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ABSTRACT

Background: Seroepidemiology, risk factors to hepatitis E virus exposure, and prevalence of hepatitis E virus viremia have not yet been
investigated among patients under immunosuppression or with liver disease that are high risk for infection in Turkey.

Methods: In this cross-sectional study, 292 consecutive serum samples from renal transplant recipients, allogeneic hematopoietic stem
cell transplant recipients, patients with acute hepatitis, and patients with chronic hepatitis C were prospectively collected in a ter-
tiary university hospital. Sera were tested for hepatitis E virus immunoglobulin G/immunoglobulin M and hepatitis E virus ribonucleic
acid using commercial enzyme-linked immunosorbent assay and in-house nested polymerase chain reaction with Sanger sequencing,
respectively. Sociodemographic, clinical, laboratory data, and risk factors were collected using a questionnaire and hospital database.
Multiple logistic regression analysis was employed to identify independent predictors for anti-hepatitis E virus seropositivity.

Results: Among all patients, only 2 patients (1 renal transplant recipient and 1 patient with acute hepatitis) were identified as having
hepatitis E virus genotype 3 viremia. Hepatitis E virus viremia rate was 0.6 % in whole group. These patients showed no signs of chronic
hepatitis E virus infection for 6 months and were spontaneously seroconverted 6 months after enrollment. Anti-hepatitis E virus IgG
was positive in 29 patients yielding a hepatitis E virus seroprevalence of 9.9%. Older age (adjusted odds ratio: 1.03, 95% Cl, 1.00-1.06;
P =.022) and eating undercooked meat (adjusted odds ratio: 3.11, 95% CI, 1.08-8.92; P = .034) were independent risk factors to anti-
hepatitis E virus seropositivity in all patients. Similarly, multiple logistic regression analysis demonstrated that age (adjusted odds ratio:
1.08, 95% Cl, 0.99-1.07, P =.058) and eating undercooked meat (adjusted odds ratio: 5.77, 95% Cl, 1.49-22.25, P =.011) were indepen-
dent risk factors for anti-hepatitis E virus IgG positivity in the liver disease subgroup consisting of acute hepatitis and chronic hepatitis
C patients.

Conclusion: The hepatitis E virus seroprevalence rate was high (9.9%), despite low viremia rate (0.6 %) in high-risk patients. The emer-
gence of hepatitis E virus genotype 3 might indicate a serious problem for these patients. Future investigations are needed to elucidate

foodborne transmission routes of hepatitis E virus in Turkey.
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INTRODUCTION

Hepatitis E virus (HEV) is a small non-enveloped virus with
a single-stranded positive sense ribonucleic acid (RNA)
genome."? Hepatitis E virus is the most frequent cause of
acute viral hepatitis all over the world and is classified in
the genus Hepevirus and the family Hepeviridae.® Among
the 8 distinct HEV genotypes, HEV1, HEV2, HEV3, HEV4,
and recently reported HEV7 are mainly responsible for
infection of humans.* Contaminated water supply is the
main source of HEV1 and HEV2 transmission to humans,
and transmission from animals to humans for HEV1 and

HEV2 has not yet been reported.® Hepatitis E virus geno-
type 3 and HEV4 infections develop mainly through zoo-
notic transmission from consumption of contaminated
foodstuff (mostly raw or undercooked meat) and less
frequently from direct contact with infected animals.®
Their main reservoir is the pig, but they have also been
shown in wild boars, rabbits, goats, sheep, deer, horses,
cats, and dogs.® Albeit less common than zoonotic and
waterborne transmissions, another possible transmis-
sion route for HEV is transfusion of infected blood or
blood products.
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Hepatits E virus infections have various clinical presenta-
tions including acute and self-limiting hepatitis, acute-on-
chronic liver disease, chronic hepatitis, cirrhosis, and liver
failure. Additionally, HEV infection is associated with extra-
hepatic involvement affecting wide range of organ systems,
although the causal relationship for many of them still needs
to be proven® Infections with HEV3 and HEV4 are usually
associated with silent seroconversion and are mostly seen
as autochthonous (locally acquired) zoonotic infections
in developed countries. However, immunocompromised
patients including solid organ transplant recipients, allogeneic
hematopoietic stem cell transplant recipients, and patients
with HIV infections have been shown to develop chronic
infections with the risk of rapid progression to cirrhosis within
2-5 years.® The major risk groups not only for HEV infection
but also for HEV infection associated adverse outcomes were
speficied. Therefore, pregnant women, infants, older people,
immunocompromised individuals, patients with underlying
chronic liver diseases, and workers who come into close con-
tact with HEV-infected animals constituted risk groups for
both HEV infection and its related adverse outcomes.

