.5)
Acute motor axonal neuropathy 1(2.7)
Not stated 2(5.4)
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3.2 | Diagnostic testing

Table 2 summarizes key laboratory and imaging findings. Elevated
inflammatory markers, including erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), ferritin, lactate dehydrogenase (LDH), and
D-dimer, were the most frequent laboratory abnormalities. Results of
ganglioside antibody testing were reported in 17 patients (see
Table S2 online), but only two patients (12%) had positive findings.
One patient had an equivocal elevation of asialo-GM1 antibody and
another had elevated immunoglobulin G antibodies to GD1b. Both
had clinical features suggestive of Miller Fisher syndrome (MFS).182%
MRI of the spine was abnormal in 40% of the patients in whom it was
performed. Brain imaging was performed in fewer than half of the
patients, and it revealed cranial nerve abnormalities in 28.6% of them.
Cerebrospinal fluid (CSF) albuminocytologic dissociation was noted in
more than three fourths of patients in whom lumbar puncture was
performed. Protein levels in the CSF ranged from 44 to
313 mg/dL. CSF PCR testing for SARS-COV-2 was negative in all
18 patients in whom it was assayed.

Nerve conduction study data were available in 32 of 37 (86.4%)
of the patients; needle electromyography was performed in 15 of
37 (40.5%). The details of the EDx evaluations were highly variable
across studies (Table S2). In an attempt to standardize these findings,
the Hadden criteria for EDx subtype were applied to the available
data. Two thirds of the cases were amenable to this application and
the remaining 12 cases could not be classified. AIDP was the most
common reported EDx subtype of GBS (65%) and could be confirmed
by Hadden criteria in 49% of the patients (Table 3). The next most
common classification by the original authors was AMSAN, followed
by MFS and AMAN. Using the Hadden criteria, fewer than 10% of all
patients could be classified as axonal variants.

3.3 | Treatments and outcomes

Thirty-three of 37 patients (89%) were treated with intravenous
immunoglobulin (IVIg) at 0.4 g/kg/day for 5 days and 2 of these

GBS subtype per Hadden

classification® by reviewers Number (%)
Demyelinating 18 (48.6)
Equivocal 3(8.1)
Unable to classify 3(8.1)
Axonal 2(5.4)
Unable to classify 2(5.4)
Demyelinating 1(2.7)
Unable to classify 5(13.5)
Axonal 1(2.7)
Unable to classify 2(5.4)

Abbreviations: AIDP, acute inflammatory demyelinating polyneuropathy; GBS, Guillain-Barré syndrome.
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received a second course of IVIg. Three patients underwent plasma
exchange (PLEx) and, of these, two received PLEx after IVIg. One
patient with MFS was treated symptomatically with acetaminophen.
Hydroxychloroquine was used in 12 of 37 (32.4%), 5 (13.5%) received
azithromycin, and lopinavir and ritonavir were used in combination in
6 (16.2%) patients. Two patients received umifenovir, a broad-
spectrum antiviral compound approved in China and Russia for the
treatment of influenza. One patient was treated with oral prednisone,
and another received tocilizumab in addition to hydroxychloroquine,
antiretroviral therapy, and 1VIg.

The response to therapy was reported in 33 of 37 (89%) patients.
One patient died within 24 hours of admission due to respiratory fail-
ure.” The period of follow-up varied substantially, so it was difficult to
ascertain long-term outcomes. Varying degrees of improvement were
noted in 24 of 33 (73%) patients at 5 days to 8 weeks after treatment.

4 | DISCUSSION

Despite numerous case reports of GBS associated with COVID-19,
the prevalence remains unclear, as ascertainment and reporting are
uneven and the total number of concurrent COVID-19 patients is not
known. However, many of the reports are of single cases and we have
not noticed a clear increase in GBS cases at our academic centers, so
it appears to be rarely associated with COVID-19. It is also possible
that GBS cases may have been incorrectly attributed to critical illness
neuromyopathy, or undiagnosed in the setting of severe systemic
iliness.

