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Abstract
Introduction: The association between preceding infection of hepatitis E virus (HEV) 
and Guillain–Barre syndrome (GBS) has been found for more than a decade, while 
hepatitis E virus-associated Guillain–Barre syndrome (HEV-associated GBS) still re-
mains poorly understood. Initially discovered in 2000, the association between GBS 
and HEV has been focused by neurologists increasingly. Five percent of patients 
with GBS had preceding acute HEV infection in the Netherlands and higher rate was 
found in Bangladesh (11%) where HEV is endemic.
Method: An extensive review of relevant literature was undertaken.
Results: Hepatitis E virus infection may induce GBS via direct viral damage accord-
ing to recent research findings. On the other hand, the presence of antiganglioside 
GM1 or GM2 antibodies in serum of some HEV-associated GBS patients indicates 
that HEV infection may trigger GBS by activating autoimmune response to destroy 
myelin or axon mistakenly. Management of HEV-associated GBS has no obvious 
difference from GBS. It mainly consists of supportive therapy and immunotherapy. 
Intravenous immunoglobulin (IVIG) or plasma exchange (PLEX) was used in most re-
ported cases, which is the main strategy for clinical treatment of HEV-associated 
GBS. Whether antiviral therapy could be additional strategy other than the routine 
therapy to shorten the length of disease course is one of the most urgent problems 
and requires further study.
Conclusions: An overview of possible pathogenesis will gain a first insight into why 
HEV, traditionally recognized as only hepatotropic, can induce many neurological dis-
orders represented by GBS. Moreover, understanding of the underlying mechanisms 
may contribute to development of a novel therapeutic strategy. This review also sum-
marizes management and clinical characteristics of HEV-associated GBS, aiming to 
achieve early recognition and good recovery.
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1  | INTRODUCTION

Hepatitis E virus (HEV) infection is the main cause of hepatitis 
worldwide, which can be seen in developing country more com-
monly. HEV infection is usually acute and self-limiting, while it 
may become chronic in immunocompromised individuals (Kamar, 
Dalton, Abravanel, & Izopet, 2014). There are 4 major genotypes 
of HEV (genotype 1 to 4; Lu, Li, & Hagedorn, 2006). Infection with 
HEV in human has two definitive epidemiological patterns. In de-
veloping country, HEV 1 and HEV 2 spread between humans by 
the fecal-oral route, mostly via contaminated water. The feature 
of transmission explains frequent sporadic cases and occasionally 
large outbreaks in areas of poor sanitation. In developed coun-
tries, HEV 3 and HEV 4 spread from animal reservoirs to humans 
zoonotically (Hoofnagle, Nelson, & Purcell, 2012; Kamar et al., 
2012; Purcell & Emerson, 2008; Teshale, Hu, & Holmberg, 2010), 
and recently the amount of sporadic HEV infection in developed 
country has been increased (Dalton, Webb, Norton, & Woolson, 
2016), indicating that infection with HEV is getting more notable 
in developed country than before. A study among the U.S. born 
individuals has shown that the weighted seroprevalence of HEV 
(immunoglobulin G [IgG]/immunoglobulin M [IgM]) was increased 
from 4.5% in 2013–2014 to 8.1% in 2015–2016, and the seroprev-
alence of IgM indicating recent HEV infection has nearly doubled 
(Cangin, Focht, Harris, & Strunk, 2019). Many extrahepatic mani-
festations associated with HEV infection have been reported, of 
which neurological disorders primarily manifestating as Guillain–
Barre syndrome (GBS) should be taken noticed by neurologists. 

Sood, Midha, and Sood (2000) firstly reported the case of GBS as-
sociated with HEV infection in India. Since then an increasing num-
ber of cases have been diagnosed in the last several years (Figure 
1). The largest number of cases was reported from Bangladesh, 
followed by the Netherland. What is fascinating is that the total 
number in developed countries is no less than that in developing 
countries. This breaks the impression that HEV-associated GBS 
commonly occurs in those unsanitary regions.

Guillain–Barre syndrome is a postinfectious and autoimmune-in-
duced peripheroneural disorder, characterized by a rapidly pro-
gressive bilateral and symmetric weakness of limbs in its classic 
form (acute inflammatory demyelinative polyradiculoneuropathy, 
AIDP). Although AIDP was more common in reported cases, any 
other types of GBS may follow HEV infection. About two-thirds 
of patients have preceding infection within 3  weeks before onset 
of weakness (Stevens, Claeys, Poesen, Saegeman, & Van Damme, 
2017). Some common infectious agents causing GBS are as follows: 
Campylobacter jejuni, cytomegalovirus (CMV), Epstein–Barr virus 
(EBV), Mycoplasma pneumoniae, Haemophilus influenzae, and hep-
atitis B virus (Hadden et al., 2001; Jacobs et al., 1998).

The purpose of this review is to clarify the pathogenesis of HEV-
associated GBS, the clinical presentations and diagnosis with a partic-
ular insight provided to the neurologists and hepatologists, and outline 
subsequent management and prevention. Although existing therapies 
are limited in providing a functional improvement, new programs of 
treatment should still be designed to employ in combination or se-
quential therapeutic strategies along with the scientific understanding 
of pathophysiological mechanisms of HEV-associated GBS.

F IGURE  1 Geographic distribution of human cases of hepatitis E virus-associated Guillain–Barre syndrome. From 2000 to 2018, 59 
cases of hepatitis E virus-associated Guillain–Barre syndrome have been reported worldwide, among which 58 have available information 
of country. Thirty-eight cases have been reported in developed countries or regions in comparison with 20 cases in developing countries, 
probably due to higher diagnostic rate
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2 | PATHOGENESIS

The clear mechanisms by which HEV can induce GBS are still 
unknown, but two possible pathogenesis causes have been pro-
posed according to published studies. One is direct viral damage 
due to HEV replication in neurological system (Figure 2), and the 
other is indirect immune response, also called molecular mimicry 
(Figure 3).

