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Abstract

Introduction: Hepatitis E virus is a non-enveloped virus measuring 27 to 34nm, which belongs
to the hepeviridae family. Its transmission is predominantly fecal oral and it is a common cause
of acute viral hepatitis worldwide. Hepatitis E virus may cause serious disease, leading to high
mortality in chronic liver disease patients, leading to the development of acute-on-chronic
liver failure. Objective: This review aimed at summarizing the role played by HEV on the
exacerbation of chronic hepatitis B and the pathophysiology of acute-on-chronic liver failure.
Evidence acquisition: Peer-reviewed journal articles search were conducted using the university
Putra Malaysia online subscribed databases in the area of Health Sciences and Medicine via
Medline, SCOPUS and Google Scholar search engine. This review aims to summarize the impact
of hepatitis E virus in acute-on-chronic liver failure pathogenesis. Development: Acute-onchronic liver failure has been considered an acute deterioration of liver function and clinical
status in chronic hepatitis or cirrhotic patients. The transition from chronic hepatitis to cirrhotic
as well as acute-on-chronic liver failure is mainly via pro-inflammatory cytokines; the clinical
picture is similar to that of septic shock and multi-organ failure. Conclusion: Hepatitis E virusinfected patients may worsen and deteriorate to acute-on chronic infection, which constitutes
two concurrent insults: acute and chronic with qualitatively different degrees of insult, leading
to increased mortality as a result of organ failure with subsequent progression to multi-organ
failure and being a leading cause of cirrhotic decompensation.
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Introduction
Hepatitis E virus (HEV) is the most recently discovered
hepatropic virus, as its genome was identiﬁed in 1991 [1]. It is
non-enveloped virus belonging to hepevirus in the family of
hepeviridae, measuring 27 to 34 nm in size [2,3]. To date, four
different HEV have been identified, of which genotypes 3 and 4
are increasingly being recognised in high income countries. In
the developed world, autochthonous transmission of the virus
causes both asymptomatic infections in healthy individuals as
well as fulminant hepatitis in mostly immunocompromised
patients. It commonly causes acute viral hepatitis worldwide
and is transmitted predominantly via the faecal oral route; it
causes large scale epidemics as well as sporadic cases in Africa
and Asia [4,5]. HEV has a short incubation period of four to ten
weeks. The virus is known to involve acute infection, with
most of those who have contracted HEV infection showing
clinical symptoms. However, studies have shown that, in
endemic countries, the rate of infection is high, ranging from
50 to 60%, with the majority of patients having no symptoms
[6].
On the other hand, HEV sero-prevalence in non-endemic
countries was reported to be low, ranging from 1% to 10% and
most are asymptomatic [7]. Acute viral hepatitis due to HEV is a
self-limiting acute infection with similar clinical features with
hepatitis A induced viral hepatitis. However, in two situations,
HEV may cause serious disease, leading to high mortality:
when acute viral hepatitis occurs in pregnant women which may
rapidly worsen leading to acute liver failure, and when it occurs
in chronic liver disease patients which may worsen to acute-onchronic liver failure (ACLF) [8].
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The global medical and public health communities have begun
to appreciate the significance of HEV infection, but there are still
obstacles in global control of the impact of HEV and its mortality,
such as scientific, cultural, economic and administrative
obstacles. HEV remains relatively neglected despite its well
documented and established global burden. Lack of awareness
and credible robust laboratory and medical infrastructures are
said to be hindering surveillance; hence, it is vital to improve
global access equipment and services required for prompt
and effective HEV identification, both in sporadic or nascent
outbreak. Clinical and field surveillance as well as laboratory
investigations will advance our understanding of HEV virulence,
genotypes, sub-genotypic variation and global epidemiology.
Both laboratory and clinical-based studies of patients infected
with HEV have yielded exciting insight into its pathogenesis;
however, more work is still needed for a better understanding
of its chronic and extrahepatic infections leading to acute-onchronic liver failure. Hence, this review aimed at summarizing
the role played by HEV on the exacerbation of chronic hepatitis
B and the pathophysiology of acute-on-chronic liver failure.
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Evidence acquisition
Peer-reviewed journal articles search were conducted using the
university Putra Malaysia online subscribed databases in the
area of Health Sciences and Medicine via Medline, SCOPUS
and Google Scholar search engine. All searches were limited
to, publication from 2000 to 2015 except where necessary an
older publication was used. All publications were in English,
and the final articles searched were those published till 31 May
2015, duplicates, conference abstract, comments and short
communications were removed. The initial search result gave us
3,584 articles which were screened based on the title relevance,
retaining 371 full text review articles out of which we cited 55
articles in this review.

