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ABSTRACT

Guillain–Barré syndrome (GBS) is an autoim-
mune disorder of the peripheral nervous system
that typically develops within 4 weeks after
infection. In addition to conventional infec-
tious diseases with which we are familiar,
emerging infectious diseases, such as Zika virus
infection and coronavirus disease 2019
(COVID-19) caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), have
also been suggested to be associated with GBS.
GBS is mainly categorized into a demyelinating
subtype known as acute inflammatory
demyelinating polyneuropathy (AIDP) and an
axonal subtype known as acute motor axonal
neuropathy (AMAN). Most patients who
develop GBS after Zika virus infection or
COVID-19 have AIDP. The concept of molecular
mimicry between pathogens and human
peripheral nerve components was established
through studies of AMAN with anti-ganglioside
GM1 antibodies occurring after Campylobacter
jejuni infection. Although such mimicry

between specific pathogens and myelin or Sch-
wann cell components has not been clearly
demonstrated in AIDP, a similarity of Zika virus
and SARS-CoV-2 proteins to human proteins
has been suggested. With the development of
global commerce and travel, emerging infec-
tious diseases will continue to threaten public
health. From this viewpoint, the development
of vaccines and antiviral drugs is important to
prepare for and control emerging infectious
diseases. Although a decrease in the number of
patients after the 2015–2016 Zika epidemic
increased the difficulty in conducting phase 3
trials for Zika virus vaccines, the efficacy and
safety of new vaccines have recently been
demonstrated for COVID-19. In general, vacci-
nes can decrease the risk of infectious disease by
stimulating the immune system, and discus-
sions regarding an increased risk of autoim-
mune disorders, such as GBS, have been
ongoing for many years. However, the risk of
GBS is not considered a legitimate reason to
limit the administration of currently available
vaccines, as only a trivial association or no
association with GBS has been demonstrated.
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Key Summary Points

Guillain–Barré syndrome (GBS) is an
autoimmune disorder of the peripheral
nervous system that typically develops
following infection.

The association of emerging infectious
diseases, such as Zika virus infection and
coronavirus disease 2019 (COVID-19),
with GBS is a topic of debate.

Some investigators have suggested that
mechanisms resulting from molecular
mimicry between viral proteins and
human proteins participate in the
pathogenesis of Zika/COVID-19-
associated GBS.

Although the development of vaccines is
important to prepare for and control
emerging infectious diseases, discussions
regarding an increased risk of GBS have
been ongoing for many years.

The incidence of infections contracted
among unvaccinated people and the
effectiveness of the vaccine in preventing
infection should also be considered in the
estimation of the overall risk–benefit ratio
regarding the development of GBS
following vaccination, because
contracting an infection itself might also
result in an increased risk of GBS
development.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14696043.

INTRODUCTION

Guillain–Barré syndrome (GBS) is an autoim-
mune disorder of the peripheral nervous system
that typically manifests as rapidly progressive
ascending paralysis, with or without sensory
and autonomic dysfunction, following an
infection [1]. The incidence rate of this disease
is 0.84 to 1.91/100,000 per year according to
studies performed in North America and Europe
[2], whereas lower incidences of 0.42/100,000
and 0.67/100,000 per year have been reported
in Japan and China, respectively [3, 4]. Seasonal
variation in the incidence of GBS suggests that
the occurrence of this disease is closely associ-
ated with the prevalence of infectious diseases,
such as upper respiratory tract infections in
winter and gastrointestinal tract infections in
summer [5]. In addition to conventional infec-
tious diseases with which we are familiar,
emerging infectious diseases may also be asso-
ciated with GBS. Since the establishment of the
International Health Regulations Emergency
Committee of the World Health Organization
in 2005, six public health emergencies of
international concern regarding emerging
infectious diseases have been declared [6]. These
include the swine influenza H1N1 strain pan-
demic in 2009, the resurgence of polio in 2014,
the Ebola epidemic in West Africa in 2014 and
in the Republic of the Congo in 2018–2019, the
emergence of Zika virus in the Americas in
2015–2016, and the coronavirus disease 2019
(COVID-19) pandemic [6]. Among these, the
association of Zika virus infection and COVID-
19 with GBS is a topic of debate [7].

