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Abstract

AIM: To investigate the influence of chronic hepatitis B
virus (HBV) infection [based on the status of hepatitis
B e antigen (HBeAg), HBV DNA, and cirrhosis] on su-
perimposed acute hepatitis E.

METHODS: A total of 294 patients were recruited
from the Department of Infectious Diseases of the
Third Affiliated Hospital, Sun Yat-sen University, from
January 2003 to January 2012. The patients were
classified into two groups: an HBV + hepatitis E virus
(HEV) group (a group with chronic HBV infection that
was superinfected with acute hepatitis E, n = 118)
and an HEV group (a group with acute hepatitis E, 7 =
176). We retrospectively analyzed and compared the
clinical features of the two groups. Statistical analyses
were performed using the ;(2 test or Fisher’s exact test
for categorical variables and the Student’s ¢ test for
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continuous variables. A P value < 0.05 was considered
statistically significant.

RESULTS: The peak values of prothrombin time,
serum total bilirubin, and Model for End-Stage Liver
Disease scores were significantly higher in the HBV
+ HEV group. More patients in the HBV + HEV group
had complications (39.8% vs 16.5%, P = 0.000) and
developed liver failure (35.6% vs 8.5%, P = 0.000).
Additionally, the mortality of the HBV + HEV group
was significantly higher (20.3% vs 7.4%, P = 0.002).
Further analysis of the HBV + HEV group showed
that there were no significant differences in complica-
tion occurrence, liver failure incidence, or mortality
between patients with different HBeAg and HBV DNA
statuses. However, in patients with underlying cirrho-
sis, complication occurrence and liver failure incidence
significantly increased. In total, 12.7% of the patients
in the HBV + HEV group received anti-HBV treatment,
but this therapy failed to reduce mortality in patients
who developed liver failure.

CONCLUSION: The presence of underlying cirrhosis
in chronic HBV infection results in more severe clinical
outcomes with superimposed acute hepatitis E. Anti-
HBV treatment cannot improve the prognosis of liver
failure caused by HBV-HEV superinfection.

© 2013 Baishideng. All rights reserved.
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Core tip: Previous studies have shown that chronic
hepatitis B virus (HBV) infection has a negative impact
on superimposed acute hepatitis E. However, it re-
mains unknown whether the disease severity of acute
hepatitis E correlates with the underlying HBV replica-
tion status or with liver histological lesions. Our study
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showed that the disease severity of acute hepatitis E
correlated not with the HBV replication status (based
on the status of hepatitis B e antigen and HBV DNA),
but rather with the presence of underlying cirrhosis.
This finding raised the question of whether anti-HBV
treatment improves the outcome of liver failure caused
by HBV-hepatitis E virus superinfection. We found that
anti-HBV treatment could not improve the prognosis of
such liver failure.

Cheng SH, Mai L, Zhu FQ, Pan XF, Sun HX, Cao H, Shu X,
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INTRODUCTION

Infection by hepatitis B virus (HBV) is a serious public
health problem worldwide. Two billion people worldwide
have been infected with HBYV, including more than 240
million cases of chronic infection'"”. During the chronic
course of HBV infection, there is a chance that patients
may be sporadically superinfected with other viruses,
such as hepatitis E virus (HEV). HEV is mainly endemic
in tropical and subtropical developing countries, includ-
ing China. Studies of serum epidemiology in China
showed that HEV superinfection in patients with chronic
hepatitis B is present in 17.6% of these patients".

HEV generally causes an acute, self-limiting illness,
followed by a complete recovery. Recent studies have
shown that HEV can result in severe disease in patients
with undetlying chronic HBV infection and even liver
failure™”. In the chronic course of HBV infection, there
are different statuses of hepatitis B e antigen (HBeAg)
and HBV DNA, and certain patients have a higher prob-
ability of developing cirrhosis. No previous studies are
available regarding whether these different chronic sta-
tuses have different influences on the superinfection of
HBV and HEV.

