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Summary
Hepatitis E virus (HEV) infection is an emergent disease in developed countries. HEV sero-
prevalence in such areas significantly exceeds values expected when one considers infection 
with this virus only as a problem restricted to classical endemic regions. To date, no related 
data are available in Poland. In this study we aimed to obtain HEV seroprevalence data and 
compare them with similar data for hepatitis A virus (HAV) in Polish patients.

From February 1st, 2013, to October 15th, 2013, we performed anti-HEV IgG (anti-HEV) tests 
(EIAgen HEV IgG Kit; Adaltis, Milano, Italy) in 182 patients (101 men and 81 women; 61 patients 
were HIV-positive) of one center in Poland, aged 19-85 (47.2±14.2 years).

We found a 15.9% seropositivity rate for anti-HEV (16.3% of the study population with an une-
quivocal test result) and 38.5% for anti-HAV. In 6 cases (3.4%), anti-HEV-positive persons had 
never travelled abroad. In contrast to HAV seroprevalence data, there was no significant diffe-
rence in HEV seroprevalence between young adults (18-40 years) and older patients (p<0.0001 
and p=0.0967, respectively). Anti-HEV were found in 21.3% of HIV-infected individuals.

HEV infection may occur in Poland. Anti-HAV seropositivity among Polish patients is signi-
ficantly higher than anti-HEV. In contrast to HAV, HEV seroprevalence is similar in younger 
and older patients. The clinical course of HEV infection in Polish citizens seems to be largely 
asymptomatic. Polish HIV patients may be more commonly exposed to HEV than similar 
individuals from other countries.
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Introduction

Hepatitis E virus (HEV), one of the so-called primary 
hepatotropic viruses, was recognized as a separate cause 
of human disease in the early 1980s [1]. Its genome – sin-
gle-stranded, positive-sense RNA of 7.2 kb in length – 
was cloned in the 1990s. In the beginning, the virus was 
provisionally classified within the Caliciviridae family, 
but eventually it was reclassified as the only member of 
the Hepevirus genus in the Hepeviridae family. The virus 
is icosahedral and nonenveloped.

HEV infection has worldwide distribution, but the gene-
tic heterogeneity of the virus has an important impact 
on the epidemiology of hepatitis E in different geogra-
phical areas. Four genotypes involved in human infec-
tion and disease exist. They represent one serotype. HEV 
genotypes 1 and 2 are responsible for classic hepatitis E 
in highly endemic regions of Asia and Africa. Its preva-
lence is highest in geographical areas with a hot climate, 
unsatisfactory sanitation and a low level of personal 
hygiene. Genotype 3 is related to increasingly reported 
cases of the so-called autochthonous (locally acquired, 
that is, not related to travel abroad) hepatitis E in indu-
strialized nations of Europe, North America, Australia 
and Japan. Numerous seroepidemiological surveys have 
been performed in the countries of Western Europe. 
Their results suggest that the anti-HEV IgG rate in blood 
donors ranges from 3.2% in western France and the Ile 
de France region [2], 4.7% in Scotland [7], 4.9% in south-
west Switzerland [20], 6.8% in northern Germany [15], 
16% in southwest England [9], 20.3% in Denmark [6] to 
52.5% in the hyper-endemic region of southwest France 
[23] and, in the general population, from 1.9% in the 
Netherlands [30], 7.3% in Catalonia and Spain [4], 9.2% 
in Sweden [25], to 16.8% in Germany [10]. According to 
our knowledge, there have been no Polish reports on 
this issue to date. HEV genotype 4 has been identified 
mainly in Asia (China, Taiwan, Japan) and, recently, in 
France and Germany [14,34]. Infections with genotypes 
3 and 4 are considered to be zoonoses. Although multi-
ple animals can carry the virus, much attention is focu-
sed on swine as potentially the most important source of 
HEV in areas with high prevalence of these genotypes. 

The clinical spectrum of HEV infection ranges from 
an asymptomatic course to fulminant hepatitis. More-
over, the disease can be complicated with extrahepa-
tic manifestations. Previous opinions on hepatitis E 
have also been revolutionized by a recent first report 
on the occurrence of the chronic form of HEV infection 
in solid-organ transplantation patients [19]. Since then, 
other groups of immunocompromised patients have 
been identified as endangered with such a form of HEV 
infection [11,24,32].