Several seroprevalence studies from Europe were regional
and demonstrated great heterogeneity in methodol-
ogy and results.” There is also a risk of underestimation
in these studies because of variations in performance
of commercially available enzyme-linked immunosor-
bent assay (ELISA) assays.®2 Nevertheless, a survey con-
ducted in 30 European countries reported a remarkable
increase in the number of cases from 514 per year in
2005 to 5617 per year in 2015.° However, little is known
about HEV seroprevalence and risk factors contributing to
HEV infection in Turkey. Turkey has been reported as an
HEV1 and HEV2 endemic country based upon outdated
data, although current epidemiologic data are lacking.

Main Points

Hepatitis E virus (HEV) ribonucleic acid should be tested for
diagnosing acute or chronic HEV infections in suspected
patients since these patients can be seronegative initially.
The independent risk factors for HEV seropositivity were
eating undercooked meat and older age, regardless of the
immune status of the patients.

For the first time in the literature, to the best of our knowl-
edge, HEV3 viremia was demonstrated in clinical samples
of patients from Turkey.

The HEV seroprevalence rate was high (9.9%), despite low
viremia rate (0.6%) in high-risk patients.

Considering undercooked meat as a risk factor for HEV
exposure, there is a need for studies investigating the
foodborne transmission routes of HEV in Turkey.

In this cross-sectional study, we aimed to determine anti-
HEV immunoglobulin M (IgM) and IgG seroprevalence
and the rate of HEV-RNA positivity as well as indepen-
dent risk factors for anti-HEV IgG seropositivity in spe-
cial risk groups, namely renal transplant (RT) recipients,
allogeneic hematopoietic stem cell transplant (allo-
HSCT) recipients, patients with acute hepatitis (AH), and
patients with chronic hepatitis C (CHC).

MATERIALS AND METHODS

This cross-sectional study was conducted in a 1000-bed
tertiary care academic hospital. Through the 1-year period
starting from October 1, 2018, adult patients (aged >18
years) with a history of RT, allo-HSCT, AH, and CHC were
included in the study. Except for 1 patient allocated in allo-
HSCT group who withdrew her informed consent after ini-
tial enrollment, there has not been any dropout during the
study period. A total of 157 patients with RT, 46 patients
with allo-HSCT, 19 patients with AH, and 70 patients with
CHC were evaluated in the final analysis. Data pertaining
to demographics, underlying disorders, family history of
liver diseases, laboratory test results, presence of hepato-
megaly and splenomegaly according to ultrasonographic
examination, type of profession, educational level, house-
hold income per month, farm animal ownership, type of
residency (rural/urban), eating undercooked meat, con-
sumption of drinking raw milk, transfusion of blood or
blood products, immunosuppressive drug use, previous
history of hemodialysis and surgical intervention, and past
ribavirin exposure were collected through both face-to-
face interviews and from the hospital database.

Serological Evaluation

Seraobtained from 292 participants were stored at —80°C.
Screening foranti-HEV IgM and IgG antibodies was carried
out by commercial ELISA tests (HEV semi-quantitative
IgM and quantitative IgG, Euroimmun, Lubeck, Germany),
performed according to the manufacturer’s instructions.
For nucleic acid purification and subsequent cDNA syn-
thesis, commercial assays (Gene MATRIX viral RNA/DNA
purification and EurX smART first strand cDNA synthesis,
EurX, Poland) were used as directed by the manufacturer.
Since we have done HEV-RNA test in all patients without
regarding the serological test results, we did not perform
a second confirmation test for either HEV IgM or IgG in
any patient groups.

Molecular Evaluation
Detection of HEV genome was carried out by partial
amplification of the ORF2 region by a nested polymerase
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chain reaction (PCR) assay, performed as described previ-
ously.’® Polymerase chain reaction products were cleaned
up using High Pure PCR product purification kit (Roche
Diagnostics, Mannheim, Germany) and sequenced in an
ABI Prism 310 Genetic Analyzer (Applied Biosystems,
Carlsbad, USA). Obtained sequences were handled using
Geneious software v11.1.5 (Biomatters Ltd. Auckland,
New Zealand).

Bioinformatic Evaluation

Nucleotide similarity searches were carried out in the
National Center for Biotechnology Information website,
using BLASTn and BLASTn optimized for highly similar
sequences (MEGABLAST) algorithms." Nucleotide and
putative amino acid alignments and pairwise sequence
comparisons were performed using CLUSTAL W.2
Evolutionary history was inferred via the maximum-like-
lihood method, based on the estimated optimal substi-
tution model individually for each alignment according to
the Bayesian information criterion and conducted using
MEGAX."® Individuals with detectable viremia were fol-
lowed up for up to 6 months for clinical symptoms, labo-
ratory, and HEV tests (RNA and IgG). The ethical approval
for this study was obtained from Hacettepe University
local ethics committee (study approval identification
code: GO 18/186). The study was conducted in accor-
dance with the Declaration of Helsinki and national and
institutional standards. Patients providing informed con-
sent were enrolled in this study. No fee was paid to the
participants. All data were anonymously collected on a
secured dataset by the primary investigators without any
identifying data.

