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ABSTRACT

Hepatitis E is the most common cause of

hepatitis worldwide. While originally considered

a disease of developing countries, it is

increasingly recognised in developed countries,

probably related to contaminated pork meat, and

where infection is often asymptomatic. However,

several non-liver manifestations have become

apparent, the most important of which are

neurological, including Guillain-Barr�e syndrome

(acute inflammatory demyelinating

polyradiculoneuropathy (AIDP)), neuralgic

amyotrophy and meningoencephalitis. We

recommend testing all patients with AIDP and

neuralgic amyotrophy for hepatitis E and

consider testing any patient with an unexplained

neurological illness and abnormal liver function

tests for the virus.

INTRODUCTION

The naming of a viral illness often reflects

some aspect of the disease it causes. Yellow

fever, glandular fever, hand foot and

mouth are self-evident, descriptive labels.

The group of viral illnesses bearing the

name ‘hepatitis’ should, therefore, signal

primarily a liver disorder, and any extrahe-

patic features represent a secondary

phenomenon. This holds true for hepatitis

A, B, C and D and until recently was

believed to be the case for hepatitis E virus

(HEV). In this article, we demonstrate that

HEV has other, perhaps more significant,

neurological associations and that we

ought to be alert to HEV as a neurotropic

virus.

HEPATITIS E IN DEVELOPING

COUNTRIES

HEV is the most common cause of hepa-

titis worldwide.1 It is a non-enveloped

single-stranded RNA virus of the genus

hepesvirus. It was originally thought to

be a disease of developing countries,

where genotypes 1 and 2 predominate,

and where it is an obligate human

pathogen transmitted by ingestion of

faecally contaminated water. The illness

usually affects young adults and is usually

self-limiting, except in pregnant women

where the mortality is 25%. Sporadic

cases are commonplace, but occasional

spectacular outbreaks occur involving

hundreds or thousands of cases.2 Such

outbreaks usually result from the break-

down in sanitary infrastructure, as in the

recent outbreaks in the refugee camps in

South Sudan.3

ZOONOTIC HEV IN DEVELOPED

COUNTRIES

Recently, it has been recognised that HEV

is also endemic in developed countries,

including Europe, where genotypes 3 and

4 predominate. In these areas, HEV is

largely a porcine zoonosis.4 One impor-

tant route of transmission is via

contaminated pork meat, as HEV has

been found in pork products in the

human food chain in many countries in

Europe, USA and Japan (figure 1). It

takes cooking temperatures of 71�C for

20min to inactivate HEV completely.5 6

In the UK, it is unlikely that the average

sausage is cooked within these parame-

ters. In developed countries, zoonotic

hepatitis E tends to cause an acute hepa-

titis in older men or result in a chronic

infection in immunocompromised

patients, including solid organ transplant

recipients, patients with haematological

malignancy and people with HIV.7 8

Chronically infected patients have no

symptoms, but develop rapidly progres-

sive cirrhosis: if left untreated, 10% are

cirrhotic within 2 years. The prevalence

of chronic infection with HEV varies

between countries, but is between 1%

and 2% in most European transplant

centres. Chronic infection occurs with

any type of organ transplant and in chil-

dren as well as adults.2
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The incidence of hepatitis E varies between coun-

tries and over time. For example, in the UK, the

incidence is 0.2%, but for unknown reasons it is

much higher in Southwest France (2%–3%).2 These

incidence estimates equate to very large numbers of

infections, and in England alone there are at least

100 000 infections every year.9 Most (>95%) infec-

tions are either asymptomatic or unrecognised

(figure 2). As the incidence of hepatitis E is so high

and infection is very commonly asymptomatic, it

comes as no great surprise that HEV has found its

way into the blood supply. What has astonished

many observers is the frequency with which this

occurs (table 1).

