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Abstract

Background: Recently, chronic hepatitis E virus (HEV) infections gained
increasing attention as a possible cause for elevated liver enzymes of unknown
origin and liver cirrhosis in solid organ transplant recipients. Reduction of
immunosuppressive therapy and/or use of antiviral drug ribavirin have been
established as possible treatment strategies.

Methods: The efficacy of dose reduction of mycophenolic acid (MPA) and
ribavirin therapy was retrospectively analyzed in eight renal transplant
patients of our outpatient clinic who were diagnosed with HEV infection by
detection of specific antibodies (immunoglobulin M and immunoglobulin G)
and/or positive RNA in blood and stool. In four patients serial HEV viral loads
in blood were measured.

Results: Only one patient reached HEV clearance after reduction of
immunosuppressive therapy (predominantly reduction of MPA daily dose)
alone, whereas six patients were treated with ribavirin after reduction of
immunosuppressive therapy due to persistent virus replication. Four of six
patients reached HEV clearance after 3 months of ribavirin therapy. HEV
clearance was observed after 34-42 days. Two patients, both treated with ri-
tuximab within the last 12 months before diagnosis of HEV infection, needed
prolonged ribavirin therapy due to persistent viral replication.

Conclusion: Reduction of daily dose of MPA therapy alone in transplant
patients with chronic HEV infection may not be sufficient to control viral
replication. HEV clearance under ribavirin therapy shows interindividual
variability. Therefore, serial viral monitoring may be useful to personalize
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1 | INTRODUCTION

Elevated liver enzymes as a marker of liver injury in pa-
tients without any known preexisting liver disease are a
frequent finding in renal transplant recipients." The etiol-
ogy of liver injury in those patients is heterogeneous and
includes bacterial, fungal, and viral infections as well as
noninfectious causes like drug toxicity or malignancies."”

Recently, hepatitis E virus (HEV) infection gained in-
creasing attention as a possible cause for hepatitis. Within
the general population in Germany, HEV specific IgG can
be detected in 16.8%. Among immunocompetent patients,
HEV infections usually lead to an acute self-limiting he-
patitis and only few cases of chronic infections have been
described.* Therefore, a specific treatment is not necessary
in the vast majority of patients. In contrast, chronic courses
of HEV (genotype 3) infection with up to 10% of rapid
development of liver cirrhosis
munosuppressed patients *° having undergone solid organ
transplantation. Chronic hepatitis E infection poses a sig-
nificant risk to patients and graft survival, respectively,
and—due to the lack of an approved therapy—a challenge
to the counseling physicians.

As a first line treatment approach, the reduction of
immunosuppressive therapy has been established. Ac-
cording to the literature, up to 30% of HEV-infected pa-
tients show a spontaneous clearance of HEV after
reduction of immunosuppression at a follow up of
6 months.® In the absence of spontaneous clearance, the
treatment option of choice is ribavirin,” resulting in HEV
clearance after 3 months in up to 78%-100% of pa-
tients.””* However, ribavirin therapy carries the risk of
adverse effects, such as anemia due to bone marrow
toxicity.””

The appropriate treatment of HEV infection in im-
munosuppressed patients remains controversial, mostly
due to the lack of controlled trials and overall small
numbers of cases.”

The present case series is focused on im-
munosuppressed patients which have been tested positive
for HEV within 3 years following kidney transplantation.
The aim is to share our experience of treatment options
regarding mycophenolic acid (MPA) dose reduction as well
as ribavirin therapy and possible risks factors for initial
treatment failure.

can occur in im-
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treatment duration. Rituximab therapy is a risk factor for complicated-to-treat
chronic HEV infection.

chronic HEV infection, ELISPOT, ribavirin, rituximab, serial HEV RNA monitoring, SOT

