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Abstract
Introduction: The hepatitis E virus (HEV) represents an
important cause of viral hepatitis and could cause
chronic infections in immunocompromised patients.
However, data about immunocompromised patients
other than solid organ transplant recipients are limited.
Methods: We identified patients from a laboratory data-
base and retrospectively compiled and analyzed clinical
as well as laboratory data in detail. Results: Overall, 22
severely immunosuppressed patients, excluding solid
organ transplant recipients, were identified. Four pa-
tients did not experience viral clearance (one without
and three despite ribavirin therapy). Three patients

acquired the infection after allogeneic hematopoietic
stem cell transplantation (alloHSCT) and recovered spon-
taneously, whereas another patient, infected prior to
alloHSCT, developed a chronic infection. Four patients
failed to clear HEV, resulting in fatal liver failure in 2
patients. The CD4+ cell counts increased in all but 1
patient attaining a sustained virological response (SVR),
as compared to patients with clinical failure. Severe
immunoglobulin deficiency did not appear to obviate
the control of HEV. Six of ten (60%) patients with and
nine of 12 (75%) patients without ribavirin therapy
achieved an SVR. Conclusions: Upfront ribavirin therapy
does not appear mandatory in patients without CD4+
lymphopenia, but a prolonged HEV replication carries
the risk of liver failure. Our data suggest that chronic HEV
infections could cause T-cell exhaustion, which might be
overruled with ribavirin therapy.
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Introduction

The hepatitis E virus (HEV) is a RNA virus causing a
high global disease burden [1]. In the developing world,
where HEV is most prevalent, infections are mostly due
to poor sanitary conditions, and severe or fatal HEV
infections have been reported during late pregnancy, in
very young children (<2 years) and in patients with
preexisting liver diseases. In developed countries, food-
borne transmission (e.g., consumption of undercooked
meat) or unscreened blood and tissue donation are the
major routes of infection [2]. The HEV antibody prev-
alence exceeds 30–50% in some areas of developed coun-
tries, with some decrease recently reported from the USA
and Germany [3]. Chronic infections are observed in
immunocompromised patients such as those with solid
organ transplantation [4]. The diagnosis of HEV infec-
tion in immunocompromised patients may be challeng-
ing, as elevation of liver function tests (LFTs) may only be
moderate and attributable to various causes such as drug
toxicity or chronic graft-versus-host disease [5]. It has
been reported that persistent HEV replication in immu-
nocompromised hosts may result in liver failure [6, 7].

Ribavirin is currently the only widely accepted treat-
ment option for HEV infection, whereas other therapies
display less or no success [8]. However, ribavirin is not
approved for this indication and recommendations on its
use are less well defined [9]. Data on HEV infections in
immunocompromised patients have predominantly been
gained from organ transplant recipients, and reports on
HEV infections among patients with hematologic malig-
nancies (HMs) are limited [7, 10, 11]. We retrospectively
evaluated patients with HM or other states of immuno-
suppression and HEV infections treated at our tertiary
care cancer center and sought to identify potential hall-
marks associated with outcomes.

Materials and Methods

Patients were retrospectively identified from the laboratory
database without any predefined diagnostic algorithm. This study
was approved by the Ethics Committee of the Charité University
Hospital of Berlin. Due to the retrospective, anonymized data
analysis, waiver for consent from patients was granted.

Anti-HEV IgM and IgG were analyzed by ELISA and immu-
noblot (recomWell and recomBlot, Microgen GmbH, Neuried,
Germany). Real-time RT-PCR for the detection of HEV-RNA
targeting the viral ORF3 was used as previously described [12].

Decisions about the use of ribavirin were made by the treating
physicians. The duration of the infection was estimated from the
first positive PCR (or positive serology in patients without an
initial PCR) until the first negative PCR (patients with virological
responses) or until the last follow-up PCR (patients without
responses). Virological responses (VR) were classified as sustained
VR (SVR) in patients with consistently negative HEV-PCR results
for ≥3 months, or as VR in patients with negative results during an
available follow-up of <3 months or return of LFTs to a normal

range (or to pre-HEV levels attributed to known causes such as
graft-versus-host disease).

Quantification of lymphocyte subsets was performed using
routine flow cytometry. For comparisons of T-cell subsets, we
identified patients with available lymphocyte subset quantifica-
tions close to the onset of the HEV infection (within 3 months
prior) and a confirmed SVR, or in patients with a relapse after VR,
close to an interval of 3 month after the first negative HEV-
PCR test.

Statistical comparisons for continuous variables were per-
formed by using the Mann-Whitney test. Differences were re-
garded as significant at a p value ≤0.05. Calculations were per-
formed with a commercially available software package (GraphPad
Software Inc., San Diego, USA).

