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Introduction

The hepatitis E virus (HEV) infects humans almost eve-
rywhere in the world. In developed countries, genotypes 3  
(HEV-3) and sporadically 4 (HEV-4) are transmitted to 
humans, mainly through infected pork or game meat con-
sumption. In Europe, in healthy individuals, HEV usually 
causes a self-limiting asymptomatic or subclinical infection 
that does not require treatment. It is estimated that less 
than 5% of infections may be accompanied by acute hepati-
tis symptoms such as elevated liver enzymes, jaundice, and 
other non-specific symptoms [1]. However, in immunocom-
promised patients such as oncological patients, solid organ 
or hematopoietic stem cell transplant (HSCT) recipients, 
due to basic illness or immunosuppressive therapy, HEV 
infections can lead to chronic hepatitis [2, 3].

HEV can also be transmitted by blood and its compo-
nents, as well as by solid organ and tissue transplantation 
[4–6]. Due to the semi-enveloped structure of HEV virions, 
there are doubts about what is the effectiveness of cur-
rently available methods of pathogen reduction technology 
(PRT) [7–9]. Therefore, HSCT recipients receiving frequent 
transfusions are at risk of HEV infection transmitted by 
blood and its components [3].

The interest in HEV infection in hematological patients 
results from the increasingly frequent observations of serio-
us complications. In hematological and oncological patients 
with reduced immunity, acute or chronic hepatitis, and even 
deaths, have been reported [2, 6, 10]. HEV infection may 

also cause non-hepatic manifestations, including neurolo-
gical, hematological, nephrological and cardiovascular [6].

The epidemiological situation around the world is di-
verse. Poland is one of the countries with the highest fre-
quency of specific antibodies indicating past infection (IgG 
— 43.52% in blood donors) and a high frequency of recent 
infection markers (IgM — 1.27%, HEV RNA — 1/2.109 blood 
donors) [11].

The aim of this study was to assess the presence of 
HEV infection markers in hematological patients in Poland, 
including allo-HSCT recipients.

Patients and methods

A retrospective study of acute HEV infection markers, 
including viral RNA or Ag and specific IgM, was performed 
in recipients of allo-HSCT treated in the Hematopoietic 
Stem Cell Transplantation Ward (HSCTW) at the Institute of 
Hematology and Transfusion Medicine (IHTM) in Warsaw, 
Poland (these patients were named Group I). HEV markers 
testing was performed also in patients’ samples from 
other hematological wards referred to the Department of 
Virology for the diagnosis of viral hepatitis (these patients 
were named Group II). Additionally in Group II, anti-HEV IgG, 
indicating past infection, was tested.

428 plasma samples from 214 recipients aged 18– 
–71 years (median: 49, mean: 49; 102 women, 112 men) 
were collected from Group I between January 2019 and 
January 2023 at two time points, i.e. c.30 and c.60 days 
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after allo-HSCT. 138 patients underwent allo-HSCT from un-
related donors, 59 from related donors, and 17 from haplo-
identical donors. Group I consisted of patients with different 
types of malignancies (leukemia, lymphomas, myelomas) or 
transplanted due to other serious illnesses (myelodysplastic 
syndrome, leukoencephalopathy, myelofibrosis, amyloido-
sis). Acute infection status was investigated in this group: 
RNA HEV in 166 patients and HEV Ag in another 48. 

Group II consisted of 213 patients aged 8–89 years 
(median: 62, mean: 59; 92 women, 121 men) primarily 
referred for other hepatitis viruses (HBV and/or HCV) mar-
kers testing. In this group, IgM anti-HEV was tested in all 
213 patients (with an ELISA or rapid test) and specific IgG 
and HEV RNA were tested in 148. Plasma or serum sam-
ples were collected between January 2021 and April 2023. 
In this group, there were 20 HCV RNA and six HBV DNA po-
sitive patients.

