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renal disease (ESRD). In ESRD patients treated 
with hemodialysis (HD), a frequency of immu‑
noglobulin (Ig) G ‑class antibodies to HEV anti‑
gen (anti ‑HEV IgG) positivity indicated an expo‑
sition to HEV infection in a wide range of 6.3% to 
28.3%.3 As serology kits used for determination 
of anti ‑HEV IgG differ significantly in the detec‑
tion of these antibodies,4 it has to be noted that 

IntroductIon Acute hepatitis E virus (HEV) 
infection is prevalent worldwide.1 HEV can also 
cause chronic infection in solid ‑organ transplant 
recipients, human immunodeficiency virus (HIV)‑
positive individuals with low CD4 counts, sub‑
jects with hematological malignancies,2 and po‑
tentially in individuals with an immune system 
compromised by severe diseases, like end ‑stage 
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AbstrAct

IntroductIon Factors associated with hepatitis E virus (HEV) infection are rarely recognized in patients 
on renal replacement therapy (RRT), and the results of studies are inconsistent.
objEctIvEs We aimed to search for determinants of HEV seroprevalence among polymorphisms of 
the interferon ‑λ4 gene (IFNL4) associated with seroclearance of hepatotropic viruses (IFNL4 rs12979860, 
rs8099917 near IFNL4), circulating interferon λ3 (IFN ‑λ3), and clinical variables of patients treated with 
hemodialysis (HD) in a HEV ‑endemic region.
PAtIEnts And mEthods The study was carried out in 90 HD patients. HEV open reading frame 2 antigen 
(HEV Ag), immunoglobulin M and G antibodies to HEV (anti ‑HEV IgM and anti ‑HEV IgG, respectively) and 
IFN ‑λ3 were tested, and IFNL4 polymorphic variants (rs8099917, rs12979860) were genotyped. Survival 
analysis was conducted concerning anti ‑HEV IgG positivity.
rEsuLts In the study group, there were 37.8% anti ‑HEV IgG ‑positive subjects. None was HEV Ag or 
anti ‑HEV IgM positive. HD modalities utilizing high ‑flux dialyzers (adjusted odds ratio [OR], 3.586; 95% 
confidence interval [CI], 1.142–11.263; P = 0.03) as well as major homozygosity in rs8099917 (adjusted 
OR, 4.933; 95% CI, 1.516–16.054; P = 0.008) and rs12979860 (adjusted OR, 3.537; 95% CI, 1.136–11.014, 
P = 0.03), but not circulating IFN ‑λ3 levels, were positive determinants of anti ‑HEV IgG positivity. Liver 
enzyme activities and C ‑reactive protein levels tested as response variables to HEV exposure, as well 
as survival probability, were not different between patients stratified by anti ‑HEV IgG positivity.
concLusIons Among HD patients, IFNL4 polymorphisms and treatment with high ‑flux HD are explana‑
tory variables for isolated anti ‑HEV IgG positivity indicating spontaneous HEV resolution.
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the Greater Poland Voivodship, which is endem‑
ic to HEV.20,21 The majority of patients (n = 50) 
were dialyzed in 2 dialysis facilities. However, 
to increase the number of subjects showing fea‑
tures not frequently occurring in HD patients 
but possibly involved in the prevalence of HEV, 
we enrolled selective patients (n = 40, infected 
with HBV and HCV, nonresponders to HBV vac‑
cination) from other 18 dialysis centers located 
in the same region.

The inclusion criteria were as follows: 1) age 
over 18 years; 2) updated results of HBV sur‑
face antigen (HBsAg), antibodies to HBV core 
antigen, antibodies to surface antigen of hepa‑
titis B virus, antibodies to HCV, and HCV RNA; 
3) established status of a responder (anti ‑HBs 
titer ≥10 IU/l) or a nonresponder (anti ‑HBs ti‑
ter <10 IU/l) to HBV; and 4) stable clinical con‑
dition for at least 2 months before enrollment.

The exclusion criteria included corticoste‑
roid or immunosuppressive therapy for at least 
2 months before enrollment; cachectic condi‑
tions causing decreases in serum protein levels; 
and antiviral treatment against HBV, HCV, HIV, 
and cytomegalovirus before or on enrollment.

All patients were dialyzed 3 times a week us‑
ing low ‑flux (LF) dialyzers for LF ‑HD or high‑
‑flux (HF) dialyzers for HF ‑HD and online hemo‑
diafiltration (HDF). Dialysis sessions lasted ap‑
proximately 4 hours. Evaluations of dialysis wa‑
ter were performed regularly, including physico‑
chemical examination, endotoxin content, and 
bacterial contamination. Dialyzers were not re‑
used in any facility.

Patient data and blood samples were obtained 
since the beginning of January 2014 to the end 
of December 2016. Patients were followed until 
June 22, 2017. During this period, 34 patients 
(37.8%) died, and 8 (8.9%) discontinued HD due 
to renal transplantation.

Laboratory methods Fasting blood samples were 
collected before the midweek dialysis session.

HEV ORF2 antigen (Ag), anti ‑HEV IgM, and 
anti ‑HEV IgG were determined by enzyme ‑linked 
immunosorbent assays (ELISAs), using commer‑
cial kits (Wantai Biological Pharmacy Enterprise 
Co., Beijing, China). The results were considered 
positive when the ratio of the optical density val‑
ue to the cutoff value was 1.1 or higher.

The IFN ‑λ3 concentration was determined 
with an ELISA kit (Human Interleukin 28B ELI‑
SA Kit, Shanghai Sunred Biological Technology 
Co., Ltd., Shanghai, China). The sensitivity of 
the IFN ‑λ3 ELISA was 0.685 pg/ml. The intra‑
‑assay coefficient of variation (CV) was less than 
10%, and the interassay CV was less than 12%.

Other laboratory parameters were determined 
using standard methods.

Genotyping Genomic locations of rs8099917 
(T>G) and rs12 979 860  (C>T) about the 
IFNL3/IFNL4  positions are shown in Sup‑
plementary material, Figure S1. Both tested 

differences in the distribution of anti ‑HEV IgG re‑
sults shown above were obtained using reagents 
of the same manufacturer.

Chronic HEV infection has been associated 
with elevated expression of interferon (IFN)‑
stimulated genes (ISGs).5 Retinoic acid ‑inducible 
gene I (RIG ‑I), melanoma differentiation‑
‑associated protein 5 (MDA5), and IFN regulatory 
factor 1 are the critical anti ‑HEV IFN ‑stimulated 
genes.6 A sustained IFN response in human hep‑
atoma cells and primary human hepatocytes per‑
sistently infected by HEV was dependent on both 
RIG ‑I and MDA5. The Janus kinase/signal trans‑
ducer and activator of transcription (JAK/STAT) 
cascade was activated in HEV ‑infected cells.5 HEV 
has a RNA genome and encodes 3 open reading 
frames (ORFs), of which ORF3 encodes a protein 
which enhances IFN ‑β production.7

In 2003, IFN ‑λs, coded by genes positioned 
on chromosome 19, were discovered by 2 inde‑
pendent groups.8,9 Among IFN ‑λs, interleukin 
(IL)‑28B (currently designated IFN ‑λ3) was at‑
tributed to the gene located on chromosome 19, 
tentatively referred to as IL ‑28B gene (IL28B). 
In 2009, the polymorphic variants rs809991710 
and rs12979860,11 both located near IL28B, were 
strongly associated with treatment ‑induced 
clearance of hepatitis C virus (HCV). In more 
recent studies, IL28B is referred to as IFNL3, 
and the polymorphic variants rs12979860 and 
rs8099917 are shown as IFNL3 rs1297986012 and 
IFNL3 rs8099917.13 In 2013, Prokunina ‑Olsson 
et al14 discovered IFNL4, located upstream of 
IFNL3, and rs12979860 and rs8099917 are now 
attributed to this gene or near this gene loca‑
tion, respectively.15 In this study, we use terms 
IFNL4 rs12979860 for the rs12979860 vari‑
ant lying in the intron 1 of IFNL4, and IFNL4 
rs8099917 for the rs8099917 variant located up‑
stream of IFNL4, also if we cite publications us‑
ing the previous names.

