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Abstract

AIM: To examine the incidence of hepatitis E (HepE)
in individuals with acute liver injury severe enough to
warrant treatment at a transplant unit.

METHODS: Hepatitis E virus (HEV) is an emerging
pathogen in developed countries causing severe illness,
particularly in immunocompromised patients or those
with underlying chronic liver disease. HepE infection is
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often under diagnosed, as clinicians can be reluctant to
test patients who have not travelled to regions tradition-
ally considered hyperendemic for HepE. There are few
data regarding the significance of HEV in patients with
very severe acute liver injury in developed countries.
Eighty patients with acute severe liver injury attending
the Scottish Liver Transplant unit were tested for HEV
and anti-HEV IgG and IgM. Severe acute liver injury
was defined as a sudden deterioration in liver function
confirmed by abnormal liver function tests and coagu-
lopathy or presence of hepatic encephalopathy. Eighty
percent of these patients were diagnosed with parace-
tomol overdose. No patients had a history of chronic
or decompensated chronic liver disease at time of
sampling. IgG positive samples were quantified against
the World Health Organization anti-HEV IgG standard.
Samples were screened for HEV viral RNA by quantita-
tive reverse transcription polymerase chain reaction.

RESULTS: Four cases of hepatitis E were identified.
Three of the four cases were only diagnosed on retro-
spective testing and were initially erroneously ascribed
to drug-induced liver injury and decompensated chronic
liver disease, with the cause of the decompensation
uncertain. One case was caused by HEV genotype 1 in
a traveller returning from Asia, the other three were
autochthonous and diagnosed on retrospective testing.
In two of these cases (where RNA was detected) HEV
was found to be genotype 3, the most prevalent geno-
type in developed countries. Three patients survived,
two of whom had been misdiagnosed as having drug
induced liver injury. The fourth patient died from sepsis
and liver failure precipitated as a result of hepatitis E
infection and previously undiagnosed cirrhosis. Histopa-
thology data to date is limited to mainly that seen for
endemic HepE. All patients, with the exception of pa-
tient 1, demonstrated characteristics of HepE infection,
as seen in previously described locally acquired cases.

CONCLUSION: In patients with acute severe liver in-

jury, HEV testing should be part of the initial diagnostic
investigation algorithm irrespective of suspected initial
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diagnosis, age or travel history.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Misdiagnosis of hepatitis E infection in drug
induced liver injury has been noted in patients previ-
ously in South East England (13%) and the United
States (3%). However, hepatitis E virus is still not given
precedence when diagnosing these individuals. In our
study, 5% of individuals tested were misdiagnosed and
viraemic. It is an important clinical point that the diag-
nosis of drug induced liver injury is not secure without
first excluding hepatitis E, irrespective of travel history,
particularly in patients with elevated transaminases.

Crossan CL, Simpson KJ, Craig DG, Bellamy C, Davidson J,
Dalton HR, Scobie L. Hepatitis E virus in patients with acute se-
vere liver injury. World J Hepatol 2014; 6(6): 426-434 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v6/16/426.
htm DOI: http://dx.doi.org/10.4254/wjh.v6.16.426

INTRODUCTION

Hepatitis E has previously been considered a disease of
developing countries. In these hyperendemic settings
hepatitis E often occurs in large outbreaks involving hun-
dreds or thousands of cases, such as the recent epidemic
in south Sudan™”. In such geographical settings hepatitis
E virus (HEV) is spread oro-faecally viz infected water
supplies. Most patients recover, but the mortality rate is
high in pregnant females and patients with underlying
chronic liver disease’”. Over recent years, locally acquired
hepatitis E has been reported from many developed
countries, where it is considered to be a porcine zoono-
sis™. Locally acquired acute hepatitis E is more common
in middle aged and elderly males, and in most patients
causes a self-limiting hepatitis which last 4-6 wk!,

In some European countries such as England, France
and Germany, a large number of sporadic cases of lo-
cally acquired hepatitis E have been documented. For ex-
ample, in 2011, 454 cases of laboratory-confirmed cases
wete documented in England and Wales!”! (http:/ /www.
hpa.org.uk/hpr/archives/2012/news3212.htm#hev),
and these were mostly locally acquired. In contrast, in the
United States only a handful of cases have been docu-
mented despite an anti-HEV seroprevalence of 21%",
This suggests that sub-clinical and/or unrecognised in-
fection is common.