Most patients reported were over age 50 years and male, which
likely reflects the underlying demographics of diagnosed COVID-19
early in the pandemic; that is, older age and male gender are risk fac-
tors for more severe COVID-19, and the incidence of GBS rises with
age.?®%% The male predominance is slightly higher than that reported
in a large series of non-COVID-19 GBS cases,*® and it will be of inter-
est to see if the age and gender ratios change as more young patients
become infected and testing becomes more widespread.

Over one third of the patients required mechanical ventilation,
which is slightly higher than the 20% to 30% that require invasive
ventilation with non-COVID-19 GBS.*° This is not surprising given
the concurrent pulmonary disease in the patients considered here.
The nadir of the neurological iliness usually occurred within 1 week of
onset, sometimes as early as 2 to 3 days, and only occasionally in the
second week of GBS. This is somewhat more rapid than other series,
but the data regarding nadir was limited in the reviewed cases. Some
degree of recovery usually occurs within weeks but the long-term
prognosis is not yet clear.

All of the major GBS EDx patterns have been reported in associa-
tion with COVID-19. A demyelinating pattern was the most common,
similar to previous reports from Western countries.*® However, the
breakdown into other categories differed between the original reports
and our attempts at using the Hadden criteria for classification. Part
of the discrepancy may be explained by our lack of access to the com-

plete EDx data. Overall, the available data are insufficient to draw

conclusions about whether the GBS subtype distribution is different
than in non-COVID-19 patients.

Almost all of these GBS patients were treated with 1VIg, which is
associated with thromboembolic adverse effects.*! Because COVID-
19 may be associated with a pro-thrombotic state,*? there may be
concern about 1VIg administration, but none of the reports described
thrombotic complications. PLEx was used to treat GBS without
reported complications in two patients that we reviewed, but PLEx is
associated with hypotension in a small percentage of patients*® and
can also affect the balance of clotting factors, potentially leading to
thromboembolic events.** Both IVIg and PLEx are suggested as treat-
ments for the COVID-19-induced cytokine storm based on direct
removal of cytokines or by promoting a shift toward a more favorable
anti-inflammatory cellular and cytokine profile.****” PLEx challenges
the tenuous hemodynamic state of critically ill patients and exposes
more health-care workers for longer periods of time to SARS-CoV-2-
infected patients, so, at present, it is preferable to treat COVID-19-
associated GBS with IVIg unless there is a clear contraindication, such
as a severe coagulopathy.

There are several potential mechanisms for the SARS-CoV-2 virus
to cause profound weakness. The data collected here do not indicate
a direct viral infection of peripheral nerves as occurs with West Nile
virus acute flaccid paralysis.*® Similar to the direct neural infection of
poliomyelitis, the paralysis syndrome most associated with West Nile
virus is asymmetric and largely spares sensory function, whereas most
of the GBS patients reviewed here demonstrated symmetrical and
generalized patterns of weakness and sensory disturbances. CSF from
these COVID-19-associated GBS patients was negative for SARS-
CoV-2 by RT-PCR, and postmortem brain tissues from COVID-19
patients did not show evidence of viral infection by immunohisto-
chemical analysis.*

GBS is a postinfectious syndrome as defined by an onset that is
delayed from the acute symptoms of infection and by a mechanism
that is distinct from the infection. The few cases of GBS associated
with other coronaviruses, including the Middle East respiratory syn-
drome (MERS)-CoV virus that causes MERS, developed 1 to 3 weeks
after the onset of the upper respiratory symptoms,>>°! similar to the
GBS onset for COVID-19 (11 days). The postinfectious mechanism
for GBS is best understood in the setting of preceding infection with
Zika virus and C jejuni, where the onset of GBS occurs approximately
1 week after the onset of infection. The symptomatic period for
these infections is briefer than for COVID-19, where the initial
infection symptoms usually overlap with the onset of neurological
symptoms.7’52