Statistical Analysis

Descriptive statistics were reported to demonstrate the
baseline characteristics of anti-HEV seropositive and
seronegative groups. The normality and variance homo-
geneity assumptions were assessed by applying Shapiro—
Wilk test and Levene's test, respectively. Independent
t-test was used for comparing 2 groups when these
assumptions were satisfied. Otherwise, Mann-Whitney U
test was applied.

While comparing the 2 distinct groups in terms of cat-
egorical variables, Pearson chi-square test was used if
the number of observations is large enough in each cell of
cross table; otherwise, Fisher's exact test was conducted.
Odds ratios were utilized for comparing 2 groups with
respect to investigated outcomes. Multiple logistic regres-
sion analysis was run to identify factors being associated

with HEV seropositivity. Variables with a P value of <.1in
univariate analysis were incorporated into multiple logistic
regression model. Hoshmer-Lemeshow test was used to
assess the goodness of fit of the model. Youden's J sta-
tistic was utilized to select the optimal cut-point used in
the multiple logistic regression analysis. Multicollinearity
analysis and correlation analysis were used to clear pos-
sible collinearity and correlation issues among variables
put into multiple logistic regression model. A two-sided
P value < .05 was considered significant. All statisti-
cal analyses were run using the Statistical Package for
Social Sciences version 23.0 software (IBM Corp.; Armonk,
NY, USA).

RESULTS

Baseline characteristics of patients are shown in Table 1.
Among the 292 patients, 29 patients were anti-HEV IgG
positive, yielding an HEV seroprevalence of 9.9%. The
HEV IgG positivity rates were 5.4% and 20.2% in immu-
nocompromised and non-immunocompromised groups,
respectively (P <.001). None of the patients was positive
for anti-HEV IgM. Among all the risk factors analyzed, age
and eating undercooked meat were the only risk factors
maintaining statistical significance in multiple logistic
regression analysis (Table 2). For all patients, the source
of drinking water was public water supply system, and
the household sewage system was connected to public
sewage system. Also, none of the patients stated a habit
of consuming pork. Therefore, the impact of these pos-
sible risk factors on HEV seroprevalence could not be
evaluated. The risk factor analyses were also carried out
for non-immunocompromised patients including AH and
CHC subgroups. In univariate analysis, age, low educa-
tional level, lower gamma-glutamyl transpeptidase (GGT)
level (IU/mL), and eating undercooked meat seemed to be
associated with anti-HEV IgG seropositivity. Consistent
with the analysis encompassing all patients, multiple
logistic regression analysis revealed that older age and
eating undercooked meat were independent risk factors
for anti-HEV IgG positivity among non-immunocompro-
mised patients. A similar subgroup analysis for immuno-
suppressive patients including RT and allo-HSCT groups
could not be performed because of very low number of
anti-HEV IgG-positive patients in these groups.

Among the 292 patients, 2 were initially found to be HEV-
RNA positive. Therefore, the HEV-RNA viremia rate was
0.6%. Of these 2 patients, 1 had been treated with renal
transplantation and other patient had acute hepatitis.
Hepatitis E virus RNA prevalence rate was found 0.6% in
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Table 1. Baseline Features of All Patients According to Anti-HEV IGG Status