In developed countties, there have been very few pre-
vious studies of HEV in patients with acute liver injury
severe enough to warrant assessment and treatment at a
liver transplant unit. The aim of this study was to retro-
spectively determine the role and contribution of HEV
infection in patients presenting with acute severe liver
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injury to the Scottish Liver Transplantation Unit (SLTU),
Edinburgh, Scotland.

MATERIALS AND METHODS

The SLTU admits patients from hospitals in Scotland
with severe acute liver injury for assessment and treat-
ment, and covers a population of 5254800 (http://www.
gro-scotland.gov.uk/files2/stats/annual-review-2011/
rgar 2011.pdf). The cohort studied included 80 patients
with severe acute liver injury admitted to the SLTU be-
tween December 2008 and May 2012 (Tables 1 and 2).
Severe acute liver injury was defined as a sudden dete-
rioration in liver function confirmed by abnormal liver
function tests and coagulopathy or presence of hepatic
encephalopathym. No patients had a history of chronic
or decompensated chronic liver disease. The majority
(80%) of cohort patients were referred to SLTU in the
context of paracetamol overdose (POD). The other aeti-
ologies are reflective of the diversity of patients referred
to the unit. Despite the large proportion of POD cases
within the cohort we felt HEV testing was justified given
that infection with hepatitis A, hepatitis C andthere are
several publications implicating HEV in the misdiagnosis
of POD and DILL"™. Also, paracetamol ingestion is
common in patients with viral hepatitis and may lead to
confusion as to the cause liver injury“SJ.

Serum samples from all 80 patients, taken at pre-
sentation and stored at -80 ‘C"" were tested for the
presence of anti-HEV IgM and IgG antibodies and
HEV RNA. Antibody screening was carried out using
commercial assays for anti-HEV IgM and IgG (Wantai,
Beijing, PR China) according to manufacturer’s instruc-
tions. IgG positive samples were quantified against the
World Health Organization (WHO) anti-HEV IgG
standard. HEV RNA screening was carried out using
a HEV pan-genotype quantitative reverse transcrip-
tion polymerase chain reaction assay with tagman probe
and primer sequences targeting the open reading frame
(ORF)2/3 region of the HEV genome described by
Jothikumar ez " RNA positive samples were quantified
against the WHO HEV RNA standard and the limit of
detection of the assay was determined to be 250 WHO
IU/mL. Positive samples underwent conventional PCR
using primer sequences targeting the ORF2 region previ-
ously described by Erker e a/'”. Cloning of the ORF2
amplicons was performed using the pGem-T-Easy vec-
tor (Promega, Southampton, United Kingdom) and
sequenced (GATC, Konstanz, Germany). Sequence data
was aligned against known HEV genotype sequences
using alignment software ClustalW2 (http://www.ebi.
ac.uk/Tools/msa/clustalw2/). The Health Protection
Agency guidelines for HEV diagnosis were followed
when assigning diagnoses in this study. Briefly, the crite-
ria for diagnosing an acute HEV infection is defined as;
clinical and/or biochemical findings consistent with acute
viral hepatitis together with virology laboratory markers
consistent with acute infection; this must include the de-
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Table 1 Patient cohort

n Gender Age ALT Bilirubin Creatinine PT WBC Liver
Male Female mean + SD (10-50 IU/L) (< 17 umol/L) (45-110 pmol/L) (8-12's) (4.3-10.8 x10° cells/L) failure'
80 36 (45%) 44 (55%) 38.7+14.1 5112 +3492 118 £ 96 181 £ 136 52+34 9.96 + 6.51 47 (58.8%) SWOTX 54 (67.5%)
SWTX 11 (18.3%)

Died 15 (13.8%)

Outcome

'Defined as loss of hepatic cellular function and subsequent development of coagulopathy, jaundice and encephalopathy. Normal range indicated in brack-
ets. ALT: Alanine aminotransferase; PT: Prothrombin time; WBC: White blood cell; SWOTX: Survived without transplant; SWTX: Survived with transplant.