In this review, we describe an association
between GBS and newly emerging infectious
diseases by focusing on Zika virus infection and
COVID-19. Because massive vaccination cam-
paigns against COVID-19 are ongoing in many
countries, current knowledge about the devel-
opment of GBS after vaccination is also sum-
marized. This article is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.
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ANTECEDENT INFECTION
AND GBS

GBS usually develops within 4 weeks following
the occurrence of antecedent events [8, 9].
Bacterial or viral infection is the most common
antecedent event; however, GBS has also been
reported to occur after vaccination, surgery, or
the administration of immune checkpoint
inhibitors [10]. Several pathogens, including
Campylobacter jejuni, Mycoplasma pneumoniae,
cytomegalovirus, Epstein–Barr virus, hepatitis A
virus, influenza A virus, and influenza B virus,
have been suggested to be associated with the
development of GBS [8, 9]. The production of
autoantibodies directed against peripheral
nerve components, particularly gangliosides,
induced by infection with these pathogens is
considered to play an important role in the
pathogenesis of GBS [1].

GBS is categorized into a demyelinating
subtype known as acute inflammatory
demyelinating polyneuropathy (AIDP) and an
axonal subtype known as acute motor axonal
neuropathy (AMAN) or acute motor sensory
axonal neuropathy (AMSAN) based on the
absence or presence of sensory involvement
[11]. Although antecedent infection has been
reported for both the demyelinating and axonal
subtypes, some pathogens are closely associated
with a specific form [4, 12]. For example, GBS
that occurs after Zika virus infection or COVID-
19 usually manifests as AIDP, as described later,
whereas Campylobacter jejuni is strongly associ-
ated with AMAN [12].

The concept of molecular mimicry between
pathogens and human peripheral nerve com-
ponents was established through studies of
AMAN in which anti-ganglioside GM1 anti-
bodies developed after Campylobacter jejuni
infection (Fig. 1) [1]. Specifically, immunoglob-
ulin G (IgG) antibodies against lipooligosac-
charides located in the outer membrane of
Campylobacter jejuni, which are produced as a
result of infection, also react to host ganglioside
GM1 localized to the axolemma of motor fibers
[1]. A previous study demonstrated deposition
of IgG and complement proteins on the axo-
lemma of motor fibers in patients with AMAN,

which supports this view [13]. Hence, mem-
brane attack complexes formed by activation of
complement cascades resulting from the
attachment of autoantibodies cause axonal
damage in AMAN [1, 11].

The hypothesis of molecular mimicry has
not been clearly demonstrated in AIDP [12].
Although phagocytosis of myelin by macro-
phages has been recognized to be important in
AIDP, the mechanisms that drive macrophages
to initiate myelin phagocytosis have not been
clarified [14]. However, antecedent infection
and deposition of complement proteins in
biopsied or autopsied peripheral nerve speci-
mens suggest that mechanisms similar to those
in AMAN also participate in AIDP [14, 15].

ZIKA VIRUS AND GBS

Zika Virus Infection

Zika virus is a type of arthropod-borne virus
called an arbovirus. It is composed of a single-
stranded, positive-sense enveloped RNA virus of
the genus Flavivirus from the family Flaviviridae,
which includes West Nile, yellow fever, dengue,
and the Japanese encephalitis viruses [16]. This
virus is transmitted to humans by mosquitoes
such as Aedes aegypti, Aedes africanus, Aedes
albopictus, and Aedes luteocephalus [17, 18].
Human-to-human transmission occurs through
sexual contact [19], blood transfusion [20], or
organ transplantation [21]. Transmission from
mother to fetus also occurs and leads to the
occurrence of microcephaly in newborns [22].
Although most individuals infected with Zika
virus are asymptomatic, approximately 20%
experience symptoms such as fever, headache,
posterior orbital pain, conjunctival hyperemia,
rash, arthralgia, or myalgia after the 2- to 7-day
incubation period [18, 23].