The number of blood donors who are viraemic at

the time of donation ranges from 1 in 600 in the

Netherlands10 to 1 in 14 500 in Scotland.11 In

England, 1 in 2848 donors were viraemic in a study

from 2013 to 2014.9 Targeted screening of blood

donors (whose blood/blood products are destined for

high-risk groups including the immunosuppressed)

started in the UK in February 2016. Initial data

suggest that the number of viraemic donors in the UK

is an order of magnitude higher than anticipated,

particularly so in Scotland. In the UK, donor HEV

viraemia rates now approach 1 in 1000.12 The reason

for this recent upswing in incidence of HEV in the

UK is unknown, but these data confirm unequivocally

that we have currently huge amounts of circulating

HEV in the community (figure 3). What is fascinating

is that very commonly the viraemic blood donors

have normal liver function tests. This is surprising for

a virus that is considered to be primarily

‘hepatotropic’.

Symptoms

Most patients with acute hepatitis E infection have

no symptoms. Older men tend to develop symp-

tomatic hepatitis when exposed to HEV for

unknown reasons.13 The symptoms of hepatitis E

infection are indistinguishable from other forms of

acute viral hepatitis (table 2), except an increasing

number of patients are being recognised with

primarily a neurological illness (see below). Patients

with underlying chronic liver disease have a poor

prognosis with a mortality of 27%14; their cause of

death is usually (sub)acute liver failure.

In chronic infection, the immunosuppressed patients

have no symptoms, and the only clue to the diagnosis is

a mildly raised serum alanine aminotransferase, typi-

cally 200–300 IU/L. Untreated, they present a year or

two later with symptoms and signs of chronic liver

disease.2

Figure 1 Zoonotic hepatitis E virus (HEV): sources and routes of infection. The red lines are proven routes of infection. The black

lines are probable routes of infection. The black dotted lines are possible routes of infection. The pig is considered to be the primary

reservoir and is very commonly asymptomatically infected with HEV worldwide.
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Diagnosis

The diagnosis is confirmed by a combination of

serology (anti-HEV IgM and IgG) together with HEV

PCR. The period of viraemia may only be brief, so a

negative PCR does not necessarily exclude the diag-

nosis. In the UK, hepatitis E is a notifiable infection

by statute (https://www.gov.uk/guidance/notifiable-

diseases-and-causative-organisms-how-to-report#list-

of-notifiable-diseases).

Treatment

The vast majority of patients with acute HEV require

no treatment. In patients with severe hepatitis and/or

underlying chronic liver disease, ribavirin therapy

causes rapid viral clearance and may be of benefit.15

Patients with chronic infection require treatment.

In transplant recipients, the first step is to reduce the

immunosuppressive therapy. This will achieve viral

clearance in about 30%. Where this is not possible

or unsuccessful, ribavirin therapy for 3 months is

usually successful.1

NEUROLOGICAL MANIFESTATIONS

There have been several extrahepatic manifestations

reported with hepatitis E (box 1). The most

common are neurological, occurring in 8% of infec-

tions in one study13 from Southwest England. The

first case of HEV-associated Guillain-Barr�e

syndrome (GBS) was reported in 2000.16 This was

followed by other case reports, mainly from Asia.

HEV-associated neurological injury did not appear

on the ‘radar’ until 2011, with the publication of a

series of seven cases from the well characterised

cohorts of acute and chronic genotype 3 HEV from

Cornwall, UK and Toulouse, France.17 Since then,

approximately 100 cases of HEV-associated neuro-

logical disease have been published. Nearly all are

from Europe and Asia, with only one from the

USA, which may reflect a bias in testing. Genotypes

1 and 3 are the only strains associated. The

illnesses all appear to be monophasic.

Guillain–Barr�e syndrome

The association with preceding infection is well

recognised in the acute inflammatory demyelinating

polyradiculoneuropathy (AIDP) variant of GBS and

occurs in up to two-thirds of patients. Campylo-

bacter jejuni is the single most commonly identified

agent, and the illness is thought to result from an

autoimmune response with cross-reactivity between

ganglioside epitopes on the organism and myelin. It

has long been recognised that raised liver function

tests occur in AIDP.18 After several case reports

linking HEV and AIDP appeared in the literature, a

case–control study of 201 Dutch patients with AIDP

found 5% with anti-HEV IgM, suggesting recent or

active infection, with 0.5% in 201 controls.19 In the

HEV-associated cases of GBS, HEV RNA was

isolated from the blood in 30%, none of the

patients were jaundiced, and 70% showed mildly

abnormal liver function tests. There were similar

findings in studies in Bangladesh,20 Japan21 and

Belgium.22 There appears to be no difference in the

clinical manifestations and course or outcomes of

HEV-related and non-HEV-related AIDP.