The postinfectious mechanism of GBS is also supported by the
finding of autoantibodies that result from an immune response
directed to an epitope of the infectious agent that then cross-reacts
with a structurally similar component of peripheral nerve, resulting in
delayed immune-mediated damage to peripheral nerve.>® The attach-
ment of SARS-CoV-2 to cell surfaces is mediated by the viral spike
(S) protein, which binds to angiotensin-converting enzyme 2 and also
to gangliosides containing sialic acid residues, including the GalNAc

residue of GM1. It has been suggested that cross-reactivity between
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the viral protein-associated gangliosides and peripheral nerve ganglio-
sides may result in molecular mimicry.>4>¢ Antiganglioside antibodies
were uncommonly detected (12%) in the reports analyzed here, indi-
cating that assayed antigangliosides are in low concentration or that
novel autoantibodies mediate COVID-19-associated GBS. Alterna-
tively, the mechanism of nerve damage may be primarily facilitated by
T-cell activation and release of inflammatory mediators by macro-
phages.>” A systematic evaluation of associations of ganglioside anti-
bodies in GBS with COVID-19 will be needed before the mechanisms
are clarified. A novel parainfectious mechanism for GBS mediated by
the generalized, hyperinflammatory response that occurs with
COVID-19 was suggested by some case report authors, because the
acute symptoms overlap with the onset of GBS and autoantibodies
were not detected in their cases. However, when all of the cases are
considered, the clinical, antiganglioside testing and EDx patterns are
similar to those of typical GBS cases.

Research into developing a vaccine against SARS-COV-2 is rap-
idly advancing. Concerns regarding GBS associated with the swine flu
vaccine raise questions regarding the risk of GBS with SARS-COV-2
vaccines. The 1976 swine influenza vaccine was associated with a
slightly increased frequency of GBS, estimated at one additional case
of GBS per 100 000 vaccinated persons.>® Subsequent studies world-
wide have reported varying associations (none, lower, or higher risks)
between influenza vaccines other than the 1976 swine influenza vac-
cine and GBS.%°7%! However, the estimated risk for GBS after influ-
enza vaccine, based on the few studies that have demonstrated the
association, is low: approximately one additional case per million per-
sons vaccinated.>? Studies have also shown an increased risk for GBS
after influenza infection, with up to 18% of GBS patients during an
influenza outbreak having serological evidence of recent influenza in
one study,®? and substantially greater risks than those associated with
vaccination in several others.®? These numbers, although not general-
izable to COVID-19, may be useful for counseling patients regarding
vaccination against SARS-CoV-2. Future studies should compare the
incidence of GBS associated with COVID-19 infection with that asso-
ciated with COVID-19 vaccination. The potential GBS risk of the vac-
cine should be weighed against the considerable morbidity and
mortality of the infection.

Based on these reports, the diagnosis of GBS should be considered
in known COVID-19 patients who develop global weakness during
their course as a treatable alternative diagnosis to critical illness
neuromyopathy. Most of the reported patients with COVID-19-
associated GBS developed weakness before becoming critically ill, but
both diagnostic possibilities should be considered for patients emerging
from prolonged ventilation with lucid mental status but profound
weakness. In two patients, GBS symptoms preceded systemic and respi-
ratory symptoms or occurred during an otherwise asymptomatic
CQOVID-19 infection. Therefore, testing for SARS-CoV-2 infection should
be considered in all patients with suspected GBS during the pandemic
and these patients should be isolated, even in the absence of respiratory
and systemic symptoms, and until testing has returned negative.

Given the large number and wide geographic distribution of the

GBS patients reviewed here, it is reasonable to conclude that these
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cases may be a representative sample. Still, conclusions from this
research are limited because of the nonuniform, retrospective data
collection and reporting. The lack of concurrent COVID-19 surveil-
lance data makes it challenging to estimate the incidence of GBS asso-
ciated with COVID-19 and incomplete access to the EDx data limited
the utility of GBS classification by a uniform set of criteria.

GBS may be a presenting feature or occur during symptomatic
infection with the SARS-CoV-2. It may be the only illness during an
otherwise asymptomatic infection. The strength of the association
of COVID-19 and GBS is still unclear, but a high index of suspicion
should be maintained during this pandemic. COVID-19-associated
GBS presents with various clinical patterns and EDx subtypes but
the available data are limited by their high risk of bias. Prospective
studies of COVID-19-associated GBS will provide information
regarding neurological recovery in these patients compared with
non-COVID-19-associated GBS, and will determine whether there
are relapses of COVID-19-associated GBS. Future studies of
patients with COVID-19 will help to determine whether the fre-
guency, presentation, EDx subtype, antiganglioside antibody pro-
file, and clinical course of COVID-19-associated GBS deviate from
historical norms or contemporaneous patients with non-COVID-
19 GBS.