This virus was discovered in a rhesus monkey
in the Zika forest of Uganda in 1947 [16]. Since
then, human cases had been only sporadically
reported in Africa and Southeast Asia until the
first outbreak on Yap Island in the Federated
States of Micronesia in 2007 [17]. Next, a large
outbreak occurred in French Polynesia from
2013 to 2014 and subsequently spread to other
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Pacific islands, including New Caledonia, Easter
Island, Cook Islands, and Samoa [18]. In 2015,
an outbreak occurred in northeastern Brazil and
spread to North America, lasting until the end
of 2016 [24].

Association Between Zika Virus Infection
and GBS

Although Zika virus infection was considered
self-limited until the epidemic on Yap Island, an
unusual increase in the incidence of acquired
neurological disorders, particularly GBS, was
noted after the 2013 outbreak in French Poly-
nesia [25]. The first reported patient with GBS
associated with Zika virus infection was a
French Polynesian woman who developed GBS
7 days after experiencing influenza-like symp-
toms in November 2013 [26]. Although Zika
virus was not detected using reverse transcrip-
tion polymerase chain reaction (RT-PCR) in a
blood sample obtained 8 days after the onset of
influenza-like symptoms (corresponding to

1 day after the onset of GBS), serum IgM specific
for Zika virus was positive on enzyme-linked
immunosorbent assay (ELISA) [26]. According
to a single-center study, 42 patients were diag-
nosed with GBS between October 2013 and
April 2014 during the outbreak in French Poly-
nesia [25]. Of these patients, 39 had IgM anti-
bodies against Zika virus and 37 reported
antecedent symptoms compatible with Zika
virus infection [25]. Considering the number of
inhabitants in French Polynesia, up to a 20-fold
increase in the incidence of GBS was suggested
in this area during the outbreak [27].

Subsequently, an increased incidence of GBS
was reported in Latin American and Caribbean
countries that paralleled the spread of Zika virus
infection [28–30]. Compared with that of the
pre-Zika era, the incidence of GBS increased 2.7
times in Bahia state, Brazil; 3.1 times in
Colombia; 2.5 times in the Dominican Repub-
lic; 2.0 times in El Salvador; 2.4 times in Hon-
duras; 5.0 times in Suriname; and 9.8 times in
Venezuela [28].

Fig. 1 The concept of molecular mimicry between pathogens and human peripheral nerve components. Auto antibodies
against surface epitopes of pathogens produced as a result of infection also react to host peripheral nerve components
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Clinical Characteristics and Therapeutic
Response of GBS Associated with Zika
Virus Infection

An important point of the characteristics of GBS
associated with Zika virus infection is that
patients usually show electrophysiological
findings compatible with AIDP, such as a slow-
ing of conduction velocities and prolongation
of distal motor latencies [31]. According to
large-scale studies of GBS performed during the
Zika virus outbreak, the median duration from
the onset of antecedent infection to that of GBS
ranged from 6 to 10 days [25, 29, 30]. Clinical
features are characterized by weakness pre-
dominantly in the lower limbs and frequent
involvement of the cranial nerves, particularly
the facial nerves [25, 29, 30]. As in patients with
AIDP unrelated to Zika virus infection, sensory
and autonomic disturbances have also been
reported [25, 29, 30]. The progression tends to
be rapid, and respiratory muscle paralysis fre-
quently occurs, which necessitates care in an
intensive care unit (ICU) [32]. As in patients
with classical GBS, an increase in cerebrospinal
fluid protein without elevated cell counts is
observed in most patients with Zika-associated
GBS [25, 29].

Intravenous immunoglobulin and plasma
exchange have been established as effective
treatments not only for classical GBS but also
for GBS associated with Zika virus infection
[25, 30, 32]. The prognosis seems to be similar
for both classical GBS and Zika-associated GBS
[33].