2 | MATERIALS AND METHODS
All kidney transplant recipients testing positive for HEV
(positive immunoglobulin M [IgM] and immunoglobulin G
[IgG] and/or positive RNA) in clinical routine diagnostics
obtained at the outpatient clinic of Department of Ne-
phrology of the University Hospital of Cologne, Germany,
between January 2016 and March 2020 were included in
this case series. Demographic and clinical data as well as
laboratory markers (e.g., for kidney function and liver in-
jury), HEV specific antibodies (IgM and IgG), and
HEV-RNA load in blood and stool by real-time PCR
(polymerase chain reaction) were summarized. Treatment
decisions including the reduction of immunosuppressive
therapy or initiation of antiviral therapy with ribavirin are
reported. All parameters were examined in clinical routine
care for patients and were summarized retrospectively.
Patients showing a HEV viremia persisting for more than 3
months were considered as chronically infected.'’

2.1 | HEV diagnostics

Specific HEV IgM and IgG were detected using the re-
comLine HEV IgG/IgM immunoassay (Mikrogen diag-
nostic), according to the manufacturer's instructions.
HEV-RNA detection in blood and stool was performed
using the RealStar HEV RT-PCR Kit 2.0 (Altona), ac-
cording to the manufacturer's instructions.

2.2 | Statistical analyses

Data are reported as medians (interquartile range [IQR]),
or frequencies (n [% of total]). Thereafter, to determine
significant changes in HEV-RNA blood levels a Wilcoxon
matched pairs signed rank test was performed for
HEV-RNA blood levels, lymphocyte, and leucocyte count
before and after modification of immunosuppressive
therapy. A Spearman correlation was performed for
correlation between lymphocyte count an HEV-RNA
blood levels. All statistical testing was two-sided and a
p<.05 was considered significant. All analyses were
performed using SPSS (Statistical Package for Social
Sciences, SPSS Inc., version 24.1) software.
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TABLE 1 Patient baseline characteristic

n=38

Male sex, no% 100
Age, years 58.5 (25-69)
Immunosuppressive regime

Triple with tacrolimus 8

Triple with cyclosporine A 0

Dual with tacrolimus 0

Dual with cyclosporine A 0

mTor Inhibitor, MPA, Steroid 0
Tacrolimus median plasma levels (ug/dl) 5.9
Induction therapy
Basiliximab (d0, d4) 8
Lymphocyte depleting agents 0
Liver enzyme elevation at time of first positive

HEV-PCR measurement

ALT (ref.: male, <41 U/l 8

AST (ref.: male, <50 U/1) 8

YGT (ref.: male 8-61 U/l) 8
Time between transplantation and first 33 (46)

HEV-RNA measurement, months (IQR)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; yGT, gamma-glutamyl transpeptidase; HEV, hepatitis E
virus; IQR, interquartile range; MPA, mycophenolic acid.

3 | RESULTS

All eight patients were male and had a history of elevated
liver enzymes, which lead to further laboratory diag-
nostics and diagnosis of chronic HEV infection.

The median age at time of diagnosis was 57.5 years
(25-69 years) (Table 1). One patient died 2 weeks after
diagnosis of HEV infection and subsequent reduction of
immunosuppressive therapy due to liver failure caused
by hepatocellular carcinoma and liver cirrhosis of un-
determined cause (patient no. 8). In the remaining seven
patients, the median time between date of transplanta-
tion and diagnosis of HEV infection was 33 months (IQR:
46 months).

The source and etiology of HEV infection in six of
eight patients remained unclear. Two patients (no. 3 and
7) were huntsmen and had a history of eating self-hunted
venison. All patients except patient no. 3, showed posi-
tive IgM and IgG response to HEV. Patient no. 3 had
received rituximab 5 months before an ABO-incompatible
living donor kidney transplantation and did not show
serologic immune reactivity against HEV despite positive
PCR results. In contrast, patient no. 4 had developed a
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serologic immune reactivity 12 months after having re-
ceived rituximab due to recurrence of his underlying
renal disease (pauci-immune glomerulonephritis).