HEV RNA testing was performed using the reverse 
transcription polymerase chain reaction method (RT-PCR:  
RealStar® HEV RT-PCR Kit 2.0, Altona Diagnostics GmbH, 
Germany) on the Rotor-Gene Q MDx 5plex HRM platform 
(Qiagen GmbH, Germany) or Light Cycler 480 II (Roche 
Diagnostics, Germany). The analytical sensitivity of the 
assay was estimated for 50 IU/mL [95% confidence in-
terval (CI): 30–112.5 IU/mL] and the linear range for  
2.5 × 103–2.5 × 109 IU/mL. RNA was isolated from 200 µL 
of plasma or serum by the automated NucliSENS® easy-
Mag® (bioMérieux, France) method using specific protocol 
Generic 2.0.1 and nucleic acid was eluted with 50 µL of  
extraction buffer. For amplification, 25 µL of eluate was 
used.

HEV Ag and anti-HEV IgG were tested using the Wantai 
HEV-Ag ELISAPlus and Wantai HEV-IgG ELISA, respectively, 
whereas anti-HEV IgM alternatively with Wantai HEV IgM 
ELISA or rapid test for IgM Antibody to Hepatitis E Virus 
(Colloidal Gold Device) (all tests by Beijing Wantai Biologi-
cal Pharmacy Enterprise Co., Ltd., China).

All tests were performed according to the manufacturer’s 
instructions. 

Frequencies were expressed as percentages with 95%CI 
and differences between proportions using the relative risk 
(RR) factor. The significance of differences (p <0.05) was 
verified by the chi-squared test using the Tibco Statistica 
13.3 program (Tibco Software, Palo Alto, CA, USA).

Results and discussion

The results of HEV infection markers testing in allo-HSCT 
recipients (Group I) and hematological patients (Group II) 
are set out in Table I.

In Group I, neither HEV RNA nor HEV antigen was de-
tected. Similarly, in Group II, no HEV RNA or specific IgM in 
the ELISA test was detected, but a positive anti-HEV IgM 
result was obtained in a rapid test in one (0.47%) patient, 

aged 65 with factor VIII deficiency and liver cirrhosis. Ho-
wever, ELISA did not confirm this result and neither HEV 
RNA nor anti-HEV IgG was detected. The patient had a hi-
story of hepatitis C (anti-HCV reactive, HCV RNA negative).

44.59% of patients in Group II had a history of HEV 
infection (specific IgG detected), a proportion very simi-
lar (43.5%) to that observed in a nationwide study of do-
nors conducted in 2015. In the current study including 
patients, no significant differences were found between 
men and women (RR 1.11; 95% CI: 0.77–1.59; p = 0.73), 
while the frequency of anti-HEV IgG in donors was higher 
in men (46.48%) than in women (38.15%) and increased 
with age (up to 56.00% in the group ≥58 years of age) [11]. 
In patients from IHTM hematology wards, the frequency 
of anti-IgG antibodies was also higher in older patients 
(>60 years) compared to younger individuals (50.00% vs. 
37.88%), although these differences, probably due to the 
limited number of subjects, were not significant (RR 1.32; 
95% CI: 0.91–1.92; p = 0.36). 

It is worth noting that in both groups the percentage of 
seropositive individuals was lower (although again the dif-
ferences were not significant, again most likely due to the 
relatively small number) compared to the groups of donors 
<58 years and ≥58 [11] — 37.88% vs. 42.65% (RR 0.88; 95% 
CI: 0.65–1.21; p = 0.62) and 50.00% vs. 56.00% (RR 0.89;  
95% CI: 0.69–1.14; p = 0.61), respectively. It cannot be 
ruled out that the detection of specific antibodies indica-
ting a past infection (anti-HEV IgG) was lower in patients 
than in donors because the level of antibodies could be in-
fluenced by immunodeficiencies and/or treatment among 
patients. The frequency of anti-HEV IgG we observed in 
Group II is higher compared to data reported by other cen-
ters from Europe and China in patients after HSCT (data 
for hematological patients are unavailable), where the ave-
rage proportion of IgG antibodies was 11.4% [3], or from 
the United States — in a group of immunocompromised pa-
tients (including 35% with hematological malignancies), the 
frequency of anti-IgG was 16% [12]. However, a lower fre-
quency of the acute phase of infection marker — IgM was 
observed compared to the general population obtained in 
previous years in blood donors in Poland, for whom it was 
1.27% [11] and in HSCT recipients from European centers 
and China, where average frequency of anti-HEV IgM was 
2.00% [3]. The lack of detectable HEV RNA among hema-
tological IHTM patients, including those after HSCT, indica-
tes a lower incidence of HEV compared to the results from 
the above-mentioned centers in Europe and China, where 
the incidence of HEV RNA was found to be 0–3.85% (ave-
rage frequency: 1.5%) [3]. Other available studies on HEV 
infection in stem cell transplant recipients have shown 
the incidence of infection in the group of HSCT recipients 
to range from <1 to 4% [2]. However, HEV studies in HSCT 
recipients in Sweden showed the occurrence of HEV RNA 
in up to 3.4% of patients [13].
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Table I. Detection of HEV infection markers in hematological patients