All Patient Groups Anti-HEV IGG Positive Anti-HEV IGG Negative

Characteristics (n=292) (n=29) (n=263) p*
Age (years) 47.0 (18-89) 59.0 (18-81) 46.0 (18-89) <.001°
Male sex, n (%) 143 (48.9) 13 (44.8) 130 (49.4) 78
Educational level, n (%) <.001°
Illiterate 15 (5.1) 5(17.2) 10 (3.8)
Preliminary school 134 (45.8) 19 (65.5) 115 (43.7)
High school 68 (23.2) 2(6.9) 66 (25.1)
University/college 68 (25.6) 3(10.3) 72 (27.4)
Rural residence, n (%) 50 (17.2) 8 (27.6) 42 (16.0) 182
Animal ownership, n (%) 67 (22.9) 10 (34.5) 57 (21.7) 182
Ownership of farm animals, n (%) 40 (13.6) 8 (27.6) 32 (12.2) .062
Eat undercooked meat, n (%) 31(10.6) 7(241) 24 (9.1) .03?
Drink raw milks, n (%) 87 (29.7) 11 (37.9) 76 (28.9) 422
Alcohol consumption, n (%) 25 (8.5) 1(3.4) 24 (9.1) 480
Family history of liver diseases, n (%) 9 (3.0) 2(6.9) 7(2.7) 22°
Household income, n (%) .38°
<2000 tl 167 (57.1) 20 (69.0) 147 (55.9)
2000-10 000 t 115 (39.3) 8(27.6) 107 (40.7)
>10 000 tl 10 (3.4) 1(3.4) 9(3.4)
Primary diseases, n (%) .001°
Renal transplantation, n (%) 157 (53.7) 6 (20.7) 151 (57.4)
Allogeneic hematopoietic 46 (15.7) 5(17.2) 41 (15.6)
transplantation, n (%)
Acute hepatitis, n (%) 19 (6.5) 3(10.3) 16 (6.1)
Chronic hepatitis C, n (%) 70 (23.9) 15 (51.7) 55 (20.9)
History of blood transfusion, n (%) 80 (27.3) 7 (241) 73 (27.8) .842
Prior surgical intervention, n (%) 220 (75.3) 14 (48.3) 206 (78.3) .001°
Previous history of hemodialysis, n (%) 110 (37.6) 5(17.2) 105 (39.9) .016°
Hepatomegaly, n (%) 59 (20.2) 5(17.2) 54 (20.5) .81°
Splenomegaly, n (%) 41 (14.0) 3(10.3) 38 (14.4) 77°
Comorbidities
Previous history of acute hepatitis, n (%) 64 (21.9) 9 (31.0) 55 (20.9) 312
Cirrhosis, n (%) 19 (6.5) 4 (13.8) 15 (5.7) 00
Diabetes mellitus, n (%) 49 (16.7) 4 (13.8) 45 (17.1) 79°
Chronic kidney diseases, n (%) 165 (56.5) 8(27.6) 157 (59.7) .002*
Coronary arterial diseases, n (%) 24 (8.2) 3(10.3) 21(8.0) 71
Respiratory diseases, n (%) 14 (4.7) 2(6.9) 12 (4.6) .63°
Hematological malignancy, n (%) 47 (16.0) 6 (20.7) 41 (15.6) .652
Chronic hepatitis B, n (%) 16 (5.4) 2(6.9) 14 (5.3) .66°

(Continued)
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Table 1. Baseline Features of All Patients According to Anti-HEV IGG Status (Continued)

All Patient Groups

Anti-HEV IGG Positive

Anti-HEV IGG Negative

Characteristics (n=292) (n=29) (n=263) p*

Immunosuppressive treatment
Active immunosuppressive therapy use, 172 (58.9) 8(27.6) 164 (62.4) .0012
n (%)
Past use of immunosuppressive therapy, 177 (60.6) 9 (31.0) 168 (63.9) .0012
n (%)
Active steroid use, n (%) 155 (53.0) 7(24.1) 148 (56.3) .0022
Active mycophenolate mofetil use, n (%) 117 (40.0) 5(17.2) 112 (42.6) .009°
Active tacrolimus use, n (%) 110 (37.6) 6 (20.7) 104 (39.5) .072
Active cyclosporine use, n (%) 42 (14.3) 0(0.0) 42 (16.0) .012°
Past ribavirin exposure, n (%) 43 (14.7) 12 (41.4) 31(11.8) <.001°
Tacrolimus dose (tablet/day) 0 (0-8) 0 (0-5) 0(0-8) .21°
Duration of tacrolimus use (years) 0 (0-16) 0 (0-13) 0 (0-16) .09¢
Mycophenolate mofetil dose (tablet/day) 0(0-4) 0 (0-4) 0 (0-4) .009°
Duration of mycophenolate mofetil use 0 (0-16) 0 (0-5) 0 (0-16) .001¢
(years)
Cyclosporine A dose (tablet/day) 0 (0-5) 0 (0-5) 0 (0-5) .20¢
Duration of cyclosporine A use (years) 0 (0-5) 0 (0-1) 0 (0-5) .08¢
Azathioprine dose (tablet/day) 0 (0-2) 0 (0-2) 0 (0-2) .52¢
Duration of azathioprine use (years) 0 (0-25) 0 (0-13) 0 (0-25) 51¢
Steroid dose (tablet/day) 1(0-8) 1(0-8) 0 (0-2) .003°
Duration of steroid use (years) 2 (0-29) 0 (0-13) 2 (0-29) .001°¢
Time after transplantation (years) 5 (1-33) 4 (1-33) 5 (1-27) .89¢
Number of transplantations 1(0-3) 0 (0-1) 1(0-3) <.001°
Age at transplantation (years) 36 (4-66) 42 (6-66) 35 (4-64) .21°
Number of rejections 0 (0-2) 0 (0-1) 0 (0-2) 16°

