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Abstract
Background: Chronic hepatitis E infection has been reported in solid organ transplant recipients following acute hepatitis due 
to the compromised immune status. Almost all reports are from areas where hepatitis E virus (HEV) genotypes 3 and 4 are the 
dominant genotypes. This study was conducted to investigate the role of hepatitis E infection as an etiology for liver enzymes 
elevation in liver transplant recipients from the largest liver transplant program in Iran.
Methods: In a prospective study from June to December 2015, in a single liver transplantation center in Iran, all adult liver 
recipients who were investigated for the etiology of persistent elevation of liver enzymes were tested for HEV serology status.
Results: Of 122 patients included in the study, 19 (15.6%) were positive for HEV serology. Seropositive patients were significantly 
older than seronegative ones (mean age 43.79 vs. 31.58, P < 0.001); however, they were not different in other characteristics 
including sex distribution and mean of liver enzymes in each occasion. Liver biopsies were done in 16 HEV seropositive patients 
and none of the biopsies showed evidence for acute or chronic viral hepatitis.
Conclusion: In this study, with 15.6% rate of HEV seropositivity in liver recipients with persistent elevation of liver enzymes, we 
were not able to confirm any clinical evidence for active acute or chronic hepatitis E infection. This could theoretically be attributed 
to the fact that the dominant prevalent HEV genotype in our endemic area is not associated with a chronic form of infection.
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Introduction
Liver transplantation is the treatment of choice for patients 
with end-stage liver disease and could be a lifesaving 
option in acute liver failure.1 It is also considered as a 
curative treatment for a number of inherited metabolic 
disorders and selected cases of malignancies involving the 
liver. The posttransplant management of liver recipients 
is challenging from different aspects including the 
need for prolonged immunosuppression and its related 
complications. Long-term immunosuppressive therapy 
harbors risks of various complications including increased 
risk of viral, bacterial and fungal infections,2 and infectious 
complications are among the long list of differential 
diagnoses of persistent elevation of liver enzymes in 
liver recipients. The hepatitis E virus (HEV) infection, 
previously considered as causing only acute hepatitis, has 
been reported to be capable of evolving to a chronic form 
in recipients of solid organ transplantation,3 as well as in 
other immunocompromised states as hematologic patients 
receiving chemotherapy,4 and human immunodeficiency 

virus (HIV)-infected patients.5 
Studies representing prevalence data have revealed 

variable frequencies of HEV infection in liver transplant 
recipients ranging from 3% to 27.5% in different 
European and North American countries.6-8 

There are few published epidemiologic studies on 
the seropositive prevalence of hepatitis E in general and 
different patient populations in Iran,9,10 but less is known 
about the HEV infection among recipients of solid organ 
transplantation.

The present study is a prospective single center study, 
designed to investigate HEV serology status and possible 
role of HEV infection in persistent liver enzyme elevation 
in liver transplant recipients who were transplanted in 
Shiraz Organ Transplantation Center.

Patients and Methods
Study Subjects
This was a prospective, cross-sectional study in a population 
of adult (18 years and above) liver transplant recipients 
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with persistent elevation of liver enzymes who were 
transplanted in Shiraz Organ Transplant Center, Nemazi 
Hospital, Shiraz University of Medical Sciences. The study 
was done in both inpatient and outpatient settings within 6 
months from June to December 2015. Persistent elevation 
of liver enzymes was defined as elevation in alanine 
transaminase (ALT), Aspartate transaminase (AST) or 
alkaline phosphatase (ALP) to more than 1.5 times upper 
limit of normal in two consecutive measurements, at least 
two weeks apart. Recipients within the first post-transplant 
month were not included in the study. For every patient, 
an extensive workup was done to investigate the cause of 
elevated liver enzymes. These included various laboratory 
and imaging studies and, in some cases, liver biopsy. 
Viral serology testing for hepatitis C (HCV), hepatitis B 
(HBV), hepatitis A (HAV) and cytomegalovirus (CMV) 
infections were among these investigations. In addition, 
all patients were tested for the presence of anti-HEV IgG 
and IgM antibodies (Ab). This was done using ELISA kit 
(HEV IgG IgM Antibody ELISA, Dia.Pro, Milano, Italy) 
according to the manufacturer’s instructions.11 