The aim of our study was to initially assess anti-HEV 
seroprevalence (proving past contact with HEV) in 
patients of the Department of Infectious Diseases in 
Poznan, western Poland, and the characteristics of HEV-
-seropositive persons in relation to HAV-seropositive 
study participants.

Material and methods

We prospectively evaluated 182 patients (101 men and 81 
women), aged 19-85 (47.2±14.2 years; half of the patients 
were under 48 years), hospitalized for different reasons 
(infectious and non-infectious liver diseases, diarrheal 
illnesses, herpes zoster, HIV infection, meningitis and 
erysipelas) in the Department of Infectious Diseases 
of Jozef Strus Multidisciplinary Municipal Hospital in 
Poznan, Poland, for 9 months (from February 1st, 2013, 
to October 15th, 2013). The patients were mainly city 
and town inhabitants (72.5%), and a substantial majo-
rity of them were born (79.2%) and lived (94.5%) in the 
Wielkopolska (Greater Poland) Region, western Poland. 
Sixty-one patients (33.5%) were infected with HIV.

For anti-HEV IgG (anti-HEV) testing, we used the EIA-
gen HEV IgG Kit (Adaltis, Milano, Italy), which is a third 
generation enzyme immunoassay test for the qualitative 
assessment of IgG antibodies to HEV in human plasma 
or sera. The results were considered positive when the 
ratio of the sample optical density at 450 nm and the 
cut-off (s/co) value was higher than 1.10 (accordingly 
to the manufacturer’s recommendations). For anti-HAV 
IgG (anti-HAV) testing, we used the chemiluminescent 
microparticle immunoassay (CMIA, ARCHITECT HAVAb-
-IgG, Abbott Laboratories, Wiesbaden, Germany) for 
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Table 1. Anti-HEV and anti-HAV positivity depending on the age of patients

Age range [years] Anti-HEV (+)* Anti-HAV (+)** p

18-30 7/25 (28.0%) 3/27 (11.1%) 0.1223

31-40 7/37 (18.9%) 4/35 (11.4%) 0.3763

41-50 6/31 (19.4%) 8/29 (27.6%) 0.4532

51-60 6/50 (12.0%) 27/49 (55.1%) <0.0001

>60 3/35 (8.6%) 25/34 (73.5%) <0.0001

Total 29/178 (16.3%) 67/174 (38.5%) <0.0001

* Patients with equivocal testing result were excluded from the analysis
** There were no data available for 5 patients

Ratios of the sample optical density at 450 nm and the 
cut-off value (s/co) in anti-HEV-positive study patients 
were as follows: 1.20-2.00 in 9 cases (31%), 2.01-3.00 in 
6 cases (21%), 3.01-4.00 in 3 cases (10.3%), 4.01-5.00 in 
2 cases (7%), 5.01-6.00 in 3 cases (10.3%), 6.01-7.00 in 1 
case (3%), 8.01-9.00 in 2 cases (7%) and >9.00 in 3 cases 
(10.3%). 

The comparison taking into consideration both anti-
-HEV and anti-HAV status of patients in relation to diffe-
rent demographic, epidemiological and clinical variables 
is presented in Table 2.

As the data shown above suggest, anti-HAV-negative, 
anti-HEV-positive patients were significantly younger 
than people seropositive only for HAV (p<0.0001), but 
there was no mean age difference between them and 
double-negatives (HAV-, HEV-) (p=0.5509). The preva-
lence of a lower level of education (that is, elementary 
school or technical school vs. high school or university/
college) among anti-HAV-positive, HEV-negative indi-
viduals was significantly higher when compared with 
HAV-negative, HEV-positive (p=0.0163) and HAV-nega-
tive, HEV-negative (p=0.0001) patients. It could not be 
ascribed only to older age of these (HAV+, HEV-) patients 
(mean age of 31 patients with a lower level of educa-
tion was 58.9±11.2 years, and the same parameter value 
in 28 individuals with a higher level of education was 
53.9±11.0 years, p=0.0857). 

It is worth knowing that when prevalence of raw meat 
and/or seafood consumption was assessed in HAV-nega-
tive, HEV-positive vs. double-negative participants of 
the study, a trend toward higher prevalence of such 
behavior in the former group was observed (77.3% vs. 
56.1%, respectively; p=0.0711).

Anti-HEV were positive in 6 out of 35 individuals (17.1%) 
in whom an unequivocal result of testing was obtained 
and who have never travelled abroad. Their more deta-
iled characteristics are summarized in Table 3.