Hepatitis E virus is seen to be only hepatotropic traditionally. But 
according to a recent research by Zhou et al., it has demonstrated that 
HEV can not only infect hepatic tissue but also infect neural cells di-
rectly in vitro. Furthermore, neuronal derived cell lines represented 
by glioblastoma cells have ability to support long-term replication 
and the production of infectious HEV. For mice inoculated with HEV 

particles intravenously, viral RNA and protein were detected in brain 
tissue (Zhou et al., 2017). The result provides evidence for HEV hav-
ing ability to infect neural tissue in vivo in animal models. In another 
study conducted by S.A. Drave et al., HEV was transfected into multi-
ple human neuronal derived cell lines. Finally, all tested cell lines sup-
ported full-length RNA replication, and viral capsid protein as a marker 
of assembly and release was detectable in different neuronal cell lines 
(Drave et al., 2016). Further assay shows that some cell lines have the 
ability to support HEV entry (Debing et al., 2014; Drave et al., 2016; 
Shukla et al., 2011). As known, blood–brain barrier (BBB) mainly con-
sists of brain endothelial cells and astrocytes, and the tight junctions of 
them are crucial for maintaining integrity of BBB. It has been proved 
in animal models that HEV can break through BBB by sabotaging 
the relative junction complex and the endothelial cell structures that 
play an important role in preserving the integrity of BBB (Shi et al., 
2016). In addition, HEV infection can reduce expression of zonula oc-
cludens-1 (ZO-1), a key tight junction protein presented between the 
cerebral endothelium and the astrocyte endfeet (Hamm et al., 2004; 
Liu, Wang, Zhang, Wei, & Li, 2012). HEV RNA has been detected in the 
cerebrospinal fluid (CSF) from some patients with HEV-associated GBS 
(Comont et al., 2014; Troussière et al., 2018). These results show that 
HEV lead to GBS very likely by infecting peripheral nervous system 
directly. At the same time, HEV can disrupt BBB and release into CSF.

Another relatively well-known hypothesis is that HEV induces 
GBS by autoimmune response with cross-reactivity, also called mo-
lecular mimicry, which has been confirmed to explain another similar 
postinfectious GBS, Campylobacter jejuni-associated GBS (Doorn, 
Ruts, & Jacobs, 2008). Myelin and axonal glycolipids are easy to be 
considered as antigen targets of antiganglioside antibodies especially 
in dorsal and ventral spinal roots and the sensory and motor nerve ter-
minals, which are more freely exposed to circulating factors (Willison, 
2018). This vulnerable characteristic of GBS-affected sites can partly 
explain the autoimmune mechanism of acute infection-induced GBS. 
Current view holds that when infectious organisms, especially those 
having the same epitopes with the host's peripheral nerves, invade 
into human, the host initiates immune response against the foreign 
infectious organisms and mistakenly attacks myelin or axon (Hughes 
& Cornblath, 2005). Antibodies produced by B cells originally aim to 
exotic pathogens will fight against autoantigens, mainly the ganglio-
side presenting in nerve cell membrane of myelin and axon, which can 
destroy the molecular topography of nodal and paranodal proteins 
and induce demyelination or axonal degeneration (Kaida et al., 2008). 
T cells and a variety of cytokines may be involved in this patholog-
ical process by activating endoneurial macrophages to release toxic 
nitric oxide radicals and assisting B cells to produce antibodies. It has 
been demonstrated that antiganglioside GM2 antibodies involve in 
the pathogenesis of CMV-associated GBS and CMV-infected fibro-
blasts express ganglioside-like epitopes specifically recognizing an-
ti-GM2 antibodies (Ang et al., 2000; Yuki, 2001). Despite lack of in 
vitro and animal model studies directly demonstrating that HEV can 
stimulate immune system to produce antiganglioside antibodies, sev-
eral cases of GBS triggered by HEV infection showed positive serum 
antiganglioside antibodies, suggesting possible molecular mimicry 

F IGURE  2 The possible mechanism in the context of hepatitis E 
virus (HEV) replication. HEV replication causes direct viral damage 
to peripheral nervous system. HEV can experience complete 
replication process in nerve cells

F IGURE  3 The possible mechanism in the context of indirect 
immune response. HEV infects human and triggers an immune 
response. Molecular mimicry between infectious agents and 
peripheral nerve self-antigens may result in nerve injury
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mechanism involving in the pathogenesis (Bandyopadhyay et al., 
2015; Chen, Zhou, Zhou, Wang, & Tong, 2014; Comont et al., 2014; 
Cronin, McNicholas, Kavanagh, Reid, & O'Rourke, 2011; Fukae et al., 
2016; Loly et al., 2009; Maurissen, Jeurissen, Strauven, Sprengers, & 
De Schepper, 2012). Furthermore, serum antiganglioside antibodies 
are generally IgG in GBS and clinical variants following acute infec-
tion, notably Campylobacter jejuni. However, in HEV-associated GBS, 
serum antiganglioside antibodies are mostly IgM. It indicates that the 
molecular mimicry mechanism in GBS induced by HEV is not exactly 
the same as other pathogens. Moreover, the viral enzymes involved 
in genome replication, the viral capsid protein, and a phosphoprotein, 
are separately encoded by three open reading frames (ORFs) of HEV 
viral genome and these proteins have not been found structural sim-
ilarity to peripheral nerve components (Tyler & Pastula, 2017). This 
possible relationship between antiganglioside antibodies and HEV-
associated GBS should be further studied both in vitro and vivo to 
confirm the mechanism.

3  | CLINICAL PRESENTATION

We searched PubMed database to identify previously published case 
reports and clarify the clinical characteristics of HEV-associated 
GBS from December 2000 through December 2018, using the key-
words “Guillain-Barre Syndrome” AND “hepatitis E.” Fifty nine cases 
describing HEV-associated GBS were counted, and the clinical char-
acteristics of these cases are summarized in Table 1. The mean age of 
the reported patients was 52 years (19–73 years), and 32 men were 
counted in a higher proportion. Most cases were found in Western 
Europe and Southern and Eastern parts of Asia. These patients de-
veloped HEV-associated GBS after experiencing mild or moderate 
hepatitis-like symptoms, including fever, nausea, malaise, anorexia, 
vomiting, abdominal pain, hepatomegaly, and jaundice in several 
days. The mean time of delay between acute hepatitis E and GBS 
symptoms was 12  days (with a range of 3–75  days). Neurological 
manifestations vary from different clinical subtypes acquired after 
delay, typically presented as numbness and weakness in the lower 
limbs rapidly progressing to quadriplegia with or without involve-
ment of respiratory muscles or muscles innervated by the cranial 
nerves. Other more prevalent symptoms include the triad of ocu-
lomotor weakness, areflexia, and ataxia in Miller Fisher syndrome 
(MFS), pure paraparesis, pharyngeal–cervical–brachial weakness, 
bilateral facial palsy, bilateral lumbar polyradiculopathy, and acute 
severe midline back pain. The most meaningful physical findings are 
diminished or absent tendon reflexes, of which the severity is rel-
evant to degree of limb weakness. Pathologic reflexes are usually 
negative in patients with HEV-associated GBS.

