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Abstract
[bookmark: _Hlk68024707]Hepatitis E virus (HEV) is an important cause of repeated waterborne outbreaks of acute hepatitis. Recently, several extrahepatic manifestations (EHMs) have been described in patients with HEV infection. Of these, neurological disorders are the most common EHM associated with HEV. The involvement of both the peripheral nervous system and central nervous system can occur together or in isolation. Patients can present with normal liver function tests, which can often be misleading for physicians. There is a paucity of data on HEV-related neurological manifestations; and these data are mostly described as case reports and case series. In this review, we analyzed data of 163 reported cases of HEV-related neurological disorders. The mechanisms of pathogenesis, clinico-demographic profile, and outcomes of the HEV-related neurological disorders are described in this article. Nerve root and plexus disorder were found to be the most commonly reported disease, followed by meningoencephalitis.
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Core Tip: Neurological involvement in patients with hepatitis E virus (HEV) infection is rare. There is a paucity of data on HEV-related neurological manifestations. This review comprehensively describes the mechanisms of pathogenesis, clinico-demographic profile, and outcomes of HEV-related neurological disorders. Nerve root and plexus disorder were the most commonly reported diseases followed by meningoencephalitis. These patients can present with normal liver function tests, which can often be misleading for physicians.


INTRODUCTION
The hepatitis E virus (HEV) is a non-enveloped, positive-sense, single-stranded ribonucleic acid (RNA) virus. It belongs to the Hepeviridae family and is one of the most common causes of acute hepatitis globally. Currently, HEV is represented by one serotype and eight genotypes (GTs)[1]; of these, four GTs (GT1-4) are mainly responsible for human infection. Epidemiological characteristics of GT1-4 of HEV have been summarized in Table 1.
HEV is an important cause of repeated waterborne outbreaks of acute hepatitis. While HEV outbreaks have mainly been reported in Asia and Africa, it has recently been identified as an emerging issue in public health in Western countries. However, the global burden of HEV infection remains unclear. The recent meta-analysis estimated that approximately 939 million of the global population have experienced HEV infection once, and 15-110 million individuals have had a recent or have an ongoing infection. The seroprevalence rates of HEV infection in Africa, Asia, Europe, and America are 21.76%, 15.80%, 9.31%, and 7%-8% respectively[2]. The World Health Organization (WHO) estimated 14 million symptomatic cases of HEV infection, with 0.3 million deaths and 5.2 thousand stillbirths each year worldwide[3]. More than 50% of global HEV deaths were recorded in the WHO South-East Asia Region (SEAR), which includes India, Bangladesh, Thailand, the Democratic People’s Republic of Korea, Myanmar, Nepal, Bhutan, Sri Lanka, Indonesia, Maldives, and Timor-Leste. In the WHO SEAR countries, annual symptomatic cases of HEV are estimated to be 6.5 million, with 0.16 million deaths and 2.7 thousand stillbirths[3].
Symptomatic HEV infection can present with anicteric or icteric acute hepatitis. It can also rarely lead to fulminant liver failure, and HEV infection further carries high mortality (25%) in pregnancy. While most cases of HEV-related acute hepatitis spontaneously resolve within 4-8 wk, HEV sometimes causes chronic infection, especially in immunosuppressed patients[4]. Chronic HEV infection has been defined as the persistence of HEV replication for more than 6 mo[5]. GT3 and GT4 (mainly GT3) can cause chronic infection, resulting in liver fibrosis and cirrhosis. HEV infection is also an important cause of acute-on-chronic liver failure (ACLF), especially in South-East Asian countries. In our prospective study, we observed that the hepatitis virus infection is the most common acute insult identified in patients with ACLF. Overall, the most common hepatitis virus superinfection was HEV (23% cases)[6]. In another study, Kumar et al[7] demonstrated a 44% HEV superinfection rate in a sample of patients with chronic liver disease.
Recently, several extrahepatic manifestations (EHMs) were described in patients with HEV infection (Table 2). These EHMs were reported as case–control studies and case series or reports during the last decades. In a recent systemic review, Rawla et al[8] analyzed data of 324 reported cases of EHM patients with HEV infection. The most common EHMs were neurological (55%), cardiovascular or hematological (35%), and gastrointestinal manifestations (7%). Rare manifestations included renal (1.24%), endocrine (0.31%), and skin disease (0.31%), as well as manifestations in the respiratory (0.31%), muscular (0.31%), and immune system (0.31%).
[bookmark: _Hlk68022816]This review is summarizes the available evidence regarding neurological manifestations in patients with HEV infection. To this end, we analyzed the literature related to the neurological manifestations associated with HEV. These reported manifestations were classified as central nervous system (CNS) disorders, nerve root and plexus disorders, neuropathy, cranial neuropathy neuromuscular junction disorders, muscle disorders, and other miscellaneous manifestations.