Figure 2 Schematic representation of hepatitis E virus (HEV)

genotype 3 in developed countries. The vast majority of cases

cause asymptomatic infection. Only a small minority of

infections cause clinically apparent hepatitis. The blue/grey areas

represent patients who are symptomatic but currently frequently

unrecognised. This includes patients with a range of HEV-

associated neurological syndromes.

Table 1 Hepatitis E virus (HEV) viraemia in blood donors in
developed countries

Country Blood donors HEV RNA
positive

Reference

The Netherlands 1:600
1:2671

Hogema et al31

Slot et al32

Germany 1:1200 Vollmer et al33

Japan 1:1781 Fukuda et al34

France 1:2218 Gallian et al
35

England 1:2848 Hewitt et al9

Sweden 1:7986 Baylis et al36

Austria 1:8416 Fischer et al37

USA 1:9500 Stramer et al38

Scotland 1:14 520 Cleland et al11
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Neuralgic amyotrophy

A significant proportion of patients with neuralgic

amyotrophy also report a preceding infection, but no

single infective agent predominates. A study of two

cohorts of patients from the UK and the Netherlands

found that 10% of patients had acute HEV infection.23

The UK cases were retrospectively identified, but those

in the Dutch group were from a prospective trial of

corticosteroid therapy. All were anicteric, had mildly

elevated liver function tests (in some cases they were

normal), and in all but one case, HEV RNA (genotype

3) was found in the serum. All were locally acquired

infections, without a clear source of infection. There

have now been over 30 cases of HEV-associated

neuralgic amyotrophy reported in the literature, mostly

from Europe.24

The clinical phenotype of HEV-associated neuralgic

amyotrophy appears to be a bilateral disorder inmiddle-

aged men, affecting any part of the brachial plexus in a

patchy manner. Some patients have lumbosacral and

phrenic nerve involvement. The outcome of neuralgic

amyotrophy associated with HEV may be less favour-

able than in those cases not associated with HEV. A

multinational study is currently underway to address

this issue and clarify the clinical phenotype. A handful of

patients with HEV-associated neuralgic amyotrophy

have received ribavirin and intravenous immunoglob-

ulin with a variable outcome. Because of the variable

natural history of neuralgic amyotrophy and the small

number of cases involved, the efficacy of antiviral

therapy remains to be established.

Meningoencephalomyelitis

There have only been 12 cases of HEV-associated

cases reported, usually an encephalitis, often in solid

organ transplant recipients, where there was a promi-

nent ataxic syndrome. An associated meningitis or

myelitis has also been reported. A peripheral compo-

nent is common, including an AIDP-type syndrome,

demyelinating neuropathy and a painful neuropathy.

Viral RNA was recovered from cerebrospinal fluid

(CSF) in many, suggesting direct invasion as a cause

of the central nervous system illness, so it is possible

that the peripheral nerve features are also direct

effects and support this aetiology in the other periph-

eral nerve disorders. In immunocompromised

patients, outcomes were poor, but recovery was usual

in the others. Liver function tests were only mildly

elevated.

Other neurological associations

A mononeuritis multiplex is the next most frequently

reported neurological condition and is usually painful,

asymmetric and asynchronous.25 The pathology is

unknown, as nerve biopsies have not been under-

taken. Myositis is rarely reported, but one severe case

responded to ribavirin.

Chance association or causality?