Tested marker Group Number of tested person  
(samples)

Positive patients

number frequency in % (95% CI)

Ia. RNA HEV

Group I 166 (332) 0 0.00 (0.00–2.26)

Group II 148 (148) 0 0.00 (0.00–2.53)

Ib. Ag HEV ELISA

Group I 48 (96) 0 0.00 (0.00–7.41)

IIa. Anti-IgG HEV ELISA

Group II 148 (148) 66 44.59 (36.82–52.64)

females 71 (71) 30 42.25 (31.45–53.85)

males 77 (77) 36 46.75 (36.03–57.78)

>60 82 (82) 41 50.00 (39.42–60.58)

≤60 66 (66) 25 37.88 (27.15–49.94)

IIb. Anti-IgM HEV ELISA

Group II 148 (148) 0 0.00 (0.00–2.53)

females 71 (71) 0 0.00 (0.00–5.13)

males 77 (77) 0 0.00 (0.00–4.75)

>60 82 (82) 0 0.00 (0.00–4.48)

≤60 66 (66) 0 0.00 (0.00–5.50)

IIc. Anti-IgM HEV Rapid Test

Group II 65 (65) 1 1.54 (0.27–8.21)

females 21 (21) 0 0.00 (0.00–15.46)

males 44 (44) 1 2.27 (0.40–11.81)

>60 30 (30) 1 3.33 (0.59–16.67)

≤60 35 (35) 0 0.00 (0.00–9.89)

Anti-IgM HEV (ELISA+Rapid — IIb+IIc in total)

Group II 213 (213) 1 0.47 (0.08–2.61)

females 92 (92) 0 0.00 (0.00–4.01)

males 121 (121) 1 0.83 (0.15–4.53)

>60 112 (112) 1 0.89 (0.16–4.88)

≤60 101 (101) 0 0.00 (0.00–3.66)
CI — confidence interval

Several potential explanations exist for the lack of mar-
kers of acute infection in patients intensively treated with 
blood components. In most similar studies, such cases 
were recorded, although there are also analyses that did 
not allow the frequency of infection to be determined. This 
may happen when the study group is too small, considering 
the relatively low incidence of TTI-HEV. In the case of our 
study, this is surprising, because previous studies showed 
a rather high incidence of HEV in Poland compared to other 
countries (frequency in blood donors: IgM 1.27%, HEV RNA 
1:2.109) [11]. We cannot rule out that the epidemiologi-
cal situation has changed, as in the Netherlands and Den-
mark, where significant fluctuations in the detection of viral 
RNA among donors have been observed over several years 

[14]. It should be noted that our study concerns a recent 
period, for which we yet do not have data available on the 
frequency of acute phase markers that would enable the 
assessment of incidence in the general population. It sho-
uld also be noted that the samples we tested came from 
wards supplied with blood and blood components by RCKiK 
Warszawa, which uses PRT for most FFPs and KKPs. It is 
true that these preventive methods seem to have limited 
effectiveness against HEV, but the virus reduction factor 
(VRF) at the level of 2–3.5 log observed in previous stu-
dies [15–17] allows us to predict a certain degree of TTI-
-HEV risk reduction. Of note, in 2015 we documented the 
occurrence of anti-IgG and IgM HEV in 35.63% and 1.21% 
of donors from Warsaw, respectively [11].
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Although there is a shortage of publications with case 
descriptions, and our study did not demonstrate active HEV 
infection in Polish patients, our preliminary observations 
present the risk of HEV infection and the occurrence of sig-
nificant clinical complications also in our country — this is 
indicated by the recent diagnosed case of chronic HEV in-
fection in the IHTM ward — HEV infection lasting at least se-
ven months, accompanied by hepatitis, initially attributed to 
the treatment received by the patient [data not published].

