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SUMMARY Guillain-Barré syndrome (GBS) is an autoimmune disease that damages the
nerves of the peripheral nervous system, causing paralysis in humans. Several infectious
agents including dengue virus, Epstein-Barr virus, and herpes virus have been suggested to
be possible factors in the development of GBS however the exact cause is yet to be
discovered. Recently, a strong temporal and geographical correlation between Zika virus
(ZIKV) outbreaks and an increase in GBS cases within the region has implied that ZIKV
could possibly portray a key role in the onset of GBS. This Flaviviridae virus has recently
been causing large epidemics and increasing numbers of neurological complications, such
as microcephaly, has been reported following outbreaks within the human population. The
Asian strain of ZIK'V has been shown to be neurovirulent and therefore capable of infecting
nerve cells, providing further support for this connection. This article discusses the current
evidence available to support the association between ZIKV and GBS, the molecular
determinants that increase the neurotropism of specific ZIKV strains, and the putative
molecular mechanism of ZIKV pathogenesis that causes the development of GBS.
Determining the role of ZIKV in the onset of GBS can allow for the discovery of novel
diagnostic biomarkers, which can aid in the early detection and prevention of GBS. The
discovery of a possible mechanism of neurovirulent ZIKV strains can aid in understanding
the pathogenesis of the virus in not only GBS, but other associated neurological diseases as
well.

INTRODUCTION

Guillain-Barré Syndrome (GBS) is an autoimmune disease that targets the peripheral
nervous system (PNS) within the body. More specifically, GBS occurs when there is
immune injury at the myelin sheath and related Schwann cell components of the nerve [1].
Approximately 3000-6000 people develop this disease every year in the US, and males are
more susceptible than females [2].

The common symptoms include pain in the limbs, and progressive bilateral weakness
that typically begins in the lower extremities and leads to paralysis [3]. Although GBS is
rare, it is a life-threatening disease as up to 20% of the patients remain severely disabled
and about 5% die despite appropriate treatment [4]. This disease was first discovered by
French physicians in 1916 and was described by its key diagnostic abnormality:
albuminocytological dissociation, which is characterized by elevated protein levels and
normal cell counts in the cerebral spinal fluid [5,6]. Currently, physicians continue to rely
on this finding for correct diagnosis; however this is not an accurate method as negative test
results often do not eliminate the possibility of GBS [1]. Due to the lack of other diagnostic
biomarkers there have been no critical advances in the diagnosis of GBS [1].

There are two primary treatments available for GBS: plasma exchange and intravenous
immunoglobulin [7,8]. Although these treatments have the potential to reduce the severity
of the disease, they are only effective if initiated within the first two weeks after disease
onset, which is difficult due to the poor diagnostic tools available [7]. This emphasizes the
importance of developing proper diagnostic methods for early detection and proper
prevention of GBS. To improve the existing diagnosis, it is necessary to gain a better
understanding of the disease etiology. Many infectious agents including Epstein Barr virus,
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dengue virus, West Nile virus and Campylobacter jejuni have been suggested to be
associated with GBS [9,10]. About 2/3 of GBS patients have reported a respiratory or
gastrointestinal tract infection prior to the onset of GBS suggesting that a bacterial infection
could also be the cause [9].

Despite all these associations the exact cause of GBS is yet to be determined. Recently
a strong association has been made between the Zika virus (ZIKV) and GBS, as increased
numbers of GBS cases has been reported in areas with ZIKV outbreaks [11]. ZIKV is an
emerging virus from the Flaviviridae family containing a positive, single-stranded genomic
RNA [11]. Although this virus was first isolated in 1964, it did not begin to cause large
epidemics until 2007 [12]. There are currently 2 strains of ZIKV, the African strain and the
Asian strain, but it is the Asian strain that is responsible for the recent outbreaks [12].
Historically, this virus initially presented with mild symptoms in 20% of infected patients
and was clinically asymptomatic in the remaining 80% [13]. However, the Asian strain has
recently been shown to infect neuronal cells causing several neurological complications in
humans as well [13]. The pathogenesis of ZIKV in the human nervous system is still
unclear and in need of further research [11]. The neurotropism of ZIKV along with the
temporal and spatial association between the ZIKV outbreak and increased GBS cases
suggests that ZIKV is a potential cause of GBS.

