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ABSTRACT
Background and Objectives: HEV infection is predominantly spread via the fecal-oral route; however, due to the presence
of HEV RNA in the serum of healthy blood donors, there is a possibility of the transmissibility of HEV infection through
blood. Multi-transfused thalassemia patients are one of the high risk groups for blood borne viruses. In this study, we evaluated the prevalence of HEV antibodies and HEV-RNA in thalassemia patients with HCV infection.
Materials and Methods: 120 anti-HCV positive thalassemia patient serum samples from Tehran province during April-June
2019 were assessed for the presence of total anti-HEV antibodies using of HEV Ab ELISA kit. All serum samples were assayed by Nested RT-PCR to detect HEV-RNA.
Results: The results of ELISA test showed that 2 out of 120 (1.67%) samples were positive for anti-HEV Ab. There was no
statistically significant difference between anti-HEV antibody prevalence rate and sex, age and other risk factors. None of
120 (0.00%) samples were positive for HEV-RNA by Nested RT-PCR.
Conclusion: Seroprevalence of HEV in our study group was 1.67% which is less than HEV seroprevalence rate in Iranian
general population. Therefore, it can be conclude that transmission of HEV infection via blood transfusion seems to be
uncommon in Iran and the fecal-oral route can be the predominant mode of transmission in Iran; however, more studies are
required to confirm this issue.
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INTRODUCTION
Hepatitis E virus (HEV) is an established zoonotic
agent with global distribution that is known as the
fifth form of viral hepatitis causing infection in many
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developing countries in Asia and Africa and also,
sporadic cases of acute hepatitis and jaundice in many
industrialized countries (1, 2). HEV infection is predominantly spread via the fecal-oral route especially contaminated water with animal or human feces
(3-5). The other modes of HEV transmission remain
controversial (6). Overall, during the acute phase of
the viremia period, IgM rise significantly for about
3-8 months. If HEV- RNA be detectable during this
period, it can refer to current infection. Afterwards,
IgM becomes undetectable and IgG level has an upward trend and remains unchanged for years. In this
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case, in the absence of IgM and HEV- RNA, the presence of IgG can be as indicative of past infection (7).
Transmission of HEV via blood transfusion has been
suggested in several studies (8). Performed studies in
Japan, UK, France and Saudi Arabia have confirmed
the possibility of the transfusion transmissibility of
HEV infection in multi-transfused patients (7, 9).
It has been reported that HEV is transmissible via
transfusion of positive anti-HEV IgM and negative
anti-HEV IgG blood donors plasma to rhesus monkey (10). Transmission of HEV infection among family members has been seen in 1-2% of cases (4). HEV
infection mostly affects children, young to middle
aged adults (15-40 years old) and pregnant women
(4, 7). Clinical symptoms of HEV infection may vary
from severe hepatitis to asymptomatic anicteric and
self-limiting illness (2, 11). The prevalence of HEV
in general population is different in Iran from the
highest rate in Mashhad city (14.2%) till the lowest rate in Sari city (2.3%) (12, 13). In a study reported that the prevalence of HEV in combination
with other viral infections such as HIV patients was
high (16.4%) in Shiraz city compared to the general
population (14). Also, High prevalence of anti-HEV
antibody in HBV (11.3%) and Hepatitis C virus
(HCV) (7%)-infected patients compared to healthy
blood donors (4.5%) in Tehran was reported (15). The
seroprevalence of HEV among thalassemia patients
with chronic hepatitis C was reported to be 1.6% (16).
One of the most important causes of chronic hepatitis, cirrhosis, and liver cancer is HCV infection.
HCV is a blood borne infection and the most common
route of HCV transmission is parenteral and contaminated blood through clinical intervention (17, 18).
Approximately 170-200 million people were infected
with HCV infection worldwide and each year there is
3 to 4 million of new case infection with this virus
(18, 19). It has been reported that HCV infection prevalence is less than 1% in Iranian general population
and between 0.12%-0.89% of the aforementioned
population has anti-hepatitis C virus antibodies
(7, 18, 20, 21). As previously mentioned by Fazel et
al. co-infection of HEV in patients with chronic HCV
leads to deterioration of liver disease and hepatic
complications. Also, revealed that HCV viral load and
progression of chronic hepatitis to fulminant hepatitis in co-infection of HCV and HEV was substantially higher compared to HCV- infected patients (11).
One of the high risk groups for HCV infection is
multi-transfused individuals especially thalassemia