RELATIONSHIP OF HEV INFECTION WITH EHMS
[bookmark: _Hlk68023226][bookmark: _Hlk56435039]Various EHMs have a temporal relationship with HEV infections; however, whether it is a coincidence or an actual causal relationship remains unclear. A causal relationship between HEV and neurological has been proposed on the basis of a few well-described case-control studies, which showed a significantly higher seroprevalence of HEV-associated neuralgic amyotrophy (NA) and Guillain-Barré syndrome (GBS) compared to non-HEV-associated cases. Moreover, several case studies have documented the presence of HEV RNA in the cerebrospinal fluid (CSF). Although the authors explained this association on the basis of existing evidence, the pathophysiological basis of a causal relationship remains unknown. There is good evidence to support a causal role of HEV in associated conditions such as NA, GBS, meningoencephalitis, membranoproliferative glomerulonephritis, membranous glomerulonephritis, and immunoglobulin (Ig) A nephropathy[5,9]. Relationships between other EHMs and HEV are based on case reports only; therefore, causality has yet to be established (Table 2).

MECHANISMS OF PATHOGENESIS
The pathogenesis of EHMs in HEV infection is unclear. The mechanisms by which HEV can induce EHM may be caused by either direct or indirect mechanisms. Direct mechanisms involve HEV replication in affected tissues, resulting in cellular damage, whereas indirect mechanisms are caused by cross-reactive immune triggers, the formation of immune complexes, or by secondary infection[10]. Direct mechanisms are supported by in vitro studies. HEV can infect neuronal cells in vitro and human neuronal-derived cells support the full-length replication of viral RNA and translation of viral capsid protein[11,12]. Indirect immune trigger-mediated mechanisms appear to be more relevant in pathogenesis. Both humoral and cellular immune responses are likely to be involved in the pathogenesis of hepatic and EHMs. Furthermore, the prevalence of EHM is more common in immunocompetent patients than immunocompromised patients. In a study, the neurological manifestations were found to be significantly more common (22.6% as against 3.2%) in immunocompetent patients (n = 137) compared to immunocompromised patients (n = 63). The higher frequency of neurological disorders in immunocompetent patients suggests immune-mediated mechanisms causing EHMs[13]. In another study, all patients with NA were immunocompetent[14]. A schematic diagram of the potential mechanisms of EHM is shown in Figure 1.