Spontaneous HCV clearance was associated 
with IFNL4 polymorphic variants and serum IFN‑
‑λ3 concentrations.16 HCV spontaneous reso‑
lution16 and self ‑limited infection with hepati‑
tis B virus (HBV)17 were related to higher cir‑
culating IFN ‑λ3 levels. Patients with acute hep‑
atitis E demonstrated higher circulating IFN‑
‑λ3 than healthy volunteers.13 In HD patients, 
similar associations of HCV/HBV outcomes with 
IFN ‑λ3 were observed.18,19 To our knowledge, 
there have been no reports concerning HEV se‑
romarkers, IFNL4, and circulating IFN ‑λ3 levels 
in HD patients.

Our study aimed to look for determinants of 
HEV seroprevalence in HD patients. We have 
investigated whether there is a coincidence of 
anti ‑HEV IgG positivity with a distribution of 
IFNL4 polymorphic variants, circulating IFN‑
‑λ3 concentrations, and routine demographic, 
clinical, and laboratory variables.

PAtIEnts And mEthods Patients HD pa‑
tients (n = 90) were recruited for the study in 
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of r2 as a pairwise measure of LD in the context 
of association studies.24 There is a simple inverse 
relationship between r2 and the sample size re‑
quired to detect an association between suscep‑
tibility loci and SNVs.25 An r2 of 1.0 is known as 
perfect LD. Therefore, in our study, thje D’ mea‑
sure is used to model recombination rates and 
r2—to model association power.

Haplotypes were estimated using the Haplo‑
view 4.2 software. Haplotypes were statistical‑
ly analyzed if their incidence in the examined 
group was over 1%. Statistical significance was 
assessed using the 1000 ‑fold permutation test.

rEsuLts baseline data Characteristics of HD 
patients are presented in Table S1 in Supplemen‑
tary material. All patients were Caucasians, test‑
ed negative for HIV, and were not vaccinated 
against HEV (in Poland the vaccine against HEV 
is not available). Patients received standard care; 
erythropoietin ‑stimulating agents were used in 
those who required them, and blood transfusions 
were avoided as much as possible.

seroprevalence of hepatitis E virus, hepatitis b vi‑
rus, and hepatitis c virus Of the 90 HD patients, 
34 (37.8%) were positive for anti ‑HEV IgG. None 
of the patients were positive for HEV Ag or anti‑
‑HEV IgM.

The prevalence of HBV/HCV markers among 
HEV seropositive and seronegative patients 
are presented in tAbLE 1. There were 26 patients 
(28.9%) exposed only to HEV; 4 patients (4.4%) 
showed HEV coinfection with HBV; 2 (2.2%), 
with HCV; and 2 (2.2%), with HCV and HBV. 
Among anti ‑HEV IgG–positive subjects, there 
were 8 individuals (23.5%) with HBV and HCV 
coinfection, whereas anti ‑HEV IgG–negative pa‑
tients included 13 patients positive for HBV and 
HCV (P = 0.97).

characteristics of patients positive for anti–hepati‑
tis E virus immunoglobulin G Data of HD patients 
categorized by anti ‑HEV IgG are shown in tAbLE 1. 
Anti ‑HEV IgG–positive subjects revealed a high‑
er frequency of treatment with HF dialyzers (HF‑
‑HD/HDF) and longer RRT duration.

Among patients currently treated with HF‑
‑HD/HDF, there were 4 subjects not treated ex‑
clusively with HF dialyzers, because they start‑
ed HD utilizing LF ‑HD. If we compared HEV se‑
roprevalence in patients using only HF ‑HD/HDF 
with HEV seroprevalence of subjects utilizing 
only LF ‑HD, the prevalence of HEV remained sig‑
nificantly higher in the group treated with HF‑
‑HD/HDF (tAbLE 1).

When the duration of RRT modalities was 
compared between HEV seropositive and sero‑
negative subgroups, no significant results were 
shown. However, longer total time on HD was 
observed in HEV seropositive subjects (border‑
line significance, P <0.1), which was related main‑
ly to longer lifespan on LF ‑HD (tAbLE 1).

biallelic IFNL4 variants have 3 possible geno‑
types (rs12979860: CC, CT, and TT; rs8099917: 
TT, GT, and GG). These genotypes form 3 com‑
mon haplotypes: CT, TG, and TT.

Both single nucleotide variants (SNVs) were 
genotyped using high ‑resolution melting curve 
analysis as previously described.22 For quality 
control, 20 of the randomly chosen samples were 
regenotyped using the same genotyping meth‑
od; the concordance rate was 100%.

The tested polymorphisms were in concor‑
dance with the Hardy–Weinberg equilibrium.

statistical analysis The results are shown as 
a percentage for categorical variables. We used 
the Shapiro–Wilk test to determine whether 
the underlying distributions of continuous vari‑
ables were normal. Median and range (minimum–
maximum) were presented for continuous vari‑
ables without normal distribution. If the distri‑
bution was normal, mean (SD) was used.

Departure from the Hardy–Weinberg equilib‑
rium was determined by the χ2 analysis (df = 1, 
P >0.01 for equilibrium).

The Mann–Whitney test or t test was used to 
compare continuous variables. The Pearson χ2 test 
or Fisher exact test was applied for the compari‑
son of dichotomous variables. The Cochran–Ar‑
mitage test for trend was used to show the sig‑
nificance of the trend in the distribution of gen‑
otype frequencies.

A logistic regression analysis was used to show 
the determinants of anti ‑HEV IgG positivity. 
Odds ratios (ORs) and 95% confidence inter‑
vals (CIs) were calculated to show the strength 
of the association. Results were adjusted for sex, 
age, living in a rural area, renal replacement ther‑
apy (RRT) duration, and a history of renal trans‑
plantation, as appropriate.

A  survival analysis was conducted using 
the Kaplan–Meier method with the log ‑rank test. 
A Cox proportional hazard model was applied in 
a multivariate analysis assessing the contribu‑
tion of clinical measures to mortality.

A P value of less than 0.05 was considered sig‑
nificant. However, P values of less than 0.05 ob‑
tained for genetic associations were deemed to 
be significant if they remained significant after 
a Bonferroni correction. Proper information is 
given in the legends to tables presenting genet‑
ic associations.

The statistical analyses were performed us‑
ing Statistica version 12 (Stat Soft, Inc., Tulsa, 
Oklahoma, United States) and R software, ver‑
sion 3.4.0.

Pair ‑wise linkage disequilibrium (LD) between 
tested SNVs was computed as both D’ and r2 us‑
ing the genotype data from the tested sample and 
the Haploview 4.2 software (http://www.broad.
mit.edu/mpg/haploview/). D’ reflects the re‑
combinational history, whereas r2 summarizes 
both recombinational and mutational history.23 
The values for both parameters range between 
0 and 1. Current research strongly favors the use 
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tAbLE 1 Characteristics of patients positive for anti–hepatitis E virus immunoglobulin G and those negative for tested hepatitis E virus seromarkers 
among all hemodialysis patients (n = 90)

Data Anti ‑HEV IgG–positive patients 
(n = 34)

HEV ‑negative patients 
(n = 56)

P value

Clinical data

Male sex, n (%) 19 (55.9) 30 (53.6) 0.83a

Age, y, median (range) 66.0 (28.4–86.2) 67.1 (29.5–90.5) 0.47b

Living in the rural area, n (%) 18 (52.9) 21 (37.5) 0.15a

History of symptomatic hepatitis, n (%)e 3 (8.8) 5 (8.9) 1.00c

History of parathyroidectomy, n (%) 2 (5.9) 4 (7.1) 1.00c

Body mass index, kg/m2, mean (SD) 26.5 (4.4) 26.0 (4.7) 0.62d

Causes of ESRD, n (%)