536

patients due to the blood transfusion from asymptomatic HCV infected donors before HCV screening
(21-23). Iran is located on the thalassemia belt with
high thalassemia carrier rate and more than 25,000
registered transfusion dependent thalassemia (TDT)
(21, 25, 26). Reports from Iran have showed that
18% of thalassemia patients have HCV infection
and overall HCV prevalence is around 20% to 40%
among Iranian TDT patients (5, 7, 23, 25).
Regular blood transfusion increase the possible
transmission of blood-borne viruses such as HCV
and also, accumulation of iron in different parts of
the body can be the threat for TDT patient. In other words, iron overload and HCV infection increase
the possibility of infection with other viral hepatitis
such as HEV (24, 25). Therefore, in the present study,
prevalence of HEV antibodies and HEV- RNA in
thalassemia patients with HCV infection was evaluated; also, other risk factors of HEV transmission via
blood transfusion in thalassemia patients with HCV
infection were studied.

MATERIALS AND METHODS
Patients. The cross-sectional study was carried out
from April to June 2019. Participants were comprised
of thalassemic patients who were anti-HCV positive.
About 120 serum samples from thalassemic patients
in Tehran province that were referred to the clinical
laboratory of IBTO in 2019 were collected. All samples were stored in 1.5 mL Eppendorf tubes at -80°C
until they were tested. Demographic features of participants were recorded by a questionnaire contained
detailed questions regarding baseline data (sex, age,
and marital status), and risk factors (a history of
blood transfusion, hospital admission, and surgery).
This study was approved by the committee of ethics and all participants were given informed consent.
Sera of thalassemic patients that were reactive for
anti-HCV by ELISA methods (Biomerieux, France)
were included in this study. All serum samples were
assessed for the presence of total anti- HEV antibodies (IgG and IgM) using of HEV Ab ELISA kit
(Dia.pro, Diagnostic Bioprobes, Italy) according to
the method described in manufacturers instructions.
A total of 10 µl of each serum sample was used. At
the end of the assay, optical density (OD value) of
samples was read at 450 nm using an ELISA plate
microtiter reader (Dynex Technologies). Cut- off was
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defined by use of the mean OD 450 nm value of the
Negative Controls (NC) that were included in each
assay. The numeric value of each sample calculated
and results pinpointed as described in the manufacturers instructions. To confirm the initial results, all
positive samples were retested with the same EIA kit.
Molecular assays. All serum samples were assayed
by Nested RT- PCR to detect HEV RNA. In order
to perform the test, total RNAs were extracted from
the serum samples with the High Pure Viral Nucleic
Acid kit (Roche) and the extracted RNAs were stored
at -80°C. Afterwards, cDNA was synthesized in
RNase- free tubes by means of Easy cDNA Reverse
Transcription kit (Arya Tous, Mashhad, Iran) that
contains all necessary components for conversion of
total RNA to the cDNA. Consequently, to detect viral
RNA, the Nested RT- PCR amplification was carried
out with Emerald Max PCR master mix (Takara biokit, USA) containing 10 μl of 2× master mix, 1 μl
of 10 μm forward primer and 1 μl of 10 μm reverse
primer, 6 μl DDW and 2 μl of cDNA by thermocycler
instruments (Palm Cycler, Corbett, Sydney, Australia) in two rounds with two sets of synthetic primer
pairs (Bioneer, Daejeon, South Korea) for detection
of the HEV genome. All of these primer pairs target
the ORF2 region of the HEV. A part of the ORF2
sequence was amplified using the outer primer pairs
(sense: 5´ GAG GCA GGC ACA ACT AAA GC 3´)
and (antisense: 5´ AAG AAG GGG GGC ACA AG
3´) in the first round, and inner primer pairs (sense: 5´
GCA CCG GGT CGC TAT TTC 3´) and (antisense:
5´ TGA AGC TCA GCG ACA GTA GA 3´) in the
second round (ORF2 PCR) (27).
Both PCR rounds were performed under the same
condition according to the following cycling program; initial denaturation for 5 min at 95°C, 35 cycles
of denaturation for 30s at 94°C, annealing for 30s at
51°C, and extension for 1min at 68°C with an additional 5 min at 72°C, and a final incubation for 3 min
at 4°C. The size of the amplification products of the
first- round PCR was 364 bp, and that of the secondround was 219 bp. The amplification products of second- round were electrophoresed on a 1.5% agarose
gel containing 0.5× TBE buffer, stained with DNA
Green Viewer, and photographed under UV light.
In each run, a negative serum sample and positive
control were used during testing. Set-up PCR was
performed using positive control, for this purpose,
ORF2 complete sequence of the HEV genome was
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cloned in PGEM- B1 vector and ran as a positive
control (Bioneer, Daejeon, South Korea). The Nested
RT- PCR assay was carried out in duplicate, and reproducibility was confirmed.
Statistical analysis. All data were analyzed with
SPSS (version 21) software. To evaluate the association between different factors, Chi- square analysis
was performed. The level of significance was set at a
P value of < 0.05.