NEUROLOGICAL MANIFESTATIONS
The neurologic manifestations of HEV infection are being increasingly recognized. Retrospective studies from Europe revealed 5.5%-7.5% of neurological manifestations in HEV-infected patients[15,16]. Furthermore, two recent European prospective studies showed an even higher prevalence of neurological symptoms (16.5%-31%) in HEV-infected patients. Ripellino et al[14] indicated 31% prevalence of neurological symptoms in HEV-infected patients. However, two-third of patients had myalgia only, and none of these patients underwent brachial plexus MRI or muscle biopsy. In another recent prospective case-control study, out of 200 HEV-infected patients, 33 (16.5%) showed neurological symptoms. The most frequent manifestation was neuropathic pain (42%), which suggests small fiber neuropathy. However, the results of their neurological examination were normal, and extensive investigations were not performed to detect small fiber neuropathy[13]. The prevalence of HEV infection in patients with non-traumatic neurological injury ranges from 2.4% to 6.9%. In a multi-centric European study, 2.4% of 464 patients with non-traumatic neurological injury showed evidence of recent HEV infection. Symptoms of hepatitis were mild or absent and all patients were anicteric[17]. Another study from France demonstrated a high seroprevalence (6.9%) of positive anti-HEV IgM in a cohort (n = 159) of patients with acute non-traumatic, non-vascular neurological injuries as compared to seroprevalence in blood donors (0.4%) at the same period of time[18,19]. However, a recent study from China showed a similar HEV seroprevalence in patients with acute non-traumatic neuropathy (n = 1117) and healthy controls (n = 1415) (0.54% vs 0.68%; P = 0.65)[20].
Involvement of both the peripheral nervous system and CNS can occur together or in isolation. The various neurologic syndromes that have been reported in patients with HEV infection are shown in Table 3. Approximately 163 cases have been described to date, wherein the mean age of patients was 53.9 years with a male to female ratio (M:F) of 2.84:1. Neurological disorders are most commonly reported in Europe (74%) and SEAR nations (15%), mainly France, India, and Bangladesh. Nerve root and plexus disorders (NA [39%] and GBS [37%]) were the most commonly reported HEV-related neurological disorders, followed by CNS disorder (meningoencephalitis [4%]). The majority of patients (88%) had normal bilirubin levels. Alanine aminotransferase (ALT) levels were widely variable (median [range]: 345.5 [16-4502] IU/L). HEV RNA was detected in serum in 94 (58%) cases. Genotyping was performed in 62 (38%) cases, which revealed that GT3 is the main GT (90%) associated with neurological disorders. HEV RNA was identified in CSF in 12 (7%) cases. Patients were mainly treated with supportive measures, intravenous Ig (IVIG), plasmapheresis, steroids, and physiotherapy. Antiviral treatment (ribavirin) was given to 16 (10%) patients only. Of the 163 patients, the follow-up details of 130 patients were available. Complete recovery was observed in 60 (46%) patients, while partial recovery or long-term disability and death were noted in 68 (53%) and 2 patients respectively.
Neurological disorders have also been described in cases of viral hepatitis A, B, and C[21-26]. Hepatitis C virus infection is often associated with neuropsychiatric disorders including peripheral neuropathy (mainly sensory), cognitive impairment, and cerebrovascular accidents. Encephalitis, myelitis, encephalomyelitis, and GBS are rarely described in patients with hepatitis C virus infection[21,22]. Hepatitis A virus infection is rarely associated with neurological disorders, especially GBS and encephalitis. Other hepatitis A-related neurological disorders include meningoencephalitis, meningitis, transverse myelitis, peripheral neuropathy, optic neuritis, and neuromuscular junction and muscular disorders[23-25]. Hepatitis B virus infection is rarely associated with neurological disorders, especially GBS and peripheral neuropathy[26]. GBS and peripheral neuropathy have been reported with viral hepatitis A, B, C, and E. It is interesting to note that NA is described in HEV infection alone.
The causal association of HEV infection with GBS, NA, and meningoencephalitis is supported by good evidence, including well-described case cohorts and a large number of case reports. However, the association of HEV infection with other neurological diseases is primarily based on a small number of case reports without sufficient evidence to establish a causal relationship.