Statistical Analysis
The obtained data was analyzed using Statistical Package 
for Social Sciences (SPSS), released 2012 (IBM SPSS 
Statistics for Windows, version 21.0. Armonk, NY: IBM 
Corp). Frequencies and percentages were calculated. 
We used the non-parametric Mann-Whitney U test for 
comparing quantitative variables as age, ALT, AST and 
ALP between the two groups of patients. The Pearson chi-
square test was performed for comparing the frequencies 
of categorial variables between the two groups. P values < 
0.05 were considered statistically significant. 

Results
A total of 122 including 77 male (63.1%) and 45 (36.9%) 
female patients with a mean age of 33.48 ± 12.41(SD) 
years were enrolled in the study. The most common 
etiology of liver disease leading to transplantation was 
autoimmune-related liver diseases (39.3%) followed by 
cryptogenic cirrhosis (23.8%) and Wilson disease (9%) 
(Table 1).

Nineteen patients out of 122 (15.6%) were seropositive 
for total HEV Ab including 4 patients who were positive 
for both HEV IgG and IgM Ab. The prevalence of HEV 
seropositivity was slightly higher among male patients 
(16.9% vs. 13.3%) but with no statistically significant 
difference (odds ratio: 1.32, P = 0.6, 95% CI: 0.46–3.76). 
Liver biopsies were done in 16 patients with positive 
total HEV Ab including 3 patients with positive HEV 
IgM Ab. Among them, seven biopsy results were normal. 
Acute rejection was reported in four, chronic rejection in 
two and steatosis in three patients. In the three patients 
who had positive HEV IgM serology and underwent liver 
biopsy, one showed histologic evidence for acute rejection, 

Table 1. Characteristics of the 122 Liver Recipients with Persistent Elevation 
of Liver Enzymes

Variable Data

Male, sex 77 (63.1%)

Age (y), Mean ± SD 33.48±12.41

Etiology of liver disease

Autoimmune 48 (39.3%)

Cryptogenic 29 (23.8%)

Inherited metabolic disorders 16 (13.1%)

Viral hepatitis 14 (11.5%)

Budd Chiari syndrome 3 (2.5%)

Nonalcoholic steatohepatitis 2 (1.6%)

Hepatocellular carcinoma 2 (1.6%)

Others 8 (6.6%)

Liver biopsy results

Normal 38 (31.1%)

Acute rejection 35 (28.7%)

Steatosis 19 (15.6%)

Chronic rejection 10 (8.2%)

Biliary complications 5 (4.1%)

Total number of biopsies 107 (87.7%)

SD, standard deviation.

one chronic rejection and one had a normal liver biopsy. 
None of the 16 patients with positive total HEV Ab 
had histologic changes in favor of acute or chronic viral 
hepatitis. In HEV seropositive patients, the median ALT 
level in the first occasion was 53.0 IU/mL with first quartile 
(Q1) of 31.0 and third quartile (Q3) of 98.0 IU/mL. On 
second occasion, the median ALT level was 76.0 IU/mL 
with Q1of 41.0 and Q3 of 101.0 IU/mL. Maximum ALT 
levels were 341 IU/mL and 244 IU/mL on each occasion.

All the patients received appropriate treatment for the 
driving etiologies of elevated liver enzymes with subsequent 
improvement. Acute rejection was treated with steroid 
pulses and for chronic rejection, immunosuppression 
treatment was intensified. Biliary strictures were treated 
with radiologic or endoscopic intervention. CMV 
infection, which was detected in one patient, was 
improved after a complete course of antiviral treatment 
with ganciclovir. None of the patients were diagnosed with 
acute viral hepatitis A, B or C and none of the patients 
with chronic viral hepatitis as their primary liver disease 
showed evidence of recurrence. One patient died due to 
severe variceal bleeding not responding to interventional 
treatment during hospital admission. Of those patients 
with positive HEV serology, no one received antiviral 
treatment.

