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The aims of this study are to determine
seroprevalence of Hepatitis E virus (HEV) in
Tunisian blood donors and to evaluate its risk
of parenteral transmission. Sera collected from
426 blood donors were tested for HEV IgG by
indirect ELISA. Individuals were recruited from
two national transfusion centers, in the North
and the South of the country. Seroprevalence
of HEV IgG was then compared with two other
groups with increased risk of exposure to
parenterally transmitted agents: 80 hemo-
philiac and 286 hemodialysis patients. Among
blood donors, the seroprevalence was estimat-
ed to be 4.5%. It was significantly higher in
the hemophiliac and hemodialysis groups with
7.5% and 10.2%, respectively, (P¼ 0.002). No
significant correlation was observed for this
IgG 1 seroprevalence between age and sex
among three studied groups. These results sug-
gest that HEV has a high risk of parenteral
transmission and confirm that the low endemi-
city of hepatitis E in Tunisia was observed.
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INTRODUCTION

Hepatitis E virus (HEV) causes a significant public
emergent health problem worldwide with approximate-
ly 20,000,000 of people infected globally, over 3,000,000
acute cases of hepatitis E, and 57,000 hepatitis
E-related deaths (http://www.who.int/mediacentre/
factsheets/fs280/fr/). In developing countries, hepatitis
E is a water-borne infection associated with large
epidemics caused by contaminated drinking water
[Mushahwar, 2008; Mansuy et al., 2009; CDCP, 2013].

However, in developed countries, hepatitis E is consid-
ered rare, and is commonly linked to imported infec-
tion [Worm et al., 2002; Miyamura, 2011]. HEV is
transmitted via the fecal-oral route. But, recent studies
have shown that the transmission is through the
parenteral route [Matsubayashi et al., 2004, 2008;
Boxall et al., 2006; Colson et al., 2007]. This hypothesis
is supported by the observation that anti-HEV anti-
bodies are more prevalent in patients with history of
blood transfusion [Kikuchi et al., 2006]. Nevertheless,
the association of transfusion and HEV transmission
still remains highly controversial; however, some re-
ports showed a very low prevalence of HEV infection
in individuals at risk for parenteral exposure, such as
haemophiliacs [Barzilai et al., 1995; Zaaijer et al.,
1995]. No association was found between HEV and
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blood-borne viruses in Italian studies conducted in
1997 [Fabrizi et al., 1997].
HEV is a non-enveloped positive-sense RNA virus

belonging to the Hepeviridae family and the Hepevirus
genus [Dalton et al., 2008; Martelli et al., 2008; Aggar-
wal and Naik, 2009; Forgách et al., 2010]. It has been
recognized that HEV has a single serotype and four
main genotypes (HEV1–4) [Garcı́a et al., 2012]. De-
pending on the infecting genotype, HEV infection is
considered a zoonosis [Chang et al., 2009; Song et al.,
2014; Van der Poel, 2014]. In fact, Genotypes 1 and 2
have been found to be restricted to human [Yugo and
Meng, 2013]. Genotypes 3 and 4 are circulating in
both humans and animals [Meng, 2010; Purdy and
Khudyakov, 2011].
Despite literature reported that hepatitis E is

endemic in North Africa [Miyamura, 2011], no out-
breaks have never been reported in Tunisia. However,
seroprevalence studies in blood donors are limited.
Those published until now targeted different groups
of patients. They did not reflect a real epidemiology of
the infection in the country and reported discordant
results: from 4% to more than 40% of positivity for
HEV antibodies [Ben Halima et al., 1998; Rezig et al.,
2008; Hannechi et al., 2011a,b].
The aims of this study were to determine the

seroprevalence of HEV in Tunisian blood donors and
to evaluate the risk of parenteral transmission. For
that, seroprevalence of specific IgG in blood donors
was estimated and then compared to seroprevalence
in hemophiliac and hemodialysis patients.

MATERIALS AND METHODS

Patients

A total of 791 individuals were included in this
study enrolled between October 2009 and April 2012.
Patients were tested previously for antibodies against
other hepatitis viruses (B, C, and D) and HIV. They
were confirmed negative for all these infections.
Studied population was divided in three distinct
groups: (i) 426 blood donors recruited from two
transfusion centers, 244 and 182 cases from centers
A and B, respectively; (ii) 286 hemodialysis patients
from six hemodialysis centers; and (iii) 80 hemophili-
ac cases enrolled from different regions of the coun-
tries and attending the national hemophiliac center
for follow-up. Informed consent was obtained for each
patient enrolled in the study. Characteristics of these
groups are summarized in Table I.

Serological assays

Serum from all cases was obtained and stored at
�20 ˚C until use. All samples collected from the three
groups were tested, in duplicate, for anti-HEV IgG
using the same commercial indirect ELISA (Globe
Diagnostics Srl, Milan, Italy). The assay was per-
formed according to the manufacturer’s instructions.

Sera with absorbance greater than the cut-off value
were considered positive.