NERVE ROOT AND PLEXUS DISORDERS
NA
NA — also known as Parsonage-Turner syndrome or brachial plexus neuritis—is a distinct disorder, with core features that include episodes of severe shoulder and arm pain at symptom onset, rapid multifocal paresis, and atrophy of the upper extremity muscles, and a slow recovery, requiring a few months to several years. The disease is characterized by the patchy distribution of motor, sensory, and autonomic symptoms. Any part of the brachial plexus and the lumbosacral plexus can be involved, with any combination of motor and sensory impairment. Involvement of nerves from regions other than the brachial plexus is noted in about one-fourth of patients. The pathogenesis of NA is unknown, but it may share its pathogenesis mechanism with post-infectious GBS. No currently available tests can unequivocally confirm or exclude NA, although needle electromyography (EMG) can help in estimating axonal damage and reinnervation. Exclusion of other disorders such as cervical disc herniation and neoplasms of the superior sulcus region are usually required[27].
NA is likely to be causally associated with HEV infection. In a study, acute HEV infection was identified in 10.6% of NA patients (n = 47)[28]. Another study demonstrated a high seroprevalence (6.9%) of acute HEV infection in a cohort of patients with acute non-traumatic, non-vascular neurological injuries (n = 159). Notably, more than half of the NA patients (57%) showed positive anti-HEV IgM assays[18]. Recently, a multi-center retrospective data analysis was performed for the comparison of HEV-associated NA (n = 57) and NA without HEV infection (n = 61). HEV-NA patients were found to have significantly more bilateral involvement (80% vs 9%), damage outside the brachial plexus (59% vs 11%), including phrenic nerve and lumbosacral plexus injury (25% vs 4% and 26% vs 7.0% respectively), sensory symptoms, and reduced reflexes. Despite more extensive damage to the brachial plexus in HEV-associated NA, the outcome was similar in the two groups. About 90% of patients with HEV-associated NA were anicteric[29].
Approximately 64 cases of HEV-associated NA have been reported to date[13,15-17,28-56]. The salient clinico-demographic features of NA are summarized in Tables 3 and 4. HEV-associated NA is predominantly seen in middle-aged males (mean age: 45.7 years; M:F = 6.5:1). Genotyping was conducted in 28 cases; all were found to be GT3. All patients were immunocompetent. All patients, except two, were from European countries. About 90% of the cases had bilateral involvement (89% vs 11% unilateral). Predominantly right-sided involvement was observed in 60% of the patients with bilateral involvement, whereas right-sided involvement was seen in 83% of the patients with unilateral involvement. An EMG was performed in 34 of the 64 cases and revealed denervation and/or damage of brachial plexus in 31 cases. Almost all patients (94%) had normal bilirubin levels and ALT levels were variable (median [range]: 1007 [22-2579] IU/L). HEV RNA was detected in serum in 44 cases but not detected in CSF. Patients were primarily treated with supportive measures, including physiotherapy. A total of nine patients were treated with ribavirin and IVIG. Complete recovery was seen in six patients only. Partial recovery and long-term disability was noted in 40 and 7 patients respectively.

GBS
GBS is an inflammatory disease of the nerve root and plexus and is the most common cause of acute flaccid paralysis. It should be considered a diagnosis in patients who have experienced rapidly progressive bilateral weakness of the legs and/or arms, in the absence of CNS involvement or other obvious causes. Patients with the classic sensorimotor form of GBS present with distal paresthesia or sensory loss, accompanied or followed by weakness that starts in the legs and progresses to the arms and cranial muscles. Reflexes are decreased or absent in most patients at presentation and in almost all patients at nadir. GBS is a clinical diagnosis, but additional investigations are mostly performed for confirmation. The diagnosis of GBS can be supported by a CSF examination finding of classical cytoalbuminologic dissociation—the combination of a normal cell count and increased protein level. Nerve conduction studies can be helpful but are generally not required to diagnose GBS[57].
Prior respiratory or gastrointestinal tract infection has been reported in approximately two-thirds of GBS patients. A specific pathogen can be identified in about 50% of cases of GBS with a suspected infectious precipitant. Epidemiological studies have shown that Campylobacter jejuni, Mycoplasma pneumoniae, Haemophilus influenzae, Cytomegalovirus, and Epstein-Barr virus infections are strongly associated with GBS. These pathogens appear to act as potential triggers of a postinfectious immune-mediated process leading to GBS. Molecular mimicry and cross-reactive immune triggers play an important role in the immunopathogenesis of GBS. Antibodies to gangliosides following infection with C. jejuni have been demonstrated in patients with GBS.
Recently, case-control studies and several case reports reported an association between acute HEV infection and GBS. The seroprevalence of acute HEV infection in patients with GBS has been found to range from 5% to 11%[57-61]. In a retrospective cohort study, 8% of patients (n = 73) with GBS showed positive IgM assays for HEV[58]. The association of HEV infection with GBS has been described in at least three well-described case-control studies. A study conducted in the Netherlands indicated a significantly higher frequency of acute HEV infection in GBS patients (5%) compared to healthy controls (0.5%)[59]. Another study from Japan demonstrated that 4.8% of the patients (n = 63) with GBS showed an association with acute HEV infection[60]. A study in Bangladesh documented that 11% of GBS patients (n = 100) were associated with acute HEV infection and seroprevalence was significantly higher for this group compared to patients with other neurological disorders as well as healthy controls[61]. In all studies, no clinical differences were observed between HEV-associated GBS and other GBS cases[58-61].
We found 61 cases of HEV-associated GBS reported in the medical literature[13,15,16,20,36,58-85]. Salient clinico-demographic features of GBS are summarized in Tables 3 and 4. The mean age of the patients was 51.16 years with an M:F of 2.42:1. Genotyping was performed in 13 cases. All patients, except three, were GT3. HEV-associated GBS is most commonly reported in Europe and Southeast Asia, followed by East Asia and China. The patients most commonly presented with acute inflammatory demyelinating polyneuropathy. The majority of patients (82%) had normal bilirubin levels, and ALT levels widely varied (median [range]: 1950 [57-4502] IU/L). HEV RNA was detected in serum in 20 cases, while HEV RNA was detected in CSF in 3 cases. Further, anti-ganglioside antibodies were documented in nine patients. Patients were mainly treated with supportive measures, including IVIG and physiotherapy. The follow-up details of 38 of 61 patients were available. Complete recovery was seen in only 23 patients. Partial recovery was noted in 14 patients and 1 patient died.