Diabetic nephropathy 10 (29.4) 13 (23.2) 0.51a

Hypertensive nephropathy 6 (17.6) 11 (19.6) 0.82a

Chronic glomerulonephritis 9 (26.5) 12 (21.4) 0.58a

Chronic tubulointerstitial nephritis 4 (11.8) 5 (8.9) 0.73c

Type of RRT, n (%)

PD as the first modality of RRT 1 (2.9) 3 (5.4) 1.00c

Current HF ‑HD/HDF, n = 43, 47.8% of all 21 (61.8) 22 (39.3) 0.04a

HD onset as LF ‑HD, n = 4, 9.3% of all 2 (5.9) 2 (3.6) 0.63c

Only HF ‑HD/HDF, n = 39, 90.7% of all 19 (55.9) 20 (35.7) 0.06a

Only HF ‑HD/HDF, n = 39, 45.3% of 86 treated exclusively with 
HF or LF dialyzers

19 (59.4) 20 (37.0) 0.04a

Current LF ‑HD, n = 47, 52.2% of all 13 (38.2) 34 (60.7) 0.04a

History of renal transplantation, n = 10,% of all 6 (17.6) 4 (7.1) 0.17c

Duration of RRT, median (range)

Total RRT duration (n = 90), y 7 (0.3–24.1) 4.7 (0.8–30.4) 0.04b

PD duration before HD (n = 4), y 3.4 4.5 (0.2–5) 1.00b

Total time on HD (n = 90), y 6.7 (0.3–13.1) 4.6 (0.8–30.2) 0.08b

Living on LF ‑HD only (n = 47), y 7.5 (1.1–11.7) 4.2 (0.8–30.2) 0.09b

Living on HF ‑HD/HDF only (n = 39), y 5.1 (0.3–10.8) 4.8 (1.3–7.5) 0.47b

Living on both LF ‑HD and HF ‑HD/HDF (n = 4), y 11 (8.9–13.1) 9 (7.2–10.8) 0.70b

Timespan with functional renal graft (n = 10), y 6 (0.003–17.1) 6.4 (0.1–12) 0.92b

Laboratory data

Anti ‑HBs titer, IU/l, median (range) 17.8 (0–1000) 101.7 (0–1000) 0.99b

Anti ‑HBs titer <10 IU/l, n (%) 14 (41.2) 21 (37.5) 0.73a

HBsAg positivity, n (%) 2 (5.9) 6 (10.7) 0.71c

Anti ‑HBc positivity, n (%) 6 (17.6) 9 (16.1) 0.85a

Anti ‑HCV positivity, n (%) 4 (11.8) 10 (17.9) 0.44a

HCV RNA positivity, n (%) 3 (8.8) 4 (7.1) 1.00c

IFN ‑λ3, pg/ml, median (range) 71.2 (10–232.7) 90.6 (9–228.8) 0.84b

ALT, IU/l, median (range) l13.5 (1–50) 17 (3–69) 0.63b

AST, IU/l, median (range) 16 (6–46) 15 (6–65) 0.66b

GGT, IU/l, median (range) 26 (8–513) 32 (5–208) 0.52b

ALP, IU/l, median (range) 113.5 (45.7–443) 98.5 (41–803.8) 0.82b

Urea, mg/dl, median (range) 114.9 (48.6–213) 104.8 (48.0–192) 0.86b

C ‑reactive protein, mg/l, median (range) 6.7 (0.7–142) 5.2 (0.1–104) 0.74b

Albumin, g/dl, median (range) 3.8 (2.8–4.8) 3.8 (2.0–4.8) 0.74b

a Pearson χ2 test;   b Mann–Whitney test;   c Fisher exact test;   d t test;   e previous symptomatic hepatitis related to HBV 
or HCV infection

SI conversion factors: to convert ALT, ALP, AST, and GGT to µkat/l, multiply by 0.0167; albumin to g/l, by 10; C ‑reactive protein to nmol/l, by 9.524; 
and urea to mmol/l, by 0.1665.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; anti ‑HBc, antibodies to core antigen of hepatitis B virus; anti ‑HBs, antibodies 
to surface antigen of hepatitis B virus; anti ‑HCV, antibodies to hepatitis C virus; anti ‑HEV IgG, immunoglobulin G antibodies to hepatitis E virus; AST, 
aspartate aminotransferase; ESRD, end ‑stage renal disease; GGT, γ ‑glutamyl transferase; HBsAg, surface antigen of hepatitis B virus; HBV, hepatitis B 
virus; HCV, hepatitis C virus; HD, hemodialysis; HDF, hemodiafiltration; HF ‑HD, high ‑flux hemodialysis; HEV, hepatitis E virus; IFN ‑λ3, interferon λ3; 
LF ‑HD, low ‑flux hemodialysis; PD, peritoneal dialysis; RNA, ribonucleic acid; RRT, renal replacement therapy
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IgG in the dominant inheritance model. How‑
ever, after the Bonferroni correction, the results 
were not significant (tAbLE 2; Supplementary ma‑
terial, Table S3).

Both rs8099917 and rs12979860 SNVs showed 
a moderate linkage disequilibrium: D’ = 1.000, 
r2 = 0.514 for the entire HD group (Supplementa‑
ry material, Figure S1); D’ = 1.000, r2 = 0.638 for 
the HBV and HCV–negative HD group. Differenc‑
es in haplotype frequencies were not significant 
between anti ‑HEV IgG–positive and anti ‑HEV 
IgG–negative subjects (tAbLE 3; Supplementary 
material, Table S4). However, in HD patients not 
exposed to HBV and HCV, a tendency for a higher 
prevalence of CT rs12979860_rs8099917 (both 
favorable alleles) and a lower prevalence of TG 
rs12979860_rs8099917 (both unfavorable al‑
leles) compared with all other haplotypes pooled 
together was observed in the anti ‑HEV IgG–pos‑
itive group (tAbLE 3).

correlates of anti–hepatitis E virus immunoglobulin G 
positivity Treatment with HF ‑HD/HDF and ma‑
jor homozygosity in both IFNL4 variants, adjust‑
ed for clinical variables, were positive correlates 
for the anti ‑HEV IgG occurrence (tAbLE 4), also 
among HBV and HCV–negative patients (tAbLE 5).

Infections with HBV and HCV could influence 
the prevalence of some clinical features such as 
hepatitis episodes and liver enzyme activities, 
and therefore mask their correlations with anti‑
‑HEV IgG. For this reason, also anti ‑HEV IgG–
positive HD patients not infected with HBV or 
HCV were compared with HD subjects not show‑
ing any viral infection ‑related seromarkers (Sup‑
plementary material, Table S2). Again, anti ‑HEV 
IgG–positive subjects showed longer RRT dura‑
tion (P = 0.04) and higher frequency of treat‑
ment with HF ‑HD/HDF (P = 0.04).

circulating interferon ‑λ3 levels There were no 
differences in circulating IFN ‑λ3 levels between 
anti ‑HEV IgG–positive and anti ‑HEV IgG–neg‑
ative subjects (tAbLE 1; Supplementary materi‑
al, Table S2).