Statistical analysis

Statistical analysis was performed using SPSS
statistical software. Proportion comparison was car-
ried out by the Pearson chi-square test or the Fisher’s
tests. P values <0.05 were considered statistically
significant. Ninety five percent confidence intervals
were calculated (CI 95%). A standardization of the
patients studied by age was performed to restore the
age groups distribution.

RESULTS

Anti-HEV IgG was detected in 6.8% (54/791) of
studied population. Seroprevalence was 4.5% among
blood donors and was significantly higher in hemo-
philiac and hemodialysis groups with 7.5% and 10.2%,
respectively, (P¼ 0.002). The prevalence of anti-HEV
IgG remained significantly higher in these two groups
compared to blood donors after age adjustment.
No significant difference was observed between

hemodialysis and hemophiliac groups. Also, no signif-
icant correlation was observed for anti-HEV IgG
seroprevalence between age and sex among the three
groups (Table II).
For blood donors, IgG was similar between the two

recruiting centers, 3.9% (North center) and 4.9%
(South center). In the hemodialysis group, the preva-
lence of IgG varied from 6.1% to 16.4% among
hemodialysis units; this difference was not statisti-
cally significant (Table III).

DISCUSSION

The epidemiology of HEV in Tunisia is not well
known. Previous studies have reported controversial
results. Among healthy individuals, the seropreva-
lence of specific IgG varied significantly 4.3% in young
adults [Rezig et al., 2008], 12.1% in pregnant women

TABLE I. Characteristics of Studied Population

Groups Number
Mean age
(years)

Extremes
(years)

Sex-ratio
(M/F)

Blood donors
North 244 27.61 18–54 1.54
South 182 61.63 20–88 10.37
Total 426 42.15 18–88 2.3

Hemodialysis
Private

Unit 1 56 56.8 15–90 1.03
Unit 2 61

Public
Unit 3 61 51.13 26–87 1.4
Unit 4 66
Unit 5 29
Unit 6 13

Total 286 54.86 15–90 1.2
Hemophiliacs 80 15.62 2–40 —
Total 792 42.33 2–90 2
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[Hannechi et al., 2011a,b], and 46% in healthy
subjects over 60 years old [Ben Halima et al., 1998].
In blood donors, seroprevalence was 5.4% [Neffati
et al., 2012].
The present study was conducted in the two largest

blood centers in the country. The serological test
used is known to have a good performance confirmed
by high specificity and sensitivity of more than 98%
(Globe Diagnostics, Milan, Italy). It used, as antigen,
a specific polypeptide from ORF2 and ORF3 encoding
conservative immunodominant epitopes. These anti-
gens were those targeted to develop efficient HEV
serological assays [Khudyakov and Kamili, 2011].
Low prevalence (�3%) was observed in Mediterra-
nean European countries including Italy, Spain, and
Greece [Scotto et al., 2012]. Equivalent proportions
have also been observed in Netherlands (1.9%)
[Verhoef et al., 2012], Japan (3.4%), Brazil (2.3%),
and USA (1.2%) [Bortoliero et al., 2006; Takeda
et al., 2010]. Conversely, higher rates of HEV infec-
tion have been reported in Iran (11.5%) and China
(20%). These countries are considered endemic for
hepatitis E [Assarehzadegan et al., 2008; Chandra
et al., 2008]. Seroprevalence reached 60% in Egypt,
especially in rural regions [Delarocque-Astagneau

et al., 2012]. These results showed the association of
hepatitis E with socio-economic levels. Poor sanita-
tion, most likely, plays a predominant role in the
high rate of infection in endemic regions.
Recent studies conducted in some industrialized

countries showed large differences between rates of
seropositivity. In France, southwestern regions are
hyperendemic for HEV, as shown among local blood
donors 52.2%. This high prevalence contrasts with
the low incidence of autochthonous hepatitis E in
France [Mansuy et al., 2008; Mansuy et al., 2011].
These differences may be due to culinary culture of
the local community (eating uncooked pork and game
products) further supporting zoonotic transmission of
HEV infection in the region [Renou et al., 2008].
Similar results have been observed in Japan where
prevalence of specific IgG is higher in the East (5.6%)
in comparison to the West (1.8%). In these settings,
HEV infection is age-dependent and higher in men
(3.9%) than in women (2.9%). Differences in dietary
patterns (high consumption of pork than beef) may
be associated with higher seroprevalence in eastern
Japan [Takeda et al., 2010]. In the present study, no
correlation was observed between positivity of IgG
anti-HEV and age, gender, or origin. This homoge-
nous distribution of HEV prevalence throughout the
country can be explained by the absence of specific
culinary culture for Tunisian community, particularly
the absence of pork consumption. Equivalent distri-
bution of prevalence between socio-demographic vari-
ables has also been observed in Muslims communities
[Traoré et al., 2012]. Other studies targeting a larger
study of patients from specific communities such as
Muslims should be done to confirm this hypothesis.
According to literature, this is the first report on