Liver failure related to HBV activation remains a rap-
idly progressive and frequently fatal condition. Tradition-
al treatment is generally supportive. International HBV
treatment guidelines recommend initiating nucleos(t)ide
analogs as early as possible in this patient populationlg’gl.
Studies on the efficacy of nucleoside analogs have been
emerging in recent years. Recent studies have shown
that anti-HBV treatment could improve the outcome of
this patient population””"”]. Superinfection with HEV is
another common cause of liver failure in patients with
chronic HBV infection, accounting for 20% of cases
in regions endemic for HEV!Y, Importantly, such liver
failure caused by HBV and HEV results in high mortal-
ity rates. However, there are still no data on anti-HBV
treatment for liver failure caused by the superinfection
of HBV and HEYV, as previous studies did not consider
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patients with superinfection.

The aim of our study was to investigate the impact of
chronic HBV infection on superimposed acute hepatitis
E, particulatly the influence of the status of HBeAg,
HBV DNA, and cirrhosis on disease severity. Further-
more, we evaluated the effect of anti-HBV treatment
on HBV-HEV superinfection. The use of a single liver
function index is limited in assessing liver function, but
the Model for End-Stage Liver Disease (MELD) score,
which combines multiple indices, can play a useful role in
this assessment. The MELD score system has been used
extensively for the allocation of donor livers worldwide'"”
and has been validated for use in chronic hepatitis B
(CHB)"". Thus, the MELD score was applied for a com-
prehensive analysis of liver function.

MATERIALS AND METHODS

Patients

This work was approved by the local ethics committee
of our university. A total of 294 patients were recruited
from the Department of Infectious Diseases of the
Third Affiliated Hospital, Sun Yat-sen University, from
January 2003 to January 2012. Among these patients,
118 were diagnosed with acute hepatitis E and chronic
HBV superinfection (HBV + HEV group), and 176 pa-
tients were diagnosed with acute hepatitis E alone (HEV
group). Acute hepatitis E was diagnosed when patients
were hospitalized with typical symptoms of acute viral
hepatitis and the presence of anti-HEV serum IgM and
IgG. The presence of HBsAg and the absence of anti-
HBc IgM established a diagnosis of chronic HBV in-
fection. The diagnosis of liver failure was based on the
Guidelines for Diagnosis of Liver Failure (2006)"" and
included the presence of two or more of the following:
an international normalized ratio (INR) = 1.5, serum to-
tal bilirubin (TBil) > 10 times the upper limit of normal,
ascites, hepatic encephalopathy, decreased liver size, or
hepatorenal syndrome. The complications that were ob-
served were ascites, peritonitis, hepatic encephalopathy,
gastrointestinal bleeding, and hepatorenal syndrome.

Detection

Anti-HEV serum IgM and IgG were detected with an
enzyme-linked immunosorbent assay (Genelabs Tech-
nologies, Singapore). HBsAg, HBsAb, HBeAg, HBeAb,
and HBcAb were detected with an automatic rapid im-
munoassay system (AxSYM; Abbott, United States).
HBV DNA levels were determined by real-time poly-
merase chain reactions using commercial diagnostic kits
(Da-an GeneCo., Guangzhou, China) with a lower detec-
tion limit of 500 copies/mlL. Liver function tests wete
performed using an automatic biochemical analyzer (AU
640; Olympus, Japan). In this study, prothrombin time
(PT)-INR (PT/reference PT) = international sensitivity
index. The PT was measured using the detection reagent
STA-Neoplastine(r) CI PLUS with an automatic coagu-
lometer (STA-R) (Diagnostica Stago, France). A diagno-
sis of undetlying cirrhosis was made based on clinical,
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Table 1 Demographic and clinical characteristics of the

hepatitis B virus + hepatitis E virus group and hepatitis E
virus group

HBV + HEV group HEV group P values
(n =118) (n =176)

Age (yr) 445+13.8 54.1+158 0.000"
Sex 0.000"

Male 109 (92.4) 140 (79.5)

Female 9 (7.6) 36 (20.5)
ALT (U/L) 266.0 £227.3 2629 +212.9 0.905
AST (U/L) 228.9 +207.1 228.4 +213.1 0.986
PT (s) 221 +11.3 16.8+7.9 0.000"
PTA (%) 573%26.6 7724249 0.000"
TBil (umol/L) 334.7 +228.0 2775+ 217.4 0.031'
MELD score 20.0£9.7 151+8.6 0.000"
Complications 47 (39.8) 29 (16.5) 0.000"
Liver failure 42 (35.6) 15 (8.5) 0.000"
Death 24 (20.3) 13 (7.4) 0.002"

