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a b s t r a c t 

Background & Aims: Hepatitis E virus (HEV) is a main cause of acute hepatitis globally. However, im- 

munosuppressed patients regularly develop chronic courses. The aim of this study was to analyse the 

current status of HEV diagnostics, characterize clinical manifestations and identify risk factors for com- 

plicated HEV infections. 

Methods: In this retrospective study at two large hospitals, 512 patients with borderline and positive anti- 

HEV-IgM and 94 patients with positive HEV-PCR between January 1999 and May 2023 were included. 

Results: Detection by anti-HEV-IgM-ELISA led to a positive HEV-PCR in only 17.9 %. Amongst patients 

with positive HEV-PCR, 61 had underlying immunosuppression and 23 were patients after solid organ 

transplantation (SOT). All 13 patients with chronic HEV infections were immunosuppressed. Generally, 

immunosuppression led to higher HEV-RNA concentrations and a higher probability of receiving imme- 

diate treatment. However, all fulminant courses with liver failure happened in patients without immuno- 

suppression. Immunocompetent patients showed symptoms more frequently and primarily had higher 

bilirubin levels indicating more severe liver damage. A risk factor for delayed or failed viral clearance 

after SOT was the administration of mTOR inhibitors. 

Conclusions: Fulminant HEV infections happen primarily in immunocompetent patients. Nevertheless, 

immunosuppressed patients bear the risk of undetected, prolonged HEV infections, reflected by the rare 

occurrence of symptoms. 

© 2024 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

The hepatitis E virus (HEV) typically causes a short, self-limiting 

cute hepatitis. Particularly in acute infections caused by HEV 

enotypes 1 and 2, fulminant disease progression might occur, 

hich can lead to acute liver failure and to a mortality rate of 

p to 30 % in pregnant women [ 1 , 2 ]. In industrialized countries,
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EV genotype 3 is more prevalent and, unlike genotypes 1 and 2, 

s primarily not transmitted via the faecal-oral route [ 3 ]. It usu- 

lly follows a zoonotic transmission mainly through consumption 

f undercooked meat products [ 4 ]. In patients with impaired im- 

unocompetence, an HEV infection (particularly with genotype 3) 

an lead to a chronic infection due to unsuccessful viral clearance, 

hich increases the risk to develop liver fibrosis and in conse- 

uence liver cirrhosis [ 4 ]. Therefore, it is essential to screen for 

EV in immunocompromised patients presenting with elevated 

iver transaminases. HEV-NAT (e.g. PCR) should be performed, as 

etectable antibody responses might show insufficient sensitivity 

n immunosuppressed patients [ 5 ]. 
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Fig. 1. Composition of the study population regarding immunosuppression. 
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According to the EASL guidelines [ 6 ], a conservative treatment 

pproach is recommended in less severe cases. In patients with 

ersistent infection or liver failure, a cautious reduction of im- 

unosuppression and additional administration of ribavirin should 

e considered. Ribavirin is a drug combining direct antiviral with 

mmunomodulatory capacities [ 7 , 8 ], which ultimately leads to a 

iral clearance in 85–90 % in those patients [ 6 , 7 , 9 ]. However, in

atients after solid organ transplantation (SOT), who represent 

he majority of patients with persistent infection [ 10 ], treatment 

hould be introduced with great caution because any change in 

mmunosuppression comes with an elevated risk of acute trans- 

lant rejection. Ribavirin can also cause serious side effects like 

emolytic anemia [ 4 , 7 ], which necessitates a prompt reduction in 

osage or drug discontinuation. 

In this study, a comprehensive analysis of all cases with hep- 

titis E virus infection over a period of almost 25 years was con- 

ucted at two supraregional hospital centers. We aimed to opti- 

ize the identification of HEV infections in immunocompromised 

atients and to identify characteristics for high-risk disease pro- 

ression. 

. Materials and methods 

.1. Study population, design and aims 

We included all patients in our retrospective study that had 

orderline and positive anti-HEV-IgM and/or positive HEV-PCR re- 

ults between January 1999 and May 2023 at the University Hos- 

ital Regensburg (with a dedicated organ transplant program) and 

he Hospital Ingolstadt. Detailed analyses were then conducted on 

ll patients who had the HEV infection confirmed by HEV-PCR. 

The primary aim of the study was to optimize the identification 

f patients with HEV infection by analysing HEV diagnostics and 

linical manifestations. The secondary aim was to identify high-risk 

onstellations for complicated HEV infections. 

All data collection was performed using the clinics’ patient 

atabases. Each patient was treated according to local standards. 

nitially, HEV diagnostics were analysed. Next, HEV-PCR positive 

atients were categorised according to their underlying diseases 

nd possible immunosuppression. Clinical information was then 

ollected before and during the infection course, with collection of 

dditional follow-up patient data. 

The retrospective study was authorized by the Ethics Commit- 

ee of the University of Regensburg (approval number 19–1570_2–

01). 

.2. HEV diagnostics and sequencing 

HEV diagnostics were performed in clinical practice as deter- 

ined by the treating physician at the respective study centre, 

sually due to disturbed liver parameters following liver-related 

ymptoms or as part of the regular follow-up in patients with im- 

unosuppression, always in accordance with the current guide- 

ines. 