At the time of diagnosis, all patients were treated
with a triple immunosuppressive therapy, including ta-
crolimus, MPA and prednisone (Table 1). All patients
received basiliximab as induction therapy on Days 0 and
4. In addition patient no. 3 was treated with im-
munoadsorption and rituximab before transplantation.
Before reduction of immunosuppressive therapy, median
HEV-RNA plasma copy numbers were 1.47E+06 IU/ml
(IQR: 1.16E+09 IU/ml) (Table 2). In two patients, initial
HEV viremia was not quantified as the diagnosis was
initially established in an external outpatient clinic
(no. 5 and 6).

The median plasma level of tacrolimus at time of
diagnosis was 5.9 (3.4-11.2) pg/L (Table 1). Upon diag-
nosis, the daily dose of tacrolimus was initially reduced
in patient no. 2 because of modification of target trough
level. Patient no. 5 received a dose reduction of tacroli-
mus because of elevated serum levels (11.2 mg/dl). In all
HEV-infected patients, as a first step of HEV treatment,
MPA therapy was reduced (minimum reduction to 25%
of the initial dose) at time of diagnosis. In one patient
(no. 5), MPA was initially lowered to 50% of the initial
dose for 3 months and then discontinued for the fol-
lowing 3 months.

After reduction of immunosuppressive therapy, viral
load in blood and stool was monitored for at least
3 months. After 3 months, HEV-RNA was cleared in one
patient (no. 7) only. Three to five months after reduction of
immunosuppressive therapy, the median HEV-RNA plas-
ma level decreased from 1.47E+06 to 2.27E+05IU/ml.
There was no patient with an increase in HEV-RNA
plasma level after this therapy adjustment. Decline in
HEV-RNA plasma levels before and after reduction of
immunosuppressive therapy was significant (p =.028)
(Table 2). Total count of lymphocytes and leucocytes be-
fore and after reduction of immunosuppressive therapy
was measured (Table 2). Neither total lymphocytes nor
leucocytes count changes were significant (leucocytes
p=.198, lymphocytes p =.068). Total lymphocyte count
before and after reduction of immunosuppressive therapy
was not significant correlated to HEV-RNA plasma levels
before and after reduction of immunosuppressive
therapy (p =.313).

Only patient no. 7 reached HEV clearance after re-
duction of immunosuppressive therapy alone, patient no.
8 died within 2 weeks from liver cancer not related to
HEV infection. Since a high viral load was still present
even after reduction of immunosuppressive therapy in
the remaining six patients, they were started on ribavirin
therapy with a dose adjusted to their renal function.
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TABLE 2 HEV-RNA blood levels, leucocyte, and lymphocyte count before and 3 months after reduction of immunosuppressive therapy

After IS reduction

HEV-RNA IU/ml

Before IS reduction

HEV-RNA IU/ml

MPA dose reduction %

Leucocytes (lymphocytes)
13.00 X 10E9/L (0.91 X 10E9/L)

Leucocytes (Lymphocytes)
13.00 X 10E9/L (1,00 x 10E9/L)

25

2.86E+05

2.06E+06

Patient 1

50

6.1 X 10E9/L (1.82 X 10E9/L)

6.22E+05

7.16 X 10E9/L (2.36 X 10E9/L)

1.84E+06

Patient 2

AFFELDT ET AL.

50

2.93 x 10E9/L (0.74 X 10E9/L)

2.49E+03

3.28 X 10E9/L (0.98 x 10E9/L

9.00E+03

Patient 3

25

5.1 X 10E9/L (0.49 x 10E9/L)

§

2.57E+05

5.10 X 10E9/L (0.86 X 10E9/L)

§

7.16E+05

Patient 4

100

Patient 5

50

11.24 X 10E9/L (0.95 X 10E9/L)

§

12.43 X 10E9/L (1.27 X 10E9/L)

Patient 6

50

11.09 x 10E9/1 (4.57 X 10E9/L)

2

7.07 X 10E9/L (1.2 X 10E9/L)

1.09E+06

Patient 7

100

2

1.09 X 10E9/L (0.05 X 10E9/L)

4.62E+09

Patient 8

2.57E+05 (4.53E+05)

1.47E+06 (1.16E+09)

Median (IQR)

0.75 (0.345)

0.028

Sig. (2-tailed)”

Note: *Patient no. 8 died before finishing the 3-month interval; SHEV-RNA levels, leucocyte, and lymphocyte counts were missing because of external diagnostic and later on treatment initiation in our clinic.