CONFLICT OF INTEREST
The authors declare no potential conflicts of interest.

ETHICAL PUBLICATION STATEMENT
We confirm that we have read the Journal's position on issues
involved in ethical publication and affirm that this report is consistent

with those guidelines.

ORCID
Zachary Simmons
Richard A. Lewis

Pushpa Narayanaswami

https://orcid.org/0000-0001-8574-5332
https://orcid.org/0000-0002-1140-4575
https://orcid.org/0000-0002-9412-7349

REFERENCES

1. Mao L, Jin H, Wang M, et al. Neurologic manifestations of hospital-
ized patients with coronavirus disease 2019 in Wuhan, China. JAMA
Neurol. 2020;77(6):683-690. https://doi.org/10.1001/jamaneurol.
2020.1127. [published online ahead of print].

2. Xiang P, Xu XM, Gao LL, et al. First case of 2019 novel coronavirus
disease with encephalitis. ChinaXiv. 2020;T202003(00015).

3. Avula A, Nalleballe K, Narula N, et al. COVID-19 presenting as stroke.
Brain Behav Immun. 2020;87:115-119.

4. Oxley TJ, Mocco J, Majidi S, et al. Large-vessel stroke as a presenting
feature of Covid-19 in the young. N Engl J Med. 2020;382:e60.

5. Jacobs BC, Rothbarth PH, van der Meché FG, et al. The spectrum of
antecedent infections in Guillain-Barré syndrome: a case-control
study. Neurology. 1998;51:1110-1115.

6. Haber P. Guillain-Barré syndrome following influenza vaccination.
JAMA. 2004;292:2478.

7. Cao-Lormeau V-M, Blake A, Mons S, et al. Guillain-Barré syndrome
outbreak associated with Zika virus infection in French Polynesia: a
case-control study. Lancet. 2016;387:1531-1539.


https://orcid.org/0000-0001-8574-5332
https://orcid.org/0000-0001-8574-5332
https://orcid.org/0000-0002-1140-4575
https://orcid.org/0000-0002-1140-4575
https://orcid.org/0000-0002-9412-7349
https://orcid.org/0000-0002-9412-7349
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1001/jamaneurol.2020.1127

“ | WILEY &NERVE

8.

10.
11.
12.
13.
14.

15.

16.
17.
18.
19.
20.
21
22.

23.

24,
25.

26.
27.

28.

CARESS ET AL.

Hadden RDM, Cornblath DR, Hughes RC, et al. Electrophysiological
classification of Guillain-Barré syndrome: clinical associations and out-
come. Ann Neurol. 1998;44:780-788.

Alberti P, Beretta S, Piatti M, et al. Guillain-Barré syndrome related to
COVID-19 infection. Neurol Neuroimmunol Neuroinflamm. 2020;7:
e741.

Arnaud S, Budowski C, Ng Wing Tin S, Degos B. Post SARS-CoV-2
Guillain-Barré syndrome. Clin Neurophysiol. 2020;131:1652-1654.
Assini A, Benedetti L, Di Maio S, Schirinzi E, Del Sette M. New clinical
manifestation of COVID-19 related Guillain-Barré syndrome highly
responsive to intravenous immunoglobulins: two Italian cases. Neurol
Sci. 2020;41:1657-1658.

Bigaut K, Mallaret M, Baloglu S, et al. Guillain-Barré syndrome related
to SARS-CoV-2 infection. Neurol Neuroimmunol Neuroinflamm. 2020;
7:€785.

Juliao Caamario DS, Alonso BR. Facial diplegia, a possible atypical var-
iant of Guillain-Barré syndrome as a rare neurological complication of
SARS-CoV-2. J Clin Neurosci. 2020;77:230-232.

Camdessanche J-P, Morel J, Pozzetto B, Paul S, Tholance Y, Botelho-
Nevers E. COVID-19 may induce Guillain-Barré syndrome. Rev Neu-
rol (Paris). 2020;176:516-518.