CNS DISORDERS
The association between HEV infection and CNS disorders, including meningoencephalitis, cerebral ischemia, seizure, and transverse myelitis was reported in a few case reports. Meningoencephalitis was reported in six cases with acute HEV infection (mean age: 44 years; M:F = 1:1)[17,20,35,86,87]. Genotyping done in two cases revealed GT3, and all patients were anicteric. The median (range) ALT was 142 (20-479) IU/L. HEV RNA was detected in serum in all patients, except one. CSF examination for HEV RNA performed in four cases revealed the presence of HEV RNA in two cases. Of the six cases, complete recovery was seen in five.
Cerebral ischemia was reported in six cases[17,20], and all patients were anicteric. Serum HEV RNA was detected in four patients with cerebral ischemia. However, HEV RNA was not detected in CSF. Seizures were reported in two cases with HEV infection[17]. Transverse myelitis was reported in an anicteric patient with acute HEV (GT3) infection, and HEV RNA was detected in both serum and CSF[88].

NEUROPATHIES
The association between HEV infection and neuropathy was reported in case series and reports. Mononeuritis multiplex, defined by asymmetric, asynchronous involvement of the noncontiguous nerve trunks has been documented in six patients with acute HEV infection (GT3) from France (mean age: 53.16 years; M:F = 1:1)[36]. All patients presented with neuropathic pain and paresthesia in multiple sites with hyporeflexia or areflexia, and all patients, except one, were anicteric. The median (range) ALT was 188 (118-3641) IU/L. HEV RNA was detected in serum in four cases. All patients, except one, had a complete recovery.
Peripheral neuropathy and small fiber neuropathy were reported in five cases, mostly from Europe (4/5; mean age: 57.4 years; M:F = 3:2)[16,20,89]. Genotyping done in two cases revealed GT3. Patients presented with neuropathic pain, paresthesia and weakness of limbs. All patients, except one, were anicteric. Median (range) ALT was 285 (30-1606) IU/L. HEV RNA was detected in serum in all five cases. HEV RNA was detected in CSF in two cases. Out of five, complete recovery was seen in two-cases only.

CRANIAL NEUROPATHIES
Cranial nerve involvement was seen in five patients with acute HEV infection (mean age: 53 years; M:F = 4:1)[16,17,90-92]. Cases were reported from Europe (n = 2), India (n = 2), and Japan (n = 1) respectively. Isolated facial nerve palsy (Bell’s palsy) and vestibular nerve involvement were seen in three and one patient respectively. Combined facial nerve and vestibular nerve involvement was noted in one patient. All patients were anicteric. Median (range) ALT was 1200 (60-3866) IU/L. HEV RNA was detected in serum in two cases. Genotyping was done in two cases and revealed GT3 and GT4 (Europe: GT1; Japan: GT4). CSF examination for HEV RNA was performed in none of the patients, and complete recovery was observed in all.