Results

Twenty-two patients, with one exception, were diag-
nosed during March 2015–November 2021 (median age:
59 years, range: 18–84; 15 male). A single patient, whose
early course has already been reported, was diagnosed in
2007 [13]. The number of samples analyzed per patient by
PCR widely ranged (2–26; median 8). Ten of 22 patients
received ribavirin, and we found no indication toward a
more frequent use of ribavirin in recently diagnosed
patients (Table 1). One of 12 patients without and 3 of
10 patients with ribavirin therapy did not experience a
viral clearance. There was a non-significant trend toward
a longer median duration of the HEV infection in patients
who received ribavirin treatment compared to those
without antiviral therapy (3 vs. 1.8 months, p = 0.07).
Overall, 20 of the 22 patients suffered from HMs, and 9
had received a hematopoietic stem cell transplantation
(HSCT). Patient 22 (Table 1) had several underlying
diseases, including a combined immunodeficiency asso-
ciated with a heterozygous KAT2A mutation. Another
patient had a combined immunodeficiency due to het-
erozygous IKBKB mutation (patient 21) [14]. The HEV
infection was confirmed by detection of HEV-RNA ex-
cept for 2 patients, who were anti-HEV IgM positive.

Twelve patients did not receive any antiviral therapy.
Of these, 11 cleared the infection (Table 1), including 3
patients post allogeneic HSCT (alloHSCT). Another al-
loHSCT patient (patient 12; Table 1) without ribavirin
therapy, whose early course has already been reported
[13], had repeatedly detectable HEV-RNA during further
follow-up. This patient acquired the HEV infection prior
to alloHSCT, whereas the intervals between alloHSCT
and known onset of the HEV infection in the 3 other
patients were >6 months. Ten patients received ribavirin
treatment. Daily ribavirin doses were ≥800 mg in 9
patients and the minimum treatment duration was 2.9
months, except for a single patient (patient 17). Overall, 7
of 10 patients responded to ribavirin treatment (SVR 6,
VR 1). The remaining 3 patients experienced a relapse
despite adequate ribavirin doses and a treatment
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duration ≥3 months. Patient 20 required intensive care
treatment due to severe infections, which precluded a
second course of ribavirin. This patient deceased due to
liver failure after prolonged duration (>27 months) of the
HEV infection. Patient 21 received two subsequent
courses of ribavirin (one combined with peginterferon
alfa-2a) for 6 months, which again resulted only in a
transient response. This patient died due to liver failure
after more than 4 years with refractory HEV infection.
Patient 22 suffering from combined immunodeficiency
and three distinct malignancies relapsed after a
transient VR.

The numbers of circulating CD4+ cells were available
in 7 patients without ribavirin therapy and were >200 µL
in 5 patients with spontaneous viral clearance (Table 1).
Three patients disclosed remarkable findings. Patient 13
showed elevated LFTs and persistently low numbers of
CD4+ cells following autologous HSCT (autoHSCT). The
HEV serology on day 287 post autoHSCT was negative,
but retrospective analysis of a stored plasma sample
demonstrated presence of 2,870,000 HEV-RNA copies/
mL already on day 295 (Fig. 1a). Ribavirin was given for 3
months, which resulted in an SVR. Of note, the numbers
of circulating CD4+ cells consistently increased to >200/
µL in parallel to the virological response (Fig. 1a). Patient
14 developed elevated LFTs after autoHSCT. In this
patient, the initial numbers of circulating CD4+ cells
were low and showed a recovery in parallel to a response
to ribavirin (Fig. 1b).

Patient 2 (Table 1), an 84-year old male with B-cell
chronic lymphocytic leukemia experienced a spontane-
ous SVR despite a profound hypogammaglobulinemia
(IgG <1.6 g/L, previous anaphylaxis precluded immuno-
globulin replacement). The baseline numbers of CD4+
cells in this patient were normal and further increased
with waning HEV-RNA load (Fig. 1c).

Sequential numbers of circulating CD4+ T cells were
available in 9 patients. Of these, 6 patients experienced an
SVR and 3 patients relapsed after a transient response to
ribavirin. We observed an increase of the numbers of
CD4+ circulating T cells in 5 of 6 patients with an SVR,
whereas patients with a relapse showed a decrease of
CD4+ T-cell counts (2 patients) or a slight increase (1
patient) only (Fig. 2). The median ratio of the CD4+
T-cell counts (follow-up/prior) was 2.8 in patients with an
SVR compared to only 1.0 in patients with a relapse, but
this did not reach statistical significance (p = 0.17).