Interferon ‑λ4 gene and anti–hepatitis E virus immu‑
noglobulin G positivity As in the case of clinical 
data, we analyzed all subjects together and, sep‑
arately, the group without HBV/HCV seromark‑
ers, because patients infected with HBV and HCV 
may be more susceptible to HEV, independently 
of IFNL4 SNVs.26

The major homozygosity of both IFNL4 vari‑
ants was positively associated with anti ‑HEV 

tAbLE 2 Interferon ‑λ4 gene polymorphisms and anti–hepatitis E virus immunoglobulin G positivity in hemodialysis 
patients not infected with hepatitis B virus or hepatitis C virus

Genotypes, MAF Anti ‑HEV IgG–positive 
patients (n, frequency) 
(n = 26)

HEV ‑negative patients 
(n, frequency) 
(n = 43)

OR (95% CI), P valuea

IFNL4 rs12979860 (Ptrend
b = 0.07, Pgenotype

a = 0.12)

CC 15 (57.7) 14 (32.6)  Reference

CT 7 (26.9) 18 (41.9)  0.363 (0.116–1.131), 0.08

TT 4 (15.4) 11 (25.6)  0.339 (0.087–1.318), 0.11c

CT + TT vs CC 11 (42.3) 29 (67.4)  0.354 (0.129–0.968), 0.04d

TT vs CC + CT 4 (15.4) 11 (25.6)  0.529 (0.149–1.877), 0.32

MAF (0.29) (0.47)  0.466 (0.224–0.972), 0.04c

IFNL4 rs8099917 (Ptrend
b = 0.02, Pgenotype

a = 0.02)

TT  17 (65.4)  14 (32.6) Reference

GT  8 (30.8)  27 (62.8) 0.244 (0.085–0.704), 0.008

GG  1 (3.8)  2 (4.7) 0.412 (0.034–5.029), 0.59e

GG + GT vs TT  9 (34.6)  29 (67.4) 0.256 (0.091–0.716), 0.008f

GG vs GT + TT  1 (3.8)  2 (4.7) 0.820 (0.071–9.516), 1.00e

MAF  (0.19)  (0.36) 0.422 (0.186–0.957), 0.04

a Pearson χ2 test is used unless otherwise indicated. Noncorrected P values are shown. A significant P value after 
the Bonferroni correction is <0.004.

b Cochran–Armitage test for trend

c Significance after the Bonferroni correction might be displayed with the total sample size of 122 persons.

d Significance after the Bonferroni correction might be shown with the total sample size of 236 persons.

e Fisher exact test

f Significance after the Bonferroni correction might be displayed with the total sample size of 135 persons.

Abbreviations: CI, confidence interval; IFNL4, interferon‑λ4 gene; MAF, minor allele frequency; OR, odds ratio; SNV, 
single nucleotide variant; others, see tAbLE 1
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The mortality rate was 37.8%. Among 34 de‑
ceased patients, there were 11 anti ‑HEV IgG‑
‑positive subjects (32.4%), whereas among 
56 survivors, there were 23 anti ‑HEV IgG–posi‑
tive patients (41.1%) (P = 0.41). Survival curves 
are shown in FIGurE 1. Adjustment for clinical vari‑
ables did not reveal an association between anti‑
‑HEV IgG and survival (P = 0.79).

Liver enzyme activities and C ‑reactive pro‑
tein, tested as response variables to HEV infec‑
tion, did not differ between patients stratified 
by anti ‑HEV IgG positivity (tAbLE 1; Supplemen‑
tary material, Table S2) and were nonsignificant 
in logistic regression analyses (tAbLEs 4 and 5).

survival and anti–hepatitis E virus immunoglobu‑
lin G positivity The median follow ‑up dura‑
tion equaled 2.78  (range, 0.05–3.47) years. 

tAbLE 3 Interferon ‑λ4 gene rs12979860 (C>T) and interferon ‑λ4 gene rs8099917 (T>G) haplotype frequencies in hemodialysis patients not 
infected with hepatitis B virus or hepatitis C virus and stratified by anti–hepatitis E virus immunoglobulin G positivity

Haplotype Frequency Case, control 
frequencies

χ2 P value Corrected 
P valuea

OR (95% CI)b, P value OR (95% CI)c, P value

CT 0.601 0.712, 0.535 4.219 0.04 0.08 Reference 2.145 (1.029–4.472), 0.04

TG 0.297 0.192, 0.360 4.388 0.04 0.07 0.401 (0.174–0.924), 0.03 0.422 (0.186–0.958), 0.04

TT 0.101 0.096, 0.105 0.026 0.87 1.00 0.691 (0.213–2.239), 0.54 0.910 (0.288–2.881), 0.87

a P value was calculated using permutation test and a total of 1000 permutations.

b The most common haplotype was used as the reference.

c All other haplotypes pooled together were used as the reference.

Abbreviations: see tAbLE 2

tAbLE 4 Explanatory and response correlates of anti–hepatitis E virus immunoglobulin G positivity among 
hemodialysis patients

Parameter            Unadjusted           Adjusteda

OR (95% CI), P value OR (95% CI), P value

Male sex 1.098 (0.466–2.586), 0.83 1.142 (0.470–2.275), 0.77

Age (per 10 years) 0.899 (0.673–1.201), 0.47 0.978 (0.701–1.365), 0.90

RRT duration (per 1 year) 1.033 (0.962–1.110), 0.37 1.015 (0.934–1.104), 0.72

Diabetic nephropathy 1.378 (0.526–3.613), 0.51 1.821 (0.635–5.222), 0.26

Hypertensive nephropathy 0.877 (0.292–2.636), 0.82 0.911 (0.284–2.921), 0.88

Chronic glomerulonephritis 1.320 (0.489–3.567), 0.58 1.231 (0.398–3.806), 0.72

Chronic tubulointerstitial nephritis 1.360 (0.339–5.460), 0.67 1.376 (0.328–5.779), 0.66

History of renal transplantation 2.786 (0.725–10.703), 0.14 3.268 (0.440–24.254), 0.25

Living in the rural area 1.875 (0.790–4.448), 0.15 2.018 (0.832–4.897), 0.12

HF ‑HD/HDF 2.947 (1.040–5.990), 0.04 4.425 (1.541–12.711), 0.006

PD as the first modality of RRT 0.535 (0.053–5.364), 0.60 0.505 (0.042–6.093), 0.59

IFNL4 rs8099917 TT genotype 2.497 (1.052–6.111), 0.04 2.582 (1.019–6.542), 0.046

IFNL4 rs12979860 CC genotype 2.294 (0.950–5.537), 0.07 2.677 (1.001–7.160), 0.050

HBsAg positivity 0.521 (0.099–2.741), 0.44 0.246 (0.029–2.057), 0.20

Anti ‑HBc positivity 1.119 (0.360–3.478), 0.85 0.839 (0.196–3.597), 0.81

Anti ‑HCV positivity 0.613 (0.176–2.135), 0.44 0.332 (0.064–1.719), 0.19

Anti ‑HBs titer (per 100 IU/l) 0.994 (0.890–1.112), 0.92 0.989 (0.877–1.115), 0.86

HCV RNA positivity 1.258 (0.264–5.997), 0.77 1.084 (0.190–6.176), 0.93

IFN ‑λ3 (per 1 pg/ml) 1.001 (0.995–1.007), 0.77 1.001 (0.994–1.008), 0.80

ALT (per 1 IU/l) 0.991 (0.955–1.028), 0.63 0.986 (0.948–1.026), 0.49

AST (per 1 IU/l) 1.003 (0.958–1.050), 0.90 1.003 (0.956–1.053), 0.90

GGT (per 1 IU/l) 1.004 (0.997–1.010), 0.26 1.004 (0.998–1.011), 0.20

ALP (per 1 IU/l) 1.001 (0.996–1.005), 0.77 1.000 (0.995–1.005), 0.86

C ‑reactive protein (per 1 mg/l) 1.008 (0.985–1.030), 0.52 1.005 (0.981–1.030), 0.66

a Adjusted for sex, age, RRT duration, living in the rural area, and history of renal transplantation

Abbreviations: see tAbLEs 1 and 2
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standard for diagnosis of ongoing HEV infec‑
tion,27 was not done in our study, but approxi‑
mately 65% of patients with acute HEV infection 
and 100% of those with chronic HEV infection 
also show positive results for the anti ‑HEV Ag‑
‑specific ELISA,28 which was used in our study. 

dIscussIon We revealed anti ‑HEV IgG in 
37.8% of HD patients living in the HEV ‑endemic 
area. All patients were negative for anti ‑HEV 
IgM and HEV Ag. Such a pattern of HEV sero‑
markers suggests the previous exposure to HEV.27 
Determination of HEV RNA, which is the gold 

FIGurE 1  Survival of 
hemodialysis patients 
stratified by anti–hepatitis 
E virus immunoglobulin G 
positivity (anti‑HEV IgG) 
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tAbLE 5 Explanatory and response correlates of anti–hepatitis E virus immunoglobulin G among hemodialysis 
patients negative for hepatitis B virus or hepatitis C virus seromarkers