It is of note that all these patients were born and lived in 
cities or towns of the Wielkopolska Region.

In the case of HIV-negative patients, 95 of them (78.5%) 
were hospitalized because of liver disease and 26 (21.5%) 

the qualitative detection of IgG antibody to hepatitis 
A virus (HAV) in human serum or plasma. The results 
were considered positive when the signal to cut-off (s/
co) value was equal to or higher than 1.0 (accordingly to 
the recommendations of the manufacturer).

The patients were also tested for HBsAg, anti-HBc total 
(anti-HBc) and anti-HCV (CMIA; ARCHITECT HBsAg 
Qualitative, Abbot Laboratories, Sligo, Ireland; ARCHI-
TECT Anti-HBc II and ARCHITECT Anti-HCV, both Abbott 
Laboratories, Wiesbaden, Germany).

Additionally, we collected the patients’ simple demo-
graphic (age, sex, level of education) and epidemiolo-
gical (travel abroad, contact with farm animals, dietary 
habits, that is, consumption of raw meat and/or seafood) 
data. They were also interviewed for some clinical infor-
mation, such as past icteric disease and, if available, 
its final diagnosis, vaccination against hepatitis A and 
details about the condition responsible for the current 
hospitalization.

All patients signed an informed consent. The study was 
approved by the Bioethics Committee of Poznan Univer-
sity of Medical Sciences (resolution number 819/13).

Statistical analysis

Nominal data of the patients’ characteristics were 
compared with the test of proportions (comparing 
percentage ratios between two groups). Age as a nume-
rical variable was compared using Student’s t-test. The 
assumption that age follows a normal distribution was 
checked by the Shapiro-Wilk test, and homogeneity of 
variances was verified by Levene’s test. Data were analy-
zed by the statistical package Statistica PL 10 (StatSoft, 
Inc). All tests were considered significant at p<0.05.

Results

Anti-HEV were found in 29 patients (15.9%). In 4 of them 
(2.2%) the result was equivocal and they were excluded 
from further analysis of HEV-seropositivity issues. Anti-
-HAV were identified in 70 patients among 177 tested. 
Five persons reported vaccination against hepatitis A, 
but immunity was proven only in 3 such cases (these 
patients were excluded from further analysis of HAV-
-seropositivity issues), while 2 patients were seronega-
tive. The final HAV seropositivity rate was 38.5%. When 
considering young adults (18-40 years) vs. older indivi-
duals, HAV seroprevalence was higher in the latter group 
(11.3% vs. 53.6%, p<0.0001). We failed to prove a similar 
relation of HEV seroprevalence with age (22.6% in young 
adults vs. 12.9%, in older patients; p=0.0967). The diffe-
rence between the frequency of anti-HEV and anti-HAV 
positivity was statistically significant (p <0.0001) due to 
significantly higher HAV seroprevalence in individuals 
older than 50 years. Data describing the levels of sero-
positivity towards both viruses in relation to the age of 
patients are shown in Table 1.
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ries. In other 4 cases, acute hepatitis B, acute hepa-
titis C, decompensation of liver cirrhosis and toxic 
liver injury were diagnosed as the cause of jaundice. 
In 3 cases (including one both anti-HAV and anti-HEV-
-positive), no data about the final cause of jaundice 
were available.

In 7 anti-HEV-positive patients (24.1% of HEV-seropo-
sitive persons; 2 individuals were also anti-HAV-posi-
tive), a non-surgical icteric disease was reported (Table 
5). The identified causes of jaundice in these cases 
were: acute hepatitis B, decompensation of liver cirr-
hosis (2 cases), acute non-A non-B hepatitis and auto-
immune hepatitis; no data existed for 2 cases (one such 
patient was seropositive for HAV). In all these cases, at 
least one serological marker of HAV, HBV or HCV infec-
tion was positive.

Discussion

The results of this first prospective analysis of HEV sero-
prevalence in Polish patients suggest that HEV infection 
may be present in Poland (and more specifically, in the 
Wielkopolska Region) as an autochthonous problem, as 
it is in other industrialized countries. We found the pre-
sence of anti-HEV IgG (which can be regarded as proof 

because of other causes. Anti-HEV were detected in 10 
cases in the first group (out of 91, that is, 11%; in 4 hepa-
tological patients, the HEV testing result was equivocal 
and they were excluded from this analysis) and 6 (23.1%) 
cases in the second group (p=0.1123).