'Denotes significant P value. Data are expressed as absolute 1 (%) or mean
+ SD. HBV: Hepatitis B virus; HEV: Hepatitis E virus; ALT: Alanine ami-
notransferase; AST: Aspartate aminotransferase; PT: Prothrombin time;
PTA: Prothrombin activity; TBil: Serum total bilirubin; MELD: Model for
End-Stage Liver Disease.

biochemical, and ultrasonographic findings. Sample col-
lection, transportation, preservation, and processing were
performed according to the manufacturer’s instructions.

Calculation of MELD scores

MELD score = 3.8 X loge [serum bilirubin (umol/T) X
0.058] + 11.2 X loge (PT-INR) + 9.6 X loge [serum Cr
(umol/L) X 0.011] + 6.4 X (0 ot 1) (cholestatic ot alco-
holic cirthosis: 0; other liver diseases: 1),

Statistical analysis

Statistical analyses were performed using SPSS 19.0 soft-
ware (SPSS Inc., Chicago, United States). The 2’ test or
Fisher’s exact test were used for categorical variables, and
the Student’s # test was used for continuous variables. Con-
tinuous variables are expressed as the mean  SD, and cat-
egorical variables are expressed as the percentage (number).
P values < 0.05 were considered statistically significant.

RESULTS

Demographic characteristics

The demographic characteristics of the 294 patients are
shown in Table 1. The males outnumbered the females
in both groups. The mean ages at admission were 44.5
and 54.1 years in the HBV + HEV and HEV groups,
respectively.

Laboratory findings

Liver function tests were performed at admission and
regularly after admission. We compared the most severe
laboratory abnormalities in the biochemical profile be-
tween the two groups (Table 1). The mean peak values of
PT (22.1 s »5s 16.8 s, P = 0.000) and TBil (334.7 umol/L
s 277.5 pmol/L, P = 0.031), as well as the mean MELD
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score (20.0 5 15.1, P = 0.000), were significantly higher in
the HBV + HEV group compared with the HEV group.
In contrast, the mean values of aspartate aminotransfer-
ase (AST) and alanine aminotransferase (ALT) did not
differ significantly between the two groups.

Clinical outcomes

As shown in Table 1, the incidences of complications,
liver failure, and death were compared between the two
groups with respect to clinical outcomes. Complications
were noted in 39.8% (47/118) and 16.5% (29/176) of
the patients in the HBV + HEV and HEV groups, re-
spectively, and the occurrence of complications in the
HBV + HEV group was significantly higher than that in
the HEV group (P = 0.000). The incidence of liver fail-
ure was significantly higher among patients with superin-
fection than among patients with acute hepatitis E alone
(35.6% vs5 8.5%, P = 0.000). The mortality rates were also
significantly different between the two groups (20.3% in
the HBV + HEV group and 7.4% in the HEV group).

Influence of chronic status of HBV infection on acute
hepatitis E

To evaluate the influence of chronic HBV infection
(based on the status of HBeAg, HBV DNA, and cirrho-
sis), we performed further analysis of the HBV + HEV
group (Table 2). Of the 118 patients in the HBV + HEV
group, 16.9% (20/118) were HBeAg-positive, 55.1%
(65/118) were HBV DNA-positive, and 14.4% (17/118)
had underlying cirrhosis. The occurrence of complica-
tions, liver failure, and death did not differ significantly
between the HBeAg (+/-) and HBV DNA (+/-) sub-
groups. Patients with underlying cirrhosis had a signifi-
cantly higher incidence of complications and liver failure.
The mortality rate was 23.5% in the cirrhosis subgroup
and 19.8% in the non-cirrhosis subgroup, which was not
a significant difference.