Patients with positive HEV Ab were older than 
seronegative patients with a significant difference in mean 
age (P < 0.001). However, there was no difference in sex 
distribution between the two groups, and the means 
of ALT, AST and ALP in each consequence were not 
different in HEV seropositive patients from seronegative 
ones (Table 2). 
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Discussion
The hepatitis E infection was mostly known for the acute 
form of viral hepatitis with a clinical presentation similar 
to acute hepatitis A, usually self-limited but associated 
with high mortality among pregnant women.12 The main 
rout of transmission is fecal-oral and waterborne infection 
is responsible for most of outbreaks in developing 
countries. Other modes of transmission include: zoonotic, 
foodborne, blood borne and perinatal transmission.13 

Genotypes 1 and 2 are transmitted fecal-orally, restricted 
to humans and seen with the outbreaks or sporadic cases 
of acute hepatitis E in developing countries.12 Genotypes 
3 and 4 are seen in both animals and humans in North 
America, Europe and Asia. Genotype 3 can cause sporadic 
cases of milder form of acute hepatitis E.14 Most chronic 
cases of hepatitis E are related to genotype 3 and some to 
genotype 4; however, a few cases of chronic hepatitis from 
HEV genotype 1 have also been reported.15,16 Swine, deer, 
wild boar and rabbit are the zoonotic hosts for genotype 
3 and, swine and boar for genotype 4. Transmission 
to humans occurs through undercooked meat of these 
animals.12 The seroprevalence of anti-HEV antibody varies 
among difference countries. Rates between 5% to 30% 
have been reported from developing countries while in the 
United States and Western Europe, rates of 3% and less 
have been reported.6

The chronic hepatitis E infection in solid organ 
transplant recipients was first reported by Kamar et al.17 
They described 14 cases of acute hepatitis E in recipients of 
different solid organs; of those, 8 cases developed chronic 
hepatitis. The authors suggested that in the presence of 
immunosuppression, acute hepatitis E may evolve to a 
chronic infection. The risk of developing chronic infection 
following acute hepatitis E is estimated to be more than 
60% for all types of solid organ transplants.6, 18

The geographic variation in the prevalence of different 
hepatitis E genotypes may be a determinant factor in the 
incidence and prevalence of chronic hepatitis E infection 

among solid organ recipients. Based on the current study, 
seroprevalence of HEV Ab positivity was 15.6% among our 
patient population of 122 liver recipients with persistent 
elevation of liver enzymes. Epidemiologic studies have 
reported very variable rates for HEV seroprevalence in 
Iran, from 1.1% to 46% based on the population, age-
group and geographic area of the study.19, 20 In a systematic 
review and meta-analysis on seroprevalence of hepatitis 
E in Iran by Behzadifar et al, strong heterogenicity was 
observed among the epidemiologic reports and the pooled 
HEV seroprevalence was estimated at 10%.21 There 
are few reports of HEV seroprevalence in transplant 
population of patients in Iran and these are mainly from 
kidney transplant recipients. Rostamzadeh Khameneh et al 
reported 30.8% HEV IgG positivity in a population of 91 
kidney transplant recipients with no significant correlation 
with ALT elevation in these patients.22 In another study 
by Zeraati et al, HEV IgG seropositivity was reported at 
20.9% among 110 recipients of kidney transplant with no 
significant difference in liver and renal function compared 
to seronegative patients.23 In the present study, HEV IgG 
positivity among liver transplant recipients with persistent 
elevation of liver enzymes was detected as 15.6%. Even 
though this selected study population is not a sample 
representing all liver transplant recipients, the rate of 
HEV seropositivity was less than the reports from kidney 
transplant patients in Iran but mildly higher than the 
estimated rate for the general population.