4  | DIAGNOSIS

The diagnosis of HEV-associated GBS can often be established 
based on clinical presentations, physical findings, and positive 

serologic results for anti-HEV IgM. In addition, the presence of anti-
HEV IgG or positive results using reverse transcriptase polymerase 
chain reaction (RT-PCR) for HEV in serum samples support a defi-
nite HEV infection. Serologic test and RT-PCR for other pathogens 
should be performed to rule out the possibility of cross-reactivity. 
In 59 cases reported, the positive rate for IgM serum was 100%. 
Among the 44 cases with available details of RNA test in serum or/
and CSF, 19 out of 59 cases (43.18%) were positive. In a word, the 
definition of acute HEV infection is the presence of anti-HEV IgM 
using enzyme-linked immunosorbent assay (ELISA), with or without 
IgG, and supplemented by detection of HEV RNA in serum using RT-
PCR (van den Berg, Eijk, et al., 2014). Abnormal liver function often 
indicates HEV infection. The levels of total serum bilirubin and/or 
liver enzymes, mostly serum alanine transaminase (ALT) and aspar-
tate transaminase (AST), have a remarkable elevation, far beyond the 
normal reference value. The progression presents as monophasic ill-
ness pattern, where interval between onset and nadir of weakness 
varies from 12 hr to 28 days followed by subsequent clinical plateau 
follows. In addition, it is necessary to exclude other identified al-
ternative diagnosis for weakness. Nerve conduction studies can be 
helpful in clinical practice, of which the electrophysiological findings 
are consistent with GBS. AIDP is the most common type featured as 
decreased motor nerve conduction velocity, prolonged distal motor 
latency, increased F-wave latency, conduction blocks, and temporal 
dispersion. Other variants of GBS can be also observed, including 
acute motor axonal neuropathy (AMAN), acute motor–sensory ax-
onal neuropathy (AMSAN), MFS, and sensory neuropathy. Lumbar 
puncture also plays a crucial role in improving diagnostic certainty. 
CSF analysis of GBS is characterized by albuminocytologic dissocia-
tion (elevation of CSF protein levels above laboratory normal value 
and CSF total white blood cell count <50 cells/μl). Besides, the CSF 
sample should be tested for HEV RNA. Positive results provide direct 
evidence that HEV invaded into nervous system and triggered GBS. 
Several cases have reported positive results (Comont et al., 2014; 
Troussière et al., 2018), demonstrating that searching for HEV RNA 
in CSF is important for improving diagnostic accuracy. For those pa-
tients with HEV exposure history (e.g., ingestion of raw meat, travel 
abroad, blood transfusion, contact with affected animals, or contam-
inated water), neurologists also should be on the alert.

5  | MANAGEMENT

Currently, there is no evidence that HEV-associated GBS has differ-
ent responses to standard therapy for GBS or has specific prognosis 
(Tyler & Pastula, 2017). Patients with pure HEV infection do not re-
quire special treatment normally due to its spontaneous remission 
(Dalton, Webb, et al., 2016). However, GBS secondary to HEV infec-
tion is a potentially fatal disease and requires close attention to both 
general medical care and immunotherapy (Esposito & Longo, 2017; 
Willison, Jacobs, & Doorn, 2016). These supportive measures include 
monitoring respiratory function, mechanical ventilation or intuba-
tion, monitoring heart and hemodynamics, prevention of deep vein 
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thrombosis, management of possible bladder and bowel dysfunc-
tion, management of neuropathic pain, early initiation of physiother-
apy and rehabilitation, and psychosocial support. Immunotherapy 
with either intravenous immunoglobulin (IVIG) or plasma exchange 
(PLEX) has been proved the efficacy (French Cooperative Group 
on Plasma Exchange in Guillain-Barré Syndrome, 1987; Hughes & 
Cornblath, 2005) and has been shown to be equally efficacious in 
the management of GBS (Hughes, 1997; Hughes, Swan, & Doorn, 
2012; Hughes et al., 2007; Meché & Schmitz, 1992; The Guillain-
Barré syndrome Study Group, 1985). A clinical improvement follow-
ing IVIG administration was proven to be statistically significant in a 
retrospective study. However, combined therapy of PLEX and IVIG 
was not effective when PLEX, the first-line treatment, did not im-
prove clinical outcome. The same is true for administration of PLEX 
following IVIG failure (Shalem, Shemer, Shovman, Shoenfeld, & 
Kivity, 2018). New antiviral therapy has been tried to apply in treat-
ment programs for HEV-associated GBS in the way of monotherapy 
or combination of ribavirin and immunotherapy (Del Bello, Arné-
Bes, Lavayssière, & Kamar, 2012). Among the 59 cases reported in 
the literature, 34 of which provided details in therapy and outcome. 
Twenty-eight patients used IVIG, 4 used PLEX, 1 used ribavirin, and 
7 used mechanical ventilation due to the involvement of respiratory 
muscles. Most of these patients had full neurological recovery after 
a period of time. Some patients without IVIG or PLEX still had spon-
taneous recovery. 

Some patients with HEV-associated GBS developed respiratory 
failure resulting from involvement of phrenic nerve, in need of me-
chanical ventilation or intubation (van den Berg, Walgaard, et al., 
2014; Esposito & Longo, 2017; Willison et al., 2016). The main pre-
dictors of respiratory insufficiency and mechanical ventilation have 
been fully clarified previously (Walgaard et al., 2010). Meticulous 
attention also should be paid to corresponding management and 
prophylaxis of other severe complications.

The effects of immunotherapy have been demonstrated by 
several randomized controlled trials (RCTs) in the past few decades 
(Hughes et al., 2014; Raphaël, Chevret, Hughes, & Annane, 2002). 
IVIG or PLEX should be started early in case of irreversible nerve 
damage. PLEX as the first line of therapy, the most effective when 
started within a week of symptom onset, can remove antibodies 
and complement, and improve T-cell suppressor function (Wijdicks 
& Klein, 2017). The component of replacement fluid is usually 5% 
albumin or a crystalloid–colloid combination. PLEX can achieve ear-
lier improvement of weakness and faster recovery, and lower the 
possibility of MV for HEV-associated GBS. However, PLEX causes 
several adverse reactions, such as hypotension, hypocalcemia, and 
thrombocytopenia occasionally (Ansar & Valadi, 2015).

Intravenous immunoglobulin is considered to be as effective as 
PLEX for GBS and is generally accepted by the whole world based on 
a large number of trials. The pharmacological mechanism is probably 
neutralization of antibodies, blockade of Fc receptor, or immuno-
modulation on B cells and T cells. A common dosing schedule for IVIG 
is 0.4 g/kg/day at approximately 1–3 ml/min for 5 days (Wijdicks & 
Klein, 2017). IVIG has replaced PLEX as the optimal option as it has 

a lot of advantages, such as fewer side effects, widespread availabil-
ity, peripheral intravenous access, and convenient time (Donofrio, 
2017). The side effects of IVIG consist mainly of headache, fever, 
nausea, tachycardia, chest pain, and hypotension. However, fortu-
nately, IVIG does not cause lasting damage to health. The cost of 
IVIG is higher than that of PLEX, which brings heavy burden for pa-
tients with GBS. A number of studies show that combination of PLEX 
and IVIG does not have additional benefit compared with either 
treatment alone (Hughes, 1997; Plasma Exchange/Sandoglobulin 
Guillain-Barré Syndrome Trial Group, 1997). For patients who en-
countered a failure of the first-line treatment, either IVIG or PLEX 
was not effective.