epidemiology of hepatitis E in hemophiliac and
hemodialysis patients in Tunisia. Higher prevalence
(7.5%) of IgG anti-HEV was observed among heamo-
philiac patients in comparison to blood donors. Simi-
lar results have been obtained in France and Japan
[Buffet et al., 1996; Toyoda et al., 2008]. These high
rates confirmed the risk of HEV parenteral transmis-
sion. Thus, transmission by blood transfusion seems
to be implicated in hemodialysis patients. Prevalence
among hemodialysis varied in Europe from 0% in
Ireland to more than 14% in France. In hyperendem-
ic countries, higher rates were observed in hemodial-
ysis patients. In Taiwan, prevalence reaches 31% in
this studied patients group [Kamar et al., 2010]. In
France, 10.8% of patients under hemodialysis were
positive IgG anti-HEV [Buffet et al., 1996]. This rate
was estimated to be 19% in Japan [Kikuchi et al.,
2006]. In Greece, HEV prevalence among hemodialy-
sis was estimated to be 4.8%, which is higher than
that of blood donors (0.26%). The rate varied from
one dialysis unit to another (from 1.8% to 9.8%)
[Stefanidis et al., 2004] suggesting a possible risk of
nosocomial transmission. In the current study, the
lack of correlation with hemodialysis center suggests
that viral transmission is principally associated to

TABLE II. Prevalence of IgG Anti-HEV Among Studied
Groups

Blood donors Hemodialysis Hemophiliacs

Age
<20 3 (4.7) 0 (0) 3 (9.1)
[20–40] 8 (4) 3 (7.9) 2 (14.3)
>40 8 (5) 18 (12.2) ––
P 0.214 0.579 0.215

Gender
M 16 (5) 18 (11.7) ––
F 3 (2.8) 11 (8.27) ––
P 0.427 0.109 ––

Numbers (percentages) of patients are shown. No significant differ-
ence was observed according to gender and age.

TABLE III. Prevalence and 95% Confidence Interval (CI)
for Anti-HEV IgG on Blood Donors and Hemodialysis

Patients

Groups Standardized prevalence (%) CI 95% P

Blood donors
North 3.7 [2–6.9] 0.578
South 5.5 [2.3–9.2]

Hemodialysis
Private centers

Unit 1 7.1 [2–17] 0.429
Unit 2 10 [3.7–20.2]

Public centers
Unit 3 16.4 [8.1–28.1]
Unit 4 6.1 [1.9–14.8]
Unit 5 13.8 [3.9–31.7]
Unit 6 7.7 [0.2–36]

No significant difference was observed between blood centers
(P¼ 0.578) and dialysis centers (P¼ 0.429) for HEV IgG prevalence.
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contaminated blood. Other explanations can be con-
sidered for higher proportion of HEV IgG among
hemodialysis and hemophiliac patients. It was previ-
ously reported that some viral infections such as HIV
infection or chronic hepatitis B and C can affect the
patient’s immunity [Ayoola et al., 2002]. However, for
the present study, all these viral infections were
previously discarded supporting the real role of
parenteral transmission for HEV.
In conclusion, this report confirmed the low en-

demicity of hepatitis E in Tunisia. The results suggest
that the virus had a high risk of parenteral transmis-
sion. Preventive measures should be implemented to
prevent possible contamination in polytransfused pa-
tients and hemodialysis cases.
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Forgách P, Nowotny N, Erdélyi K, Boncz A, Zentai J, Szucs G,
Reuter G, Bakonyi T. 2010. Detection of hepatitis E virus in
samples of animal origin collected in Hungary. Vet Microbiol
143:106–116.

Garcı́a CG, Sánchez D, Villalba MC, Pujol FH, de Los Ángeles
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Roques P. 2012. Seroprevalence of fecal-oral transmitted hepati-
tis A and E virus antibodies in Burkina Faso. PLoS ONE 7:
e48125.

Van der Poel WH. 2014. Food and environmental routes of Hepati-
tis E virus transmission. Curr Opin Virol 4:91–96.

Verhoef L, Koopmans M, Duizer E, Bakker J, Reimerink J, Van
Pelt W. 2012. Seroprevalence of hepatitis E antibodies and risk
profile of HEV seropositivity in The Netherlands, 2006–2007.
Epidemiol Infect 24:1–10.

Worm HC, Van der Poel WHM, Brandstätter G. 2002. Hepatitis E:
An overview. Microbes Infect 4:657–666.

Yugo DM, Meng XJ. 2013. Hepatitis E virus: Foodborne, water-
borne and zoonotic transmission. Int J Environ Res Public
Health 10:4507–4533.

Zaaijer HL, Mauser-Bunschoten EP, Tne Veen JH, Kapprell HP,
Kok M, van den Berg HM, Lelie PN. 1995. Hepatitis E virus
antibodies among patients with hemophilia, blood donors, and
hepatitis patients. J Med Virol 46:244–246.

J. Med. Virol. DOI 10.1002/jmv

Epidemiology of Hepatitis E in Tunisia 5