Abbreviations: IQR, interquartile range; IS, immunosuppressive therapy; MPA, mycophenolic acid; Sig., two tailed significance of spearman correlation.
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The median ribavirin dose was 300mg per day
(200-800 mg) (Table 3), 800mg of ribavirin were
administered in only one patient (no. 2).

Several adverse drug reactions were observed. The
only patient on 800 mg ribavirin starting dose required a
dose reduction during the course of the treatment
because of anemia due to ribavirin-induced bone marrow
toxicity. After gradual dose reduction to 200 mg, anemia
resolved to normal hemoglobin levels (Table 3). Patient
no. 3 also suffering from concomitant cytomegalovirus
(CMV) infection developed pancytopenia likely caused
by added effects of CMV infection as well as MPA and
valganciclovir =~ medication. @~ MPA  therapy was
discontinued, ribavirin was halted for 2 weeks. After
resolution of pancytopenia, ribavirin therapy was
restarted, and a stable blood count was observed. In the
remaining four patients, no severe side effects requiring
dose reduction or pausing of ribavirin therapy were
observed (Table 3). Because of the CMV-coinfection, the
specific cellular immune response to CMV was measured
by T-SPOT. CMV (Oxford Immunotec) in patient no. 3.
Two months before diagnosis of HEV infection, the
ELISPOT (Enzyme Linked Immuno Spot) has shown a
good functionality of T cell activity.

In four patients (no. 1, 2, 3, and 4), HEV-RNA
plasma levels were repeatedly measured during the
course of ribavirin therapy (Table 4 and Figure 1). In
those patients (no. 1 and 2) with successful controlled
virus replication after 12 weeks, HEV clearance was
achieved after 34 and 42 days, respectively. After
12 weeks of ribavirin therapy, complete HEV clear-
ance in blood and stool was observed in four of six
patients (patients no. 1, 2, 5, and 6). In these four
patients, liver enzyme values returned to normal le-
vels within 6 months after completion of ribavirin
therapy, indicating stable HEV clearance. Patient no.
3 with concomitant CMV infection did not reach HEV
clearance after 3 months of ribavirin therapy. There-
fore, duration of ribavirin therapy was prolonged to
9 months, till HEV clearance was achieved. In the
other patient (no. 4) who did not reach HEV clearance
after 3 months of therapy, HEV plasma levels in-
creased from 7.15 E+03IU/ml (start of ribavirin
therapy) to 4.68 E+04 IU/ml after 9 months of riba-
virin therapy. Patient no. 4 has not reach HEV
clearance yet and is still under ribavirin therapy at the
time of writing of this manuscript (August 2020). Both
patients not having achieved HEV clearance after 3
months of ribavirin therapy had a history of rituximab
therapy within the last 12 months due to ABO-
incompatible living donor kidney transplantation (no.
3) or recurrence of the underlying renal disease
(pauci-immune glomerulonephritis) (no. 4).
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4 | DISCUSSION
In this case series, we describe our experience in treat-
ment of chronic HEV infection in kidney transplant re-
cipients visiting the nephrology outpatient clinic.
Spontaneous HEV clearance after reduction of im-
munosuppressive therapy was achieved in one patient
only. The majority of patients were thus treated with
ribavirin therapy adjusted for kidney function. This
treatment approach was able to control infection with
only moderate side effects. In only one patient dose re-
duction was needed because of ribavirin induced ane-
mia."" After dose reduction of ribavirin therapy, anemia
resolved to normal Hb levels and the patient gained HEV
clearance after 3 months of therapy. In general, ribavirin
induced anemia can be treated with epoetin substitution
and thus increase tolerability of ribavirin therapy.'”
Overall, our findings agree with previous evidences
concerning gender (mainly male) and source of infection
(mainly unknown). All eight patients in our center were
of male gender, which is in line with previous findings,
as male sex seems to be a risk factor for HEV infection for
so far unknown reasons.” In two of the patients, HEV
infection was associated with eating venison meat. Si-
milar ways of infection have been described before.*>'*
In one patient, HEV diagnosis was delayed because of
missing serologic immune response due to rituximab
therapy and immunosuppression in preparation of an
ABO-incompatible living donor kidney transplantation.
Such missing serologic response in HEV infections has
already been described.”* This case highlights the ne-
cessity to include PCR testing in addition to serological
tests for the diagnosis of HEV infection in patients under