Oral and intravenous corticosteroids are not effective in the 
treatment of GBS (Hughes, Brassington, Gunn, & Doorn, 2016). In 
addition, combining IVIG with methylprednisolone also has been 
tried with some additional short-term benefit. The combination may 
accelerate recovery due to correction for known prognostic fac-
tors, but has no impact on long-term outcome and neuropathic pain 
(Koningsveld et al., 2004). Therefore, corticosteroids are not recom-
mended as a standard therapy for GBS.

Hepatitis E virus-associated GBS can lead to severe weakness, 
unbearable pain, malaise, prolonged course of disease, or incomplete 
recovery in some patients. Others might experience progressive 
neurological injury or a relapse even though standard immunother-
apy was given. Therefore, greater efforts should be made to explore 
better treatment to improve the outcome of HEV-associated GBS. If 
HEV results in GBS by the mechanism of direct viral damage, early 
intervention with antiviral drugs will play a key role in obtaining bet-
ter prognosis (Woolson et al., 2014). It is worthy to be considered 
whether to add ribavirin to routine therapeutic methods especially 
for patients with positive HEV RNA in the blood or CSF (Dalton, 
Kamar, et al., 2016). Antiviral monotherapy or combination of riba-
virin and immunotherapy may become a novel therapeutic strategy 
for treatment of HEV-associated GBS. However, the efficacy of the 
treatment is uncertain at present due to the lack of large random-
ized controlled trials (RCTs). But on the other hand, antiviral drugs 
may trigger release of viral antigens and enhancement of immune 
response, thus bringing the risk of viral damage to neurological sys-
tem or aggravating neurological injury. Immunocompetent patients 
normally clear the virus spontaneously after acute HEV infection, 
so it is not definitely necessary to give antiviral treatment for pa-
tients with HEV-associated GBS if they have healthy immune sys-
tem. Antiviral therapy might be taken into account once the patients 
acquire extremely serious HEV infection. Besides, for patients with 
chronic HEV infection or immunocompromised populations, that is, 
organ-transplant recipients, it might be beneficial to use ribavirin to 
assist the poor immune system to remove viral organisms. Clearance 
of viral particles could lead to rapid recovery. Doctors should take 
the first step to lower the dose of immunosuppressors for or-
gan-transplant recipients if possible, which would be able to clear 
about 30% virus (Kamar, Izopet, et al., 2014). If virus is not cleared 
successfully or the method is impossible in practice, ribavirin ther-
apy as an alternative method should be considered. Further studies 
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are required to confirm the efficacy of ribavirin for HEV-associated 
GBS. It is challenging and meaningful to find better treatments.

6  | PREVENTION

The best strategy to prevent HEV-associated GBS in developing 
countries is to build adequate sanitation, which can decrease the 
rate of HEV infection markedly. For developed countries, the pre-
vention is problematic due to a number of possible infection routes, 
which might include thoroughly cooking of meat, vaccination of 
farmed pigs, and screening of blood donors. Human HEV vaccine 
has been proved to be safe and effective, but it is only available in 
China. More research should be performed to verify its immuno-
genicity and safety aiming at other countries. The vaccine is likely to 
become one of the most effective methods in the high risk groups 
with HEV infection. Early diagnosis and treatment is important for 
patients with HEV infection, in case of the attack of following GBS.

7  | PROGNOSIS

Most patients with HEV-associated GBS have favorable prognosis. 
Among the 36 cases with available details of recovery, 21 cases 
(58.3%) had experienced complete neurological recovery within sev-
eral weeks to several months (Table 1). Some patients do not regain 
full strength in the movement of limbs. However, one patient died 
after cardiac arrest 1 month after the onset of neurological symp-
toms. Some features of HEV-associated GBS might indicate a poor 
prognosis, including late age of onset, the need for intubation or MV 
within the first week of illness, and severe weakness (van den Berg, 
Walgaard, et al., 2014; Esposito & Longo, 2017; Willison et al., 2016). 
The recurrence rate and mortality are still unknown so far.

8  | CONCLUSION

Hepatitis E virus infection was frequently associated with GBS or 
variants of GBS. Two possible pathogenesis mechanisms have been 
proposed and require further study to explore more details. One 
novel point of view is raised that HEV can induce GBS by damag-
ing neurological system directly by means of viral replication, ver-
sus with traditional indirect immune response mechanism. Although 
PLEX or IVIG has been widely used to treat HEV-associated GBS, it 
is worth discussing whether antiviral monotherapy or combination 
of ribavirin and immunotherapy can be used as a novel treatment. If 
the pathogenesis was clarified sufficiently, the answer to the ques-
tion would be straightforward because direct neural infection could 
respond well to antiviral therapy. Prevention and early diagnosis of 
HEV-associated GBS can be difficult and challenging because pro-
dromal symptoms of infection are usually asymptomatic or mildly 
symptomatic. For physicians, it is particularly important to aware of 
this underlying trigger of GBS in their workup.

ACKNOWLEDGMENTS
None.

CONFLICT OF INTEREST
The authors declare no financial or other conflict of interests.

ORCID
Ying Ma   https://orcid.org/0000-0001-7611-597X 

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were cre-
ated or analyzed in this study.

REFERENCES
Abravanel, F., Pique, J., Couturier, E., Nicot, F., Dimeglio, C., Lhomme, S., 

… Izopet, J. (2018). Acute hepatitis E in French patients and neurolog-
ical manifestations. Journal of Infection, 77(3), 220–226. https​://doi.
org/10.1016/j.jinf.2018.06.007

Al-Saffa r, A., & Al-Fatly, B. (2018). Acute motor axonal neuropathy in 
association with hepatitis E. Frontiers in Neurology, 9, 62. https​://doi.
org/10.3389/fneur.2018.00062​

Ang, C. W., Jacobs, B. C., Brandenburg, A. H., Laman, J. D., van der 
Meché, F. G., Osterhaus, A. D., & van Doorn, P. A. (2000). Cross-
reactive antibodies against GM2 and CMV-infected fibroblasts in 
Guillain-Barré syndrome. Neurology, 54, 1453–1458.