Laboratory values
Hemoglobin (g/L) 128 +22 129+ 21 128 +2.2 774
Platelet (103/mm?) 218549 + 97 529 212620 + 85928 219203 +98 850 .82¢
ALT (U/L) 18 (4-3736) 18 (4-1201) 18 (4-3736) .38¢
AST (U/L) 20 (4-8714) 24 (9-494) 20 (4-8714) A6e
ALP (U/L) 85 (27-750) 92 (47-690) 82 (27-750) .07¢
GGT (U/L) 29 (7-1450) 21 (10-1450) 30 (7-644) 37¢
Total bilirubin (mg/dL) 0.69 (0.1-23.2) 0.69 (0.31-3.9) 0.69 (0.1-23.2) .63°
Albumin (g/dL) 4.01+£0.53 3.87+0.53 4.02+0.53 12¢
INR 1(0.8-3.9) 1(0.8-2.3) 1(0.8-3.9) 16°
Creatinine (mg/dL) 0.9 (0.3-12) 0.8 (0.4-7.6) 0.9 (0.3-12) .02¢

Results are reported as mean + standard deviation for the continuous variables satisfying the normality assumption and median (min-max) for the continuous
variables not satisfying the normality assumption. Categorical variables are summarized with frequency (%) of patients.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; HEV, hepatitis E virus; INR,

international normalized ratio; n, sample size.

2Pearson y? test; "Fisher's exact test; ‘"Mann-Whitney U test; “iIndependent sample t-test.

*P value is for the difference between anti-HEV IgG positive and negative groups.
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Table 2. Risk Factors for Anti-HEV IgG Positivity Among All Patients

No. of Patients

Multivariate Analysis

Anti-HEV IgG+ Anti-HEV IgG—
Variables (n=29) (n=263) P aOR (95% CI) P
Median (IQR) age (years) 59.0 (18-81) 46.0 (18-89) <.001¢ 1.03 (1.00-1.06) .022°
Educational level, n (%) <.001° 0.59 (0.33-1.07) .086°
Illiterate 5(17.2) 0(3.8)
Preliminary school 19 (65.5) 115 (43.7)
High school 2(6.9) 6 (25.1)
University/college 3(10.3) 2 (27.4)
Eat undercooked meat, n (%) 7(24.1) 24 (9.1) .032 3.11 (1.08-8.92) .034°
Ownership of farm animals, n (%) 8 (27.6) 32 (12.2) .062 1.06 (0.35-3.15) 911°
Previous history of hemodialysis, n (%) 5(17.2) 105 (39.9) .016°
Prior surgical intervention, n (%) 14 (48.3) 206 (78.3) .0012
Active immunosuppressive therapy use, n (%) 8 (27.6) 164 (62.4) .0012 1.21 (0.26-5.63) .803°
Past use of immunosuppressive therapy, n (%) 9(31.0) 168 (63.9) .0012
Active tacrolimus use, n (%) 6 (20.7) 104 (39.5) .07
Active mycophenolate mofetil use, n (%) 5(17.2) 112 (42.6) .009¢
Active steroid use, n (%) 7(24.1) 148 (56.3) .0022
Chronic kidney diseases, n (%) 8(27.6) 157 (59.7) .0022
Primary diseases, n (%) 001¢
Renal transplantation, n (%) 6 (20.7) 151 (57.4) 3.61(0.96-13.52) .056°
A:I;g)eneic hematopoietic transplantation, n 5(17.2) 41 (15.6) 2.11(0.37-11.82) .396°
o
Acute hepatitis, n (%) 3(10.3) 16 (6.1) 2.61(0.78-8.76) 1190
Chronic hepatitis C, n(%) 15 (51.7) 55 (20.9) ref
Past ribavirin exposure (%) 12 (41.4) 31(11.8) <.0012
ALP (U/L) 21 (10-1450) 82 (27-750) .07¢ 1.00 (0.99-1.00) .945°
Creatinine (mg/dL) 0.8 (0.4-7.6) 0.9 (0.3-12) .02
Number of transplantations 0 (0-1) 1(0-3) <.001¢
Duration of steroid use (years) 0 (0-13) 2 (0-29) .001¢
Steroid dose (tablet/day) 1(0-8) 0(0-2) .003¢
Mycophenolate mofetil dose (tablet/day) 0 (0-4) 0(0-4) .009¢
Duration of mycophenolate mofetil use (years) 0 (0-5) 0 (0-16) .001¢
Duration of tacrolimus use (years) 0 (0-13) 0 (0-16) .09¢
Duration of cyclosporine A use (years) 0 (0-1) 0 (0-5) .08¢ 0.68 (0.36-1.31) .259°

ALP, alkaline phosphatase; IQR, interquartile range; HEV, hepatitis E virus; IgG, immunoglobulin G; OR, odds ratio; aOR, adjusted odds ratio; n, sample size.
2P value was obtained by Pearson chi-square test; °P value was obtained by multivariate logistic regression analysis; °P value was obtained by Fisher's exact test;

4P value was obtained by Mann-Whitney U test.