In conclusion, reported high HEV seroprevalence in he-
matological patients indicates the significant past prevalen-
ce of HEV infections among immunocompromised patients, 
although no ongoing infections were revealed.

Available data on the risk of HEV in HSCT recipients 
and clinical complications resulting from infection indicate 
the importance of HEV testing, especially using molecular 
biology methods, which are essential for correctly diagno-
sing liver diseases in patients with immune deficiencies. 
Because in Poland, the testing of HEV RNA has not been 
introduced as an obligatory screening in blood donors, the 
European recommendation encouraging the performance 
of diagnostics for HEV in all patients after transfusion who 
develop elevated levels of liver enzyme activity is especial-
ly important [1, 18]. 

It should be underscored that this kind of diagnostics 
is important in risk groups including in immunocompromi-
sed patients, in which the most effective is RNA HEV test-
ing [2, 6]. Some authors have postulated screening for HEV 
RNA in transplant patients, including all HSCT recipients, 
100 days after transplantation [19]. 

Article information and declarations

Acknowledgments
We thank Beijing Wantai Biological Pharmacy Enterprise 
Co. Ltd for their kind donation of rapid tests intended for 
specific anti-HEV IgM detection. 

Authors’ contributions
AK — literature analysis, data analysis, original draft prepa-
ration; PG — conceptualization, literature analysis, original 
draft preparation, review and editing; JŚ — testing of sam-
ples; KH, BN-A, BC — data concerning patient groups; HD, 
JJ — conceptualization, literature analysis, original draft 
preparation, review and editing. All authors have read and 
agreed to the published version of the manuscript.

Conflict of interest
None.

Ethics statement
The authors declare that informed consent for publication 
was not obtained, as published data does not allow for 
patient identification.

Funding
Work in frame of Scientific Plan at IHTM nr B8-T1-2022.

Supplementary material
None.

References

1.	 Dalton H, Kamar N, Baylis S, et al. EASL Clinical Practice Guidelines 
on hepatitis E virus infection. J Hepatol. 2018; 68(6): 1256–1271, 
doi: 10.1016/j.jhep.2018.03.005, indexed in Pubmed: 29609832.

2.	 Mikulska M, Penack O, Wendel L, et al. HEV infection in stem cell 
transplant recipients-retrospective study of EBMT Infectious Diseas-
es Working Party. Bone Marrow Transplant. 2022; 57(2): 167–175, 
doi: 10.1038/s41409-021-01497-2, indexed in Pubmed: 34689177.

3.	 Cruz S, Campos C, Timóteo M, et al. Hepatitis E virus in hemato-
poietic stem cell transplant recipients: A systematic review. J Clin 
Virol. 2019; 119: 31–36, doi: 10.1016/j.jcv.2019.08.002, indexed in 
Pubmed: 31450185.

4.	 Gallian P, Pouchol E, Djoudi R, et al. Transfusion-transmitted hepatitis 
E virus infection in France. Transfus Med Rev. 2019; 33(3): 146–153, 
doi: 10.1016/j.tmrv.2019.06.001, indexed in Pubmed: 31327668.

5.	 Gallian P, Lhomme S, Morel P, et al. Risk for hepatitis E virus trans-
mission by solvent/detergent-treated plasma. Emerg Infect Dis. 2020; 
26(12): 2881–2886, doi:  10.3201/eid2612.191482, indexed in 
Pubmed: 33219652.

6.	 Damiris K, Aghaie Meybodi M, Niazi M, et al. Hepatitis E in immuno-
compromised individuals. World J Hepatol. 2022; 14(3): 482–494, 
doi: 10.4254/wjh.v14.i3.482, indexed in Pubmed: 35582299.