In our study, liver transplant recipients with HEV Ab 
positive serology showed modest elevation in ALT and 
AST – not a picture compatible with acute viral hepatitis. 
The same was true for those with a positive HEV IgM 
antibody. Also, there were no histology changes suggestive 
of acute or chronic viral hepatitis in seropositive patients 
who underwent liver biopsies. Based on these observations, 
we can conclude that the positive HEV serology in our 
patients is mostly related to the previous exposure to the 
virus rather than an active acute or chronic viral hepatitis. 

Table 2. Comparison of the Characteristics of Liver Recipients with Persistent Elevation of Liver Enzymes Categorized Into 2 Groups Based on Hepatitis E Serology

Variables HEV Seropositive Liver Recipients HEV Seronegative Liver Recipients P Value

Age (years) mean ± SD 43.79±10.73 31.58±11.79 <0.001*

Male sex (%) 13 (68.4%) 64 (62.1%) 0.602**

Liver enzymes Occasion 1

ALT (IU/mL); Median, Q1, Q3 53.0, 31.0, 98.0 45.0, 26.0, 69.5 0.278*

AST (IU/mL); Median, Q1, Q3 86.0, 29.0, 121.0 79.0, 35.5, 113.0 0.648*

ALP (IU/mL); Median, Q1, Q3 285.0, 215.0, 376.0 345.5, 211.75, 551.0 0.351*

Liver enzymes Occasion 2

ALT (IU/mL); Median, Q1, Q3 76.0, 41.0, 101.0 45,0, 26.0, 86.0 0.081*

AST (IU/mL); Median, Q1, Q3 97.0, 73.0, 132.0 81.0, 37.5, 130.0 0.267*

ALP (IU/mL); Median, Q1, Q3 342.0, 256.0, 603.0 355.0, 207.5, 585.75 0.581*

ALP, Alkaline phosphatase; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; HEV, hepatitis E virus; Q1, quartile 1; Q3, quartile 3; SD, standard 
deviation.
* P values calculated using Mann-Whitney U test. 
** P value calculated using Pearson chi-square test.
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Not enough data is available on the dominant HEV 
genotype in Iran. However, based on the epidemiologic 
studies reporting genotype 1 and 2 as the main prevalent 
genotypes in developing countries and genotype 1 mainly 
in Asia,6,24 most cases of the hepatitis E infection in Iran are 
probably related to genotype 1 HEV infection with a fecal-
oral rout of transmission. Whereas epidemic outbreaks of 
acute hepatitis E have not been reported in Iran, most 
HEV seropositive cases are presumed to be due to sporadic 
exposures to the virus with mild symptoms not diagnosed 
at the time of infection – a pattern similar to hepatitis A 
infection. The fact that HEV seropositive patients were 
older than seronegative ones in our study may also points 
to the relation between the increased chance of exposure 
to the potential sources of infection with increasing age.

On the other hand, genotypes 3 and 4 are less likely 
to be the cause of HEV infection in Iran as their rout of 
transmission is from uncooked meat of certain animals 
which are not used in Iran, mostly due to religious 
prohibition or unpopularity. 

This study was the first report on HEV seroprevalence 
in a population of liver transplant recipients in Iran who 
were investigated for the competing causes of elevated 
liver enzymes. We detected a seropositivity rate of 15.6% 
with no evidence for acute or chronic viral hepatitis in our 
patients. Based on the findings from this study, we can 
conclude that HEV seropositivity in our liver transplant 
population was not associated with evidence of chronic 
viral hepatitis and most probably represented a remote 
viral exposure. Lack of evidence for the chronic hepatitis 
E infection in our immunocompromised population of 
patients might be due to the different virus epidemiology 
and the dominant prevalent genotype which is most 
probably genotype 1. The main limitation of this study 
was the lack of molecular testing for the presence of HEV 
RNA due to the limited resources. Absence of a control 
group for comparing the HEV seroprevalence could also be 
considered a limitation. More studies with larger numbers 
of patients with variable transplanted organs and, using 
molecular testing for virus RNA and genotyping may be 
required to better address the true prevalence of HEV-
related chronic hepatitis in this population of patients in 
Iran. 
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