Parameter             Unadjusted             Adjusteda

OR (95% CI), P value OR (95% CI), P value

Male sex 1.302 (0.488–3.473), 0.60 1.226 (0.424–3.550), 0.71

Age (per 10 years) 0.920 (0.660–1.282), 0.62 1.059 (0.711–1.577), 0.78

RRT duration (per 1 year) 1.170 (0.986–1.387), 0.07 1.192 (0.998–1.423), 0.05

Diabetic nephropathy 1.293 (0.440–3.801), 0.64 2.128 (0.612–7.401), 0.24

Hypertensive nephropathy 1.313 (0.398–4.326), 0.66 1.394 (0.384–5.059), 0.61

Chronic glomerulonephritis 1.313 (0.398–4.326), 0.66 0.929 (0.224–3.857), 0.92

Chronic tubulointerstitial nephritis 0.991 (0.216–4.542), 0.99 0.806 (0.164–3.963), 0.79

Living in the rural area 1.894 (0.706–5.077), 0.20 2.652 (0.885–7.945), 0.08

HF ‑HD/HDF 2.842 (1.017–7.942), 0.046 4.412 (1.316–14.793), 0.02

PD as the first modality of RRT 1.680 (0.101–28.065), 0.72 2.253 (0.105–48.428), 0.60

IFNL4 rs8 099 917 TT genotype 3.913 (1.398–10.953), 0.009 4.826 (1.452–16.036), 0.01

IFNL4 rs12 979 860 CC genotype 2.825 (1.033–7.725), 0.04 3.289 (1.033–10.470), 0.04

Anti ‑HBs titer (per 100 IU/l) 0.995 (0.880–1.124), 0.93 0.985 (0.860–1.127), 0.82

IFN ‑λ3 (per 1 pg/ml) 1.002 (0.995–1.010), 0.59 1.000 (0.991–1.008), 0.93

ALT (per 1 IU/l) 0.963 (0.905–1.024), 0.23 0.959 (0.896–1.026), 0.23

AST (per 1 IU/l) 0.983 (0.910–1.061), 0.66 0.976 (0.897–1.062), 0.57

GGT (per 1 IU/l) 1.004 (0.997–1.012), 0.23 1.005 (0.997–1.013), 0.22

ALP (per 1 IU/l) 1.004 (0.996–1.012), 0.32 1.006 (0.997–1.015), 0.18

C ‑reactive protein (per 1 mg/l) 1.009 (0.986–1.033), 0.45 0.992 (0.964–1.021), 0.60

a Adjusted for sex, age, RRT duration, living in the rural area, and history of renal transplantation

Abbreviations: see tAbLEs 1 and 2
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Among developed countries, HEV presence was 
found in around 30% of sewage samples in Bar‑
celona and Valencia.43 Although a proper water 
supply in dialysis facilities is a priority, reverse 
osmosis applied for water treatment can reject 
not 100% but 90% to 99% of contaminants, in‑
cluding bacteria, endotoxins, viruses, salts, par‑
ticles, and dissolved organic substrates.44 An op‑
posite argument against the concept of HEV in‑
fection through dialysate is no reports on HEV 
outbreaks in dialysis facilities located in the en‑
demic areas.

Concerning less altered immunocompetence, 
HF membranes offer better removal of middle‑
‑molecular ‑weight uremic toxins, which posi‑
tively affects responsiveness to HBV vaccination 
and results in developing higher titers of protec‑
tive antibodies.45 As probably not all HEV expo‑
sures cause a generation of anti ‑HEV IgG in im‑
munocompromised patients,46 better detoxifica‑
tion of ESRD patients may increase the number 
of patients developing anti ‑HEV IgG after HEV 
exposure compared with a respective number in 
patients treated with LF ‑HD, independently of 
the route of HEV infection. Additionally, better 
removal of uremic toxins may improve immuno‑
competence and lead to more prolonged mainte‑
nance of anti ‑HEV IgG, also in cases with HEV 
exposure before the initiation of RRT. A longi‑
tudinal, prospective study with regular determi‑
nation of HEV RNA and HEV seromarkers could 
confirm this hypothesis.

Finally, it cannot be excluded that an unde‑
fined factor (or factors) noncasually associated 
with effective dialysis modalities is responsible 
for anti ‑HEV IgG seropositivity.

In our study, there were no HD subjects with 
chronic HEV infection. Therefore, no direct evi‑
dence was gathered for an association between 
circulating IFN ‑λ3 levels and spontaneous res‑
olution of HEV infection. In our earlier stud‑
ies, HD individuals showing persistent HCV in‑
fection, subjects not developing anti ‑HBs after 
HBV infection or vaccination, or patients pre‑
senting combined HBsAg and HCV RNA positiv‑
ity demonstrated lower circulating IFN ‑λ3 lev‑
els compared with patients who had favorable 
outcomes in terms of the above infections and 
with those never exposed to HB and HCV.19,22 
HD groups with favorable outcomes, as well as 
noninfected individuals, did not differ in circu‑
lating IFN ‑λ3 levels.19 The currently studied HD 
patients with isolated HEV IgG positivity were 
considered as those with resolved HEV infection. 
Their plasma IFN ‑λ3 concentrations were similar 
to those previously shown in HD patients with 
favorable outcomes in terms of infections with 
hepatotropic viruses.13 Whether individuals with 
chronic HEV infection show lower IFN ‑λ3 levels 
than those with resolved infections, remains to 
be elucidated in future research.

IFNL4 rs8099917 and IFNL4 rs12979860 are 
known to be associated with resolution of vi‑
ral infections.16 IFNL4  rs12979860  shows 

Anti ‑HEV IgM antibodies are typically observed 
during about 6 months since HEV infection.29 
Therefore, considering stable clinical status of 
the examined patients and available results of 
their HEV seromarkers, we diagnosed past ex‑
posure to HEV in all cases.

Available data, including our present results, 
on factors associated with anti ‑HEV IgG in HD 
patients, sex, older age, and HD duration, are in‑
consistent.30‑34 According to Mitsui et al,30 89.7% 
of HD patients are HEV ‑infected before the HD 
initiation. They suggested that anti ‑HEV IgG pos‑
itivity may persist in HD patients for years as in 
the general population.35 In our study, anti ‑HEV 
IgG–positive patients had longer RRT duration 
compared with anti ‑HEV IgG–negative ones, but 
this association was not significant in the logis‑
tic regression analysis.

Anti ‑HEV IgG positivity did not correlate with 
a history of renal transplantation in our HD sub‑
jects, similarly as demonstrated by Psichogiou et 
al.31 The proportions of patients with HBV/HCV 
infections were comparable between HEV sero‑
positive and seronegative HD groups, what is 
in concordance with the previous studies.30‑33,36 
Transmission of HEV with the blood seems to be 
of less importance in HD patients in the era of 
standard administration of erythropoietin stim‑
ulating agents.

Higher prevalence of anti ‑HEV IgG seropos‑
itive patients on more effective HD modalities 
(HF ‑HD/HDF) than on lower efficiency HD ther‑
apy (LF ‑HD) is unclear. Similar timespan on HF‑
‑HD/HDF in HEV seropositive and HEV sero‑
negative patients seems to exclude an influence 
of this factor on the demonstrated association. 
A few explanations might be discussed. Firstly, 
an impact of HF ‑HD on HEV seroprevalence may 
be evaluated in the context of the increased HEV 
exposure during this dialysis modality. Second‑
ly, more efficient immune defense mechanisms 
may be suspected during HF ‑HD than LF ‑HD.