Table 2 Prevalence of patient

Diagnosis POD Acute Autoimmune Post LTX Fatty Malignancy DILI Acute Ischaemic
viral hepatitis graft liver of porphyria hepatitis

hepatitis nonfunction pregnancy
Prevalence 64 (80%) 6' (7.5%) 3 (3.75%) 2(2.5%) 1(1.25%) 1(1.25%) 1(1.25%) 1(1.25%) 1(1.25%)

'The causes of acute viral hepatitis prior to retrospective testing were acute hepatitis B (1 = 3), acute hepatitis C (1 = 1), and acute hepatitis E (n = 1, case 4
who had travelled to India and was tested for hepatitis E virus at presentation). The diagnoses described are the diagnoses before retrospective testing for

hepatitis E virus was undertaken. POD: Paracetamol overdose; LTX: Liver transplant; DILI: Drug induced liver injury.

tection of HEV RNA. Laboratory markers of probable
cases must include the detection of anti-HEV IgG and
IgM antibodies but allows for the absence or non-testing
of HEV RNA (http://wwwhpa.orguk/webc/HPAweb-
File/HPAweb_C/1287146735973).

RESULTS

From the 80 patients cohort; 72 (90%) patients tested
anti-HEV IgG negative, anti-HEV IgM negative and
HEV RNA negative; 4 (5%) patients tested anti-HEV
IgG positive, anti-HEV IgM negative and HEV RNA
negative; 3 (3.75%) patients tested anti-HEV IgG posi-
tive, ant-HEV IgM positive and HEV RNA positive; 1
(1.25%) patient tested anti-HEV IgG positive, anti-HEV
IgM positive and HEV RNA negative (Table 3). No pa-
tient diagnosed with hepatitis B, hepatitis C, autoimmune
hepatitis, post liver transplant graft non-function, fatty
liver of pregnancy, ischaemic hepatitis, malignancy or
acute porphyria tested positive for hepatitis E (Table 1).
The 4 patients with corresponding anti-HEV IgM posi-
tive results, suggestive of active infection at time of test-
ing, are described in further detail below:

Patient 1

A 58-year-old female presented with a 24 h history of
jaundice and itch. She complained of generalised mal-
aise/fatigue for 1 wk and dark tea-coloured urine for 3 d,
but no abdominal pain, nausea or vomiting. The patient
had travelled to Ibiza (Spain) 1 mo and Cornwall (Eng-
land) 2 wk previously. After returning with a dry cough,
she visited her General Practitioner, who prescribed a
short course of clarithromycin. The patient had also re-
cently begun taking simvastatin and diclofenac and was
a regular user of aspirin and nifedipine. The patient had
no history of liver problems and only light alcohol con-
sumption (< 48 g/wk, maximum recommended limit for
females = 112 g/wk). Liver function tests showed highly

Baishidenge  WJH | www.wjgnet.com

elevated transaminases (Table 3). Tests for hepatitis A, B,
C and autoantibodies were negative, alpha-1-antitrypsin
and ceruloplasmin wete normal, serum ferritin 1871 ug/
L (normal range 14-150), iron 15 pmol/ L (normal range
10-28), transferrin 2.1 g/L. (normal range 2-4), transfer-
rin saturation 27%. An ultrasound scan showed no focal
abnormality, contracted gall bladder, no biliary dilata-
tion, normal kidneys/spleen and no free intra-abdominal
fluid.

After withdrawal from all her medication, the patient’s
liver function tests improved. The patients liver dysfunc-
tion was therefore attributed to drug induced liver injury
(DILI). However, in retrospect a diagnosis of acute
hepatitis E was made, as she was anti-HEV IgM and IgG
positive, and her serum contained a high titre of HEV
RNA (Table 3). Sequencing of the patient’s viral RNA
showed it to be of genotype 3 (Figure 1).