7.	 Yin X, Li X, Feng Z. Role of envelopment in the HEV life cycle. Vi-
ruses. 2016; 8(8): 229, doi:  10.3390/v8080229, indexed in 
Pubmed: 27548201.

8.	 Behrendt P, Friesland M, Wißmann JE, et al. Hepatitis E virus is highly resis-
tant to alcohol-based disinfectants. J Hepatol. 2022; 76(5): 1062–1069, 
doi: 10.1016/j.jhep.2022.01.006, indexed in Pubmed: 35085595.

9.	 Johne R, Trojnar E, Filter M, et al. Thermal stability of hepatitis E 
virus as estimated by a cell culture method. Appl Environ Microbiol. 
2016; 82(14): 4225–4231, doi: 10.1128/AEM.00951-16, indexed in 
Pubmed: 27208095.

10.	 Buescher G, Ozga AK, Lorenz E, et al. Hepatitis E seroprevalence and 
viremia rate in immunocompromised patients: a systematic review 
and meta-analysis. Liver Int. 2021; 41(3): 449–455, doi: 10.1111/
liv.14695, indexed in Pubmed: 33034121.

11.	 Grabarczyk P, Sulkowska E, Gdowska J, et al. Molecular and serological 
infection marker screening in blood donors indicates high endemicity 
of hepatitis E virus in Poland. Transfusion. 2018; 58(5): 1245–1253, 
doi: 10.1111/trf.14531, indexed in Pubmed: 29492976.

12.	 Chiu CY, Zhang HC, Westin J, et al. Hepatitis E virus infection in 
cancer patients. Transplant Cell Ther. 2022; 28(11): 788.e1–788.
e5, doi: 10.1016/j.jtct.2022.08.020, indexed in Pubmed: 36031077.

13.	 Swartling L, Nordén R, Samuelsson E, et al. Hepatitis E virus is an 
infrequent but potentially serious infection in allogeneic hematopoi-
etic stem cell transplant recipients. Bone Marrow Transplant. 2020; 
55(7): 1255–1263, doi:  10.1038/s41409-020-0823-7, indexed in 
Pubmed: 32071417.

14.	 Holm DK, Moessner BK, Engle RE, et al. Declining prevalence of 
hepatitis E antibodies among Danish blood donors. Transfusion. 
2015; 55(7): 1662–1667, doi:  10.1111/trf.13028, indexed in 
Pubmed: 25819381.



Acta Haematologica Polonica 2024, vol. 55, no. 3

www.journals.viamedica.pl/acta_haematologica_polonica184

15.	 Gravemann U, Engelmann M, Kinast V, et al. Hepatitis E virus is 
effectively inactivated by methylene blue plus light treatment. Trans-
fusion. 2022; 62(11): 2200–2204, doi: 10.1111/trf.17108, indexed 
in Pubmed: 36125237.

16.	 Praditya D, Friesland M, Gravemann U, et al. Hepatitis E virus is ef-
fectively inactivated in platelet concentrates by ultraviolet C light. Vox 
Sang. 2020; 115(7): 555–561, doi: 10.1111/vox.12936, indexed in 
Pubmed: 32383163.

17.	 Owada T, Kaneko M, Matsumoto C, et al. Establishment of culture 
systems for genotypes 3 and 4 hepatitis E virus (HEV) obtained from 

human blood and application of HEV inactivation using a pathogen re-
duction technology system. Transfusion. 2014; 54(11): 2820–2827, 
doi: 10.1111/trf.12686, indexed in Pubmed: 24845192.

18.	 Antoniewicz-Papis J, Brojer E, Fabijańska-Mitek J, et al. Current status 
and achievements of Polish transfusion medicine. Acta Haematol Pol. 
2021; 52(3): 147–162, doi: 10.5603/ahp.2021.0031.

19.	 von Felden J, Alric L, Pischke S, et al. The burden of hepatitis E among 
patients with haematological malignancies: A retrospective Europe-
an cohort study. J Hepatol. 2019; 71(3): 465–472, doi:  10.1016/j.
jhep.2019.04.022, indexed in Pubmed: 31108159.