TABLE 3 Ribavirin therapy
Change of

Ribavirin ribavirin daily = Serum creatinine
initial dose dose due to at start of ribavirin
(mg/dl) anaemia (%) treatment (mg/dl)

Patient 1 300 nr 1.83

Patient 2 800 75% 1.47

Patient 3 250 nr 1.53

Patient 4 200 nr 3.13

Patient 5 300 nr 1.63

Patient 6 400 nr 1.26

median 300 1.58

Immunity, Inflammation and Disease —Wl LEY 517
TABLE 4 HEV-RNA in blood under ribavirin therapy
Patient HEV-RNA Patient HEV-RNA
no. 1 Day IU/ml no. 3 Day IU/ml
0 286,000 0 2490
34 0 81 430,000
90 0 124 118,000
160 30,700
192 174,000
254 0
Patient Day HEV-RNA  Patient Day HEV-RNA
no. 2 1U/ml no. 4 1U/ml
0 119,000 0 7150
23 31,200 49 682
38 21 159 15,000
42 0 221 46,800

Note: Measured HEV-RNA IU/ml in blood for every patient, day: day of
ribavirin therapy.

Abbreviation: HEV, hepatitis E virus.

immunosuppression presenting with unclear elevation of
liver enzymes.*®"’

Previous studies described HEV clearance in up to
30% of patients following reduction of immunosuppres-
sion.” Kamar et al."” proposed a reduction of tacrolimus
trough levels rather than modification of MPA daily dose.
According to our internal clinical standard for virus in-
fections, we primary reduced MPA daily dose to get
control over viral replication. In this retrospective case

eGFR at start of Time to first

ribavirin negative blood HEV clearance
treatment HEV-PCR after 3 months of
(ml/min) (days) ribavirin therapy
44 34 yes

77 42 yes

50 254 no

21 t no

45 nm yes

67 nm yes

47.5

Note: Patient no. 3 (CMV coinfection) reached HEV clearance after 9 months of ribavirin therapy. "Patient no. 4 is still on therapy after 7 months of treatment.

“No HEV clearence after 7 months of ribavirin therapy.

Abbreviations: CMV, cytomegalovirus; GFR, glomerular filtration rate (CKD-EPI) in ml/min; HEV, hepatitis E virus; nm, no measurement of HEV-PCR within

the first 3 months; nr, no reduction of ribavirin daily dose.
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FIGURE 1 HEV-RNA in blood under ribavirin therapy. Measured HEV-RNA IU/ml in blood for every patient. day: day of ribavirin

therapy. HEV, hepatitis E virus

series, reduction of MPA daily dose did not lead to
spontaneous HEV clearance in most patients, although a
significant reduction of HEV viremia was observed.
Neither total leukocyte nor total lymphocyte count has
changed significantly. In other immunosuppressed co-
horts, like allogeneic hematopoietic stem cell transplant
recipients, reduction of immunosuppressive therapy was
associated with increase of mortality.'®

In four of our patients, HEV-RNA blood levels were
repeatedly measured during ribavirin therapy. HEV
clearance was obtained in the three patients after 34, 42,
and 254 days (including 2 weeks of therapy interruption
in patient no. 3), respectively (Figure 1 and Table 4). One
patient did not reach HEV clearance at the time of
writing this manuscript. In the literature there is no clear
recommendation for optimal therapy duration due to the
heterogeneity of time to archiving HEV clearance."”
Overall, 4 out of 6 (67%) patients treated with ribavirin
for 3 months obtained HEV clearance. This finding is in
line with previous observations, showing more than 80%
of viral clearance after 3 months of antiviral treatment
with ribavirin.”*”