Chan JL, Ebadi H, Sarna JR. Guillain-Barré syndrome with facial diple-
gia related to SARS-CoV-2 infection. Can J Neurol Sci. 2020;29:1-3.
Coen M, Jeanson G, Culebras Almeida LA, et al. Guillain-Barré syn-
drome as a complication of SARS-CoV-2 infection. Brain Behav
Immun. 2020;87:111-112.

El Otmani H, El Moutawakil B, Rafai M-A, et al. Covid-19 and
Guillain-Barré syndrome: more than a coincidence! Rev Neurol (Paris).
2020;176:518-519.

Gutiérrez-Ortiz C, Méndez A, Rodrigo-Rey S, et al. Miller Fisher syn-
drome and polyneuritis cranialis in COVID-19. Neurology. 2020:
10.1212/WNL.0000000000009619

Helbok R, Beer R, Léscher W, et al. Guillain-Barré syndrome in a patient
with antibodies against SARS-COV-2. Eur J Neurol. 2020;14388.
https://doi.org/10.1111/ene.14388. [published online ahead of print].
Kilinc D, van de Pasch S, Doets AY, Jacobs BC, van Vliet J,
Garssen MPJ. Guillain-Barré syndrome after SARS-CoV-2 infection.
Eur J Neurol. 2020;14398. https://doi.org/10.1111/ene.14398. [pub-
lished online ahead of print].

Lantos JE, Strauss SB, Lin E. COVID-19-associated Miller Fisher syn-
drome: MRI findings. AJNR Am J Neuroradiol. 2020;41:1184-1186.
Lascano AM, Epiney J, Coen M, et al. SARS-CoV-2 and Guillain-Barré syn-
drome: AIDP variant with favorable outcome. Eur J Neurol. 2020;14368.
https://doi.org/10.1111/ene.14368. [published online ahead of print].
Oguz-Akarsu E, Ozpar R, Mirzayev H, et al. Guillain-barré syndrome
in a patient with minimal symptoms of COVID-19 infection. Muscle
Nerve. 2020. https://doi.org/10.1002/mus.26992. [published online
ahead of print, 2020 Jun 4].

Ottaviani D, Boso F, Tranquillini E, et al. Early Guillain-Barré syn-
drome in coronavirus disease 2019 (COVID-19): a case report from
an Italian COVID-hospital. Neurol Sci. 2020;41:1351-1354.

Padroni M, Mastrangelo V, Asioli GM, et al. Guillain-Barré syndrome
following COVID-19: new infection, old complication? J Neurol. 2020;
267:1877-1879.

Rana S, Lima AA, Chandra R, et al. Novel coronavirus (COVID-19)-
associated Guillain-Barré syndrome: case report. J Clin Neuromuscul
Dis. 2020;21:3. https://doi.org/10.1007/s00415-020-09907-z. [pub-
lished online ahead of print, 2020 May 26].

Reyes-Bueno JA, Garcia-Truijillo L, Urbaneja P, et al. Miller-Fisher syn-
drome after SARS-CoV-2 infection. Eur J Neurol. 2020;14383.
https://doi.org/10.1111/ene.14383. [published online ahead of
print].

Riva N, Russo T, Falzone YM, et al. Post-infectious Guillain-Barré syn-
drome related to SARS-CoV-2 infection: a case report. J Neurol. 2020;
1-3.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Sancho-Saldana A, Lambea-Gil A, Liesa JLC, et al. Guillain-Barré syn-
drome associated with leptomeningeal enhancement following SARS-
CoV-2 infection. Clin Med. 2020;20(4):e93-e94. https://doi.org/10.
7861/clinmed.2020-0213.

Scheidl E, Canseco DD, Hadji-Naumov A, Bereznai B. Guillain-Barré
syndrome during SARS-COV -2 pandemic: a case report and review of
recent literature. J Peripher Nerv Syst. 2020;25:204-207.