NEUROMUSCULAR JUNCTION AND MUSCLE DISORDERS
Cases of myasthenia gravis (n = 1) and myositis (n = 1) were also reported in serum HEV RNA positive patients[18,93]. However, HEV RNA was not detected in CSF.

OTHER NEUROLOGICAL DISORDERS
Meningoradiculitis refers to the combined involvement of meninges and nerve roots, and the lumbosacral region is the most common site of involvement. Etiology includes inflammatory, infectious, and neoplastic disorders. Recently, meningoradiculitis was reported in six patients with acute HEV infection from Europe[36,94,95]. The mean age of patients was 53.33 years with M:F of 1:1. Genotyping was done in five cases and showed GT3. Patients mainly presented with arthromyalgia and asthenia. All patients, except one, were anicteric. Median (range) ALT was 406 (40-822) IU/L. HEV RNA was detected in serum in all six cases. HEV RNA was detected in CSF in four cases. Of the six, complete recovery was noted in five cases.

DIAGNOSIS OF HEV INFECTION
Acute HEV infection is diagnosed through the detection of serum and/or stool HEV RNA by polymerase chain reaction (PCR), serum anti-HEV immunoglobulin M, HEV antigen, and rising anti-HEV immunoglobulin G titer. A negative PCR does not exclude acute infection, and serology sometimes gives false negatives in the case of immunocompromised patients. Therefore, serology and PCR testing are best used in combination. Testing for HEV should be conducted in all patients with suspicion of acute hepatitis, immunosuppressed patients with unexplained deranged liver function tests (LFTs), and in patients with NA and GBS. Testing is also suggested in patients with unexplained ACLF, and encephalitis or myelitis. Moreover, testing for proteinuria is suggested in HEV-infected patients[5].

TREATMENT
The HEV is spontaneously cleared in almost all patients with acute infection. Therefore, acute hepatitis does not require antiviral therapy. In a few case studies, ribavirin treatment of severe acute HEV infection showed rapid normalization of liver enzymes and viremia. Therefore, ribavirin treatment may be considered in cases of severe acute hepatitis E or ACLF[5,96]. Antiviral treatment is also suggested for patients with chronic HEV infection, and HEV-associated glomerular disease. There is no sufficient evidence of ribavirin use in HEV-associated neurological disorders.

PREVENTION
Several epidemiological factors associated with HEV infection are described in Table 1. HEV is principally transmitted via the fecal-oral route due to fecal contamination of drinking water. As such, it has been detected in sewage water, rivers, pork liver sausages, shellfish, cattle milk, unpeeled fruit, strawberries, berries, salads, and leafy green vegetables. Poor hygiene, exposure to contaminated environments, consumption of raw meat, exposure to soil, travel to endemic areas, contact with farm animals and pets, living in rural areas, and receiving lower levels of education were identified as risk factors for HEV infection. Transmission from infected blood products and vertical transmission are other modes of transmission[13]. The spread of HEV can be reduced by maintaining quality standards for public water supplies, ensuring proper disposal of human faces, maintaining individual hygienic practices, and avoiding consumption of foods of unknown purity. A recombinant subunit vaccine demonstrated efficacy against HEV infection. However, no vaccine is commercially available yet for this infection, except in China.

CONCLUSION
The neurologic manifestations of HEV infection are increasingly recognized worldwide, especially in Europe and Southeast Asia. Nerve root and plexus disorder (NA and GBS) are the most commonly reported diseases followed by meningoencephalitis. NA, GBS, and meningoencephalitis appear to be causally associated with HEV-infection. Further, GT3 is the most common GT identified in these patients. The majority of patients present without jaundice. However, the absence of jaundice and normal LFTs can mislead the physician. Thus, detailed neurological evaluation is warranted in patients with HEV infection and neurological symptoms. Patients with neurological disorders and deranged LFTs require further investigation to diagnose HEV infection. Testing for HEV in patients with neurological disorders and unexplained etiology can also be rewarding. Finally, there is no sufficient evidence of routine use of an anti-viral agent in HEV-related neurological disorders.
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[bookmark: _Hlk68024883][bookmark: _Hlk61966603][bookmark: _Hlk58003126]Figure 1 Schematic diagram demonstrating the potential mechanisms of extrahepatic manifestations of hepatitis E virus infection. HEV: Hepatitis E virus; IL: Interleukin.