Patient 2

A 67-year-old female presented to the referring hospital
with acute hepatitis after returning from Spain 4 wk ear-
lier. She had significant comorbidity; non-insulin depen-
dent diabetes, hypertension, chronic kidney disease and
alcohol excess (224-258 g/wk). Because of developing
hepatic encephalopathy, increasing fluid overload and
renal injury the patient was transferred to SLTU. The
patient underwent a transjugular liver biopsy to clarify
the diagnosis. The biopsy showed cirrhosis with sparse
steatohepatitis and a low grade cholestatic hepatitis (Fig-
ure 2). She developed sepsis complicated by multi-organ
failure and died despite supportive care, including dialysis
and norepinepherine. This patient was anti-HEV IgM
and IgG positive. Retrospective RNA screening and se-
quencing showed this patient demonstrated HEV geno-
type 3 in her stored blood sample (Figure 1 and Table 3).

Patient 3

A 27-year-old male Polish immigrant living in London
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Figure 1 Phylogenetic relationship between the 4 hepatitis E virus geno-
type reference sequences and those isolated from a United Kingdom
swine (AF503512), a United Kingdom patient with locally acquired hepatitis
E virus (AY362357), genotype 3 subtypes described in™ and the patients
discussed in this paper. Sequences were assembled using ClustalW and
the phylogenetic tree expressed in the Newick format using NJ plot®”. The
121 bp sequences correspond to nucleotides 6332-6476 of hepatitis E virus
genotype 3 reference strain AF060668.

Patient 2, although presenting with severe acute liver
injury, had previously undiagnosed cirrhosis, likely due
to a combination of alcoholic and fatty liver disease, and
died from multi-organ failure precipitated by hepatitis
E infection. Studies from Europe and Southeast Asia
show, that hepatitis E infection in patients with underly-
ing chronic liver disease, have a poor prognosis, with a
12-mo mortality rate from subacute liver failure of up to
70%*). The diagnosis of acute hepatitis E infection in
such patients is easily overlooked, and may commonly
be ascribed to other causes such as alcoholic hepatitis'.
Patient 2 illustrates this diagnostic difficulty, as there were
no specific clinical or laboratory clues which prompted
consideration of hepatitis E as a diagnostic possibility,
and the liver biopsy appearances could easily have been
ascribed simply to decompensated alcoholic cirrhosis in
a previously undiagnosed patient. Often the only clue in
such hepatitis E cases is the elevation of transaminases at
presentationlzs]. Within a week, the alanine aminotransfer-
ase declines to the range seen in alcoholic hepatitis™**”,
as was the case in patient 2 (981 U/mL) (Table 3). De-
spite the difficulties in identifying cases, it is important
to establish an early diagnosis of hepatitis E infection
in patients with underlying chronic liver disease, as the
prognosis may be improved by eatly anti-viral therapy
with ribavirin®**’. Indeed, this case highlights the poor
prognosis in older patients with underlying liver disease
and acute hepatitis E infection.
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In the case of patient 3 we were unable to detect
HEV RNA, despite the patient being anti-HEV IgM
positive. However, the absence of detectable HEV RNA
does not exclude recent infection as peak viremia occurs
during incubation and the window of detectable RNA is
narrow (approximately 2-3 wk)[zs’zg]. Also, studies show
patients with a history of alcohol abuse who are exposed
to HEV are significantly more likely to develop clinically
apparent hepatitis™, as this patient did. Interestingly, this
patient was originally considered to have paracetamol
induced liver necrosis, developing significant coagulopa-
thy and an acute kidney injury as is commonly observed
in such cases. Although the stated dose of paracetamol
was relatively low and more recent studies have reported
the validity of patient history in the context of hepato-
toxicity, the reported dose of paracetamol is not related
to eventual outcome””. It is possible that HEV, like
other viral infections, can augment the hepatotoxicity of
paracetamol” ", However, coexisting acute hepatitis E in
patients with paracetamol hepatotoxicity in this cohort
was an uncommon finding (1.6%) and it is not possible
to make comparisons with other cases of paracetamol
hepatotoxicity based on a single case.