RESULTS
Total of 120 serum samples was assayed for HEV
total antibodies (IgG and IgM). There were 42
(35.0%) males, 78 (65.0%) females; the mean age was
32. 26 ± 6.36 years range from 17 to 45 years old. On
analyzing the samples with regards to the risk factors, 60 (50.00%) patients had a history of surgery, 55
(45.83%) patients had a history of hospital admission
and 79 (65.83%) patients had a history of blood transfusion. Some patients had more than one the risk factors (Table 1).
The results of ELISA showed that 2 out of 120 serum samples were positive for anti- HEV Ab and 118
(98.33%) samples were negative. The overall seroprevalence of HEV in our population was 1.67%. Based
on analyzing results of ELISA IgG and IgM with regards to baseline data (sex, age, and marital status)
and the risk factors such as blood transfusion, there is
no statistically significant difference (P> 0.05). Also,
the findings indicated that none out of 120 of samples
were positive for HEV RNA by Nested RT- PCR.

DISCUSSION
HEV infection has a widespread distribution in
different parts of the world (6, 10). Iran is considered as an endemic area for hepatitis E infection
with seroprevalence rate above 5% in general population (28-30). Due to regular blood transfusion,
multi transfusion thalassemia patients are prone to
infection with viral hepatitis agents such as HCV
and HEV (31, 32). Seroprevalence of HEV in our
study was 1.67% which is less than HEV seroprevalence rate in Iranian general population. Previous
studies have reported different seroprevalence rates
of HEV infection in thalassemia patients. In study
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Table 1. Prevalence of anti-HEV antibodies based on gender, age, marriage and risk factors

Gender
Male
Female
Age groups
0-20
21-30
31-40
41-50
Marriage
Single
Married
Risk Factors
History of surgery
History of hospital admission
History of blood transfusion

Thalassemia patients
(N=120/100%)

Anti HEV-Ab positive
(N=2/1.67%)

42 (35.0%)
78 (65.0%)

2 (1.67%)
0 (0.00%)

9 (7.50%)
34 (28.33%)
66 (55%)
11 (9.17%)

0.0%
0.0%
2 (1.67%)
0 (0.00%)

75 (62.50%)
45 (37.50%)

2 (1.67%)
0 (0.00%)

60 (50.00%)
55 (45.83%)
79 (65.83%)