Development
Hepatitis E infection
Infection with hepatitis E virus induces acute infection
characterized by fever, jaundice, anorexia, and vomiting,
which manifest at the onset of the initial exposure, coinciding
with alanine transaminase (ALT) upsurge. The ALT level
usually normalized during convalescence, but the symptoms
may persist for months. It may be difficult to detect hepatitis E
viraemia in patients that need clinical attention, but RNA can be
detected in both stool and serum in early infection. Serological
makers like anti-HEV IgM increases rapidly and decline
following infection and some weeks after, while anti-HEV IgM
continues to gradually rise during the period of gradual recovery
(convalescent) and continue to be detectable for months or years.

Hepatitis E virus Transmission
Fecal oral transmission
The majority of HEV epidemics were found to be sourced from
contaminated drinking water that is via the fecal oral route, similar
to hepatitis A, but no person to person transmission has been
reported as in hepatitis A. However, some vague transmissions
occur in sporadic cases which are poorly understood. On the
other hand, transmission of a Hepatitis E-like virus from animals
or insect vectors has been reported in swine [9]. There is minimal
transmission through blood and blood products because there is
no chronic carrier state in HEV infection.

increase in anti-HEV with a decrease in viral load, all coinciding
with the onset of icteric symptoms and indicating immune
system-mediated pathogenesis rather than virus-induced [6]. In a
previous study of patients with HEV-induced acute liver failure,
anti-HEV, interleukin-2, interleukin-10, interferon gamma and
tumour necrosis factor alpha were found to be elevated [14]. At
the onset of symptoms in infected patients, HEV-specific IgM
and IgG appear in the sera, at the beginning of convalescence,
the IgM declines sharply and can only be detected within two
to three months,[15]. while IgG, on the other hand, persists for
several years in infected individuals, for more than 14 years in
about 47% of patients [16].
Acute-on-chronic liver failure
Acute-on-chronic liver failure is characterised by acute
deterioration in liver function in cirrhotic patient as a result of
secondary superimposed hepatic injury or due to extra-hepatic
precipitation factors like infection, resulting in increased
mortality due to multi-systemic organ failure as a result of acute
deterioration of pre-existing chronic liver diseases [17]. In the
Asian region, HBV reactivation has an important role in acuteon-chronic liver failure development [18]. Hepatitis A, B and E
viruses are the predominant cause of infection in developing
countries and the geographical variation depends on prevalent
hepatotropic viruses.
Acute-on-chronic liver failure pathophysiology
Acute-on-chronic liver failure pathophysiology occurs following
established liver cirrhosis, with background precipitating events
which may directly exaggerate liver injury. These events include
co-infection with other viral hepatitis, ischemic hepatitis,
alcoholic hepatitis, and drug-induced hepatitis and extra-hepatic
insults such as trauma, variceal bleeding, infections or surgery
may lead to hepatic decompensating [Figure 1]. However, in
some patients there may be no precipitating events identified.
Studies have shown that superimposed viral hepatitis and surgery
are the best precipitating factors of ACLF development [19]. HEV
has also been reported in southern China, central Asia, Africa and
India as an important cause of ACLF leading to acute hepatic
decompensation and death, with mortality being higher in patients
with HEV super-infection than non-cirrhosis [Table 1].