Data on coexistence of anti-HCV, HBV infection serolo-
gical markers and anti-HEV in non-HIV individuals are 
shown in Table 4.

In HIV-infected participants of the study, anti-HEV were 
found in 13 cases (21.3%), and there was no difference 
in comparison with non-HIV patients (16 cases, 13.7%; 
p=0.1902). Seropositivity towards HAV was significan-
tly more frequent among non-HIV-infected individu-
als (46.1% vs. 23.7% in HIV-infected patients; p=0.0025). 
Probably it was related mainly to the most important 
factor influencing immunity against hepatitis A, that is, 
older age of HIV-negative study participants (52.5±13.6 
years vs. 38.0±9.6 years in persons with HIV infection; 
p<0.0001).

In 6 anti-HAV-positive patients (8.6% of HAV-seropo-
sitive individuals; all these patients were anti-HEV-
-negative), a non-surgical icteric disease recognized 
as hepatitis A was reported in their medical histo-

Table 2. Characteristics of patients depending on their anti-HAV (HAV) and anti-HEV (HEV) status (n=170*) 

Variable
HAV+, HEV+

n=7 
HAV+, HEV-

n=59 
HAV-, HEV-

n=82 
HAV-, HEV+

n=22 

Mean age±SD
(range) [years]

51.6±18.0
(26-81)

56.5a,b ±11.3
(27-85)

42.6a±13.0
(19-69)

40.8b±11.9
(23-64)

Male sex 4 (57.1%) 31 (52.5%) 46 (56.1%) 15 (68.2%)

Lower level of education 4h (57.1%) 31i,j (52.5%) 17h,i (20.7%) 5j (22.7%)

Direct contact with farm animals in 
lifetime

3 (42.9%) 34 (57.6%) 37 (45.1%) 10 (45.5%)

Travel abroad 4 (57.1%) 47 (79.7%) 65 (79.3%) 19 (86.4%)

Jaundice in history 2 (28.6%) 12 (20.3%) 8 (9.8%) 5 (22.7%)

* 12 patients were excluded from the analysis, that is, 5 patients with no data available for anti-HAV, 4 patients with equivocal result of anti-HEV testing and 3 
patients who were immunized for HAV through vaccination
a-j - Values followed by the same letters differ significantly at p <0.05

Table 3. Characteristics of anti-HEV-positive patients with no history of travel abroad (n=6)

Patient Sex Age Cause of hospitalization
Identified cause 
of past jaundice

Anti-HEV 
(s/co)

Anti-HAV HBsAg Anti-HBc Anti-HCV

1. F 55 Liver cirrhosis, CHC Cirrhosis decompensation 9.00 + - + +

2. M 81 Acute gastroenteritis Not determined 2.31 + - nd -

3. M 52 HIV infection Not determined 2.83 - + + -

4. F 40 Autoimmune hepatitis Autoimmune hepatitis 3.07 - - - -

5. M 26 HIV infection
No jaundice 

in history
1.54 - - - -

6. M 42 HIV infection
No jaundice 

in history
1.89 + - - -

CHC - chronic hepatitis C, s/co - ratio of the sample optical density at 450 nm and the cut-off value, nd - no data 
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anti-HEV tests used in the present study, because no sys-
tematic analyses on this issue have been published. Of 
course, any combination of the factors discussed above 
could also occur. Additionally, no difference in HAV vs. 
HEV seroprevalence was noted among patients aged up 
to 50 years. This may reflect an approach to the situation 
observed in some countries of Western Europe (such as 
France and the United Kingdom), that is, more common 
occurrence of hepatitis E in comparison to hepatitis A in 
the populations of these countries [8,18].

More frequent seropositivity towards HAV in compari-
son to HEV in older individuals can be easily explained 
by higher efficiency in person-to-person transmission 
of infection with the former virus, which is commonly 
known and, in our opinion, was facilitated by worse 
sanitary conditions in Poland in the past. We also postu-
late that a higher frequency of a lower level of educa-
tion among anti-HAV-positive patients could be related 
to poor adherence to elementary hygiene rules, which 
resulted in greater exposure to HAV. 