Of the four cases of hepatitis E identified in this
study, only 1 patient (patient 4) had travelled to a region
considered hyperendemic for HEV (India). Phylogenetic
analysis revealed this patient to be infected with HEV
genotype 1 (Figure 1 and Table 2), supporting the hy-
pothesis that this was an imported case of HEV infec-
tion. This was the only case that was diagnosed contem-
poraneously, as HEV testing was prompted by the travel
history. The remaining 3 patients had travelled outside of
Scotland, although only to regions previously considered
non-endemic for HEV (England and Spain). Phyloge-
netic analysis of patient’s 1 and 2 samples revealed these
patients were infected with HEV genotype 3, the most
prevalent genotype in cases of autochthonous hepatitis
E infection in developed countries”. It is not possible to
determine for certain whether these patients contracted
their HEV infection in Scotland or the other “non-en-
demic” regions they visited prior to onset of symptoms.
However, given the absence of cases of hepatitis E in
patients in this seties who had not recently travelled out-
side of Scotland, it suggests that locally acquired hepa-
titis E infection in Scotland is uncommon. This notion
is supported by a low IgG seroprevalence rate of 4.5%
in blood donors from southeast Scotland and, at least
compared to other European countries, a modest rate
of asymptomatic viraemia at the time of donation (1 in
14500)™.

Patient 4, aligned with Genotype 1 to confirm the ac-
quisition of HepE during travel. However, HEV3 infec-
tion in developed countries is commonly associated with
the ingestion of contaminated food products such as
undercooked pork, game meat and molluscs cultivated in
contaminated water, as well as occupational exposure to
pigs or their effluent”. Patient 1 and patient 2 had geno-
types with homology to genotype 3f and 3e respectively.
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Figure 2 Patient 2, transjugular needle biopsy. A: Low magnification view of part of the biopsy, showing red-stained nodular fibrosis indicating cirrhosis (x 20
original magpnification, picrosirius red stain); B: Ballooned hepatocyte (arrow) containing a Mallory-Denk body and with surrounding neutrophils (satellitosis), features
of steatohepatitis. (x 600 original magnification, H and E stain). Small clusters of these cells were present in the biopsy, with sparse small droplet macro-steatosis; C:
Low grade hepatitic infiltrate (arrows) of lymphocytes with occasional plasma cells in the portal area (x 400 original magnification, H and E stain); D: Prominent chol-
angiolitis (periportal ductules with oedema and neutrophils) (region indicated by arrows), with adjacent liver parenchyma showing canalicular cholestasis (arrowheads);
E: Lobule showing mild disarray with cholestasis, increased lymphocytes and Kupffer cells within sinusoids and scattered apoptotic/necrotic cells (arrowheads).

These genotypes were isolated from European swine,
however, pre-infection exposure to defined environmen-
tal and dietary risk factors is unknown and so we cannot
narrow their possible source of infection further. Infec-
tion zia blood transfusion has also been documented”
and it was confirmed that none of the patients had re-
cently undergone a blood transfusion.

The liver biopsy findings deserve comment given
the differing genotypes. There are only limited previ-
ously published data on the liver biopsy appearances of
endemic and locally acquired acute hepatitis E**>***, as
such cases usually have a self-limiting illness and so a liver
biopsy is not commonly clinically indicated. Thete is a
lobular hepatitis of varying severity between patients 2
and 4, from mild lobular disarray with Kupffer cell hy-
pertrophy and scattered individually necrotic hepatocytes
with adjacent neutrophils or lymphocytes, through to se-
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vere lesions with confluent necrosis and collapse. A cho-
lestatic element is often present within lobules and portal
tracts, including canalicular cholestasis, mild bile duct
inflammation and typically quite prominent neutrophilic
cholangiolitis around the portal tracts as seen in patient 2
(Figure 2D and E). Similar pathology has been reported
by Malcolm ¢ /™ in their locally acquired cases and by
others™. These features can easily be mis-attributed to a
drug-related cholestatic hepatitis. When occurring in pa-
tients with chronic liver disease such as alcoholic cirthosis
the viral effects may be overshadowed by or mis-attrib-
uted to steatohepatitis-related changes or sepsis-related
decompensation. A plasma cell-rich portal, interface and
lobular hepatitis such as characterises flares of autoim-
mune hepatitis is not normally seen in acute hepatitis E,
although loose lymphoid aggregates in portal tracts have
been described in occasional patients, which might misdi-
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Figure 3 Patient 4, transjugular needle biopsy showing severe acute lobu-
lar hepatitis. A: Low magnification view showing the diffuse nature of the liver
inflammation and injury (original magnification x 40, H and E); B: Severely in-
flamed lobule with numerous infiltrating inflammatory cells, including occasional
plasma cells (long arrow), hepatocyte cell death (short arrow) and ballooning in-
jury (arrowhead) (original magnification x 400, H and E); C: Shows an inflamed
portal tract (delineated by arrows) expanded within by mononuclear inflamma-
tory cells without bile duct injury and with only rare plasma cells or eosinophils.
There is neutrophil cholangiolitis around the portal tract (just within the arrows)
but no prominent interface hepatitis (original magnification x 200, H and E).