the RT group similar with that of all patients. In patients
with detectable HEV-RNA, partial ORF2 sequences of
407 nucleotides were obtained by amplicon sequencing.
The sequences corresponded to the 778-1184 positions

on the ORF2 (isolate HRC-HE104, GenBank accession:
AB630970.1) and demonstrated 99.7% similarity with
identical putative amino acid sequence. In the maximum
likelihood analysis, they formed a separate cluster within
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genotype 3 viruses, supported by high bootstrap values
(Figure 1). In both patients with initial HEV viremia, clear-
ance of HEV viremia and anti-HEV seroconversion were
detected in the follow-up samples taken at 6 months
after enrollment. We concluded that the viremia by HEV
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M74506.1 Hepatitis E virus (mexican strain)
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DQ079624.1 Hepatitis E virus isolate Mya86-Li

M73218.1 Hepatitis E virus 1

JF443721.1 Hepatitis E virus isolate IND-HEV-AVH5-2010
11092.1 Hepatitis E virus Xinjiang epidemic, China
L08816.1 Hepatitis E virus

X98292.1 Hepatitis E virus

AY230202.1 Hepatitis E virus Morocco

o7 AY204877.1 Hepatitis E virus strain T3 Chad

G5 AB573435.2 Hepatitis E virus isolate JBOAR135-Shiz09
I_EABESGZAS 1 Hepatitis E virus isolate wbJNN 13
G6 AABB02441.1 Hepatitis E virus isolate wbJOY 06

AB197673.1 Hepatitis E virus isolate JKO-ChiSai98C

DQ450072.1 Hepatitis E virus isolate swCH31

G4

DQ279091.2 Swine hepatitis E virus isolate swDQ
AY723745.1 Hepatitis E virus isolate IND-SW-00-01
AJ272108.1 Hepatitis E virus

GU119961.3 Swine hepatitis E virus isolate CHN-XJ-SW13
AB220971.1 Hepatitis E virus genotype 4 isolate HE-JF3
ABO74915.3 Hepatitis E virus isolate JAK-Sai

AB220974.1 Hepatitis E virus ggenotype 4 isolate HE-JA2

AB108537.1 Hepatitis E virus isolate CCC220

AY535004.1 Or B

JN998606.1 Ferret hepatitis E virus strain FRHEV4

0 I—E GU345042.1 Hepatitis E virus rat/R63/DEU/2009
79

JX120573.1 Hepatitis E virus strain Vietnam-105

JQ001749.1 Or D isolate

HQ731075.1 Cutthroat trout virus isolate Heenan88

Figure 1. The maximum likelihood analysis of the HEV partial
ORF2 sequences (407 nucleotides). The tree is constructed using
the General Time Reversible model, with a discreet Gamma
distribution (+G) for 500 replications. Viruses are indicated by
GenBank accession hnumber, name, and strain identifier, if available.
The sequences characterized in this study are marked and indicated
with GenBank accession number. Major HEV genotypes are
indicated on the tree. Bootstrap values higher than 70 are provided.
Cutthroat trout virus isolate Heenan88 is included as an outgroup.
HEV, hepatitis E virus.

genotype 3 in both patients was due to acute infections,
without progressing chronic HEV infection or hepatitis.

Clinical Features of Hepatitis Ribonucleic

Acid-Positive Patients

A 39-year-old male (patient 1) has a university degree and
has been working as a bank clerk. He suffered from focal
segmental glomerulosclerosis as a primary renal disease
and the underlying cause of renal insufficiency. Before
renal transplantation, he had been undergone hemodi-
alysis for 8 months. He has been treated with mycophe-
nolate mofetil, prednisolone, and tacrolimus for 8 years
due to renal transplantation. He did not have any travel
history to abroad, farm animal exposure, habit of eating
undercooked meat and drinking raw milk, previous acute
hepatitis history, and organ rejection. He had a prior sur-
gical intervention for renal transplantation and a history
of alcohol consumption as 1 beer or 2 double arracks per
month. In l[aboratory analysis, hepatic enzymes were nor-
mal (alanine aminotransferase [ALT] 29 IU/mL, alkaline
phosphatase [ALP] 65 IU/mL, and GGT 27 IU/mL). Total
bilirubin, albumin, creatinine, and international normalized
ratio (INR) values were 0.4 mg/dL, 4.6 g/dL, 1.3 mg/dL, and
0.9, respectively. He did not have immunity against HBV,
and the serologies of other viral hepatitis were negative.
Both anti-HEV IgG and anti-HEV IgM were also negative,
initially. The result of genotype analysis turned out to be
genotype 3. He had not developed any manifestation
that can be consistent with hepatic and/or extrahepatic
involvement of HEV during 6 months follow-up period.
The clearance of HEV viremia and anti-HEV IgG serocon-
version were detected at the visit executed 6 months
after diagnosis. The patient did not specify any signs or
symptoms that can be associated with HEV infection, and
laboratory analysis was unremarkable at this visit.