Non-surgical icteric disease was reported by about one-
-fourth of anti-HEV-positive patients and an even lower 
percentage of HAV seropositives. It is important that 
icteric hepatitis A was identified in only about 9% of 
individuals with the presence of anti-HAV. This value is 
similar to what we found in our previous HAV seropreva-
lence survey [3]. All these data suggest that an asympto-
matic or paucisymptomatic course is the most common 
clinical scenario for both (HEV and HAV) infections in 
the Polish population. To support this contention for 

of past infection with this hepatotropic virus) in 16.3% 
of the study population with an unequivocal test result. 
The prevalence of anti-HEV IgG in the participants of 
this study was similar to the result of a large analysis 
performed in inhabitants of our neighboring country, 
Germany (16.8%) [10].

However, the strongest argument for the occurrence 
of HEV infection in Poland is HEV seropositivity of 
6 patients (3.4%) who have never travelled abroad (17.1% 
of all such individuals). For the remaining 23 anti-HEV-
-positive patients, it is difficult to speculate about the 
circumstances of their exposure to HEV infection, but it 
must be stressed that no person from this group expe-
rienced icteric disease after travelling abroad, and only 
3 of them reported jaundice in the past. 

Surprisingly, in contrast with other seroepidemiological 
studies [4,10], there was no difference in HEV seropo-
sitivity in young adults vs. older individuals. Moreover, 
a trend toward a more frequent presence of anti-HEV 
was observed in younger individuals. First, it may be 
only a random phenomenon related to a small number 
of the study participants. Second, perhaps HEV infec-
tion in Poland was initially restricted to limited groups 
of inhabitants of this country, and subsequently, because 
of unknown reasons, it became more prevalent, particu-
larly among younger individuals. This subject requires 
larger studies performed on a higher number of Poles. 
HEV antibodies could also wane with time, assuming 
there were no recurrent contacts with the virus. Last but 
not least, some concern exists about the performance of 

Table 4. Anti-HCV, HBsAg, anti-HBc and anti-HEV testing results in patients not infected with HIV (n=121)

Anti-HCV(+), n=72 HBsAg(+), n=7 Anti-HBc(+), n=30

Anti-HEV(+) 7 (10%*) 1 (16.7%*) 3 (10%*)

Anti-HEV equivocal 2* 1* 3*

Anti-HEV(-) 63 5 24

No data - - 27

* Patients with equivocal anti-HEV testing were excluded from the analysis of HEV-seropositivity issues

Table 5. Anti-HEV-positive patients with non-surgical jaundice in medical history (n=7)

Patient Sex Age Cause of hospitalization
Identified cause
of past jaundice

Anti-HEV 
(s/co)

Anti-HAV HBsAg Anti-HBc Anti-HCV

1. F 48 Liver cirrhosis, CHC Acute hepatitis B 2.10 - - + +

2. F 55 Liver cirrhosis, CHC
Liver cirrhosis 

decompensation
9.00 + - + +

3. M 81 Acute gastroenteritis Not determined 2.31 + - nd -

4. M 52 HIV infection Not determined 2.83 - + + -

5. F 40 Autoimmune hepatitis Autoimmune hepatitis 3.07 - - - -

6. M 53 Liver cirrhosis, CHC
Liver cirrhosis 

decompensation
2.66 - - - +

7. F 64 Liver cirrhosis, CHC Non-A, non-B hepatitis 1.95 - - - +

CHC - chronic hepatitis C, s/co - ratio of the sample optical density at 450 nm and the cut-off value, nd - no data
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whole Polish population. Another important limitation 
of the present study, which might have had an impact 
on the significance of the final results, is the small num-
ber of study participants, who were additionally mainly 
city or town inhabitants. To obtain more complete data 
on seroprevalence of HEV in the Wielkopolska Region 
and generally in the whole of Poland, the performance 
of large-scale studies on varied populations is needed. 
In addition, more profound analysis of unexplained 
hepatitis cases in Poland should be started in search of 
autochthonous HEV infections. To date, only two Polish 
original reports on hepatitis E describing seroprevalence 
[13] and an acute complicated hepatitis E case [12] are 
known to us, and both concern Indian students from 
Bialystok, eastern Poland. As mentioned previously, the 
accuracy of the test used in this study was not compa-
red with other tests searching for anti-HEV IgG antibo-
dies. Nevertheless, the same anti-HEV kits were used in 
other seroprevalence studies [5,16,28]. Moreover, kno-
wing the data on the sensitivity of different HEV IgG 
tests [22,31,33], it can be stated that we have underesti-
mated rather than overestimated HEV seroprevalence in 
our analysis. 