Sedaghat Z, Karimi N. Guillain Barre syndrome associated with
COVID-19 infection: a case report. J Clin Neurosci. 2020;76:233-235.
Su XW, Palka SV, Rao RR, Chen FS, Brackney CR, Cambi F. SARS-
CoV-2-associated guillain-barré syndrome with dysautonomia. Muscle
Nerve. 2020;62(2):E48-E49. https://doi.org/10.1002/mus.26988
Toscano G, Palmerini F, Ravaglia S, et al. Guillain-Barré syndrome
associated with SARS-CoV-2. N Engl J Med. 2020;382:2574-2576.
Virani A, Rabold E, Hanson T, et al. Guillain-Barré syndrome associ-
ated with SARS-CoV-2 infection. IDCases. 2020;20:e00771.

Webb S, Wallace VC, Martin-Lopez D, Yogarajah M. Guillain-Barré
syndrome following COVID-19: a newly emerging post-infectious
complication. BMJ Case Rep. 2020;13:€236182.

Zhao H, Shen D, Zhou H, Liu J, Chen S. Guillain-Barré syndrome asso-
ciated with SARS-CoV-2 infection: causality or coincidence? Lancet
Neurol. 2020;19:383-384.

Gigli GL, Bax F, Marini A, et al. Guillain-Barré syndrome in the
COVID-19 era: just an occasional cluster? J Neurol. 2020;1-3.
https://doi.org/10.1007/s00415-020-09911-3. [published online
ahead of print].

Berlin DA, Gulick RM, Martinez FJ. Severe Covid-19. N Engl J Med.
2020. https://doi.org/10.1056/NEJMcp2009575. [published online
ahead of print].

Sejvar JJ, Baughman AL, Wise M, Morgan OW. Population incidence
of Guillain-Barré syndrome: a systematic review and meta-analysis.
Neuroepidemiology. 2011;36:123-133.

Fokke C, van den Berg B, Drenthen J, Walgaard C, van Doorn PA,
Jacobs BC. Diagnosis of Guillain-Barré syndrome and validation of
Brighton criteria. Brain J Neurol. 2014;137:33-43.

Research C for BE and. Safety & availability (biologics)—US Food and
Drug Administration. FDA safety communication: New boxed warn-
ing for thrombosis related to human immune globulin products.
http://wayback.archive-it.org/7993/20170112095644/http://www.
fda.gov/biologicsbloodvaccines/safetyavailability/ucm375096.htm.
Hess DC, Eldahshan W, Rutkowski E. COVID-19-related stroke.
Transl Stroke Res. 2020;11:322-325.

Rodnitzky RL, Goeken JA. Complications of plasma exchange in neu-
rological patients. Arch Neurol. 1982;39:350-354.

Jin PH, Shin SC, Dhamoon MS. Risk of thrombotic events after inpa-
tient intravenous immunoglobulin or plasma exchange for neurologic
disease: a case-crossover study. Muscle Nerve. 2020. https://doi.org/
10.1002/mus.26884. [published online ahead of print].

Ma J, Xia P, Zhou Y, et al. Potential effect of blood purification ther-
apy in reducing cytokine storm as a late complication of critically ill
COVID-19. Clin Immunol. 2020;214:108408.

Rojas M, Rodriguez Y, Monsalve DM, et al. Convalescent plasma in
Covid-19: possible mechanisms of action. Autoimmun Rev. 2020;19:
102554.

Ye Q, Wang B, Mao J. The pathogenesis and treatment of the ‘cyto-
kine storm’ in COVID-19. J Infect. 2020;80:607-613.

Leis AA, Stokic DS. Neuromuscular manifestations of West Nile virus
infection. Front Neurol. 2012;3:1-10. https://doi.org/10.3389/fneur.
2012.00037.

Solomon IH, Normandin E, Bhattacharyya S, et al. Neuropathological
features of Covid-19. N Engl J Med. 2020. https://doi.org/10.1056/
NEJMc2019373. [published online ahead of print].