Discussion

The number of identified patients at our tertiary care
cancer center is relatively low, which is in line with
previous reports [7, 11, 15]. However, patients were
not systematically tested (no diagnostic algorithm), and

HEV infections might have been missed. In a recently
published, retrospective study, eight (3.4%) of 236 al-
loHSCT patients were positive for HEV-RNA [15]. Five
of these patients were negative for anti-HEV antibodies.
Patient 13 from the present study was also negative for
anti-HEV antibodies despite a high viral load, which
corroborates recommendations to use molecular testing
for reliable recognition of HEV infections in immuno-
compromised patients [9, 16].

It is noteworthy that 3 alloHSCT patients experienced
a spontaneous SVR, which is possibly linked to a late
onset of the HEV infection after transplantation. A
reduction of current immunosuppressive treatment is
recommended, but this is largely based on observations
in solid organ transplant recipients [9, 16]. In a series of
16 patients with chronic HEV infections post solid organ
transplantation, patients with low tacrolimus trough
levels were more likely to clear the infection [17]. A
reduction of the immunosuppression was reported to
be successful in HSCT patients with HEV infection
[10, 18] but was associated with mortality in 2 patients
with alloHSCT in another study [7], so that this approach
must be carefully balanced against potentially life-
threatening deterioration of autoimmune reactions.

The importance of adequate B-cell responses has been
well acknowledged for infections with the hepatitis B and
C virus. Various B-cell-directed therapies increase the
risk of hepatitis B reactivation [19, 20]. Also, reactivation
and flares have been observed in frequent association
with rituximab-based and high-dose steroid therapies in
patients infected with the hepatitis C virus [21]. It is less
clear, whether B-cell responses are of major importance
in HEV infections. In a recently published series of 5
patients with chronic HEV infection following therapy
with the B-cell-targeting antibody rituximab, only 1
patient responded to ribavirin with an SVR [22]. In
another retrospective patient series, CD20-directed thera-
pies correlated with a prolonged time to viral clearance
and the development of chronic hepatitis [11]. However,
the spontaneous SVR in our patient with B-cell chronic
lymphocytic leukemia, who had profound hypogamma-
globulinemia but normal CD4+ cells, suggests that a
B-cell response might not be essentially required for
HEV clearance.

Lymphopenia and low CD4+ T-cell numbers have
been associated with chronic HEV infections in patients
with solid organ transplantation [6]. Similarly, baseline
lymphopenia was significantly associated with treatment
failures in patients with solid organ transplantation and
chronic HEV infection [23]. It has been demonstrated
that specific T-cell responses were significantly lower and
absent in patients with solid organ transplantation and
chronic HEV infection compared to patients with re-
solved HEV infection [24]. Similar data in patients with
HM are scarce. In the aforementioned series of patients
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with chronic HEV infection following therapy with rit-
uximab, all 5 patients presented with CD4-lymphopenia
(<200/µL) [22]. The remarkable recovery from CD4-
lymphopenia in 2 patients from our study and increasing
numbers of CD4+ T-cells in the majority of patients with
VRs likely reflects recovery from T-cell exhaustion. This
is in line with observations in HIV/HEV-coinfected

patients, which indicated that HEV clearance is associ-
ated with higher CD4+ cell counts [25].

Our study expands the limited knowledge about HEV
infections in patients with HMs. The observation of
CD4+ T-cell recoveries in association with viral responses
may indicate an early response marker. However, this was
a retrospective study in a limited number of patients

a b

c

Fig. 1. Detailed responses and numbers of CD4+ T-cells in 3
patients with HEV infections: a Patient No. 13 with mantle
cell lymphoma, autologous hematopoietic stem cell trans-
plantation (autoHSCT), and ribavirin therapy. b Patient
No. 14 with composite lymphoma, autoHSCT, and ribavirin

therapy. c Patient No. 2 with B-CLL, profound immunoglo-
bulin deficiency (IgG <1.6 g/L), but persistently normal CD4+
lymphocyte counts, and spontaneous termination of the HEV
infection. Upper limit of normal for ASAT <50 U/L. B-CLL =
B-cell chronic lymphocytic leukemia.

Fig. 2. Serial numbers of CD4+ T cells in patients with a sustained virological response (SVR) or relapse after
initial virological response (VR).
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without standardized diagnostic assessments and indi-
vidual therapeutic decisions. Thus, more detailed studies
with standardized protocols are needed.

Conclusions

Early ribavirin treatment in immunocompromised
patients infected with HEV and CD4-lymphopenia ap-
pears meaningful to prevent chronic HEV infections.
Patients infected with HEV and normal numbers of
circulating CD4+ T cells might be observed without
treatment awaiting spontaneous termination of HEV
replication, but efforts to avoid chronic HEV infections
appear mandatory.
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