0 (0.00%)
2 (1.67%)
0.0%

on 125 thalassemia patients, anti-HEV IgG was confirmed in 2.4% of them and no significant association was found between anti-HEV and anti-HCV in
thalassemia patients (33). Another study in Jahrom,
southern Iran, indicated that the prevalence of HEV
IgM and IgG antibodies in thalassemia patients were
1.8% and 10%, respectively (32). The seroprevalence
of anti-HEV antibodies in thalassemia patients in
Mashhad, Iran, was 2.6% (34). The seroprevalence
of HEV in healthy Iranian population is lower than
neighbor countries that due to the significant rise in
the level of public awareness, hygiene, and sanitation. In a study in Saudi Arabia, the prevalence of
hepatitis E virus antibody in patients with beta-thalassemia major was 10.7%. This result showed that
there is possibility of blood-borne HEV in the Saudi
population (35).
Chronic hepatitis C may found in the history of
thalassemia patients (1, 31). Approximately 80% of
the adult thalassemia patients in the world are infected with HCV (31). It has been reported that the
seroprevalence of HCV infection among thalassemia
patients in different regions of Iran ranged from 2%
to 32% (25). Accordingly, Fazel H et al. reported
that the prevalence of HEV IgG antibodies in HCV
infected patients was high with the rate of 9.4% in
Jahrom, Southern Iran (11). Also, Keyvani et al. revealed that the seroprevalence of anti-HEV antibody
in HCV infected patients was 7% that in comparison
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to Iranian blood donors was high (15). On the other
hand, other studies in Iran reported the low seroprevalence of HEV among hemophilia and thalassemia
patients compared to the general population (31). Elizee et al. reported that the seroprevalence of HEV
among Iranian thalassemia patients with chronic
hepatitis C was 1.6% (31) that is similar to our data in
this study (1.67%).
In this study, none of samples were positive for
HEV RNA by Nested RT- PCR. There is a limited
study regarding HEV-RNA prevalence among blood
donors in Iran. During the asymptomatic viremic
phase of infection; only the existence of HEV- RNA
in blood of the healthy blood donors with a normal
range of liver enzymes and negative serological
markers are prone to transmission of HEV infection
through blood and blood products (7, 9). So, in addition to the fecal-oral route, transmissions of HEV via
blood transfusion is recently considered as a potential threat to blood safety (6, 7, 9) and should be considered especially for pregnant women, transplant recipients, and immune-compromised patients (10, 25).
Regarding the effect of age on seroprevalence of
HEV infection, the majority of studies have indicated
that the prevalence of anti-HEV antibodies increased
with age and there were significant differences between the age groups. In a study by Farshadpour et
al. on the prevalence of HEV among adults in the
south-west of Iran, HEV seroprevalence reached the
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highest rate of 90.9% in 61 to 70-year-old age group
(9). Mellgren et al. have reported that the prevalence
of anti-HEV IgG was associated with higher age
in patients with chronic hepatitis C virus infection
(36). Also, in the study Alizee et al. has been published that the seroprevalence of anti-HEV IgG rising from 0% in subjects aged below 20 years to 12%
in subjects over 40 years (31). Overall in Iran, the
seroprevalence rate of HEV infection increases with
age because of higher exposure of middle-aged and
elderly subjects to HEV (29, 30). In terms of gender,
several studies reported that the HEV-antibodies seropositivity was not significant between males and
females in Iran. However, Arbiza et al. mentioned
that among subjects in non-endemic areas, middle
and elderly males have the highest incident rate (6).
In the current study, there were no significant differences between sex, age, and risk factors such as
blood transfusion with HEV infection. However, the
seroprevalence rates of HEV infection in males was
(1.67%) higher than females (0.00%).
In a study conducted in Ahvaz city, the highly
endemic area for HEV, Karun river which is contaminated with the city sewage considered as the
water source of HEV infection (9). The other routes
of transmission of viruses (HEV, TTV, SENV) like
blood transfusion in Iran is unknown and the importance of it undetermined (7). In a study on SEN virus infection with high prevalence in three groups
(thalassemic patients infected with HCV, thalassemic patients and HCV patients without a history
of transfusion) showed that routes other than blood
transfusion must be involved in transmitting viruses
(37). Also, in another study on pediatric thalassemia
patients and healthy volunteer children with high
prevalence (64.4% and 24.4% respectively) of Torque
teno virus (TTV), indicated that controls group,
which did not have a history of blood transfusion,
hepatitis, parenteral treatment, or any known diseases, were TTV positive and the possibility of infection of control group via non-parenteral routes was
considered (38).

CONCLUSION
Seroprevalence of HEV in our study group was
1.67% which is less than HEV seroprevalence rate in
Iranian general population. Therefore, transmission
of HEV infection via blood transfusion seems to be
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uncommon in Iran and the fecal-oral route can be the
predominant mode of transmission in Iran; however,
more studies are required to confirm this issue.
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