Anti-HBYV treatment in the HBV + HEV group

Of the 118 patients in the HBV + HEV group, only 15
(12.7%) patients took oral anti-HBV agents. Three of
these patients received lamivudine, and the other 12 pa-
tients received entecavir. In the HBV + HEV group, 42
patients developed liver failure, and 28.6% received anti-
HBYV treatment. Only 3.9% of patients without liver fail-
ure received anti-HBV treatment.

The mean mortality rates among the 42 patients with
liver failure were 66.7% and 53.3% for patients who were
and were not receiving anti-HBV treatment, respectively,
which were not significantly different (Table 3).

DISCUSSION

Due to the high prevalence of both HBV and HEV in-
fection and the lack of cross-immunity between the two
viruses, HBV-HEV superinfection is common™'?.

In our study, patients with acute hepatitis E superim-
posed on chronic HBV infection had higher peak labora-
tory abnormalities and poorer outcomes. There was also
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Table 2 Influence of chronic hepatitis B virus infection on acute hepatitis E 7 (%)

HBV + HEV group

Status of HBeAg Status of HBV DNA Status of cirrhosis
+ (n=20) - =298) P value + (n=65) -(n=53) P value + n=17) -(@m = 101) P value
MELD score 17.0£7.0 20.6 £10.1 0.131 21.5+10.6 183 +£8.3 0.074 247 +12.2 19.2+£9.1 0.03"
Liver failure 5 (25) 37 (37.8) 0317 25 (38.5) 17 (32.1) 0563 11 (64.7) 31(30.7) 0.01*
Complications 7 (35) 40 (40.8) 0.803 25 (38.5) 22 (41.5) 0.850 16 (94.1) 31 (30.7) 0.00"
Death 2 (10) 22 (22.4) 0.359 14 (21.5) 10 (19.9) 0.820 4(235) 20 (19.8) 0.748

'Denotes significant P value. HBV: Hepatitis B virus; HEV: Hepatitis E virus; HBeAg: Hepatitis B e antigen; MELD: Model for End-Stage Liver Disease.

Table 3 Anti-hepatitis B virus treatment in patients with liver

failure in the hepatitis B virus + hepatitis E virus group

Patients receiving
anti-HBV treatment

Patients not receiving P value
anti-HBV treatment

n=12) (n = 30)
HBV DNA 4.99e7 £ 9.82e7 2.35e8 +9.20e8 0.495
(log1o copies/mL)
MELD score 33.2+94 28.3+9.2 0.129
Mortality 8 (66.7) 53.3 (16/30) 0.506

Data are expressed as absolute 1 (%) or mean + SD. HBV: Hepatitis B vi-
rus; HEV: Hepatitis E virus; MELD: Model for End-Stage Liver Disease.

a higher prevalence of liver failure among those patients.
The present study confirmed the previous finding that
acute HEV infection can cause severe liver injury in
patients with chronic HBV infection”. This result indi-
cates that chronic HBV infection has a negative impact
on the clinical features of acute hepatitis E. However, it
remains unknown whether the disease severity of acute
hepatitis E correlates with the underlying HBV replica-
tion status or liver histological lesions. Our further analy-
sis of the superinfection group showed that the disease
severity of superimposed acute hepatitis E correlated not
with the HBV replication status (based on the status of
HBeAg and HBV DNA), but rather with the presence of
underlying liver histological lesions (liver cirrhosis).

It has long been suggested that patients with chronic
HBYV infection are immunologically different from peo-
ple without HBV infection. For instance, patients with
chronic HBV infection have been reported to have im-
paired cell-mediated immunity"”*?, decreased peripheral-
blood T cell numbers™*!, impaired interferon produc-
tion™”" and imbalanced cytokine levels®** and may
have other currently unrecognized differences. The sever-
ity of acute viral hepatitis has been suggested to be de-
pendent on host immune factors rather than on the direct
toxicity of the virus. Thus, with impaired and imbalanced
immunity in chronic HBV infection, HEV may trigger
an excessive immunological response and then induce
severe damage in hepatocytes. Alternatively, hepatocyte
impairment may accumulate during the chronic course
of HBV infection. Thus, with preexisting liver lesions,
especially due to cirrhosis, hepatocytes may be limited in
their ability to regenerate. This limitation contributes to
more severe liver injury in patients with acute hepatitis E
superimposed on chronic HBV infection.
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According to our data, most patients in the HBV +
HEV group were HBeAg-negative, and nearly 50% were
HBYV DNA-negative. Further analysis showed that the
disease severity of acute hepatitis E did not correlate
with the status of HBeAg or HBV DNA. This finding
indicates that in the superinfection of HBV and HEV,
chronic HBV infection is inactive, and HEV is the main
trigger factor for severe disease. Thus, the finding raises
the question of whether anti-HBV treatment improves
the outcome of HBV-HEV superinfection, which re-
quires further investigation.