Ansar, V., & Valadi, N. (2015). Guillain-Barré syndrome. Primary Care, 
42(2), 189–193. https​://doi.org/10.1016/j.pop.2015.01.001

Bandyopadhyay, D., Ganesan, V., Choudhury, C., Kar, S. S., Karmakar, P., 
Choudhary, V., … Mukhopadhyay, S. (2015). Two uncommon causes 
of Guillain-Barré syndrome: Hepatitis E and Japanese encephalitis. 
Case Reports in Neurological Medicine, 2015, 759495. https​://doi.
org/10.1155/2015/759495

Cangin, C., Focht, B., Harris, R., & Strunk, J. A. (2019). Hepatitis E sero-
prevalence in the United States: Results for immunoglobulins IGG 
and IGM. Journal of Medical Virology, 91(1), 124–131. https​://doi.
org/10.1002/jmv.25299​

Chen, X. D., Zhou, Y. T., Zhou, J. J., Wang, Y. W., & Tong, D. M. (2014). Guillain-
Barré syndrome and encephalitis/encephalopathy of a rare case of 
Northern China acute severe hepatitis E infection. Neurological Sciences, 
35(9), 1461–1463. https​://doi.org/10.1007/s10072-014-1731-7

Comont, T., Bonnet, D., Sigur, N., Gerdelat, A., Legrand-Abravanel, F., 
Kamar, N., & Alric, L. (2014). Acute hepatitis E infection associated 
with Guillain-Barré syndrome in an immunocompetent patient. 
Revue de Médecine Interne, 35(5), 333–336.

Cronin, S., McNicholas, R., Kavanagh, E., Reid, V., & O'Rourke, K. (2011). 
Anti-glycolipid GM2-positive Guillain-Barre syndrome due to hepati-
tis E infection. Irish Journal of Medical Science, 180(1), 255–257. https​
://doi.org/10.1007/s11845-010-0635-7

Dalton, H. R., Kamar, N., van Eijk, J. J., Mclean, B. N., Cintas, P., Bendall, 
R. P., & Jacobs, B. C. (2016). Hepatitis E virus and neurological injury. 
Nature Reviews Neurology, 12(2), 77–85. https​://doi.org/10.1038/
nrneu​rol.2015.234

Dalton, H. R., Webb, G. W., Norton, B. C., & Woolson, K. L. (2016). 
Hepatitis E virus: Time to change the textbooks. Digestive Diseases, 
34(4), 308–316.

Debing, Y., Emerson, S. U., Wang, Y., Pan, Q., Balzarini, J., Dallmeier, K., & 
Neyts, J. (2014). Ribavirin inhibits in vitro hepatitis E virus replication 
through depletion of cellular GTP pools and is moderately synergistic with 
alpha interferon. Antimicrobial Agents and Chemotherapy, 58(1), 267–273.

Del Bello, A., Arné-Bes, M. C., Lavayssière, L., & Kamar, N. (2012). 
Hepatitis E virus-induced severe myositis. Journal of Hepatology, 
57(5), 1152–1153. https​://doi.org/10.1016/j.jhep.2012.05.010

https://orcid.org/0000-0001-7611-597X
https://orcid.org/0000-0001-7611-597X
https://doi.org/10.1016/j.jinf.2018.06.007
https://doi.org/10.1016/j.jinf.2018.06.007
https://doi.org/10.3389/fneur.2018.00062
https://doi.org/10.3389/fneur.2018.00062
https://doi.org/10.1016/j.pop.2015.01.001
https://doi.org/10.1155/2015/759495
https://doi.org/10.1155/2015/759495
https://doi.org/10.1002/jmv.25299
https://doi.org/10.1002/jmv.25299
https://doi.org/10.1007/s10072-014-1731-7
https://doi.org/10.1007/s11845-010-0635-7
https://doi.org/10.1007/s11845-010-0635-7
https://doi.org/10.1038/nrneurol.2015.234
https://doi.org/10.1038/nrneurol.2015.234
https://doi.org/10.1016/j.jhep.2012.05.010


     |  9 of 10LIU and MA

Donofrio, P. D. (2017). Guillain-Barré syndrome. Continuum 
(Minneapolis, Minn.), 23(5, Peripheral Nerve and Motor Neuron 
Disorders), 1295–1309. https​://doi.org/10.1212/CON.00000​
00000​000513

Drave, S. A., Debing, Y., Walter, S., Todt, D., Engelmann, M., Friesland, 
M., … Steinmann, E. (2016). Extra-hepatic replication and infection 
of hepatitis E virus in neuronal-derived cells. Journal of Viral Hepatitis, 
23(7), 512–521. https​://doi.org/10.1111/jvh.12515​

Esposito, S., & Longo, M. R. (2017). Guillain-Barré syndrome. 
Autoimmunity Reviews, 16(1), 96–101. https​://doi.org/10.1016/j.
autrev.2016.09.022

French Cooperative Group on Plasma Exchange in Guillain-Barré 
Syndrome (1987). Efficiency of plasma exchange in Guillain-Barré 
syndrome: Role of replacement fluids. Annals of Neurology, 22(6), 
753–761.

Fukae, J., Tsugawa, J., Ouma, S., Umezu, T., Kusunoki, S., & Tsuboi, Y. 
(2016). Guillain-Barré and Miller Fisher syndromes in patients with 
anti-hepatitis E virus antibody: A hospital-based survey in Japan. 
Neurological Sciences, 37(11), 1849–1851. https​://doi.org/10.1007/
s10072-016-2644-4

Geurtsvankessel, C. H., Islam, Z., Mohammad, Q. D., Jacobs, B. C., Endtz, 
H. P., & Osterhaus, A. D. (2013). Hepatitis E and Guillain-Barre syn-
drome. Clinical Infectious Diseases, 57(9), 1369–1370.

Hadden, R. D., Karch, H., Hartung, H. P., Zielasek, J., Weissbrich, B., 
Schubert, J., & Plasma Exchange/Sandoglobulin Guillain-Barré 
Syndrome Trial Group (2001). Preceding infections, immune factors, 
and outcome in Guillain-Barré syndrome. Neurology, 56(6), 758–765.

Hamm, S., Dehouck, B., Kraus, J., Wolburg-Buchholz, K., Wolburg, H., 
Risau, W., … Dehouck, M.-P. (2004). Astrocyte mediated modu-
lation of blood-brain barrier permeability does not correlate with 
a loss of tight junction proteins from the cellular contacts. Cell 
and Tissue Research, 315(2), 157–166. https​://doi.org/10.1007/
s00441-003-0825-y

Higuchi, M. A., Fukae, J., Tsugawa, J., Ouma, S., Takahashi, K., Mishiro, S., 
& Tsuboi, Y. (2015). Dysgeusia in a patient with Guillain-Barré syn-
drome associated with acute hepatitis E: A case report and literature 
review. Internal Medicine, 54(12), 1543–1546.