Kim JE, Heo JH, Kim HO, et al. Neurological complications during
treatment of Middle East respiratory syndrome. J Clin Neurol Seoul
Korea. 2017;13:227-233.


https://doi.org/10.1111/ene.14388
https://doi.org/10.1111/ene.14398
https://doi.org/10.1111/ene.14368
https://doi.org/10.1002/mus.26992
https://doi.org/10.1007/s00415-020-09907-z
https://doi.org/10.1111/ene.14383
https://doi.org/10.7861/clinmed.2020-0213
https://doi.org/10.7861/clinmed.2020-0213
https://doi.org/10.1002/mus.26988
https://doi.org/10.1007/s00415-020-09911-3
https://doi.org/10.1056/NEJMcp2009575
http://wayback.archive-it.org/7993/20170112095644/http://www.fda.gov/biologicsbloodvaccines/safetyavailability/ucm375096.htm
http://wayback.archive-it.org/7993/20170112095644/http://www.fda.gov/biologicsbloodvaccines/safetyavailability/ucm375096.htm
https://doi.org/10.1002/mus.26884
https://doi.org/10.1002/mus.26884
https://doi.org/10.3389/fneur.2012.00037
https://doi.org/10.3389/fneur.2012.00037
https://doi.org/10.1056/NEJMc2019373
https://doi.org/10.1056/NEJMc2019373

CARESS ET AL.

51.

52.

53.

54.

55.

56.

57.

58.

Sharma K, Tengsupakul S, Sanchez O, Phaltas R, Maertens P. Guillain-
Barré syndrome with unilateral peripheral facial and bulbar palsy in a
child: a case report. SAGE Open Med Case Rep. 2019;7:1-5.

Rees JH, Hughes RAC. Campylobacter jejuni infection and Guillain-
Barré syndrome. N Engl J Med. 1995;333:6.

Willison HJ, Jacobs BC, van Doorn PA. Guillain-Barré syndrome. Lan-
cet. 2016;388:717-727.

Fantini J, Chahinian H, Yahi N. Synergistic antiviral effect of hydro-
xychloroquine and azithromycin in combination against SARS-CoV-2:
what molecular dynamics studies of virus-host interactions reveal. Int
J Antimicrob Agents. 2020;106020:1-9.

Vaduganathan M, Vardeny O, Michel T, McMurray JJV, Pfeffer
MA, Solomon SD. Renin-angiotensin-aldosterone system inhibitors in
patients with Covid-19. N Engl J Med. 2020;382:1653-1659.

Dalakas MC. Guillain-Barré syndrome: the first documented
COVID-19-triggered autoimmune neurologic disease: more to come
with myositis in the offing. Neurol Neuroimmunol Neuroinflamm.
2020;7:e781.

Hartung H-P, Toyka KV. T-cell and macrophage activation in experi-
mental autoimmune neuritis and Guillain-Barré syndrome. Ann Neurol.
1990;27(suppl 1):5S57-S63.

Schonberger LB, Bregman DJ, Sullivan-Bolyai JZ, et al. Guillain-Barre
syndrome following vaccination in the national influenza immuniza-
tion program, United States, 1976-1977. Am J Epidemiol. 1979;110:
105-123.

59.

60.

61.

62.

AN E WiLEY L+

Lasky T, Terracciano GJ, Magder L, et al. The Guillain-Barre syndrome
and the 1992-1993 and 1993-1994 influenza vaccines. N Engl J Med.
1998;339:1797-1802.

Grave C, Boucheron P, Rudant J, et al. Seasonal influenza vaccine and
Guillain-Barre syndrome: a self-controlled case series study. Neurol-
ogy. 2020;94:e2168-e2179.

Vellozzi C, Igbal S, Broder K. Guillain-Barre syndrome, influenza, and
influenza vaccination: the epidemiologic evidence. Clin Infect Dis.
2014;58:1149-1155.

Sivadon-Tardy V, Orlikowski D, Porcher R, et al. Guillain-Barre syn-
drome and influenza virus infection. Clin Infect Dis. 2009;48:48-56.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Caress JB, Castoro RJ, Simmons Z,
et al. COVID-19-associated Guillain-Barré syndrome: The
early pandemic experience. Muscle & Nerve. 2020;62:
485-491. https://doi.org/10.1002/mus.27024



https://doi.org/10.1002/mus.27024

	COVID-19-associated Guillain-Barré syndrome: The early pandemic experience
	1  INTRODUCTION
	2  METHODS
	3  RESULTS
	3.1  Clinical presentation and course
	3.2  Diagnostic testing
	3.3  Treatments and outcomes

	4  DISCUSSION
	4  CONFLICT OF INTEREST
	  ETHICAL PUBLICATION STATEMENT
	REFERENCES