In conclusion, the results of the present study suggest 
that infection with HEV may occur in Poland – we iden-
tified 17.1% of HEV seropositives among individuals 
who have never travelled abroad. Anti-HAV positivity 
among Polish patients is significantly higher than anti-
-HEV. In contrast to HAV, HEV seroprevalence is similar 
in younger and older patients. The clinical course of 
hepatitis E virus infection in Polish citizens seems to 
be asymptomatic or paucisymptomatic in the majority 
of cases. Initial and limited data suggest that, for unk-
nown reasons, Polish HIV patients may be more com-
monly exposed to HEV than similar individuals from 
other European countries.

infection with HEV, an investigation of a hepatitis E out-
break on a cruise ship can be cited [29]; in that report, 
two-thirds of passengers with serological evidence of 
recent contact with HEV had no symptoms related to 
infection with the virus. An even higher percentage 
(about 97%) of asymptomatic HEV seroconversions was 
suggested by a large HEV vaccine study from China [35].

We failed to observe more frequent contacts with farm 
animals in patients exposed to HEV. It should also be 
mentioned that a high percentage of these individu-
als (77%) reported consumption of raw meat and/or 
seafood. The comparison of such culinary preferences 
between anti-HEV-positive and double-negative patients 
did not reach statistical significance, but we think it was 
only due to the low number of study participants. Zoo-
notic HEV strain infections were linked to the consump-
tion of undercooked or raw pork [18] and shellfish [29].

HEV seroprevalence among 61 HIV-infected individu-
als was similar to the value observed in other patients. 
According to our knowledge, no data have been publi-
shed that prove HEV transmission through intravenous 
drug use or the sexual route, the two main modes of HIV 
transmission in adults. However, the prevalence of anti-
-HEV in our HIV patients was significantly higher when 
compared with data reported by four recent larger stu-
dies from Switzerland (2.6%) [21], Germany (4.9%) [26] 
and France (4.4-6.2%) [17,27]. The reason for such a dif-
ferent HEV seroprevalence pattern in Polish HIV-infec-
ted individuals is unknown. 

Our analysis has some limitations. The main one is 
that HEV seroprevalence was tested only in a subset of 
patients hospitalized in the Department of Infectious 
Diseases, which means that the results of this study may 
not reflect appropriately the seropositivity level in the 

[1] Balayan M.S., Andjaparidze A.G., Savinskaya S.S., Ketiladze E.S., 
Braginsky D.M., Savinov A.P., Poleschuk V.F.: Evidence for a virus in 
non-A, non-B hepatitis transmitted via the fecal-oral route. Inte-
rvirology, 1983; 20: 23-31

[2] Boutrouille A., Bakkali-Kassimi L., Crucière C., Pavio N.: Preva-
lence of anti-hepatitis E virus antibodies in French blood donors. J. 
Clin. Microbiol., 2007; 45: 2009-2010

[3] Bura M., Bura A., Adamek A., Michalak M., Marszałek A., Hryc-
kiewicz K., Mozer-Lisewska I.: Seroprevalence of hepatitis A virus 
antibodies (anti-HAV) in adult inhabitants of Wielkopolska region, 
Poland - the role of simple demographic factors. Ann. Agric. Envi-
ron. Med., 2012; 19: 738-741

[4] Buti M., Domínguez A., Plans P., Jardí R., Schaper M., Espuñes J., 
Cardeñosa N., Rodríguez-Frías F., Esteban R., Plasència A., Salleras 
L.: Community-based seroepidemiological survey of hepatitis E vi-
rus infection in Catalonia, Spain. Clin. Vaccine Immunol., 2006; 13: 
1328-1332

[5] Carmoi T., Safiullah S., Nicand E.: Risk of enterically transmit-
ted hepatitis A, hepatitis E, and Plasmodium falciparum malaria in 
Afghanistan. Clin. Infect. Dis., 2009; 48: 1800

[6] Christensen P.B., Engle R.E., Hjort C., Homburg K.M., Vach W., 
Georgsen J., Purcell R.H.: Time trend of the prevalence of hepatitis 
E antibodies among farmers and blood donors: a potential zoonosis 
in Denmark. Clin. Infect. Dis., 2008; 47: 1026-1031

[7] Cleland A., Smith L., Crossan C., Blatchford O., Dalton H.R., Sco-
bie L., Petrik J: Hepatitis E virus in Scottish blood donors. Vox Sang., 
2013; 105: 283-289