Hoofnagle, J. H., Nelson, K. E., & Purcell, R. H. (2012). Hepatitis E. 
New England Journal of Medicine, 367(13), 1237–1244. https​://doi.
org/10.1056/NEJMr​a1204512

Hughes, R. A. (1997). Plasma exchange versus intravenous immunoglob-
ulin for Guillain-Barré syndrome. Therapeutic Apheresis, 1(2), 129–
130. https​://doi.org/10.1111/j.1744-9987.1997.tb000​27.x

Hughes, R. A., Brassington, R., Gunn, A. A., & van Doorn, P. A. (2016). 
Corticosteroids for Guillain-Barré syndrome. Cochrane Database of 
Systematic Reviews, 10, CD001446. https​://doi.org/10.1002/14651​
858.CD001​446.pub5

Hughes, R. A., & Cornblath, D. R. (2005). Guillain-Barré syndrome. 
The Lancet, 366(9497), 1653–1666. https​://doi.org/10.1016/
S0140-6736(05)67665-9

Hughes, R. A., Swan, A. V., Raphaël, J. C., Annane, D., van Koningsveld, 
R., & van Doorn, P. A. (2007). Immunotherapy for Guillain-Barré syn-
drome: A systematic review. Brain, 130(Pt 9), 2245–2257.

Hughes, R. A., Swan, A. V., & van Doorn, P. A. (2012). Intravenous im-
munoglobulin for Guillain-Barré syndrome. Cochrane Database of 
Systematic Reviews, (7), CD002063. https​://doi.org/10.1002/14651​
858.CD002​063.pub5

Jacobs, B. C., Rothbarth, P. H., van der Meché, F. G., Herbrink, P., 
Schmitz, P. I., de Klerk, M. A., & van Doorn, P. A. (1998). The spectrum 
of antecedent infections in Guillain-Barré syndrome: A case-control 
study. Neurology, 51(4), 1110–1115.

Ji, S. B., Lee, S. S., Jung, H. C., Kim, H. J., Kim, H. J., Kim, T. H., … Song, 
D. H. (2016). A Korean patient with Guillain-Barré syndrome fol-
lowing acute hepatitis E whose cholestasis resolved with steroid 

therapy. Clinical and Molecular Hepatology, 22(3), 396–399. https​://
doi.org/10.3350/cmh.2015.0039

Kaida, K., Sonoo, M., Ogawa, G., Kamakura, K., Ueda-Sada, M., Arita, 
M., … Kusunoki, S. (2008). GM1/GalNAc-GD1a complex: A target 
for pure motor Guillain-Barre syndrome. Neurology, 71, 1683–1690. 
https​://doi.org/10.1212/01.wnl.00003​35160.72184.7d

Kamani, P., Baijal, R., Amarapurkar, D., Gupte, P., Patel, N., Kumar, P., & 
Agal, S. (2005). Guillain-Barre syndrome associated with acute hepa-
titis E. Indian Journal of Gastroenterology, 24(5), 216.

Kamar, N., Bendall, R., Legrand-Abravanel, F., Xia, N.-S., Ijaz, S., Izopet, 
J., & Dalton, H. R. (2012). Hepatitis E. The Lancet, 379(9835), 2477–
2488. https​://doi.org/10.1016/S0140-6736(11)61849-7

Kamar, N., Bendall, R. P., Peron, J. M., Cintas, P., Prudhomme, L., Mansuy, 
J. M., … Dalton, H. R. (2011). Hepatitis E virus and neurologic dis-
orders. Emerging Infectious Diseases, 17(2), 173–179. https​://doi.
org/10.3201/eid17​02.100856

Kamar, N., Dalton, H. R., Abravanel, F., & Izopet, J. (2014). Hepatitis E 
virus infection. Clinical Microbiology Reviews, 27(1), 116–138. https​://
doi.org/10.1128/CMR.00057-13

Kamar, N., Izopet, J., Tripon, S., Bismuth, M., Hillaire, S., Dumortier, J., 
… Mallet, V. (2014). Ribavirin for chronic hepatitis E virus infection 
in transplant recipients. New England Journal of Medicine, 370(12), 
1111–1120. https​://doi.org/10.1056/NEJMo​a1215246

Khanam, R. A., Faruq, M. O., Basunia, R. A., & Ahsan, A. A. (2008). 
Guillain-Barré syndrome associated with acute HEV hepatitis. 
Ibrahim Medical College Journal, 1(2), 32–34.

Kumar, R., Bhoi, S., Kumar, M., Sharma, B., Singh, B., & Gupta, B. (2002). 
Guillain-Barré syndrome and acute hepatitis E: A rare association. 
Journal, Indian Academy of Clinical Medicine, 4(3), 389–391.

Lei, J. H., Tian, Y., Luo, H. Y., Chen, Z., & Peng, F. (2017). Guillain-Barré 
syndrome following acute co-super-infection of hepatitis E virus 
and cytomegalovirus in a chronic hepatitis B virus carrier. Journal 
of Medical Virology, 89(2), 368–372. https​://doi.org/10.1002/
jmv.24620​

Liu, W. Y., Wang, Z. B., Zhang, L. C., Wei, X., & Li, L. (2012). Tight junction 
in blood-brain barrier: An overview of structure, regulation, and reg-
ulator substances. CNS Neuroscience & Therapeutics, 18(8), 609–615. 
https​://doi.org/10.1111/j.1755-5949.2012.00340.x

Loly, J. P., Rikir, E., Seivert, M., Legros, E., Defrance, P., Belaiche, J., … 
Delwaide, J. (2009). Guillain-Barré syndrome following hepatitis E. 
World Journal of Gastroenterology, 15(13), 1645–1647. https​://doi.
org/10.3748/wjg.15.1645

Lu, L., Li, C., & Hagedorn, C. H. (2006). Phylogenetic analysis of global 
hepatitis E virus sequences: Genetic diversity, subtypes and zoono-
sis. Reviews in Medical Virology, 16(1), 5–36. https​://doi.org/10.1002/
rmv.482

Maurissen, I., Jeurissen, A., Strauven, T., Sprengers, D., & De Schepper, 
B. (2012). First case of anti-ganglioside GM1-positive Guillain-Barré 
syndrome due to hepatitis E virus infection. Infection, 40(3), 323–
326. https​://doi.org/10.1007/s15010-011-0185-6

Oh, H. W., Cha, R. R., Lee, S. S., Lee, C. M., Kim, W. S., Jo, Y. W., … Lee, 
O. J. (2017). Comparing the clinical features and outcomes of acute 
hepatitis E viral infections with those of acute hepatitis A, B, and 
C infections in Korea. Intervirology, 60(3), 109–117. https​://doi.
org/10.1159/00048​0506

Perrin, H. B., Cintas, P., Abravanel, F., Gérolami, R., d'Alteroche, L., 
Raynal, J.-N., … Peron, J.-M. (2015). Neurologic disorders in immuno-
competent patients with autochthonous acute hepatitis E. Emerging 
Infectious Diseases, 21(11), 1928–1934. https​://doi.org/10.3201/
eid21​11.141789