Acute exacerbation frequently occurs in the natural
course of chronic HBV infection. In the case of acute
exacerbation caused by spontaneous HBV activation,
anti-HBV treatment can strongly suppress HBV replica-
tion, and most patients can recover. However, certain
patients may develop liver failure, which is named HBV-
related acute-on-chronic liver failure (HBV-ACLF). HBV-
ACLF remains a rapidly progressive and frequently fatal
condition for which mortality reaches 25% to 35%. In-
ternational guidelines recommend initiating nucleos(t)ide
analogs as early as possible in this patient population[s’()].
Recent studies have shown that anti-HBV treatment can
improve the outcome of HBV-ACLF"""!. Superinfec-
tion with HEV is another common cause of liver failure
in chronic HBV infection and is present in 20% of cases
in regions endemic for HEVY, Importantly, such liver
failure caused by HBV and HEV results in high rates of
mortality. However, for the liver failure caused by the su-
perinfection of HBV and HEYV, there are still no data on
anti-HBV treatment. In our study, we evaluated the re-
sults of anti-HBV treatment administration to the HBV
+ HEV group. Of the 76 patients without liver failure,
only 3.9% took anti-HBV drugs, but the prognosis of
this patient population was good. This finding indicates
that it is not necessaty to administer anti-HBV treatment
as soon as possible to patients with HBV-HEV super-
infection in mild disease. The necessity of anti-HBV
treatment for HBV infection should be re-evaluated by
monitoring the HBV DNA level and liver function tests
after recovery from acute hepatitis E.

As shown by our data, up to 28.6% of patients re-
ceived anti-HBV treatment once superinfection caused
liver failure. The mortality rate among patients receiving
anti-HBV treatment was 66.7%, which was not signifi-
cantly different from the mortality rate of patients not
receiving anti-HBV treatment. Thus, anti-HBV treatment

September 21, 2013 | Volume 19 | Issue 35 |



Cheng SH et a/. Superinfection of HBV and HEV

was unable to improve the outcome of the liver failure
caused by HBV-HEV superinfection. As mentioned pre-
viously, HEV infection plays the most important role in
the disease. The infection triggers strong immunological
injury in hepatocytes, which results in liver failure. Anti-
HBV treatment can inhibit HBV replication but cannot
stop the strong immune activity, so the therapy cannot
improve the outcome of this patient population.

In conclusion, our study indicates that acute hepati-
tis E is associated with more severe disease in patients
with chronic HBV infection and that disease severity
correlates with the underlying cirrhosis in chronic HBV
infection. Anti-HBV treatment cannot improve the prog-
nosis of liver failure caused by HBV-HEV superinfec-
tion. As HBV vaccination is being aggressively pursued
wotldwide, HEV vaccination should also be considered
in endemic areas when a vaccine becomes available™.
Additionally, preventive measures are important to the
related morbidity and mortality, such as the consumption
of boiled water and well-cooked food.

The main limitation of the present study is its ret-
rospective nature. HEV-RNA levels were not regularly
checked, so we are not convinced that there is no sub-
stantial contribution of HEV load to the disease severity
of HBV-HEV superinfection. Additionally, underlying
cirrhosis was mainly assessed by ultrasonography. Thus,
it is possible that early-stage underlying cirrhosis was
missed. Despite these limitations, our study is significant
because the work provides preliminary support for not
administering anti-HBV treatment in HBV-HEV superin-
fection, as chronic HBV replication status (based on the
status of HBeAg and HBV DNA) does not determine
the outcome of HBV-HEV superinfection.
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