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Hepatitis E virus (HEV) is an emerging concern in France
where infections are most often related to consumption
of pig liver sausages [1]. This virus was recently identi-
fied as the first cause of acute infectious hepatitis, with
an estimated incidence of 68,007 cases per year (5th—95th

percentiles of the output distribution, 46,032—101,279),
and it is responsible for 546 hospitalizations (540—553)
and 20 deaths (18—22) per year [2]. Although classically
asymptomatic or spontaneously resolving in immunocom-
petent people, HEV genotype 3 infection can become
chronic and cause cirrhosis among severely immunocompro-
mized patients, most often solid organ-transplant recipients
(SOTR) [3]. This has been mostly documented in kidney-
transplant recipients (KTR) and liver-transplant recipients
(LTR), but far more rarely post-transplantation of other
organs, including heart [3,4]. We report here four HEV infec-
tions and HEV seroprevalence in heart-transplant recipients
(HTR).

This retrospective study was conducted on blood sam-
ples collected from 159 HTR between June 2013 and April
2018 (58 months) and tested in public hospitals of Marseille,
south eastern France. This cohort consisted in patients
followed-up for a heart transplantation for whom a least one
HEV serology, including both IgG and IgM determinations,
was performed in our institution. Liver biochemical mark-
ers were determined at each medical consultation, each
month the first year post-transplantation, then every two
months and every three months the second and third year
post-transplantation, respectively. HEV serologies were car-
ried out using Wantai assays (Beijing, China) until January

2017, then Euroimmun assays (Lübeck, Germany). Serum
HEV RNA was detected using in-house real-time and con-
ventional reverse transcription-polymerase chain reaction
(PCR) assays targeting open reading frame 2 (ORF2) of
the HEV genome that encodes the major capsid protein,
as described previously [5]. HEV sequence obtained cor-
responded to nucleotides 6055—6231 of the reference HEV
genome GenBank accession no.AB369687.1. The HEV geno-
type was determined by phylogenetic analysis with the
MEGA6 software (http://www.megasoftware.net/) using
the Neighbor-Joining method and the Kimura 2-parameter
method (see supplementary Figure S1).

Case-patient No. 1, a 64-year-old man, was followed-up
in November 2013 for heart transplantation performed three
years earlier for ischemic cardiopathy. Only overweight and
psoriasis were noted during clinical assessment. His immuno-
suppressant therapy contained tacrolimus (3.5 mg/L),
mycophenolate mofetil (2 g/d) and prednisone (10 mg/d).
Systematic testing revealed liver enzymes disturbance (ALT,
149 IU/L, Fig. 1b), which allowed diagnosing HEV infection.
HEV RNA was still detected in serum in September 2014,
indicating chronic hepatitis E. Ribavirin was introduced
(800 mg/d) for 12 weeks. No results for HEV RNA testing
was available until September 2017. At this time, HEV RNA
was not detected in serum and liver parameters were within
the normal range. Case-patient no.2, a 52-year-old man,
was admitted in July 2014 for follow-up of a corticosteroid-
induced diabetes due to heart transplantation performed
3 years earlier for familial dilated cardiomyopathy. He
was immunosuppressed by everolimus (3 mg/d), tacrolimus
(2 mg/d) and prednisolone (5 mg/d). Hepatic parameters
were slightly disturbed (ALT, 139 IU/L, Fig. 1b), which
led to search for and detect IgM anti HEV and HEV RNA
in the patient’s serum. Three months after HEV diagno-
sis, HEV RNA was strongly positive in the patient’s serum,
suggesting chronic HEV infection. Ribavirin (800 mg/d) was
administered for 12 weeks. On Febuary 2015, HEV RNA was
negative and liver parameters did normalize. Case-patient
No. 3, a 53-year-old man, was monitored in February 2017
for heart transplantation performed 13 years earlier for
dilated cardiomyopathy. He was clinically asymptomatic
and was receiving mycophenolate mofetil (155 mg/d) and
ciclosporin (2000 mg/d). Systematic testing revealed a dis-
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Figure 1 Course of virological and biochemical parameters and ribavirin therapy in case-patients No. 1 (a), 2 (b), 3 (c), and 4 (d).
ALT: alanine aminotransferase; ALP: alkaline phosphatase; AST: aspartate aminotransferase; CMV: cytomegalovirus; EBV: Epstein-
Barr virus; GGT: gammaglutamyltransferase; HAV: hepatitis A virus; HBV: hepatitis B virus; HCV: hepatitis C virus; HEV: hepatitis
E virus; HSV: herpes simplex virus; inf., infection; neg., negative; ODR, serum-to-threshold optical density ratio; PI: prothrombin
index; pos.: positive.
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turbance of liver enzymes (ALT, 318 IU/L) (Fig. 1c), which
led to diagnose HEV infection. No previous serum was avail-
able to determine if this infection was chronic, but ALT
were within normal values 10 months earlier. Ribavirin was
introduced (800 mg/d, 3 months) and HEV RNA was neg-
ative seven months post-end of treatment. Case-patient
No. 4, a 22-year-old man, was admitted in August 2017
for routine follow-up of heart transplantation performed 2
years earlier for dilated cardiomyopathy. He had no clini-
cal symptoms. His immunosuppressant treatment contained
everolimus (150 mg/d), mycophenolate mofetil (315 mg/d),
and tacrolimus (8 mg/d). Sytematic testing revealed a dis-
crete liver enzymes elevation (alanine aminotransferases
(ALT), 76 IU/L; Fig. 1d), which led to test for and diagnose
HEV infection based on anti-HEV IgM and HEV RNA-positivity
in serum. Retrospective testing showed HEV RNA-positivity
and liver cytolysis 9 months earlier, indicating chronic hep-
atitis E. Ribavirin was instaured (400 mgx2/d, 5 weeks),
which was associated with viral clearance as assessed
6 weeks post-treatment. These four patients did not
recently receive blood products nor did travel abroad. Three
ate figatellu, a pig liver sausage, which is a major source of
autochthonous HEV infections in France [6,7]. Consistently,
phylogeny identified HEV genotype 3f and 3i, which are
the most frequent ones in French autochthonous cases, in
three and one patient, respectively (GenBank-no.MH165304-
MH165305; MH557093-MH557094) (Supplementary Figure S1)
[5,8]. Mean (± standard deviation) pairwise nucleotide
identity between the four sequences was 85 ± 5% (range,
78—92%), indicating that HEV strains were different and
reflecting genetic diversity of HEV circulating in southeast-
ern France [5].