Concerning the  increased HEV exposure, 
Sampietro et al37 indicated a potential risk of 
HCV cross ‑infection by dialysis fluids in patients 
on HF ‑HD with dialysate back filtration due to 
suspected microruptures of dialyzer capillaries 
with subsequent leakage of infected blood. How‑
ever, no HCV extravasation to spent dialysate was 
found in further studies,38 and transmission of 
HCV via the HD circuit was practically excluded.39 
Additionally, the blood leakage could be associ‑
ated with HEV infection only when HEV ‑viremic 
patients are persistently dialyzed in HD facilities 
like HCV ‑infected patients are. Fortunately, HEV 
RNA is rarely detected among HD patients.30 
Therefore, HEV infection through dialysis circuit 
seems to be impossible. Pyrogenic reactions in 
the absence of septicemia, attributed to bacte‑
ria and endotoxins in dialysate, were reported by 
21% of HD centers and associated with the use 
of HF ‑HD.40 HEV infection is waterborne.41 Vi‑
ral contamination of dialysate cannot be exclud‑
ed if bacterial contaminations are reported.42 
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predictors of survival in HD patients,54 is simi‑
lar between patients who spontaneously elimi‑
nated HEV and those who are free from HEV se‑
romarkers. Additionally, our study revealed that 
the favorable IFNL4 polymorphisms and treat‑
ment with HF dialysis membranes are determi‑
nants of anti ‑HEV IgG positivity (spontaneous 
HEV resolution) among HD patients.
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mentary material is available with the article 
at www.pamw.pl.

AcKnowLEdGmEnts This study was support‑
ed by the Poznan University of Medical Scienc‑
es, Poland (grant no.: 502 ‑01 ‑02225363 ‑03679, 
502 ‑01 ‑02205314 ‑04519, and 502 ‑01 ‑01 124182‑
‑07474). We express our gratitude to the phy‑
sicians of the participating dialysis centers for 
their consent to collect the participants’ data.

This paper was orally presented as a free com‑
munication at the Annual Dialysis Conference in 
Orlando, March 3–6, 2018.

contrIbutIon stAtEmEnt AEG and MB con‑
ceived the concept of the study. AEG designed 
the research. AEG, LN, and MŚ were involved in 
data collection. MŁ ‑Ż was engaged in HEV de‑
termination. AM and PPJ were responsible for 
genotyping. MŚ was responsible for statistical 
analysis. AEG, MŚ, and MB interpreted the data. 
AEG wrote the manuscript. All authors edited 
and approved the final version of the manuscript.

oPEn AccEss This is an Open Access article dis‑
tributed under the terms of the Creative Com‑
mons Attribution NonCommercial ShareAlike 
4.0 International License (CC BY‑NC‑SA 4.0), 
allowing third parties to copy and redistribute 
the material in any medium or format and to re‑
mix, transform, and build upon the material, pro‑
vided the original work is properly cited, distrib‑
uted under the same license, and used for non‑
commercial purposes only. For commercial use, 
please contact the journal office at pamw@mp.pl.

rEFErEncEs

1 Rein DB, Stevens GA, Theaker J, et al. The global burden of hepati‑
tis E virus genotypes 1 and 2 in 2005. Hepatology. 2012; 55: 988‑997. 

2 Kamar N, Izopet J, Dalton HR. Chronic hepatitis E virus infection and 
treatment. J Clin Exp Hepatol. 2013; 3: 134‑140. 

3 Taherkhani R, Farshadpour F. Epidemiology of hepatitis E virus in Iran. 
World J Gastroenterol. 2016; 22: 5143‑5153. 

4 Norder H, Karlsson M, Mellgren Å, et al. Diagnostic performance of five 
assays for anti ‑hepatitis E virus IgG and IgM in a large cohort study. J Clin 
Microbiol. 2016; 54: 549‑555. 

5 Yin X, Li X, Ambardekar C, et al. Hepatitis E virus persists in the pres‑
ence of a type III interferon response. PLoS Pathogens. 2017; 13: 
e1 006 417. doi:10.1371/journal.ppat.1006 417 

6 Xu L, Wang W, Li Y, et al. RIG ‑I is a key antiviral interferon ‑stimulated 
gene against hepatitis E virus regardless of interferon production. Hepatol‑
ogy. 2017; 65: 1823‑1839. 

7 Nan Y, Ma Z, Wang R, et al. Enhancement of interferon induction by 
ORF3 product of hepatitis E virus. J Virol. 2014; 88: 8696‑8705. 

8 Kotenko SV, Gallagher G, Baurin VV, et al. IFN ‑lambdas mediate antivi‑
ral protection through a distinct class II cytokine receptor complex. Nat Im‑
munol. 2003; 4: 69‑77. 

an association with HCV clearance due to its 
strong LD with IFNL4 rs368234815, which reg‑
ulates the generation of IFN ‑λ4.14 Overexpression 
of IFN ‑λ4 suppresses IFN ‑λ3 induction and pro‑
moter activation.47 Low intracellular expression 
of IFN ‑λ4 induces IFN ‑λ expression, leading to 
the preactivation of the JAK ‑STAT signaling and 
ISG expression.48 Associations of IFNL4 variants 
and their haplotypes with the resolution of HEV 
infection cannot be excluded in our study. Con‑
sidering issues on LD interpretation in the hu‑
man genome,24,25,49 our LD analyzes, as mea‑
sured by D’, demonstrated the lack of recombi‑
nation events between analyzed polymorphisms. 
The D’ value equal to 1.0 was caused by the pres‑
ence of only 3 of the 4 possible haplotypes for 
a pair of tested IFNL4 variants, which forces 
D’ to its maximum possible value. The r2 value 
equal to 0.514 indicates that analyzed variants 
are in moderate LD and reflects the pairwise dif‑
ferences in frequencies of the linked alleles. In 
addition, the r2 value between rs8099917 and 
rs12979860 suggests that these SNVs are not 
good proxies for each other and cannot be gen‑
otyped interchangeably.

The  borderline significance of our results 
might be due to a small number of studied indi‑
viduals. Additionally, the HEV ‑negative group 
could include patients who were infected with 
HEV many years ago and became anti ‑HEV IgG 
negative. The average negative seroconversion 
rate of anti ‑HEV IgG produced in response to as‑
ymptomatic HEV infection was estimated at 1.4% 
per year.50 Therefore, past or future immune re‑
sponse to HEV infection was unknown in cur‑
rently HEV ‑negative subjects. Genotyping pa‑
tients with chronic HEV infection in comparison 
with those with spontaneous resolution might 
be more informative about the IFNL4 association 
with HEV infection. However, a logistic regres‑
sion analysis shows that harboring 2 major alleles 
of tested variants determines anti ‑HEV IgG pos‑
itivity better than clinical data of HD patients. 
Therefore, homozygosity of major alleles in both 
tested IFNL4 variants may promote spontaneous 
HEV resolution as it is shown for these polymor‑
phisms concerning HCV infection in the gener‑
al population16 and in HD patients specifically.18

Activities of liver enzymes were higher in anti‑
‑HEV IgG–positive individuals compared with 
anti ‑HEV IgG–negative ones in some studies,51,52 
including HD patients.53 Such a correlation was 
not shown in our HD patients. The lack of signifi‑
cant associations between liver enzyme activities 
and plasma C ‑reactive protein concentrations in 
terms of anti ‑HEV IgG positivity indirectly con‑
firms that anti ‑HEV IgG is not associated with 
HEV ‑related chronic hepatitis.

In summary, from the clinical point of view, 
the most relevant finding is that anti ‑HEV IgG, 
which is a marker of the past HEV infection, 
is not associated either with deteriorated liver 
function or increased mortality of HD patients. 
The occurrence of anti ‑HBs, which are positive 

http://pamw.pl/en/node/4281
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://doi.org/10.1002/hep.25505
https://doi.org/10.1002/hep.25505
https://doi.org/10.1016/j.jceh.2013.05.003
https://doi.org/10.1016/j.jceh.2013.05.003
https://doi.org/10.3748/wjg.v22.i22.5143
https://doi.org/10.3748/wjg.v22.i22.5143
https://doi.org/10.1128/JCM.02343-15
https://doi.org/10.1128/JCM.02343-15
https://doi.org/10.1128/JCM.02343-15
https://doi.org/10.1371/journal.ppat.1006
https://doi.org/10.1371/journal.ppat.1006
https://doi.org/10.1371/journal.ppat.1006
https://doi.org/10.1002/hep.29105
https://doi.org/10.1002/hep.29105
https://doi.org/10.1002/hep.29105
https://doi.org/10.1128/JVI.01228-14
https://doi.org/10.1128/JVI.01228-14
https://doi.org/10.1038/ni875
https://doi.org/10.1038/ni875
https://doi.org/10.1038/ni875


orIGInAL ArtIcLE IFNL genes, circulating IFN ‑λ3, and HEV in hemodialysis patients 353

38 Noiri E, Nakao A, Oya A, et al. Hepatitis C virus in blood and dialysate 
in hemodialysis. Am J Kidney Dis. 2001; 37: 38‑42. 