[8] Dalton H.R., Stableforth W., Hazeldine S., Thurairajah P., Ram-
narace R., Warshow U., Ijaz S., Ellis V., Bendall R.: Autochthonous 
hepatitis E in Southwest England: a comparison with hepatitis A. 
Eur. J. Clin. Microbiol. Infect. Dis., 2008; 27: 579-585

[9] Dalton H.R., Stableforth W., Thurairajah P., Hazeldine S., Remna-
race R., Usama W., Farrington L., Hamad N., Sieberhagen C., Ellis V., 
Mitchell J., Hussaini S.H., Banks M., Ijaz S., Bendall R.P.: Autochthono-

References



326

Postepy Hig Med Dosw (online), 2015; tom 69: 320-326

us hepatitis E in Southwest England: natural history, complications 
and seasonal variation, and hepatitis E virus IgG seroprevalence in 
blood donors, the elderly and patients with chronic liver disease. 
Eur. J. Gastroenterol. Hepatol., 2008; 20: 784-790

[10] Faber M.S., Wenzel J.J., Jilg W., Thamm M., Höhle M., Stark K.: 
Hepatitis E virus seroprevalence among adults, Germany. Emerg. 
Infect. Dis., 2012; 18: 1654-1657

[11] Gauss A., Wenzel J.J., Flechtenmacher C., Navid M.H., Eisenbach 
C., Jilg W., Stremmel W., Schnitzler P.: Chronic hepatitis E virus infec-
tion in a patient with leukemia and elevated transaminases: a case 
report. J. Med. Case Rep., 2012; 6: 334

[12] Jaroszewicz J., Flisiak R., Kalinowska A., Wierzbicka I., Prokopo-
wicz D.: Acute hepatitis E complicated by acute pancreatitis: a case 
report and literature review. Pancreas, 2005; 30: 382-384

[13] Jaroszewicz J., Rogalska M., Kalinowska A., Wierzbicka I., Par-
fieniuk A., Flisiak R.: Prevalence of antibodies against hepatitis E 
virus among students from India living in Bialystok, Poland. Przegl. 
Epidemiol., 2008; 62: 433-438

[14] Jeblaoui A., Haim-Boukobza S., Marchadier E., Mokhtari C., Ro-
que-Afonso A.M.: Genotype 4 hepatitis E virus in France: an auto-
chthonous infection with a more severe presentation. Clin. Infect. 
Dis., 2013; 57: e122-e126 

[15] Juhl D., Baylis S.A., Blümel J., Görg S., Hennig H.: Seroprevalence 
and incidence of hepatitis E virus infection in German blood donors. 
Transfusion, 2014; 54: 49-56

[16] Kaba M., Brouqui P., Richet H., Badiaga S., Gallian P., Raoult D., 
Colson P.: Hepatitis E virus infection in sheltered homeless persons, 
France. Emerg. Infect. Dis., 2010; 16: 1761-1763

[17] Kaba M., Richet H., Ravaux I., Moreau J., Poizot-Martin I., Mot-
te A., Nicolino-Brunet C., Dignat-George F., Ménard A., Dhiver C., 
Brouqui P., Colson P.: Hepatitis E virus infection in patients infec-
ted with the human immunodeficiency virus. J. Med. Virol., 2011; 
83: 1704-1716

[18] Kamar N., Bendall R., Legrand-Abravanel F., Xia N.S., Ijaz S., Izo-
pet J., Dalton H.R.: Hepatitis E. Lancet, 2012; 379: 2477-2488

[19] Kamar N., Selves J., Mansuy J.M., Ouezzani L., Péron J.M., Guitard 
J., Cointault O., Esposito L., Abravanel F., Danjoux M., Durand D., Vi-
nel J.P., Izopet J., Rostaing L.: Hepatitis E virus and chronic hepatitis 
in organ-transplant recipients. N. Engl. J. Med., 2008; 358: 811-817

[20] Kaufmann A., Kenfak-Foguena A., André C., Canellini G., Bür-
gisser P., Moradpour D., DarlingK.E., Cavassini M.: Hepatitis E virus 
seroprevalence among blood donors in southwest Switzerland. PLoS 
One, 2011; 6: e21150

[21] Kenfak-Foguena A., Schöni-Affolter F., Bürgisser P., Witteck A., Dar-
ling K.E., Kovari H., Kaiser L., Evison J.M., Elzi L., Gurter-De La Fuente V., 
Jost J., Moradpour D., Abravanel F., Izopet J., Cavassini M., the Swiss HIV 
Cohort Study: Hepatitis E virus seroprevalence and chronic infections in 
patients with HIV, Switzerland. Emerg. Infect. Dis., 2011; 17: 1074-1078