Plasma Exchange/Sandoglobulin Guillain-Barré Syndrome Trial Group 
(1997). Randomised trial of plasma exchange, intravenous immuno-
globulin, and combined treatments in Guillain-Barré syndrome. The 
Lancet, 349(9047), 225–230.

https://doi.org/10.1212/CON.0000000000000513
https://doi.org/10.1212/CON.0000000000000513
https://doi.org/10.1111/jvh.12515
https://doi.org/10.1016/j.autrev.2016.09.022
https://doi.org/10.1016/j.autrev.2016.09.022
https://doi.org/10.1007/s10072-016-2644-4
https://doi.org/10.1007/s10072-016-2644-4
https://doi.org/10.1007/s00441-003-0825-y
https://doi.org/10.1007/s00441-003-0825-y
https://doi.org/10.1056/NEJMra1204512
https://doi.org/10.1056/NEJMra1204512
https://doi.org/10.1111/j.1744-9987.1997.tb00027.x
https://doi.org/10.1002/14651858.CD001446.pub5
https://doi.org/10.1002/14651858.CD001446.pub5
https://doi.org/10.1016/S0140-6736(05)67665-9
https://doi.org/10.1016/S0140-6736(05)67665-9
https://doi.org/10.1002/14651858.CD002063.pub5
https://doi.org/10.1002/14651858.CD002063.pub5
https://doi.org/10.3350/cmh.2015.0039
https://doi.org/10.3350/cmh.2015.0039
https://doi.org/10.1212/01.wnl.0000335160.72184.7d
https://doi.org/10.1016/S0140-6736(11)61849-7
https://doi.org/10.3201/eid1702.100856
https://doi.org/10.3201/eid1702.100856
https://doi.org/10.1128/CMR.00057-13
https://doi.org/10.1128/CMR.00057-13
https://doi.org/10.1056/NEJMoa1215246
https://doi.org/10.1002/jmv.24620
https://doi.org/10.1002/jmv.24620
https://doi.org/10.1111/j.1755-5949.2012.00340.x
https://doi.org/10.3748/wjg.15.1645
https://doi.org/10.3748/wjg.15.1645
https://doi.org/10.1002/rmv.482
https://doi.org/10.1002/rmv.482
https://doi.org/10.1007/s15010-011-0185-6
https://doi.org/10.1159/000480506
https://doi.org/10.1159/000480506
https://doi.org/10.3201/eid2111.141789
https://doi.org/10.3201/eid2111.141789


10 of 10  |     LIU and MA

Purcell, R. H., & Emerson, S. U. (2008). Hepatitis E: An emerging aware-
ness of an old disease. Journal of Hepatology, 48(3), 494–503. https​://
doi.org/10.1016/j.jhep.2007.12.008

Raphaël, J. C., Chevret, S., Hughes, R. A., & Annane, D. (2002). Plasma ex-
change for Guillain-Barré syndrome. Cochrane Database of Systematic 
Reviews, (2), CD001798.

Salim, O. J., Davidson, A., Li, K., Leach, J. P., & Heath, C. (2017). Brainstem 
encephalitis and acute polyneuropathy associated with hepatitis E 
infection. BMJ Case Reports, 2017, bcr-2017-220799. https​://doi.
org/10.1136/bcr-2017-220799

Santos, L., Mesquita, J. R., Rocha Pereira, N., Lima-Alves, C., Serrão, R., 
Figueiredo, P., … Sarmento, A. (2013). Acute hepatitis E complicated 
by Guillain-Barre syndrome in Portugal, December 2012–A case re-
port. Euro Surveillance, 18(34), 6–9.

Scharn, N., Ganzenmueller, T., Wenzel, J. J., Dengler, R., Heim, A., & 
Wegner, F. (2014). Guillain-Barré syndrome associated with autoch-
thonous infection by hepatitis E virus subgenotype 3c. Infection, 
42(1), 171–173. https​://doi.org/10.1007/s15010-013-0448-5

Shalem, D., Shemer, A., Shovman, O., Shoenfeld, Y., & Kivity, S. (2018). 
The efficacy of intravenous immunoglobulin in Guillain-Barré syn-
drome: The experience of a tertiary medical center. Israel Medical 
Association Journal, 20(12), 754–760.

Sharma, B., Nagpal, K., Bakki Sannegowda, R., & Prakash, S. (2013). 
Hepatitis E with Gullain-Barré syndrome: Still a rare association. 
Journal of NeuroVirology, 19(2), 186–187. https​://doi.org/10.1007/
s13365-013-0156-z

Shi, R., Soomro, M. H., She, R., Yang, Y., Wang, T., Wu, Q., … Hao, W. 
(2016). Evidence of Hepatitis E virus breaking through the blood-
brain barrier and replicating in the central nervous system. Journal of 
Viral Hepatitis, 23(11), 930–939. https​://doi.org/10.1111/jvh.12557​

Shukla, P., Nguyen, H. T., Torian, U., Engle, R. E., Faulk, K., Dalton, H. R., 
… Emerson, S. U. (2011). Cross-species infections of cultured cells 
by hepatitis E virus and discovery of an infectious virus-host recom-
binant. Proceedings of the National Academy of Sciences of the United 
States of America, 108(6), 2438–2443. https​://doi.org/10.1073/
pnas.10188​78108​

Sood, A., Midha, V., & Sood, N. (2000). Guillain-Barré syndrome with 
acute hepatitis E. The American Journal of Gastroenterology, 95(12), 
3667–3668.

Stevens, O., Claeys, K. G., Poesen, K., Saegeman, V., & Van Damme, P. 
(2017). Diagnostic challenges and clinical characteristics of hepatitis 
E virus-associated Guillain-Barré syndrome. JAMA Neurology, 74(1), 
26–33. https​://doi.org/10.1001/jaman​eurol.2016.3541

Teshale, E. H., Hu, D. J., & Holmberg, S. D. (2010). The two faces of hep-
atitis E virus. Clinical Infectious Diseases, 51(3), 328–334. https​://doi.
org/10.1086/653943

The Guillain-Barré syndrome Study Group (1985). Plasmapheresis and 
acute Guillain-Barré syndrome. Neurology, 35(8), 1096–1104.