Previous studies already identified risk factors for
treatment failure of chronic HEV infection. Im-
munosuppressive therapy with tacrolimus instead of
cyclosporine A° and a low lymphocyte count at therapy
initiation” have been shown to be associated with a
decreased response to therapy. All patients that are

described in this case series were on medication with
tacrolimus. In our case series 4 out of 6 patients archived
HEV clearance after 12 weeks of ribavirin therapy. Those
patients with initial treatment failure after 12 weeks
of therapy both received rituximab because of
ABO-incompatible living donor kidney transplantation or
recurrence of underlying renal disease. There are several
case reports discussing the possible impact of rituximab
concerning treatment failure of ribavirin therapy for
other immunosuppressed patients.'”'* Concerning renal
transplant recipients, only one case series in the field
discussed the risk for difficult to treat HEV infection after
rituximab therapy.'”

5 | CONCLUSION

In the present investigation on renal transplant recipients
affected from chronic HEV infection, a reduction of MPA
therapy alone for 3 months was not sufficient to control
viral replication.

Dose reduction of MPA appears to result in less viral
clearance from reduction of the immunosuppressive
therapy alone than reported elsewhere.'” Controlled
trials are warranted, and tacrolimus trough level reduc-
tion may be more effective.

Today, most kidney transplanted patients receive ta-
crolimus medication.”” Taking into account that tacrolimus
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therapy seems to be a risk factor for treatment failure,’
early ribavirin therapy should be evaluated in every patient.
In addition reduction of immunosuppressive therapy in
other immunosuppressed patients was associated with an
increase of mortality.'

Concerning optimal duration of ribavirin therapy, con-
trolled trials are still warranted.'® As we could show, time
to HEV clearance seems to be variable within a large range.
In our case series, a minimum of 41 days between first
occurred negative PCR for HEV-RNA in blood and end of
ribavirin therapy (patient no. 2) was sufficient to lead to
stable HEV clearance. Therefore, we suggest to repeatedly
measure HEV-RNA in stool and blood during ribavirin
therapy to define an individual duration of treatment.
Controlled trails for optimal duration of ribavirin therapy
after negative HEV-RNA PCR in blood are missing.

In our case series, all patients with initial treatment
failure of ribavirin therapy received rituximab within the
last year. Therefore, previous rituximab therapy should
be noted as a possible risk factor for complicate-to-treat
HEV infections even if in the presence of an apparently
functioning cellular immune response.

ACKNOWLEDGMENT

The present study was supported by the Koeln Fortune
Program of the Faculty of Medicine of the University
of Cologne (Germany) to Veronica Di Cristanziano.
Open Access funding enabled and organized by
ProjektDEAL.

CONFLICT OF INTERESTS
The authors declare that there are no conflict of interests.

AUTHOR CONTRIBUTIONS

Patrick Affeldt, Veronica Di Cristanziano, Martin Kann,
Maike Wirtz, and Christine Kurschat performed the research
and collected the data. Patrick Affeldt, Veronica Di
Cristanziano, Martin Kann, and Christine Kurschat designed
the research study. Patrick Affeldt and Veronica Di
Cristanziano analyzed the data. Patrick Affeldt, Veronica Di
Cristanziano, Franziska Grundmann, Rolf Kaiser,
Thomas Benzing, Martin Kann, and Christine Kurschat
wrote the paper.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are
available from the corresponding author upon reasonable
request.

ETHICS STATEMENT

Data were collected as part of routine clinical diagnostics.
The ethics committee agreed on analyzing data within
this project (EK 20-1313).

ORCID

Patrick Affeldt
Franziska Grundmann

https://orcid.org/0000-0002-3075-0473
https://orcid.org/0000-0002-

5766-7477

Thomas Bengzing

https://orcid.org/0000-0003-

0512-1066

Dirk Stippel
Christine Kurschat

https://orcid.org/0000-0002-1107-0907
https://orcid.org/0000-0002-

3646-9471

REFERENCES

1.