We are all well aware of the dictum ‘association does

not imply causation’. Does HEV have a causal role in

the neurological syndromes described above or is it just

a chance association? Causality is difficult to prove, but

our view is that there is a causal relationship,

Figure 3 Worldwide distribution of clinical cases of hepatitis E virus (HEV) infection. The Netherlands (NL) and Southwest France (Fr)

are considered hyperendemic areas for HEV genotype 3 (black squares). Recent data suggest that the incidence in the UK is now also

very high. A large number of cases were also reported in the Czech Republic (Cz) and the seroprevalence in the Abruzzo region of

central Italy (It) is nearly 50%.39
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particularly in GBS, neuralgic amyotrophy and menin-

goencephalomyelitis.24 HEV has been temporally

associated with all three of these neurological illnesses

from differing geographical areas and with differing

genotypes. In one well-documented case of HEV-asso-

ciated peripheral neuropathy in a patient with chronic

HEV infection, neurological symptoms resolved

following viral clearance.26 Finally, in our clinical prac-

tice, a combination of bilateral shoulder pain,

abnormal liver function tests in a man aged 35–60

years strongly predicts HEV infection.
We do not know the mechanisms whereby HEV

causes neurological injury. It could be immune-medi-

ated, or HEV might be directly neurotropic. Some

evidence suggests that HEV is neurotropic, and in some

cases HEV RNA has been recovered from the CSF.24 26

The HEV quasispecies in the CSF was different to that

recovered from the serum in one chronically infected

patient.27 Recent in vitro and in vivo evidence shows

thatHEV growswell on a range of neurological cell lines

and can cross the blood–brain barrier in animals.28 29

CONCLUSIONS

As neurologists, we tend to overlook non-neurological

possibilities in our differential diagnosis. How often

have we dismissed mildly elevated liver function tests as

being a non-specific response to inflammation? Even

our general medical colleagues may show a similar

single-mindedness. For example, a significant minority

of ‘drug-related liver dysfunction’ are HEV infec-

tions.30 HEV is now recognised as a cause of peripheral

nerve inflammatory disorders, notably AIDP and

neuralgic amyotrophy, as well as mononeuritis multi-

plex, with a pathophysiology of a variable blend of

autoimmune phenomenon and direct infection. An

association with central nervous system manifestations

is likely, particularly in solid organ transplant recipients,

and may represent a direct infection.

Despite the nomenclature, it is important to empha-

sise that patients with HEV-associated neurological

injury do not usually present with jaundice. We would

recommend testing for HEV in any patient with AIDP,

neuralgic amyotrophy, meningoencephalomyelitis, any

likely inflammatory peripheral nerve disorder where

liver function tests are elevated and possibly in any

neurological disorder with unexplained increases in

liver function tests. The role of HEV in other neurolog-

ical disorders remains to be established, but these are

Table 2 Symptoms of acute hepatitis E caused by hepatitis E virus
genotype 3

Symptom Frequency (%)

Jaundice 58

Malaise 34

Vomiting 29

Abdominal pain 26

Anorexia 23

Myalgia 14

Fever 11

Weight loss 10

Neurological 8

Arthralgia 7

Miscellaneous* 5

Data derived from a hospital-based series of 106 patients with locally
acquired hepatitis E from Southwest England 13. Patients presenting
with neurological illness were younger and had a milder hepatitis than
those patients presenting without neurological symptoms.

*Miscellaneous: back pain, diarrhoea, rash, and muscle weakness.

Box 1 Extrahepatic manifestations of hepatitis E

Neurological

" Guillain-Barr�e syndrome
" Neuralgic amyotrophy (brachial neuritis)
" Meningoencephalitis
" Mononeuritis multiplex
" Bell’s palsy
" Vestibular neuritis
" Peripheral neuropathy
" Myositis

Haematological

" Thrombocytopenia
" Monoclonal immunoglobulin
" Cryoglobulinaemia

Nephrological

" Glomerulonephritis

Miscellaneous

" Acute pancreatitis
" Arthritis
" Autoimmune thyroiditis
" Myocarditis

Key points

" Patients with hepatitis E virus (HEV)-associated neurological
disease nearly always do NOT present with jaundice.

" All acute inflammatory demyelinating polyradiculoneurop-
athy and neuralgic amyotrophy—test for HEV (irrespective of
liver function tests results).

" Abnormal liver function tests in any neurological disorder—
test for HEV.

" Bilateral shoulder pain in a male aged 30–60 years with
abnormal liver function tests is HEV until proven otherwise.

" Unexplained meningoencephalitis—think of HEV.
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exciting times, and the full spectrum of associations

will eventually unfold. In the meantime, please

barbeque your pork sausages well.
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