Troussière, A. C., Sudaveschi, V., Collardelle, P., Marque Julliet, S., 
Servan, J., & Pico, F. (2018). Guillain-Barré syndrome due to hepati-
tis E. Revue Neurologique, 174(1–2), 72–74. https​://doi.org/10.1016/j.
neurol.2017.06.018

Tse, A. C., Cheung, R. T., Ho, S. L., & Chan, K. H. (2012). Guillain-Barré 
syndrome associated with acute hepatitis E infection. Journal of 
Clinical Neuroscience, 19(4), 607–608. https​://doi.org/10.1016/j.
jocn.2011.06.024

Tyler, K. L., & Pastula, D. M. (2017). Hepatitis E virus and Guillain-Barré 
syndrome. JAMA Neurology, 74(1), 13–15. https​://doi.org/10.1001/
jaman​eurol.2016.3651

van den Berg, B., van der Eijk, A. A., Pas, S. D., Hunter, J. G., Madden, R. 
G., Tio-Gillen, A. P., … Jacobs, B. C. (2014). Guillain-Barré syndrome 
associated with preceding hepatitis E virus infection. Neurology, 
82(6), 491–497.

van den Berg, B., Walgaard, C., Drenthen, J., Fokke, C., Jacobs, B. C., 
& van Doorn, P. A. (2014). Guillain-Barré syndrome: Pathogenesis, 
diagnosis, treatment and prognosis. Nature Reviews Neurology, 10(8), 
469–482. https​://doi.org/10.1038/nrneu​rol.2014.121

van der Meché, F. G., & Schmitz, P. I. (1992). A randomized trial compar-
ing intravenous immune globulin and plasma exchange in Guillain-
Barré syndrome. Dutch Guillain-Barré Study Group. New England 
Journal of Medicine, 326(17), 1123–1129. https​://doi.org/10.1056/
NEJM1​99204​23326​1705

van Doorn, P. A., Ruts, L., & Jacobs, B. C. (2008). Clinical features, 
pathogenesis, and treatment of Guillain-Barré syndrome. The 
Lancet Neurology, 7(10), 939–950. https​://doi.org/10.1016/
S1474-4422(08)70215-1

van Koningsveld, R., Schmitz, P. I., Meché, F. G., Visser, L. H., Meulstee, J., 
& van Doorn, P. A. (2004). Effect of methylprednisolone when added 
to standard treatment with intravenous immunoglobulin for Guillain-
Barré syndrome: Randomised trial. The Lancet, 363(9404), 192–196. 
https​://doi.org/10.1016/S0140-6736(03)15324-X

Walgaard, C., Lingsma, H. F., Ruts, L., Drenthen, J., Koningsveld, R. V., 
Garssen, M. J. P., … Jacobs, B. C. (2010). Prediction of respiratory 
insufficiency in Guillain-Barré syndrome. Annals of Neurology, 67(6), 
781–787. https​://doi.org/10.1002/ana.21976​

Wijdicks, E. F., & Klein, C. J. (2017). Guillain-Barré syndrome. Mayo 
Clinic Proceedings, 92(3), 467–479. https​://doi.org/10.1016/j.
mayocp.2016.12.002

Willison, H. J. (2018). Anti-ganglioside antibodies in peripheral nerve pa-
thology. Methods in Molecular Biology, 1804, 173–188.

Willison, H. J., Jacobs, B. C., & van Doorn, P. A. (2016). Guillain-Barré syn-
drome. The Lancet, 388(10045), 717–727. https​://doi.org/10.1016/
S0140-6736(16)00339-1

Woolson, K. L., Forbes, A., Vine, L., Beynon, L., McElhinney, L., Panayi, V., 
… Dalton, H. R. (2014). Extra-hepatic manifestations of autochtho-
nous hepatitis E infection. Alimentary Pharmacology & Therapeutics, 
40(11–12), 1282–1291. https​://doi.org/10.1111/apt.12986​

Yuki, N. (2001). Infectious origins of, and molecular mimicry in, Guillain-
Barré and Fisher syndromes. The Lancet Infectious Diseases, 1, 29–37. 
https​://doi.org/10.1016/S1473-3099(01)00019-6

Zheng, X., Yu, L., Xu, Q., Gu, S., & Tang, L. (2018). Guillain-Barre syn-
drome caused by hepatitis E infection: Case report and literature 
review. BMC Infectious Diseases, 18(1), 50. https​://doi.org/10.1186/
s12879-018-2959-2

Zhou, X., Huang, F., Xu, L., Lin, Z., de Vrij, F. M. S., Ayo-Martin, A. C., 
… Pan, Q. (2017). Hepatitis E virus infects neurons and brains. 
The Journal of Infectious Diseases, 215(8), 1197–1206. https​://doi.
org/10.1093/infdi​s/jix079

How to cite this article: Liu H, Ma Y. Hepatitis E virus-
associated Guillain–Barre syndrome: Revision of the literature. 
Brain Behav. 2020;10:e01496. https​://doi.org/10.1002/
brb3.1496

https://doi.org/10.1016/j.jhep.2007.12.008
https://doi.org/10.1016/j.jhep.2007.12.008
https://doi.org/10.1136/bcr-2017-220799
https://doi.org/10.1136/bcr-2017-220799
https://doi.org/10.1007/s15010-013-0448-5
https://doi.org/10.1007/s13365-013-0156-z
https://doi.org/10.1007/s13365-013-0156-z
https://doi.org/10.1111/jvh.12557
https://doi.org/10.1073/pnas.1018878108
https://doi.org/10.1073/pnas.1018878108
https://doi.org/10.1001/jamaneurol.2016.3541
https://doi.org/10.1086/653943
https://doi.org/10.1086/653943
https://doi.org/10.1016/j.neurol.2017.06.018
https://doi.org/10.1016/j.neurol.2017.06.018
https://doi.org/10.1016/j.jocn.2011.06.024
https://doi.org/10.1016/j.jocn.2011.06.024
https://doi.org/10.1001/jamaneurol.2016.3651
https://doi.org/10.1001/jamaneurol.2016.3651
https://doi.org/10.1038/nrneurol.2014.121
https://doi.org/10.1056/NEJM199204233261705
https://doi.org/10.1056/NEJM199204233261705
https://doi.org/10.1016/S1474-4422(08)70215-1
https://doi.org/10.1016/S1474-4422(08)70215-1
https://doi.org/10.1016/S0140-6736(03)15324-X
https://doi.org/10.1002/ana.21976
https://doi.org/10.1016/j.mayocp.2016.12.002
https://doi.org/10.1016/j.mayocp.2016.12.002
https://doi.org/10.1016/S0140-6736(16)00339-1
https://doi.org/10.1016/S0140-6736(16)00339-1
https://doi.org/10.1111/apt.12986
https://doi.org/10.1016/S1473-3099(01)00019-6
https://doi.org/10.1186/s12879-018-2959-2
https://doi.org/10.1186/s12879-018-2959-2
https://doi.org/10.1093/infdis/jix079
https://doi.org/10.1093/infdis/jix079
https://doi.org/10.1002/brb3.1496
https://doi.org/10.1002/brb3.1496