39 Meyrier A, Lindley EJ, Boyle G, et al. How plausible is transmission of 
hepatitis C virus via the haemodialysis circuit? NDT Plus. 2011; 4: 434‑436.

40 Tokars JI, Alter MJ, Favero MS, et al. National surveillance of dial‑
ysis associated diseases in the United States, 1993. ASAIO J. 1996; 42: 
219‑229.

41 Yugo DM, Meng XJ. Hepatitis E virus: foodborne, waterborne 
and zoonotic transmission. Int J Environ Res Public Health. 2013; 10: 
4507‑4533. 

42 Oie S, Kamiya A, Yoneda I, et al. Microbial contamination of dialy‑
sate and its prevention in haemodialysis units. J Hosp Infect. 2003; 54: 
115‑119. 

43 Rodriguez ‑Manzano J, Miagostovich M, Hundesa A, et al. Analysis of 
the evolution in the circulation of HAV and HEV in eastern Spain by testing 
urban sewage samples. J Water Health. 2010; 8: 346‑354. 

44 Tong MKH, Wang W, Kwan TH, et al. Water treatment for hemodialy‑
sis. Hong Kong J Nephrol. 2001; 3: 7‑14. 

45 Dede F, Yıldız A, Aylı D, et al. Modulation of the immune response to 
HBV vaccination by hemodialysis membranes. Int Urol Nephrol. 2010; 42: 
1069‑1075. 

46 Abravanel F, Lhomme S, Fougère M, et al. HEV infection in French HIV‑
‑infected patients. J Infect. 2017; 74: 310‑313. 

47 Murakawa M, Asahina Y, Nakagawa M, et al. Impaired induction of in‑
terleukin 28B and expression of interferon λ 4 associated with nonresponse 
to interferon ‑based therapy in chronic hepatitis C. J. Gastroenterol Hepatol. 
2015; 30: 1075‑1084. 

48 Ferraris P, Chandra PK, Panigrahi R, et al. Cellular mechanism for im‑
paired hepatitis C virus clearance by interferon associated with IFNL3 gene 
polymorphisms relates to intrahepatic interferon ‑λ expression. Am J Pathol. 
2016; 186: 938‑951. 

49 Shifman S, Kuypers J, Kokoris M, et al. Linkage disequilibrium pat‑
terns of the human genome across populations. Hum Mol Genet. 2003; 
12: 771‑776. 

50 Li RC, Ge SX, Li YP, et al. Seroprevalence of hepatitis E virus infec‑
tion, rural southern People’s Republic of China. Emerg Infect Dis. 2006; 12: 
1682‑1688. 

51 Passos ‑Castilho AM, de Sena A, Domingues AL, et al. Hepatitis E vi‑
rus seroprevalence among schistosomiasis patients in Northeastern Brazil. 
Braz J Infect Dis. 2016; 20: 262‑266. 

52 Lagler H, Poeppl W, Winkler H, et al. Hepatitis E virus seroprevalence 
in Austrian adults: a nationwide cross ‑sectional study among civilians and 
military professionals. PLoS One. 2014; 9: e87 669.

53 Pourahmad M, Sotoodeh AR, Nasiri H. Hepatitis E virus infection in 
hemodialysis patients: a seroepidemiological survey in Jahrom, southern 
Iran. Hepat Mon. 2009; 9: 232‑235.

54 Grzegorzewska AE, Świderska MK, Warchoł W. Antibodies to hepati‑
tis B virus surface antigen and survival of hemodialysis patients: a prospec‑
tive study. Expert Rev Vaccines. 2016; 15: 1063‑1074. 

9 Sheppard P, Kindsvogel W, Xu W, et al. IL ‑28, IL ‑29 and their class II cy‑
tokine receptor IL ‑28R. Nat Immunol. 2003; 4: 63‑68. 

10 Ge D, Fellay J, Thompson AJ, et al. Genetic variation in IL28B pre‑
dicts hepatitis C treatment ‑induced viral clearance. Nature. 2009; 461: 
399‑401. 

11 Tanaka Y, Nishida N, Sugiyama M, et al. Genome ‑wide association of 
IL28B with response to pegylated interferon ‑alpha and ribavirin therapy for 
chronic hepatitis C. Nat Genet. 2009; 41: 1105‑1109.

12 Price AA, Tedesco D, Prasad MR, et al. Prolonged activation of innate 
antiviral gene signature after childbirth is determined by IFNL3 genotype. 
Proc Natl Acad Sci U S A. 2016; 113: 10 678‑10 683.

13 Aoki Y, Sugiyama M, Murata K, et al. Association of serum IFN‑
‑λ3 with inflammatory and fibrosis markers in patients with chronic hepati‑
tis C virus infection. J Gastroenterol. 2015; 50: 894‑902. 

14 Prokunina ‑Olsson L, Muchmore B, Tang W, et al. A variant upstream 
of IFNL3 (IL28B) creating a new interferon gene IFNL4 is associated with 
impaired clearance of hepatitis C virus. Nat Genet. 2013; 45: 164‑171. 

15 Chen H, Fan JH, Chen WX, et al. [Association of HLA ‑DQ and 
IFNL4 polymorphisms with hepatitis B virus infection and clearance]. Zhon‑
ghua Gan Zang Bing Za Zhi. 2017; 25: 506‑511. Chinese.

16 Shi X, Pan Y, Wang M, et al. IL28B genetic variation is associated with 
spontaneous clearance of hepatitis C virus, treatment response, serum IL‑
‑28B levels in the Chinese population. PLoS One. 2012; 7: e37 054.

17 Li W, Jiang Y, Jin Q, et al. Expression and gene polymorphisms of in‑
terleukin 28B and hepatitis B virus infection in a Chinese Han population. 
Liver Int. 2011; 31: 1118‑1126. 

18 Yu ML, Dai CY, Huang CF, et al. High hepatitis B virus surface antigen 
levels and favorable interleukin 28B genotype predict spontaneous hepati‑
tis C virus clearance in uremic patients. J Hepatol. 2014; 60: 253‑259. 

19 Grzegorzewska AE, Świderska MK, Mostowska A, et al. Circulating 
interferon ‑λ3, responsiveness to HBV vaccination, and HBV/HCV infections 
in haemodialysis patients. Biomed Res Int. 2017; 2017: 3713 025.

20 Bura M, Lagiedo M, Michalak M, et al. Hepatitis E virus IgG seroprev‑
alence in HIV patients and blood donors, west ‑central Poland. Int J Infect 
Dis. 2017; 61: 20‑22. 

21 Grabarczyk P, Sulkowska E, Gdowska J, et al. Molecular and serologi‑
cal infection marker screening in blood donors indicates high endemicity of 
hepatitis E in Poland. Transfusion. 2018; 58: 1245‑1253. 

22 Grzegorzewska AE, Świderska MK, Mostowska A, et al. Antibodies 
to HBV surface antigen in relation to interferon ‑λ3 in hemodialysis patients. 
Vaccine. 2016; 34: 4866‑4874. 

23 Flint ‑Garcia SA, Thornsberry JM, Buckler ES 4th. Structure of linkage 
disequilibrium in plants. nnu Rev Plant Biol. 2003; 54: 357‑374. 

24 Ardlie KG, Kruglyak L, Seielstad M. Patterns of linkage disequilibrium 
in the human genome. Nat Rev Genet. 2002; 3: 299‑309. 

25 Wall JD, Pritchard JK. Haplotype blocks and linkage disequilibrium in 
the human genome. Nat Rev Genet. 2003; 4: 587‑597. 