Vertical transmission
Hepatitis E virus can be transmitted vertically, as reported in
previous studies,[10-12]. although the actual incidence remained
unknown due to the small number of reported cases. For instance,
in India, ten women were reported as having HEV in the third
trimester, of which six developed fulminant liver failure, and
three died; eight infants were delivered, of which five had HEV
RNA-positive cord blood with elevated liver enzymes, and were
HEV IgM positive at birth, which is strong evidence of vertical
transmission. However, two of the neonates died and the autopsy
results revealed massive hepatic necrosis [13].
Hepatitis E immune response
Hepatitis E infection is an acute self-limiting and causes liver
failure; the clinical manifestations are due to immune response
and not viral damage to hepatocytes. This is characterised by an

Figure 1: Schematic representation of pathophysiology of acute-on-chronic
liver failure and the Role of Hepatitis E in acute-on-chronic liver failure.
Table 1: Prevalence and mortality rate of hepatitis E associated
acute-on chronic liver failure in selected countries.
Prevalence of
Mortality
ACLF due to
Place/City
Year
Reference
rate (%)
HEV (%)
44
14
Lucknow
2004
[39]
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75
28
21
15
22
66
4
72
10
13
64
15
14
15

100
43
0
13
44
50
34
33
23
35
64
60
50

China
Delhi
Delhi
Delhi
Dhaka
Lucknow
Chandigarh
China
Chandigarh
Egypt
Lucknow
Delhi
Jaipur
Chandigarh

2006
2007
2008
2009
2009
2009
2010
2010
2011
2011
2012
2012
2013
2013

[40]
[22]
[40]
[41]
[42]
[43]
[44]
[23]
[45]
[46]
[47]
[48]
[49]
[50]

Patients with chronic liver diseases superimposed with hepatitis
E infection were reported to be associated with hepatic
decompensation for the first time in a study conducted in
Pakistan in 2002 [20,21]. Since then, several studies have reported
HEV as one of the leading causes of hepatic decompensation in
cirrhosis from Asia and Africa, which are endemic for HEV [7,
22].
in most of these studies, APASL definition for APALS was
used and 72% of ACLF was found to be precipitated by HEV
infection leading to hepatic decompensation. These findings
were contrary to the findings in western countries, where hepatic
decompensation is rarely caused by HEV in ACLF patients.
However, this might be due to the low prevalence of HEV in
such countries compared to Africa and Asia, where the largest
number of studies that report HEV having acute insult on ACLF
were from China [23].
Inflammatory cytokines role in acute-on-chronic liver
failure
Pro-inflammatory cytokines as a result of systemic inflammatory
response are responsible for stable cirrhosis transition to acuteon-chronic liver failure [24]. These necrosis, fibrosis, cholestasis
and apoptosis mediators of inflammation, such as the proinflammatory cytokines nitric oxide, and oxidative stress,
have shown increasing evidence of modulating the effects of
hyperammonaemia in precipitin encephalopathy [25]. It has been
shown in previous studies that patients with HEV infection have
decreased peripheral CD4 with increased CD8 levels, thereby
altering the CD4/CD8 ratio [26,27]. Similarly, the elevation of
helper-2 associated cytokines like interleukin 4, 5, 10 and 13
were also reported [28-30].
Clinical features of ACLF
The manifestation of ACLF is as a result of altered function
of the organs involved, primarily the liver, kidney, brain and
circulatory system. Systemic inflammatory response when
develop is said to be a poor prognostic factor which is associated
with developing encephalopathy, hence reducing the chances
of organ transplantation [31]. Therefore, the resulting cellular
immune dysfunction and inflammatory responses in the liver
can lead to circulatory, cerebral and renal dysfunction [Figure
2]; the presence of hyperbilirubinaemia with clinical jaundice
is inevitable. The hepatic synthetic function is also reduced,
leading to hypoalbuminaemia which will subsequently result to
oedema and ascites. Hemorrhagic diathesis may result due to
thrombocytopenia. The center stage of ACLF development is
due to circulatory changes. The development of acute hepatic

decompensation is a result of alterations in hepatic perfusion,
leading to generalized haemodynamic changes that result in
dehydration, gastrointestinal bleeding and sepsis. In ACLF,
some of the changes that occur in cirrhosis become exaggerated;
these include dilated hypo-responsive peripheral circulation,
increased cardiac output, increased Porto-systemic shunting,
increased portal pressure and decreased renal blood flow, all of
which are reversible with liver transplants [32,33].