[bookmark: _Hlk68025204]Table 1 Hepatitis E virus: Epidemiological features
	Genotype
	Hosts/reservoir
	Mode of transmission
	Geographic distribution
	Remarks
	Reported neurological manifestations1

	GT1
	Only humans
	Fecal-oral transmission
	Mostly Asia and Africa
	Large outbreaks; Self-limiting; High mortality in pregnancy
	Yes (2 cases)

	GT2
	Only humans
	Fecal-oral transmission
	Africa and Mexico
	Large outbreaks; Self-limiting; High mortality in pregnancy
	None

	GT3
	Human, swine, wild boar, goat, cattle, deer, camel and yak
	Zoonotic infections in humans; Blood transfusion
	Worldwide including Europe and America
	Can cause chronic infection in organ transplant patients
	Yes (56 cases)

	GT4
	Human, swine, wild boar, goat, cattle, deer, camel and yak 
	Zoonotic infections in humans; Blood transfusion
	China, Japan, South-east Asia
	Can cause chronic infection in organ transplant patients
	Yes (4 cases)




1See Table 3 for reported neurological manifestations. GT: Genotype.

Table 2 Relationship of hepatitis E virus infection with extrahepatic manifestations
	Extrahepatic manifestations
	Likelihood of causal relationship, Hill criteria[9,97]
	Evidence to support a casual role

	Neurological disorders
	
	

	Neuralgic amyotrophy
	Very probable
	Good

	Guillain-Barré syndrome
	Very probable
	Good

	Meningoencephaltis
	Very probable
	Good

	Others1
	Possible/under debate
	Remains to be established

	Kidney disorders
	
	

	Membranoproliferative glomerulonephritis
	Very probable
	Good

	Membranous glomerulonephritis
	Very probable
	Good

	IgA nephropathy
	Very probable
	Good

	Gastrointestinal disorder
	
	

	Acute pancreatitis
	Very probable
	Remains to be established

	Hematological diseases
	
	

	Thrombocytopenia, monoclonal gammopathy of uncertain significance, Cryoglobulinemia, hemolytic anemia, aplastic anemia
	Possible
	Remains to be established

	Autoimmune hepatitis, myocarditis, thyroiditis
	Doubtful/under debate
	Remains to be established




1See Table 3 for other neurological disorders. IgA: Immunoglobulin A.

Table 3 Hepatitis E virus-related neurological manifestations
	Diseases
	n (%)
	Geographic distribution
	Mean age in yr
	M:F ratio
	Serological diagnosis
	Serum HEV-RNA
	Genotype
	CSF HEV-RNA
	Elevated bilirubin, n
	Median (range) ALT in IU/L
	Use of anti-viral
	Recovery

	Nerve root and plexus disorders

	Neuralgic amyotrophy[13,15-17,28-56]
	64 (39)
	Europe: 62; SEAR: 1; United States: 1 
	45.7
	6.5:1
	51
	44
	GT3: 28
	0
	4
	1007 (22-2579)
	9
	CR: 9; PR: 47; NM: 8

	Guillain-Barré syndrome[13,15,16,20,36,58-85]
	61 (37)
	SEAR: 21; Europe: 30; China/Hong Kong: 5; Japan: 4; Iraq: 1
	51.16
	2.42:1
	46
	20
	GT3: 10; GT4: 1; GT1: 2
	3
	11
	1950 (57-4502)
	1
	CR: 23; PR: 14; Died: 1; NM: 23

	Central nervous system disorder

	Meningoencephalitis[17,20,35,86,87]
	6 (4)
	Europe: 2; China: 2; SEAR: 1; United States: 1
	44
	1:1
	6
	5
	GT 3: 2
	2
	0
	142 (20-479)
	1
	CR: 5; NM: 1

	Cerebral ischemia[17,20]
	5 (3)
	Europe: 3; China: 2
	66
	4:1
	5
	4
	GT3: 2
	0
	0
	18 (8-28)
	0
	CR: 3; PR: 2