rect when there is pre-existing liver fibrosis. In patient 4,
the absence of a prominent interface hepatitis and neu-
trophil cholangiolitis was comparable to a recent study on
acute endemic HEV™, Whether autochthonous and en-
demic hepatitis E differ qualitatively in histological char-
acteristics, remains uncertain given the small number of
case comparisons including this study™>". The variable
underlying severity of the hepatitis and other selection
factors prompting biopsy could skew the comparison and
more data is required"”,

In summary, in 4 of 80 (5%) of patients with acute
liver injury severe enough to warrant assessment and
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treatment at the Scottish Liver Transplant Unit, the cause
was hepatitis E. Only one of these patients had a history
of travel to an area traditionally considered hyperendemic
for HEV. This is in line with the sero-prevalence in the
Scottish population and higher than the rate of virae-
mia”, This study shows that clinicians should have a low
threshold for considering hepatitis E as a possible diag-
nosis in any patient with severe acute liver injury. This
should include those with possible paracetamol hepato-
toxicity, irrespective of their age or travel history.

COMMENTS

Background

Hepatitis E virus (HEV), the etiological agent responsible for hepatitis E infec-
tion, is now recognised as an emerging zoonotic disease in industrialized coun-
tries. HEV genotypes 3 and 4 are responsible for sporadic cases of autoch-
thonous hepatitis E infection in countries such as the United Kingdom, United
States, France, Italy and Japan. HEV can cause a mild, self-limiting infection
but it can also cause more serious health problems such as cirrhosis of the liver
and fulminant hepatitis. The ability of HEV genotype 3 and 4 strains to cross the
species barrier has been documented and there is a growing body of evidence
that HEV can be transmitted to humans via the consumption of infected or con-
taminated food products.

Research frontiers

In developed countries, there have been very few previous studies of HEV
genotype 3 in patients with acute liver injury severe enough to warrant assess-
ment and treatment at a liver transplant unit.

Innovations and breakthroughs

Recent reports have highlighted the importance of HEV diagnosis in a number
of clinical situations. In this study, we confirm the need for increased diagnostic
testing in patients presenting with drug induced liver injury. In addition, liver
pathogenesis clearly differs with the genotype causing the infection. Finally,
routes of infection need further clarification.

Applications

Misdiagnosis of hepatitis E infection in drug induced liver injury has been noted
in patients previously in South East England (13%) and the United States (3%).
However, hepatitis E virus is still not given precedence when diagnosing these
individuals. In the authors’ study, 5% of individuals tested were misdiagnosed
and viraemic. It is an important clinical point that the diagnosis of drug induced
liver injury is not secure without first excluding hepatitis E, irrespective of travel
history, particularly in patients with elevated transaminases. This data contrib-
utes to the increasing need to screen patients for the presence of the HEV.
Terminology

HEV is a member of the Hepeviridae and Genotype 3 recognised as a zoonotic
infection. The role of HEV in severe acute liver disease has yet to be defined.
Peer review

This is a well written manuscript, dealing with the prevalence of hepatitis E
among a series of patients subjected to liver transplantation, in whom the etiol-
ogy of liver failure was masked by coexisting cirrhosis and/or drug overdose.
Authors correctly stress the importance of excluding HEV infection in Western
countries, irrespective of the travel story.
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