Immunopathogenesis of GBS Associated
with Zika Virus Infection

As described earlier, anti-ganglioside antibodies
are deeply involved in the pathogenesis of GBS
[1]. A recent animal study demonstrated the
production of IgG antibodies reactive to gan-
gliosides, such as GD1a and GD1b, during Zika
virus infection [34]. Another study showed
increased levels of anti-ganglioside GD3 anti-
bodies in sera obtained from patients infected
with Zika virus with no neurological symptoms
[35]. These findings suggest that molecular

mimicry of gangliosides is involved in the
pathogenesis of GBS that develops after Zika
virus infection, which is similar to GBS that
occurs after Campylobacter jejuni infection. To
support this view, a study examining IgM and
IgG antibodies against multiple glycolipids,
including gangliosides, using a high-through-
put ELISA approach revealed that patients with
GBS associated with Zika virus infection tend to
present higher levels of anti-ganglioside anti-
bodies compared with patients with Zika virus
infection alone [36]. The first large-scale study
of GBS associated with Zika virus infection
performed in French Polynesia from 2013 to
2014 demonstrated the presence of serum
antibodies against glycolipids, including gan-
gliosides, in 13 of 42 patients [25].

However, anti-ganglioside antibodies are
typically associated with AMAN but not with
AIDP [12, 14]. As most patients with Zika virus-
associated GBS have AIDP [31], the significance
of anti-ganglioside antibodies should be inter-
preted with caution. Actually, an extensive
investigation of anti-glycolipid antibodies,
including anti-ganglioside antibodies, revealed
no specific antibody signature in sera obtained
from patients with GBS during the outbreak of
Zika virus infection in northeast Brazil [37].
Nevertheless, mimicry between Zika virus
polyproteins and human GBS-related proteins
was reported [38], which suggests that periph-
eral nervous system components other than
glycolipids/gangliosides could also be the target
of autoantibodies in GBS associated with Zika
virus infection.

In addition to such autoantibody production
attributable to molecular mimicry, some inves-
tigators have considered direct invasion of the
peripheral nervous system by Zika virus to be
the mechanism responsible for GBS associated
with Zika virus infection [33]. A recent study
demonstrated that Zika virus could infect both
neurons and Schwann cells [39]. As Schwann
cells form the myelin sheath, a direct infection
of Schwann cells with Zika virus may explain
the predominance of AIDP rather than AMAN.
Patients with concurrent onset of Zika virus
infection and GBS or those in whom Zika virus
was detected in the serum in parallel with the
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progression of GBS symptoms have been
reported [40, 41], which supports this view.

SARS-COV-2 AND GBS

COVID-19

COVID-19 is an infectious disease caused by the
novel severe acute respiratory syndrome (SARS)
coronavirus (SARS-CoV) 2 (SARS-CoV-2). SARS-
CoV-2 is also a single-stranded, positive-sense
enveloped RNA virus of the genus Betacoron-
avirus in the family Coronaviridae, which
includes SARS-CoV and Middle East respiratory
syndrome coronavirus (MERS-CoV) [42].
Although coronaviruses are known to cause
common cold symptoms, three new coron-
aviruses caused outbreaks of severe disease in
the 2000s. The first was SARS-CoV, which orig-
inated in Guangdong province in China and
caused an epidemic of SARS from 2002 to 2003
[43]. SARS was revealed to be a zoonotic disease,
as similar viruses were isolated from caged wild
animals, such as palm civets and raccoon dogs,
which were sold for consumption in Guang-
dong province during the outbreak [44]. The
second was MERS-CoV, which was first isolated
from a patient with pneumonia and renal fail-
ure in Saudi Arabia in 2012 [45]. Dromedary
camels are considered reservoirs of MERS-CoV
[46]. SARS-CoV-2, which is the third coron-
avirus disease, was first detected in the city of
Wuhan in Hubei province of China in Decem-
ber 2019, after which it rapidly spread world-
wide [47]. Although bats and pangolins were
initially suspected to have infected humans
with this virus, the animal origin of SARS-CoV-2
remains unclear [42].