	Seizures[17]
	2 (1)
	Europe
	71
	1:1
	2
	1
	GT3: 1
	0
	0
	19 (10-28)
	0
	CR: 2

	Transverse myelitis[88]
	1 (0.6)
	Europe
	62
	0:1
	1
	1
	GT3: 1
	1
	0
	1152
	0
	PR: 1

	Neuropathy

	Mononeuritis multiplex[36]
	6 (4)
	Europe
	53.16
	1:1
	6
	4
	GT3: 3
	0
	1
	188 (118-3641)
	1
	CR: 5; PR: 1

	Peripheral neuropathy[16,20,89]
	5 (3)
	Europe: 4; China: 1
	57.4
	3:2
	5
	5
	GT3: 2
	2
	1
	285 (30-1606)
	1
	CR: 2; PR: 3

	Cranial neuropathy

	Cranial neuropathy[16,17,90-92]
	5 (3)
	SEAR: 2; Europe: 2; Japan: 1
	53
	4:1
	2
	2
	GT3: 1; GT4: 3; ND
	0
	0
	1200 (60-3866)
	0
	CR: 5

	Neuromuscular junction and muscle disorders

	Myositis[93]
	1 (0.6)
	Europe
	57
	1:0
	1
	1
	ND
	0
	1
	1030
	1
	CR:1

	Myasthenia gravis[18]
	1 (0.6)
	Europe
	33
	0:1
	1
	1
	GT3: 1
	0
	0
	190
	1
	NM: 1

	Others neurological disorders

	Meningoradiculitis[36,94,95]
	6 (4)
	Europe
	53.33
	1:1
	6
	6
	GT3: 5
	4
	1
	406 (40-822)
	1
	CR: 5; Died: 1

	Total cases, n (%)

	Total
	163
	Europe: 120 (74); WHO SEAR: 25 (15); China/Hong Kong: 10 (6), Japan: 4; United States: 2; Iraq: 1
	53.9
	2.84:1
	132 (81)
	94 (58)
	GT3: 56 (90); GT4: 4; GT1: 2
	12 (7)
	19 (12)
	345.5 (16-4502)
	Ribavirin: 16 (10)
	CR: 60 (46); PR: 68 (53) Died:2; NM 33 (20)




ALT: Alanine aminotransferase; CR: Complete recovery; CSF: Cerebrospinal fluid; GT: Genotype; HEV: Hepatitis E virus; M:F ratio: Male to female ratio; NM: Not mention; PR: Partial recovery; SEAR: South-East Asia Region; WHO: World Health Organization.

Table 4 Clinical description of nerve root and plexus disorders, n = 125
	Nerve root and plexus disorders
	Source of infection
	Hepatitis-neurological involvement interval
	Type of involvement, n (%)
	Specific remarks, n (%)

	Neuralgic amyotrophy (n = 64)
	Described in 9. Sausage figatelli: 3; Vegetables: 2; Uncooked pork: 1; Manipulation of horse manure: 1; Travel history: 2
	Described in 29. Mean delay: 8.4 d
	Described in 54. Brachial plexus involvement: Bilateral 48 (89) [right > left: 15 (60); left > right: 10 (40); not described: 23]; Unilateral 6 (11) [right: 5 (83); left: 1]
	94% had normal bilirubin levels. EMG findings mentioned: 34; Denervation and/or damage of brachial plexus: 31 (91)

	Guillain-Barré syndrome (n = 61)
	Described in 5. Sausage figatelli: 2; Uncooked pork: 1; Dear meat: 1; Contact with farm animals: 1
	Described in 51. Mean delay:15 d; Concomitant: 6 patients
	Described in 38. Acute inflammatory demyelinating polyneuropathy: 28 (74); Acute motor-sensory axonal neuropathy: 5 (13); Acute motor axonal neuropathy: 4 (11); Miller Fisher syndrome: 1 (3)
	82% had normal bilirubin levels; Anti-ganglioside GM1 antibodies: 4; Anti-ganglioside GM 2 antibodies: 4; Anti-GQ1b ganglioside antibody: 1




EMG: Electromyography.
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