RESEARCH QUESTIONS

Although effective treatment is available to treat GBS, several patients continue to live
with severe disabilities due to the lack of diagnostic tools available for early detection [7].
The rapid progression of GBS emphasizes the necessity for discovering new biomarkers
that aid in the detection of the disease to allow for early treatment in diagnosed individuals
[1]. However, to discover new diagnostic methods, it is crucial to determine the exact cause
and pathogenesis of GBS. This could also allow for the identification of new therapeutic
targets to control and limit the overall progression of the disease. This article focuses on the
possibility of ZIKV being a cause in the development of GBS. First, the current available
evidence to support the association between ZIKV and GBS will be addressed. Second, the
possible determinants of the Asian strain that increases the neurovirulence of the ZIKV will
be elucidated. Finally, a possible mechanism of ZIKV pathogenesis in the onset of GBS will
be explored. Exploring these questions will aid in possibly discovering a known cause of
GBS.

PROJECT NARRATIVE

The evidence supporting the association between GBS and ZIKYV. The correlation
between GBS and ZIKV is recent, thus, only two case-control studies and a few case series
have been conducted to provide evidence for this association. The first case-control study
was performed on GBS patients that were diagnosed during the 2013 outbreak in French
Polynesia [14,15]. Prior to 2013, only 3 to 8 cases of GBS on average were reported
annually in French Polynesia [14]. However, during the ZIKV outbreak, 42 patients were
reported with GBS at local hospitals [14]. Although none of the patients were viremic as
they tested negative for the presence of ZIKV in their blood, the presence of ZIKV IgM was
detected in 92.9% of the patients indicating a recent ZIKV infection [14]. It is important to
note that dengue virus (DENV) 1 and 3 serotypes were co-circulating during the ZIKV
outbreak, however analysis of dengue serology did not indicate a recent DENV infection in
the patients [14,16]. Furthermore, this study showed negative serological tests for C. jejuni,
HIV, cytomegalovirus (CMV), EBV and herpes simplex virus, which have all been
associated with GBS in the past [14]. This temporal association between ZIKV infection
and increased GBS incidences should not be ignored.

The second case-control study was conducted during the 2015-2016 outbreak in
Colombia after a 211% increase in GBS incidence over baseline was reported during the
ZIKV outbreak [17]. There is a history of DENV and chikungunya virus outbreaks within
this region, however the documented increase in GBS is seen during the presence of ZIKV
[17]. The study was performed on individuals diagnosed with GBS and 40% of the patients
tested positive for ZIKV while all of them tested negative for all four DENV serotypes [17].
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FIG. 1 The effect of the different ZIKV strains on the human population. The ZIKV Asian strain replicates slower

allowing for a prolonged and chronic infection. In contrast, the ZIK'V African strain replicates much faster causing rapid

cell death, this kills infected individuals quickly and prevents the development of a chronic infection.

Immune responses to flaviviruses were also present in most of the patients that were tested
and although it is important to consider the possibility of the presence of cross-reactive anti-
flavivirus antibodies between DENV and ZIKV, the fact that an increase in GBS within
Colombia is only seen during the ZIKV outbreak and not during previous DENV outbreaks
lends further support for the involvement of ZIKV in GBS [17].

Additional evidence for the association between ZIKV and GBS has been provided by
case reports in areas with ZIKV outbreaks. A case study in Martinique reported 2 GBS
patients testing positive for the presence of ZIKV [18]. A multicenter case series reported
that 8 GBS patients in an intensive care unit setting tested positive for ZIKV via RT-PCR
[19]. Upon emergence of ZIKV, 8 case reports from different regions including French
Polynesia, Brazil, Haiti, Netherlands, Spain, Honduras and New Zealand also suggest a link
between GBS and ZIKV infection. The presence of ZIKV RNA was found in 4 cases while
anti-ZIKV IgM antibodies were detected in the remainder of the patients [20-26]

The confirmation of the suggested association between GBS and ZIKV continues to
problematic among researchers [13]. This is because when patients are diagnosed with
GBS, ZIKYV is likely cleared from the blood and the diagnosis of ZIKV infection is solely
based on the detection of antibodies, which holds several limitations [13]. Despite these
challenges, the evident temporal and geographical association between the ZIKV outbreaks
and GBS cases as presented in these case studies should be further researched.