A 36-year-old male (patient 2) has underlying choleli-
thiasis and depression. He had complaints of right upper
quadrant pain, nausea, and vomiting. He had jaundice and
hepatomegaly in physical examination. His medical his-
tory unfolded no travel history to abroad, but the recent
consumption of mighty pomegranate (Punica granatum).
In abdomen ultrasound, computerized tomography, and
magnetic resonance cholangiopancreatography exami-
nations, multiple bile stones up to 2 cm in diameter, mild
dilatation in intrahepatic biliary ducts, hepatomegaly,
and suspected signs of cholangitis were detected. In
laboratory analysis, hepatic enzymes were very high (ALT
903 IU/mL, ALP 638 IU/mL, and GGT 593 IU/mL). The
synthesis function of liver was normal (albumin 4.6 g/dL,
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INR 1). There was a mixed type of hyperbilirubinemia
(total bilirubin 7.3 mg/dL, direct bilirubin 3.3 mg/dL). He
had an immunity against HBV gained by previous expo-
sure. Other viral hepatitis serologies were negative. In
serological analysis, both anti-HEV IgG and anti-HEV IgM
were negative, though genotype analysis revealed HEV
genotype 3 viremia. This patient was admitted to the
hospital and treated with biliary stone extraction with
endoscopic retrograde cholangiopancreatography and
antibiotic therapy. After 7 days of treatment, all the com-
plaints of the patient improved significantly. Similarly, the
significant decline in values of hepatic enzymes and bili-
rubin levels at 1 week after presentation were consistent
with acute resolving hepatitis. At the visit undertaken
6 months after initial presentation, both seroconver-
sion of anti-HEV IgG and clearance of HEV viremia
were identified.

DISCUSSION

The seroprevalence of HEV varies depending on the geo-
graphic regions and to some extent to the sensitivity of
serological assays and characteristics of study population,
including age.'*'® This study was conducted to investi-
gate seroprevalence and viremia rates of HEV along with
associated risk factors in high-risk groups in Turkey. The
positivity rates for anti-HEV IgM, 1gG, and HEV-RNA
were observed as 0%, 9.9%, and 0.6%, respectively. Two
patients had viremia with HEV3, and both were initially
seronegative for anti-HEV IgG and anti-HEV IgM. These
findings revealed the importance and necessity of testing
HEV-RNA in patients suspected to have HEV infections
in order to diagnose acute or chronic HEV infections. The
independent risk factors for HEV seropositivity were eat-
ing undercooked meat and older age, regardless of the
immune status of the patients.

In Europe, HEV3is hyperendemicin southwest France, and
the rates of previous HEV exposure can reach up to 30%
in Belgium, the Netherlands, and Germany.'® According
to the results of a systematic review, anti-HEV sero-
prevalence ranges from 0% to 12.4% among healthy
population in Turkey. The prevalence was 7-8% in preg-
nant women, 13% in patients with chronic HBV infec-
tion, 54% in patients with CHC, 13.9-20.6% in patients
with chronic renal failure, and 35% among agriculture
workers." Hepatitis E virus seroprevalence was reported
as 33.4% among Turkish individuals immigrating from
Turkey to the Netherlands and as similar to that in Dutch
population.” In a recently published multicentric study
from Turkey, the HEV seroprevalence was investigated

among blood donors (n = 2011) using 2 different com-
mercial ELISA assays. The anti-HEV seroprevalence was
found as 11.5% using Dia.Pro (Milan, Italy) assay and 12.2%
using Wantai (Beijing, China) assay. Hepatitis E virus RNA
was screened on anti-HEV antibody-positive patients
(n = 272) and none of these patients was observed as
viremic." For the first time in the literature, HEV epidemi-
ology of RT recipients and allo-HSCT recipients in Turkey
was investigated in this study by using both serology and
PCRin all patients.