SARS-CoV-2 is transmitted from person to
person primarily via respiratory droplets result-
ing from coughing, sneezing, or shouting dur-
ing face-to-face exposure or via surface
contamination [48]. SARS-CoV-2 infection may
be asymptomatic, or it may cause a wide spec-
trum of symptoms that range from mild symp-
toms involving the upper respiratory tract to
life-threatening multi-organ failure, particularly
acute respiratory distress syndrome [49].
According to a study that identified

presymptomatic individuals at their time of
departure from Wuhan and followed them until
the development of symptoms during the first
COVID-19 outbreak, the median incubation
period was 7.8 days, and the incubation period
was longer than 14 days in 5–10% of patients
[50].

Association Between COVID-19 and GBS

During this pandemic, variable neurological
manifestations, such as stroke, olfactory–gusta-
tory dysfunctions (i.e., anosmia and ageusia),
encephalitis, myelitis, and GBS, have been sug-
gested to be associated with SARS-CoV-2 infec-
tion [51]. The first reported patient with GBS
associated with SARS-CoV-2 infection was a
woman who had returned to Shanghai from
Wuhan on January 19, 2020 [52]. This patient
initially presented with acute weakness in both
legs on January 23, and pneumonia was detec-
ted using computed tomography on January 30.
RT-PCR of an oropharyngeal swab sample
revealed SARS-CoV-2 [52]. A study of patients
who were treated in the emergency depart-
ments in Spain during the peak pandemic per-
iod from March to April 2020 demonstrated
that the frequency of GBS was higher among
patients with COVID-19 than those without
COVID-19 (0.15% versus 0.02%) [53]. Another
study in northern Italy also suggested an
increased incidence of GBS from March to April
2020 compared with that in the same months
in 2019 (rate per year estimated to be 2.43/
1,000,000 and 0.93/1,000,000 in 2020 and
2019, respectively) [54].

However, a causal relationship between GBS
and SARS-CoV-2 infection is still controversial
[51]. An important issue that should be con-
sidered is that severe lockdown measures due to
the COVID-19 pandemic have decreased the
incidence of conventional infectious diseases
that may be related to GBS. For example, a study
of patients with GBS using data obtained from
the UK National Immunoglobulin Database
demonstrated that the number of patients with
GBS treated in UK hospitals decreased between
March and May 2020 compared with that in the
same months in 2016–2019 [55].
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Clinical Characteristics and Therapeutic
Response of GBS Associated with COVID-
19

As in GBS associated with Zika virus infection,
the electrophysiological features of GBS associ-
ated with COVID-19 are usually characterized
by findings suggestive of demyelination, which
is compatible with AIDP [56–58]. However,
patients considered to have AMAN or AMSAN
have also been reported [54, 56, 58–60].

According to a systematic review of the lit-
erature from January to June 2020, the mean
interval between the onset of COVID-19 and
GBS symptoms in 36 patients was calculated to
be 11.5 days [57]. However, symptoms of
COVID-19 were not obvious in two other
patients [57]. A study that assessed 30 patients
with GBS associated with COVID-19 who were
diagnosed at 12 referral hospitals in northern
Italy reported a longer interval (24.2 days) [54].
In that study, GBS symptoms occurred after the
resolution of COVID-19 symptoms in 5
patients, whereas GBS symptoms began when
COVID-19 symptoms were still present in the
remaining 25 [54]. That study also assessed 17
patients with GBS without COVID-19 who were
diagnosed at the same hospitals and in the same
months of the previous year. A comparison of
clinical features revealed that patients with GBS
with COVID-19 more frequently had AIDP,
more severe weakness necessitating ICU admis-
sion, and hypotension compared with those
without COVID-19 [54]. Findings in the cere-
brospinal fluid were similar between the GBS
groups with and without COVID-19 [54].