The determinants of the Asian strain that increases its neurovirulence in comparison
to the African strain. ZIKV can be classified into 2 main lineages, the African strain and
the Asian strain; however, it is the Asian strain that is responsible for the recent epidemics
and neurological disorders [12]. Certain differences between the ZIKV strains could explain
the ability of Asian ZIKV strains to be neurotropic [27]. Classifying these differences
within the Asian strain will help in understanding how it could potentially lead to the onset
of GBS. Certain acquired mutations within the Asian strain have most likely caused it to
become more virulent to human neuronal cells [27]. In a recent study, seven ZIKV mutants
were constructed based on the clone of the ancestral Asian strain and then used to infect
mice and human neural progenitor cells (hNPCs) [28]. It was found that one of the mutants
with a specific amino acid change from serine to asparagine on residue 139 (S139N)
substantially increased the neurovirulence in mice [28]. The ZIKV strain containing this
specific mutation also resulted in an increased viral titer within hNPCs upon infection [28].
As a result, the mutant ZIKV caused more extensive hNPC death in comparison to the wild
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type ZIKV. Residue 139 is related to the prM protein of ZIKV, which is a surface protein
that is required for viral maturation, egress and secretion [29]. The cleavage of the prM
protein is required for viral infectivity [29]. Therefore, this specific mutation might alter the
maturation process of ZIKV in a way that increases the neurovirulence of the virus.

Notably, the substitution from serine to asparagine in ZIKV only emerged shortly prior
to the 2013 ZIKV outbreak in French Polynesia and has been present during subsequent
epidemics [28]. The introduction of this mutation in the Asian strain coincides with an
increased number of cases reporting neurological disorders, including GBS [28]. In addition
to the S139N mutant, three of the other mutants were found to have increased
neurovirulence in comparison to the wildtype ZIKV [28]. Although these mutants are not as
neurovirulent as the SI39N mutant, they may still allow ZIKV to infect hNPCs (Table 1).
This emphasizes the importance of studying these mutations in detail to identify the
determinants of the Asian strain that promote its neurovirulence.

The Asian strain only infects a few cells and replicates slowly in comparison to other
viruses, which allows the virus to cause prolonged and chronic infections within the tissues
of the nervous system [27], whereas recent in vitro studies have shown that African strains
replicate faster and cause more rapid death in hNPCs upon infection [27]. Furthermore, no
cases of chronic neurological complications have been reported following an infection with
the African strain [27]. It is highly unlikely that African strains will cause an endemic or
chronic neurological infections as the rapid cell death caused by this strain will inhibit the
persistence of the virus (Figure 1).

A possible mechanism of ZIKV that leads to the onset of GBS. Several viruses have
been suggested to cause GBS; however, recently ZIKV has been also shown to have a
strong association. In a study done on Rhesus monkeys it was found that the persistence of
the virus in the nerve cells of the central nervous system (CNS) causes an upregulation of
mTOR (the mammalian target of rapamycin) [30]. The functions of the mTOR pathway
include maintaining homeostasis, neurodevelopment and regulation of the immune response
[30,31]. It was also shown that the virus was able to persist in neurons for up to 42 days,
which can explain why the onset of GBS is not seen until 3-4 weeks post ZIKV infection
[30]. Furthermore, a mouse model indicated that the inappropriate activation of mTOR
signaling in the CNS could disrupt homeostasis within neurons and induce immunogenic
cell death [32].
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TABLE. 1 The neurovirulence of mutant ZIKYV strains in neonatal mice. The survival rate of mice was recorded
after ZIKV mutant clones were infected into the brains of the rodents. The listed substitutions of amino acids at
specific residues correlate to an increase in the neurovirulence of the mutant ZIKV clones. Adapted from (25)

ZIKYV clone of Asian strain Percent survival 25 days post infection
Wild Type 83%
T106A mutant 80%
S109A mutant 75%
K709R mutant 65%
S139N mutant 25%