10.

11.

12.

Einollahi B, Ghadian A, Ghamar-Chehreh E, Alavian SM.
Non-viral related liver enzymes elevation after kidney trans-
plantation. Hepat Mon. 2014;14(2):e9036. https://doi.org/10.
5812/hepatmon.9036

Choi M, Hofmann J, Kohler A, et al. Prevalence and clinical
correlates of chronic hepatitis E Infection in german renal trans-
plant recipients with elevated liver enzymes. Transplant Direct.
2018;4(2):e341. https://doi.org/10.1097/TXD.0000000000000758
Faber MS, Wenzel JJ, Jilg W, Thamm M, Hohle M, Stark K.
Hepatitis E virus seroprevalence among adults, Germany.
Emerging Infect Dis. 2012;18(10):1654-1657. https://doi.org/10.
3201/eid1810.111756

Kamar N, Izopet J, Pavio N, et al. Hepatitis E virus infection.
Nat Rev Dis Primers. 2017;3(1):17086. https://doi.org/10.1038/
nrdp.2017.86

Kamar N, Selves J, Mansuy J-M, et al. Hepatitis E virus and
chronic hepatitis in organ-transplant recipients. N Engl J Med.
2008;358(8):811-817. https://doi.org/10.1056/nejmoa0706992
Kamar N, Abravanel F, Selves J, et al. Influence of im-
munosuppressive therapy on the natural history of genotype 3
hepatitis-E  virus infection after organ transplantation.
Transplantation. 2010;89(3):353-360. https://doi.org/10.1097/
TP.0b013e3181c4096¢

Kamar N, Izopet J, Tripon S, et al. Ribavirin for chronic hepatitis
E virus infection in transplant recipients. N Engl J Med. 2014;
370(12):1111-1120. https://doi.org/10.1056/NEJMoal215246
Yoshida T, Takamura M, Goto R, et al. Efficacy and safety of
ribavirin therapy for chronic hepatitis E after kidney trans-
plantation. Hepatol Res. 2019;49(10):1244-1248. https://doi.
org/10.1111/hepr.13363

Friebus-Kardash J, Eisenberger U, Ackermann J, et al. Pre-
valence of active hepatitis E virus infection and efficacy of
ribavirin treatment in renal allograft recipients. Tranpl Infect
Dis. 2019;21(3):e13088. https://doi.org/10.1111/tid.13088
Dalton HR, Kamar N, Baylis SA, Moradpour D, Wedemeyer H,
Negro F. EASL Clinical practice guidelines on hepatitis E virus
infection. J Hepatol. 2018;68(6):1256-1271. https://doi.org/10.
1016/j.jhep.2018.03.005

Wu LS, Jimmerson LC, MacBrayne CE, Kiser JJ, D'Argenio DZ.
Modeling ribavirin-induced anemia in patients with chronic
hepatitis C virus. CPT Pharmacometrics Syst Pharmacol. 2016;
5(2):65-73. https://doi.org/10.1002/psp4.12058

Dieterich DT, Wasserman R, Brau N, et al. Once-weekly
epoetin alfa improves anemia and facilitates maintenance of
ribavirin dosing in hepatitis C virus-infected patients receiving
ribavirin plus interferon alfa. Am J Gastroenterol. 2003;98(11):
2491-2499. https://doi.org/10.1111/j.1572-0241.2003.08700.x