Intravenous immunoglobulin and plasma
exchange have been used for the treatment of
GBS with COVID-19 [54, 57]. Although the
response to treatment seems to be similar
between patients with GBS with and without
COVID-19 in the short term [54], long-term
outcomes have not yet been clarified. It should
be noted that patients with COVID-19 tend to
have complications of pneumonia and are more
frequently intubated [55].

Immunopathogenesis of GBS Associated
with COVID-19

It has been suggested that exacerbation of
COVID-19 is triggered by an excessive host
immune response induced by SARS-CoV-2 [48].
For example, the release of inflammatory sig-
naling molecules, such as cytokines, from
infected cells and leukocytes is considered
important in the pathogenesis of acute respira-
tory distress syndrome resulting from SARS-
CoV-2 infection [48]. Some investigators have
suggested that additional autoimmune mecha-
nisms resulting from molecular mimicry
between SARS-CoV-2 surface proteins and
human proteins participate in the pathogenesis
of complications associated with SARS-CoV-2
infection, such as acute respiratory distress
syndrome [61], coagulopathy [62], and GBS
[63].

Anti-ganglioside GD1b IgG antibodies have
been reported in some patients who present
with neurological syndromes associated with
SARS-CoV-2 infection [64, 65]. One of these
patients exhibited symptoms of Miller Fisher
syndrome, a variant of GBS characterized by
acute ophthalmoplegia, gait ataxia, and are-
flexia [64]. As Miller Fisher syndrome is usually
associated with anti-GQ1b antibodies [66], the
significance of anti-GD1b antibodies is unclear.
Nevertheless, anti-GD1b antibodies are closely
associated with ataxia in patients with GBS [67].
Additionally, a previous study demonstrated
the presence of anti-GD1b antibodies in some
patients who concomitantly presented with
symptoms of GBS and Miller Fisher syndrome
[68]. Antibodies against GM1, GM2, GD1a, and
GQ1b have also been reported in patients with
GBS associated with COVID-19 [69, 70]. As
described earlier, anti-ganglioside antibodies
reported to be associated with GBS tend to be
found in patients with AMAN rather than AIDP
[12]. Further studies of antibodies are needed to
verify the molecular mimicry hypothesis in GBS
associated with SARS-CoV-2 infection.

It has been established that a SARS-CoV or
SARS-CoV-2 infection occurs when the angio-
tensin-converting enzyme 2 (ACE2) protein in
host cells binds to the receptor-binding domain
of spike proteins on the surface of the virus [71].
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Interestingly, it has been suggested that the
spike proteins of SARS-CoV-2 also bind to sialic
acids linked to host cell surface gangliosides,
which may explain the increased transmissibil-
ity of SARS-CoV-2 compared with that of SARS-
CoV [72]. This affinity of spike proteins for
gangliosides suggests that SARS-CoV-2 affects
the nervous system directly. However, RT-PCR
to detect SARS-CoV-2 in the cerebrospinal fluid
is usually negative in patients with GBS associ-
ated with SARS-CoV-2 infection, which suggests
that para-infectious mechanisms more likely
participate as in classical GBS [73].

VACCINATION AND GBS

New Vaccines for Emerging Infectious
Diseases

As in Zika virus infection and COVID-19, most
emerging infectious diseases are vector-borne or
zoonotic and are caused by viruses [74]. With
the development of global commerce and tra-
vel, such diseases are considered to be a con-
tinued threat to public health. From this
viewpoint, the development of vaccines and
antiviral drugs is important to prepare for and
control emerging infectious diseases. Currently,
many researchers are dedicated to developing
vaccines for SARS-CoV-2 to control the current
pandemic [75]. The development of vaccines for
Zika virus has also been undertaken because
Zika virus infection not only causes GBS, but
also causes microcephaly in newborns, which is
a serious threat to pregnant women [22].