Similarities in the molecular pathophysiology of ZIKV in the CNS and peripheral
nervous system (PNS) suggest the hypothesis that mTOR signaling will also be upregulated
in the nerve cells of the PNS upon ZIKV infection [33]. The increased activity of the mTOR
pathway will in turn disturb the homeostasis and cause immunogenic cell death of the
infected nerve cells [30,32]. This can possibly result in one of two things. First, upon cell
death certain damage-associated molecular patterns that are released into the local area can
perpetuate a non-infectious inflammatory response within that region [34,35]. This immune
response can damage the myelin sheath of the healthy nerve cells neighboring the infected
cell, causing GBS. Second, cell death can release ZIKV antigens, which can be engulfed by
immune cells to trigger an adaptive immune response that causes the generation of
autoantibodies due to molecular mimicry between ZIKV and PNS antigens. Previous
studies have shown that autoantibodies against neural antigens have been found in 60% of
GBS patients, suggesting that any existing molecular similarities between ZIKV and PNS
antigens can enforce an autoantibody response which will target and damage healthy nerve
cells that are not infected with ZIKV causing autoimmunity [36].

As mentioned previously, the mutation from serine to asparagine in the prM protein
causes an increase in the neurovirulence of ZIKV [28]. Therefore, the mutated prM protein
may play a role in the upregulation of the mTOR pathway upon ZIKV infection. Future
studies should focus on relationship between the prM protein and mTOR signaling by
infecting PNS nerve cells with the mutated and wildtype forms of the prM protein to
monitor the differences in the activity of the mTOR pathway.

Research into this novel mechanism for ZIKV-mediated induction of GBS can aid in
providing a greater understanding on the pathogenesis of ZIKV in nerve cells and its
relationship to neurological diseases.

CONCLUSIONS

GBS is an autoimmune disease that, although rare, can cause damage to the PNS and
cause permanent disabilities [3]. Many viruses have been suggested to be associated with
GBS in the past; however, a causal relationship is yet to be determined [9,10]. This article
focuses on the recent association that proposes ZIKV to be a possible factor in the onset of
GBS. The emergence of neurovirulent ZIKV strains was first observed during the 2013
epidemic and as a result only a limited number of studies are present to support the
association between ZIKV and GBS [14]. However, strong temporal and geographical
association has been reported through two major case-control studies during ZIKV
outbreaks [14,17].

Although treatments are available for GBS, they are only shown to be effective when
implemented during the early stages of the disease [7]. However, early detection of this
disease poses several difficulties due to the lack of efficient diagnostic methods [7].
Diagnosis currently relies on the combination of clinical features, which is problematic
because the initial symptoms are usually similar to several other neurological diseases [8].
Discovering reliable biomarkers of GBS can aid in early detection and treatment of the
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disease. As mentioned previously, the presence of autoantibodies that target the PNS can be
a useful diagnostic marker for the detection of GBS, as these autoantibodies are present in
approximately 60% of GBS patients [36].

The presence of autoantibodies against neural antigens, gangliosides in particular, were
found in GBS patients and associated with damage to healthy nerves [36]. Therefore,
determining any molecular similarities between ZIKV antigens and existing gangliosides on
nerve cells can aid in understanding the mechanism whereby ZIKV is responsible for
eliciting the generation of autoantibodies. These discoveries will not only aid in providing
evidence for the association between ZIKV and GBS but can also further explain the
pathogenesis of ZIKV in GBS patients.

ZIKV is still present in many countries around the world and it can cause severe
neurological complications, therefore, the development of a successful vaccine would be
very beneficial [37]. Since GBS is potentially life threatening and a difficult disease to treat,
determining an association between ZIKV and GBS could lead to more intense efforts made
towards vaccine development. Future studies should focus on the proposed pathological
mechanisms in the article to prove the association between ZIKV and GBS. Moreover,
since GBS is prevalent in male adults, investigating the molecular differences, such as the
presence and absence of certain gangliosides, between the neurons in males and females
may also be a valuable area of research to gain more insight on the relationship between
ZIKV and GBS [2].
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