A recently published meta-analysis reported that anti-
HEV seroprevalence in 14 626 transplant recipients
varied between 6% and 29.6% in different commer-
cially available assays. Although there was a wide range
for anti-HEV seroprevalence, HEV-RNA positivity rate
was 1.2% (95% Cl, 0.9-1.6) among these patients.?° The
rates of HEV-RNA positivity were reported as 2.4% and
0.13% among patients having allo-HSCT or hematologi-
cal malignancies in the Netherlands and the UK, respec-
tively.2'?2  Additionally, Ankcorn et al2® found that
HEV-RNA positivity was 0.66% among 2419 solid organ
transplant recipients (1181 kidney, 869 liver, 229 heart,
110 lung, 21 kidney/liver, 6 heart/lung, 2 heart/kidney,
and 1 lung/liver). In contrast, a large-scale study from the
United Kingdom involving 225 000 blood donations dem-
onstrated that 0.035% of recipients had HEV viremia,
and this rate was even lower (0.002%) in plasma dona-
tions in the United States.?#2* This difference between
donors and immunocompromised patient groups can
be explained by longer durations of HEV viremia caused
by less effective HEV clearance in immunocompromised
patients. In another study from Denmark, 4023 immu-
nosuppressed patients were retrospectively tested for
anti-HEV IgG and HEV-RNA. Hepatitis E virus seropreva-
lence was 22.0% among all patients and increased with
older age (65% increased risk per 10 years of increasing
age). Only 6 patients (0.15%) were identified as HEV-RNA
positive and none of them did develop chronic HEV infec-
tion at follow-up. Hepatitis E virus RNA prevalence rates
were 0.58% and 0.21% among allo-HSCT recipients and
solid organ transplant recipients, respectively.?® To the
best of our knowledge, this is the first study investigating
the seroprevalence of HEV among patients including RT
recipients and allo-HSCT recipients in Turkey. The anti-
HEV IgG positivity rate was 9.9% (29/292) in all patients
with 3.8% (6/157) in RT group and 10.8% (5/46) in allo-
HSCT group. These results appear to be parallel with the
data of earlier studies, and lower seroprevalence among
RT recipients can largely be explained by immunosup-
pressive effects of drugs actively used to prevent organ
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rejection. All patients were tested for HEV-RNA positivity,
where only 2 patients (1 RT recipient and 1 patient with
AH) were identified as having HEV3 viremia. The rate of
HEV RNA positivity was 0.6% in both whole patients and
RT recipient subgroup. This rate was similar to that of the
studies published from Europe.

The main transmission route for HEV-3 is supposedly
foodborne, primarily from undercooked pig products.
Additionally, environmental transmission routes from irri-
gation water or living in close proximity with farm animals
have also been demonstrated as well-established risk fac-
tors for both healthy and immunosuppressed persons.?” In
this study, eating undercooked meat was an independent
risk factor to higher HEV seroprevalence. However, close
contact with farm animals did not attain to statistical
significance in multiple logistic regression analysis. This
finding may be related to the lack of statistical power due
to the small number of patients who have farm animal
contact. Moreover, the farm animals in Turkey are mostly
sheep and cows which may not have viral shedding as
large as pigs. Hepatits E virus genotype 3 infections have
been assumed to be associated with the risk of devel-
opment of chronic hepatitis in up to 50% of solid organ
transplant recipients.?® However, in current study, it was
not the case for the 2 patients with HEV3 viremia despite
1 being an RT recipient. As known, chronic HEV infec-
tions among solid organ transplant recipients are more
likely to develop in deeply immunosuppressed patients.
In particular, the CD2, CD3, and CD4 T cell subpopula-
tions are significantly lower in patients with chronic HEV
infections than in those who spontaneously clear HEV
viremia.® Unfortunately, data on T cell subpopulations and
HEV RNA viral load were not available in our patient with
RT. Other patient with HEV viremia was not immunocom-
promised and had acute HEV infection with accompany-
ing biliary cholangitis.

Consistent with previous studies indicating that the
seroprevalence was in close association with increasing
age,?® we found an increased risk of anti-HEV seropositiv-
ity in older patients. Furthermore, age was an independent
risk factor to anti-HEV IgG seropositivity in both multiple
logistic regression analyses that were constructed for all
patients and non-immunocompromised patients.

This study has strengths and limitations. It was designed
as a cross-sectional study exploring not only HEV sero-
positivity rates but also HEV-RNA viremia rates and risk
factors for HEV exposure in high-risk individuals, includ-
ing immunocompromised patients, in Turkey. For the

first time in the literature, HEV3 was demonstrated in
2 patients from Turkey. Additionally, the prospective
surveillance of these patients with HEV viremia had doc-
umented spontaneous clearance of HEV without devel-
opment of chronic HEV infection at the visit undertaken
6 months after enrollment. As eating undercooked meat
was a significant risk factor for HEV seropositivity, the
findings of this study revealed that possible foodborne
HEV transmission routes should be investigated in Turkey.
There were also some limitations of the study. First, this
study was conducted in a single center. Therefore, the
results of this study cannot be generalized over Turkish
population. Secondly, data regarding the risk factors of
HEV infection were collected by applying a face-to-face
guestionnaire. Hence, the risk for recall bias should be
borne in mind while interpreting the results. In order to
reduce the effect of the recall bias, the accuracy of data
was also checked from the hospital database when pos-
sible. In addition, it cannot be ruled out that there may
be additional confounding factors that were not included
in this study. Last but not least, this is a cross-sectional
study in which serum samples were obtained at a random
time during the course of RT and allo-HSCT. This may
have led to an underestimation of both HEV viremia rates
and chronic HEV infection.

In conclusion, HEV3 appears to be an emerging pub-
lic health problem in Turkey. The results of this study
strongly support the foodborne transmission of HEV as
the principal transmission route regardless of the immune
status of patients. Since the patients with HEV viremia in
this study were initially seronegative for anti-HEV IgG and
anti-HEV 1gM, we believe that testing HEV RNA is cer-
tainly required for diagnosing acute or chronic HEV infec-
tions in suspected patients.
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