Inoculation with antigens composed of
either live attenuated or inactivated forms of
pathogens is the conventional strategy for vac-
cination, and new technical platforms using
messenger RNA (mRNA), plasmid DNA, and
viral vectors have also been developed [76]. No
licensed vaccine is currently available for Zika
virus [77], and no pre-existing basic or clinical
findings related to Zika vaccines were available
when the Zika virus outbreak occurred [74].
Additionally, a significant decrease in the
number of patients with Zika virus infection
after the 2015–2016 epidemic increased the
difficulty in performing phase 3 trials even

though vaccine candidates had passed phase 1
and 2 trials [78]. By contrast, experience from
the efforts to develop vaccines for SARS-CoV
and MERS-CoV was available for the develop-
ment of SARS-CoV-2 vaccines [75]. On the basis
of preclinical studies of vaccines for SARS-CoV
and MERS-CoV, the antigenic target for vacci-
nes was revealed to be the spike proteins on the
surface of these coronaviruses, which are
essential for transmission to host cells, as they
bind to ACE2 and subsequently fuse with the
membrane [71]. Therefore, most candidate
vaccines for SARS-CoV-2 have been designed to
induce immune responses to spike proteins.
Recently, the efficacy and safety of new COVID-
19 vaccines have been demonstrated, and these
vaccines are currently available in many coun-
tries [79, 80].

Association Between Vaccination and GBS

Vaccination can decrease the risk of infection
with certain diseases by stimulating the
immune response to pathogens, and discussions
regarding an increase in the risk of autoimmune
disorders, such as GBS, have been ongoing for
many years. For example, an occurrence of GBS
has been reported in association with old types
of rabies vaccines prepared from suckling mouse
brain or mature sheep brain [81, 82]. However,
only a trivial association or no association has
been found between GBS and currently avail-
able vaccines [83]. For example, a suggested
association of the tetanus toxoid–containing
vaccines and oral polio vaccine with GBS has
now been discounted [84, 85]. Although con-
cerns remain for measles/mumps/rubella,
quadrivalent conjugate meningococcal, human
papillomavirus, and influenza vaccines, the risk
of GBS is not considered a legitimate reason to
limit administration of these vaccines, because
the benefits outweigh the risks [86].

As for new vaccines against COVID-19, no
cases of GBS have been reported following vac-
cination in clinical trials of mRNA vaccines
[79, 80]. A clinical trial of a viral vector vaccine
reported that two patients had developed GBS
10 days after inoculation [87, 88]. As one of
these patients received a placebo, a causal
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relationship between vaccination and the
development of GBS could not be established
[88]. Recently, another patient in whom GBS
developed 2 weeks after the first inoculation of a
mRNA vaccine was reported [89]. Considering
the growing number of individuals vaccinated
for COVID-19 worldwide, such reports of GBS
will increase in the near future. Even so, the
causal relationship between COVID-19 vaccines
and GBS development should be considered
with caution, because GBS may develop by
chance. In any case, the risk of GBS is not
considered a legitimate reason to limit admin-
istration of currently available COVID-19 vac-
cines considering the efficacy of these vaccines
in preventing COVID-19.

Experience from Influenza Vaccination

Regarding the association between vaccination
and GBS, the influenza vaccine is probably the
most extensively investigated. The first cluster
of patients who developed GBS following
influenza vaccination was noted during the
National Influenza Immunization Program
against an outbreak of swine influenza in 1976
[90]. This mass immunization program was
stopped because of an increase as high as
eightfold in the incidence of GBS (4.9–5.9 cases
per million vaccine recipients) [91]. Since then,
several attempts have been made to clarify the
association between vaccination against sea-
sonal influenza and GBS. However, these studies
indicated very low or no risk of developing GBS
in cases that received vaccines for subsequent
seasonal influenza [92]. Even if an association
exists, it is estimated to be approximately one
additional case per million vaccinations [86].