26 Zaki Mel S, Salama OS, Mansour FA, et al. Hepatitis E virus coinfec‑
tion with hepatotropic viruses in Egyptian children. J Microbiol Immunol In‑
fect. 2008; 41: 254‑258.

27 Kamar N, Dalton HR, Abravanel F, et al. Hepatitis E virus infection. Clin 
Microbiol Rev. 2014; 27: 116‑138. 

28 Behrendt P, Bremer B, Todt D, et al. Hepatitis E virus (HEV) ORF2 anti‑
gen levels differentiate between acute and chronic HEV infection. J Infect 
Dis. 2016; 214: 361‑368. 

29 Lhomme S, Marion O, Abravanel F, et al. Hepatitis E pathogenesis. Vi‑
ruses. 2016; 8: 212. 

30 Mitsui T, Tsukamoto Y, Yamazaki C, et al. Prevalence of hepatitis E vi‑
rus infection among hemodialysis patients in Japan: evidence for infec‑
tion with a genotype 3 HEV by blood transfusion. J Med Virol. 2004; 74: 
563‑572. 

31 Psichogiou M, Vaindirli E, Tzala E, et al. Hepatitis E virus (HEV) in‑
fection in haemodialysis patients: The Multicentre Haemodialysis Cohort 
Study on Viral Hepatitis. Nephrol Dial Transplant. 1996; 11: 1093‑1095. 

32 Eini P, Mamani M, Javani M. Seroprevalence of hepatitis E among he‑
modialysis patients: a report from Hamadan, Iran. Hepat Mon. 2015; 23: 
15: e26 260.

33 Taremi M, Khoshbaten M, Gachkar L, et al. Hepatitis E virus infection 
in hemodialysis patients: a seroepidemiological survey in Iran. BMC Infect 
Dis. 2005; 5: 36. 

34 Mobaien AR, Mohammadi R, Sorouri R, et al. Hepatitis E virus serop‑
revalence in haemodialysis patients in Zanjan Province, Islamic Republic of 
Iran. East Mediterr Health J. 2013; 19: 608‑612. 

35 Lee SD, Wang YJ, Lu RH, et al. Seroprevalence of antibody to hep‑
atitis E virus among Chinese subjects in Taiwan. Hepatology. 1994; 19: 
866‑870. 

36 Fabrizi F, Lunghi G, Bacchini G, et al. Hepatitis E virus infection in hae‑
modialysis patients: a seroepidemiological survey. Nephrol Dial Transplant. 
1997; 12: 133‑136. 

37 Sampietro M, Graziani G, Badalamenti S, et al. Detection of hepatitis 
C virus in dialysate and in blood ultrafiltrate of HCV ‑positive patients. Neph‑
ron. 1994; 68: 140. 

https://doi.org/10.1053/ajkd.2001.20630
https://doi.org/10.1053/ajkd.2001.20630
https://doi.org/10.3390/ijerph10104507
https://doi.org/10.3390/ijerph10104507
https://doi.org/10.3390/ijerph10104507
https://doi.org/10.1016/S0195-6701(02)00402-4
https://doi.org/10.1016/S0195-6701(02)00402-4
https://doi.org/10.1016/S0195-6701(02)00402-4
https://doi.org/10.2166/wh.2009.042
https://doi.org/10.2166/wh.2009.042
https://doi.org/10.2166/wh.2009.042
https://doi.org/10.1016/S1561-5413(09)60050-8
https://doi.org/10.1016/S1561-5413(09)60050-8
https://doi.org/10.1007/s11255-009-9616-z
https://doi.org/10.1007/s11255-009-9616-z
https://doi.org/10.1007/s11255-009-9616-z
https://doi.org/10.1016/j.jinf.2016.12.004
https://doi.org/10.1016/j.jinf.2016.12.004
https://doi.org/10.1111/jgh.12902
https://doi.org/10.1111/jgh.12902
https://doi.org/10.1111/jgh.12902
https://doi.org/10.1111/jgh.12902
https://doi.org/10.1016/j.ajpath.2015.11.027
https://doi.org/10.1016/j.ajpath.2015.11.027
https://doi.org/10.1016/j.ajpath.2015.11.027
https://doi.org/10.1016/j.ajpath.2015.11.027
https://doi.org/10.1093/hmg/ddg088
https://doi.org/10.1093/hmg/ddg088
https://doi.org/10.1093/hmg/ddg088
https://doi.org/10.3201/eid1211.060332
https://doi.org/10.3201/eid1211.060332
https://doi.org/10.3201/eid1211.060332
https://doi.org/10.1016/j.bjid.2016.03.001
https://doi.org/10.1016/j.bjid.2016.03.001
https://doi.org/10.1016/j.bjid.2016.03.001
https://doi.org/10.1080/14760584.2016.1188697
https://doi.org/10.1080/14760584.2016.1188697
https://doi.org/10.1080/14760584.2016.1188697
https://doi.org/10.1038/ni873
https://doi.org/10.1038/ni873
https://doi.org/10.1038/nature08309
https://doi.org/10.1038/nature08309
https://doi.org/10.1038/nature08309
https://doi.org/10.1007/s00535-014-1023-2
https://doi.org/10.1007/s00535-014-1023-2
https://doi.org/10.1007/s00535-014-1023-2
https://doi.org/10.1038/ng.2521
https://doi.org/10.1038/ng.2521
https://doi.org/10.1038/ng.2521
https://doi.org/10.1111/j.1478-3231.2011.02507.x
https://doi.org/10.1111/j.1478-3231.2011.02507.x
https://doi.org/10.1111/j.1478-3231.2011.02507.x
https://doi.org/10.1016/j.jhep.2013.09.023
https://doi.org/10.1016/j.jhep.2013.09.023
https://doi.org/10.1016/j.jhep.2013.09.023
https://doi.org/10.1016/j.ijid.2017.05.014
https://doi.org/10.1016/j.ijid.2017.05.014
https://doi.org/10.1016/j.ijid.2017.05.014
https://doi.org/10.1111/trf.14531
https://doi.org/10.1111/trf.14531
https://doi.org/10.1111/trf.14531
https://doi.org/10.1016/j.vaccine.2016.08.073
https://doi.org/10.1016/j.vaccine.2016.08.073
https://doi.org/10.1016/j.vaccine.2016.08.073
https://doi.org/10.1146/annurev.arplant.54.031902.134907
https://doi.org/10.1146/annurev.arplant.54.031902.134907
https://doi.org/10.1038/nrg777
https://doi.org/10.1038/nrg777
https://doi.org/10.1038/nrg1123
https://doi.org/10.1038/nrg1123
https://doi.org/10.1128/CMR.00057-13
https://doi.org/10.1128/CMR.00057-13
https://doi.org/10.1093/infdis/jiw161
https://doi.org/10.1093/infdis/jiw161
https://doi.org/10.1093/infdis/jiw161
https://doi.org/10.3390/v8080212
https://doi.org/10.3390/v8080212
https://doi.org/10.1002/jmv.20215
https://doi.org/10.1002/jmv.20215
https://doi.org/10.1002/jmv.20215
https://doi.org/10.1002/jmv.20215
https://doi.org/10.1093/ndt/11.6.1093
https://doi.org/10.1093/ndt/11.6.1093
https://doi.org/10.1093/ndt/11.6.1093
https://doi.org/10.1186/1471-2334-5-36
https://doi.org/10.1186/1471-2334-5-36
https://doi.org/10.1186/1471-2334-5-36
https://doi.org/10.26719/2013.19.7.608
https://doi.org/10.26719/2013.19.7.608
https://doi.org/10.26719/2013.19.7.608
https://doi.org/10.1002/hep.1840190410
https://doi.org/10.1002/hep.1840190410
https://doi.org/10.1002/hep.1840190410
https://doi.org/10.1093/ndt/12.1.133
https://doi.org/10.1093/ndt/12.1.133
https://doi.org/10.1093/ndt/12.1.133
https://doi.org/10.1159/000188234
https://doi.org/10.1159/000188234
https://doi.org/10.1159/000188234