[22] Khudyakov Y., Kamili S.: Serological diagnostics of hepatitis E 
virus infection. Virus Res., 2011; 161: 84-92

[23] Mansuy J.M., Bendall R., Legrand-Abravanel F., Sauné K., Mié-
douge M., Ellis V., Rech H., Destruel F., Kamar N., Dalton H.R., Izopet 
J.: Hepatitis E virus antibodies in blood donors, France. Emerg. In-
fect. Dis., 2011; 17: 2309-2312

[24] Neukam K., Barreiro P., Macías J., Avellón A., Cifuentes C., Mar-
tín-Carbonero L., Echevarría J.M., Vargas J., Soriano V., Pineda J.A.: 
Chronic hepatitis E in HIV patients: rapid progression to cirrhosis 
and response to oral ribavirin. Clin. Infect. Dis., 2013; 57: 465-468

[25] Olsen B., Axelsson-Olsson D., Thelin A., Weiland O.: Unexpected 
high prevalence of IgG-antibodies to hepatitis E virus in Swedish pig 
farmers and controls. Scand. J. Infect. Dis., 2006; 38: 55-58

[26] Pischke S., Ho H., Urbanek F., Meyer-Olsen D., Suneetha P.V., 
Manns M.P., Stoll M., Wedemeyer H.: Hepatitis E in HIV-positive 
patients in a low-endemic country. J. Viral Hepat., 2010; 17: 598-599

[27] Renou C., Lafeuillade A., Cadranel J.F., Pavio N., Pariente A., 
Allègre T., Poggi C., Pénaranda G., Cordier F., Nicand E.; ANGH. He-
patitis E virus in HIV-infected patients. AIDS, 2010; 24: 1493-1499

[28] Rossi-Tamisier M., Moal V., Gerolami R., Colson P.: Discrepancy 
between anti-hepatitis E virus immunoglobulin G prevalence asses-
sed by two assays in kidney and liver transplant recipients. J. Clin.
Virol., 2013; 56: 62-64

[29] Said B., Ijaz S., Kafatos G., Booth L., Thomas H.L., Walsh A., Ram-
say M., Morgan D.: Hepatitis E incident investigation team. Hepatitis 
E outbreak on cruise ship. Emerg. Infect. Dis., 2009; 15: 1738-1744

[30] Verhoef L., Koopmans M., Duizer E., Bakker J., Reimerink J., Van 
Pelt W.: Seroprevalence of hepatitis E antibodies and risk profile of 
HEV seropositivity in the Netherlands, 2006-2007. Epidemiol. Infect., 
2012; 140: 1838-1847

[31] Vernier M., Rossi-Tamisier M., Richet H., Brouqui P., Parola P., Bo-
uamri Y., Colson P., Gautret P.: Anti-hepatitis E virus antibody prevalence 
in French expatriate workers. Int. J. Infect. Dis., 2013; 17: e1082-e1084

[32] Versluis J., Pas S.D., Agteresch H.J, de Man R.A., Maaskant J., 
Schipper M.E., Osterhaus A.D., Cornelissen J.J., van der Eijk A.A.: 
Hepatitis E virus: an underestimated opportunistic pathogen in 
recipients of allogeneic hematopoietic stem cell transplantation. 
Blood, 2013; 122: 1079-1086

[33] Wenzel J.J., Preiss J., Schemmerer M., Huber B., Jilg W.: Test per-
formance characteristics of Anti-HEV IgG assays strongly influence 
hepatitis E seroprevalence estimates. J Infect. Dis., 2013; 207: 497-500

[34] Wichmann O., Schimanski S., Koch J., Kohler M., Rothe C., Plentz 
A., Jilg W., Stark K.: Phylogenetic and case-control study on hepati-
tis E virus infection in Germany. J. Infect. Dis., 2008; 198: 1732-1741

[35] Zhang J., Zhang X.F., Zhou C., Wang Z.Z., Huang S.J., Yao X., Liang 
Z.L., Wu T., Li J.X., Yan Q., Yang C.L., Jiang H.M., Huang H.J., Xian Y.L., 
Shih J.W., et al.: Protection against hepatitis E virus infection by 
naturally acquired and vaccine-induced immunity. Clin. Microbiol. 
Infect., 2014; 20: O397-O405

The authors have no potential conflicts of interest to declare.