It should be noted that contracting influenza
itself might also result in an increased risk of
GBS development even in the absence of vac-
cination [7]. According to a study using data
obtained from healthcare databases covering
approximately 13 million individuals in Ontar-
io, Canada, between 1993 and 2011, the inci-
dence of GBS within 6 weeks following
influenza vaccination was 52% higher than that
during the control interval of 9–42 weeks (rela-
tive incidence 1.52; 95% CI 1.17–1.99) [93].

However, the relative incidence of GBS within
6 weeks following the development of an event
coded as influenza was much higher than that
after vaccination (15.81; 95% CI 10.28–24.32)
[93]. These findings indicate that in addition to
the risk of GBS development following influ-
enza vaccination, the incidence of contracting
influenza among unvaccinated individuals and
the effectiveness of the vaccine in preventing
influenza should also be considered when esti-
mating the overall risk of GBS development and
the benefit of vaccination. Considering these
factors, most seasonal influenza vaccines are
considered useful in reducing the overall risk of
GBS development if they are effective in
reducing the incidence of influenza itself [86].

SUMMARY AND CONCLUSIONS

GBS is an autoimmune disorder of the periph-
eral nervous system that typically develops
within 4 weeks following infection with various
pathogens. In addition to conventional infec-
tious diseases with which we are familiar,
emerging infectious diseases such as Zika virus
infection and COVID-19 caused by SARS-CoV-2
may also be associated with GBS [7]. An
increased incidence of GBS was reported during
outbreaks of Zika virus infection in French
Polynesia from 2013 to 2014 and in Latin
American and Caribbean countries from 2015
to 2016 [25, 28]. By contrast, an association
between COVID-19 and GBS is still controver-
sial, as severe lockdown measures during the
COVID-19 pandemic may have decreased the
overall number of patients with GBS. This is
probably due to a reduction in conventional
infectious diseases that may be related to GBS
[55]. Nevertheless, an increased incidence of
GBS compared with that of the pre-COVID-19
era has been reported [53, 54].

GBS comprises a demyelinating subtype
known as AIDP and an axonal subtype known
as AMAN or AMSAN, and patients who develop
GBS after Zika virus infection or COVID-19
usually have AIDP [12]. The concept of molec-
ular mimicry between pathogens and human
peripheral nerve components was established
through studies of AMAN in which anti-
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ganglioside GM1 antibodies were observed after
Campylobacter jejuni infection [1]. By contrast,
such molecular mimicry between specific
pathogens and myelin or Schwann cell com-
ponents has not been clearly demonstrated in
AIDP [12]. Nevertheless, similarities between
Zika virus/SARS-CoV-2 proteins and human
proteins have been suggested [38, 63]. A direct
infection of neurons or Schwann cells by
pathogens has also been suggested to be
involved in the development of GBS, particu-
larly in cases of Zika virus infection [39–41, 72].

With the development of global commerce
and travel, emerging infectious diseases are
considered a consistent public health threat.
From this viewpoint, the development of vac-
cines and antiviral drugs is important to prepare
for and control such emerging infectious dis-
eases. Inoculation with antigens composed of
either live attenuated or inactivated forms of
pathogens is the conventional strategy for vac-
cination, and new technical platforms using
mRNA, plasmid DNA, and viral vectors have
also been developed [76]. Although a decrease
in the number of patients after the 2015–2016
epidemic has increased the difficulty in con-
ducting phase 3 trials for Zika virus vaccines
[78], the efficacy and safety of new vaccines
have been demonstrated for COVID-19 vaccines
[79, 80]. In general, vaccines can decrease the
risk of infectious diseases by stimulating the
immune system, and discussions regarding an
increased risk of autoimmune disorders, such as
GBS, have been ongoing for many years. How-
ever, the risk of GBS is not considered a legiti-
mate reason to limit administration of currently
available vaccines, because only a trivial asso-
ciation or no association has been found with
GBS.
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G, Lopez-Gonzalez R, Beltran CL, Rizcala KH, Mor-
ales MT, Pacheco O, Ospina ML, Kumar A, Corn-
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