https://orcid.org/0000-0002-3075-0473
https://orcid.org/0000-0002-5766-7477
https://orcid.org/0000-0002-5766-7477
https://orcid.org/0000-0003-0512-1066
https://orcid.org/0000-0003-0512-1066
https://orcid.org/0000-0002-1107-0907
https://orcid.org/0000-0002-3646-9471
https://orcid.org/0000-0002-3646-9471
https://doi.org/10.5812/hepatmon.9036
https://doi.org/10.5812/hepatmon.9036
https://doi.org/10.1097/TXD.0000000000000758
https://doi.org/10.3201/eid1810.111756
https://doi.org/10.3201/eid1810.111756
https://doi.org/10.1038/nrdp.2017.86
https://doi.org/10.1038/nrdp.2017.86
https://doi.org/10.1056/nejmoa0706992
https://doi.org/10.1097/TP.0b013e3181c4096c
https://doi.org/10.1097/TP.0b013e3181c4096c
https://doi.org/10.1056/NEJMoa1215246
https://doi.org/10.1111/hepr.13363
https://doi.org/10.1111/hepr.13363
https://doi.org/10.1111/tid.13088
https://doi.org/10.1016/j.jhep.2018.03.005
https://doi.org/10.1016/j.jhep.2018.03.005
https://doi.org/10.1002/psp4.12058
https://doi.org/10.1111/j.1572-0241.2003.08700.x

AFFELDT ET AL.

520 WI LEY-/mmunity, Inflammation and Disease

13.

Dalton HR, Bendall R, [jaz S, Banks M. Hepatitis E: an emerging
infection in developed countries. Lancet Infect Dis. 2008;8(11):
698-709. https://doi.org/10.1016/s1473-3099(08)70255-x

in a patient treated with rituximab for rheumatoid arthritis.
Joint Bone Spine. 2016;10/01/2016 83(5):577-578. https://doi.
0rg/10.1016/j.jbspin.2015.11.010

14. Legrand-Abravanel F, Kamar N, Sandres-Saune K, et al. He- 19. Schulz M, Biedermann P, Bock C-T, et al. Rituximab-containing
patitis E virus infection without reactivation in solid-organ treatment regimens may imply a long-term risk for difficult-to-
transplant recipients. France. 2011;17(1):30-37. https://doi. treat chronic hepatitis E. Int J Environ Res Public Health. 2020;
org/10.3201/eid1701.100527 17(1):341. https://doi.org/10.3390/ijerph17010341

15. Kamar N, Abravanel F, Behrendt P, et al. Ribavirin for he- 20. Lim MA, Kohli J, Bloom RD. Immunosuppression for kidney

16.

17.

18.

patitis E virus infection after organ transplantation: a large
european retrospective multicenter study. Clin Infect Dis.
2019;71:1204-1211. https://doi.org/10.1093/cid/ciz953

von Felden J, Alric L, Pischke S, et al. The burden of hepatitis
E among patients with haematological malignancies: a retro-
spective European cohort study. J Hepatol. 2019;71(3):465-472.
https://doi.org/10.1016/j.jhep.2019.04.022

Fraticelli P, Bagnarelli P, Tarantino G, et al. Chronic hepatitis
E in a patient treated with rituximab and mycophenolate
mofetil for Sjogren's syndrome. Rheumatology. 2016;55(12):
2275-2277. https://doi.org/10.1093/rheumatology/kew282
Verhoeven F, Weil-Verhoeven D, Di Martino V, Prati C,
Thevenot T, Wendling D. Management of acute HVE infection

transplantation: where are we now and where are we going?
Transplant Rev (Orlando). 2017;31(1):10-17. https://doi.org/10.
1016/j.trre.2016.10.006

How to cite this article: Affeldt P, Di
Cristanziano V, Grundmann F, et al. Monitoring of
hepatitis E virus RNA during treatment for chronic
hepatitis E virus infection after renal
transplantation. Immun Inflamm Dis. 2021;9:
513-520. https://doi.org/10.1002/iid3.411


https://doi.org/10.1016/s1473-3099(08)70255-x
https://doi.org/10.3201/eid1701.100527
https://doi.org/10.3201/eid1701.100527
https://doi.org/10.1093/cid/ciz953
https://doi.org/10.1016/j.jhep.2019.04.022
https://doi.org/10.1093/rheumatology/kew282
https://doi.org/10.1016/j.jbspin.2015.11.010
https://doi.org/10.1016/j.jbspin.2015.11.010
https://doi.org/10.3390/ijerph17010341
https://doi.org/10.1016/j.trre.2016.10.006
https://doi.org/10.1016/j.trre.2016.10.006
https://doi.org/10.1002/iid3.411