The four cases were among the 159 heart-transplant
recipients for whom 344 HEV serologies were performed
between June 2013 and April 2018 (58 months) in public hos-
pital of Marseille, southeastern France. Mean age of these
patients was 49 ± 14 years (range, 19—85 years), and 78%
of them were men. HEV serology was performed a mean
number of 2.1 ± 1.2 times (1.0—7.0) per patient during the
study period; 58 patients (36%) were tested only once, 49
twice (31%), 33 thrice (21%), and 19 (12%) more than thrice.
Case-patients no.2 and no.3 had been tested HEV-negative
once and case-patient no.4 had been tested HEV-negative
at three occasions before being diagnosed as HEV-infected;
case-patient no.1 had not been tested prior diagnosis. IgG-
positive/IgM-negative patterns were found with the Wantai
assay for 45.3% of the patients [57 ± 12 years (24-85)]. This
is higher than anti-HEV IgG prevalence previously assessed
among KTR and blood donors in our geographical area with
the same assay (35% (P = 0.09; Chi-square test) [9] and
30—40% [10], respectively).

The five-year incidence of HEV infection among HTR in
our center was 2.5%. This is in the same range than the HEV
diagnosis incidence we previously described among 578 KTR,
which was 1.0% over a 27 month-period. In both cohorts,
liver enzyme testing was systematic [5,11]. These data point
out that HEV infection is common among SOTR in south
eastern France, consistently with what was observed among
blood donors sampled in 2011-2013, of whom 3.2% had IgM
to HEV and 0.9‰ were HEV RNA-positive [10,12]. A greater
HEV incidence was described among HTR than KTR and/or
LTR in the Netherlands during 2000-2011 (1.9% in 259 HTR

vs. 1.0% in 300 LTR and 0.2% in 574 KTR) whereas in Ger-
many HEV incidence was similar in 274 HTR (1.5%) and 226
LTR (0.9%) [4,13,14].

Chronic HEV (defined by the persistence of a viremia for
more than 6 months) infection was demonstrated here in two
cases, strongly suspected in one case, and not assessable
in the fourth case. This highlights that HEV infection often
becomes chronic in HTR, as previously observed in other HTR
cohorts and other SOTR [3—5,13]. Ribavirin was initiated in
the four present cases and associated with HEV infection
resolution in absence of major side effect, as observed in a
majority of patients in previous studies [3] including among
HTR [4,13]. Nonetheless, severe anemia as major side effect
indicating ribavirin dose reduction, erythropoietin use, or
blood transfusion were previously described to be required
in 12—54% of SOTR [3]. Moreover, failure of ribavirin to clear
HEV was described in 25% of chronically-infected HTR in pre-
vious studies [4,13], and even in one patient in association
with sofosbuvir that was described to inhibit HEV replica-
tion in vitro [15]. Overall, previous data strongly warrant
testing for HEV infection in HTR with liver cytolysis. More-
over, education regarding the risk of acquiring HEV through
pig liver sausage consumption should be systematic for those
patients.
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