Figure 2: Schematic representations of acute-on-chronic clinical events
in chronic hepatitis B infection precipitated by hepatitis E infection.

Laboratory investigation of ACLF
At the onset of HEV infection symptoms, the HEV antibodies,
IgM and IgG appear early and subsequently respectively in
the sera of infected patients. There is a sharp decline in IgM,
which may be detected for only two to three months at the
beginning of convalescence [34]. On the other hand, IgG persists
in infected individuals for several years, more than 14 years in
47% of patients [16]. Therefore, testing for HEV antibodies can
reveal acute infection by detecting IgM or chronic infection by
detecting IgG in addition to HEV antigen.
The first step of investigating ACLF is to screen for the cause of
infective aggravating factors, in this case viral hepatitis viruses
such as hepatitis B, and E and viral load should be assessed where
serology is positive to confirm the cause of the hepatic insult.
After establishing the cause, the extent of hepatic injury should
be determined by screening for makers of hepatic synthetic
function such as prothrombin time, albumin and creatinine,
the nature of the hepatic injury should be determined by the
level of transaminases and alkaline phosphatase. Full blood
count is needed to determine the features of hyperspleenism
such as thrombocytopenia and leukopenia. The risk of sepsis
should be ruled out by blood cultures. In patients presenting
with ascites, there is a need for an ascites tap for microscopic
culture and sensitivity and biochemical analysis. In the initial
patient evaluation, abdominal ultrasound with Doppler plays an
important role.
Management of hepatitis E Associated ACLF
Patients with ACLF require early interventions which are
critical in reducing or correcting the injury, preventing further
deterioration of liver function, supporting failing organs and
reversing precipitating factors [17]. To achieve this, it required
intensive care management and a team of experts in both
hepatology and critical care [19]. Major decisions to be taken
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during the management of patient with ACLF depend on the
patient’s clinical condition. In patients with hepato-renal
syndrome, it is recommended to give volume expanders like
albumin and vasoconstrictors aiming at decreasing serum
creatinine to less than 1.2mg/dl. If a patient has increased intraabdominal pressure as a result of massive ascites, there is a need
for large volume paracentesis in combination with albumin
replacement therapy.
In hepatic encephalopathy, the main stay of treatment is the
use of non-ascribable antibiotics and lactulose; correction and
coagulopathy is not routine in the absence of active bleeding,
as it can only be done when there is an associated significant
complication such as transfusion, associated lung injury,
circulatory overload and reaction [35]. Normal protein diet from
0.8 to 1.2 g/kg is recommended, except in critically ill cirrhotic
patients, in which the protein requirement may be reduced based
on the degree of metabolism and renal failure [17]. There is also
no “tight” glucose control needed. However, maintaining blood
sugar between 7.8 to 10 mmol /L is recommended in cirrhosis
[17].
In patients with suspected infection, broad spectrum
antibiotics can be given early, within one hour of admission, in
line with early goal-directed therapy guidelines [17]. All ACLF
patients admitted to intensive care unit should be consulted
by live transplant expert to determine whether the patient is a
suitable candidate for liver transplant. Acute HEV infection
has no established treatment;[7]. however; PEGylated interferon
alpha has been used successfully for treating chronic HEV in
transplant recipient patients [36]. Ribavirin has also shown to
induce a sustained virological response in chronically infected
patients by inhibiting HEV RNA replication [36,37]. A preliminary
study in India has shown that ribavirin may be a safe and
effective drug for the treatment of HEV-associated ACLF [38].

Conclusion
In conclusion, hepatitis E virus infection in chronic liver disease
patients may get worse and deteriorate to acute-on chronic
infection, leading to an increase in mortality as a result of organ
failure with subsequent progression to multi-organ failure
and leading cause of cirrhotic decompensation in endemic
regions. Treatment is aimed at preventing additional liver
function deterioration, supporting failing organs and reversing
precipitating factors.
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