For anti-HEV-IgM and anti-HEV-IgG, immunoblot and ELISA 

its from Mikrogen (Neuried, Germany) were used at the Univer- 

ity Hospital Regensburg and the Hospital Ingolstadt used ELISA 

its from EUROIMMUN (Lübeck, Germany). HEV-PCR from serum, 

lasma or faeces samples and HEV sequencing were performed as 

ecently described [ 11 ]. In 2016, the RT-qPCR protocol was adapted. 

oth protocols show comparable sensitivity with a 95 %-LoD of 

758 IU/ml (30 0 0 copies/ml) [ 12 ] and 1214 IU/ml (1400 copies/ml)

 13 , 14 ]. 
379
.3. Case definitions 

The different disease courses and aspects of HEV infection were 

efined as the following: 

� Chronic HEV infection: detectable HEV-RNA for at least 12 

weeks. 

� Recurrent HEV infection: detectable HEV-RNA after at least one 

negative HEV-PCR. 

� Fulminant HEV infection: medical treatment on an intensive 

care unit due to liver failure with positive HEV-RNA and no 

other leading cause. 

� HEV-related liver cirrhosis: proof of liver cirrhosis in patients 

with chronic HEV infection without any other liver disease 

present prior to diagnosis or during the course of HEV infec- 

tion. 

� Acute HEV infection, lost to follow-up: positive HEV-PCR for 

less than 12 weeks without a negative HEV-PCR. 

� Chronic HEV infection, lost to follow-up: positive HEV-PCR for 

at least 12 weeks without a negative HEV-PCR. 

� Follow-up: interval from first positive HEV-PCR to last docu- 

mented visit in the clinic. 

.4. Statistical analysis 

For statistical analysis, GraphPad Prism v10 (Boston, USA) and 

BM SPSS v29 (Armonk, USA) were used. Statistical tests were per- 

ormed as indicated in the respective figure and table legends. A 

-value < 0.05 was considered statistically significant. 

. Results 

.1. Distribution of the study population 

Between January 1999 and May 2023, borderline and posi- 

ive anti-HEV-IgM was detected in 512 patients by ELISA or im- 

unoblot. In a total of 94 patients, the infection was detected by 

EV-PCR, who were then included in further analyses. 

As shown in Fig. 1 , 61 HEV-PCR positive patients (64.9 %) were 

n some form of immunosuppression and 33 patients (35.1 %) 

ere immunocompetent. Patients with immunosuppression were 

urther subdivided into 29 patients (47.5 %) with a hemato- 

ncological disease, 23 patients (37.7 %) after SOT and nine pa- 

ients (14.8 %) with autoimmune disease. 
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Fig. 2. Percentage of positive HEV-PCR in patients with borderline and positive anti-HEV-IgM. (A) 310 patients with borderline and positive anti-HEV-IgM-ELISA had the HEV 

infection tested by HEV-PCR. Breakdown in the ELISA categories: borderline (20 to 24 MU/ml), weakly positive ( > 24 to < 48 MU/ml), positive (48 to 125 MU/ml) and positive 

above detection range ( > 125 MU/ml). The dashed line indicates the percentage of all positive results combined (17.9 %). MU = Mikrogen Units. (B) Patients with borderline 

and positive anti-HEV-IgM-Immunoblot. ( + ) = anti-HEV-IgM-borderline, + = anti-HEV-IgM-positive. 
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.2. Accuracy of HEV infection diagnosis by anti-HEV-IgM-ELISA 

In total (see Fig. 2 A), 310 patients were tested by HEV-PCR to 

erify a borderline or positive anti-HEV-IgM-ELISA result. When 

igher anti-HEV-IgM concentrations were measured by ELISA, 

EV-PCR positive results became more likely. Of the patients with 

orderline anti-HEV-IgM, 3.3 % had a positive HEV-PCR. In pa- 

ients with weakly positive versus positive anti-HEV-IgM levels, the 

EV-PCR positive percentages were 4.4 % and 13.0 %, respectively. 

n patients with positive anti-HEV-IgM above the detection range, 

0.7 % had a positive HEV-PCR. Across all subgroups, the percent- 

ge was 16.5 %. After exclusion of borderline results, HEV-PCR was 

ositive in 17.9 %. 

Before the anti-HEV-IgM-ELISA was available, patients were 

ested by immunoblot. Here, borderline positive and positive re- 

ults led to a detection by HEV-PCR in 16.9 % and 26.2 % of cases,

espectively (see Fig. 2 B). 

.3. General characteristics of patients with positive HEV-PCR 

Comparing immunocompetent patients to patients with im- 

unosuppression (see Table 1 ), no significant differences in sex, 

ge, body mass index, underlying liver disease or diabetes mellitus 

ere observed. As expected in Germany, of the 39 patients with 

enotyped HEV infection, 97.4 % were infected with genotype 3; 

nly one patient showed an infection with genotype 1 after travel- 

ing from Pakistan. Remarkably, patients with immunosuppression 

ere significantly more likely to be infected with HEV subtype 3c 

63.6 % to 92.9 %, p = 0.0423) and revealed an HEV-RNA concentra- 

ion at initial diagnosis that was nearly 50 times higher (3.0 × 104 

o 1.4 × 106 copies/ml, p < 0.0 0 01). 

When HEV infection was diagnosed, immediate treatment was 

nitiated in 15.2 % of immunocompetent patients, compared to 

9.0 % of immunosuppressed patients ( p < 0.0 0 01). There was 

lso a significant difference in the development of chronic infec- 

ions which, as expected, all occurred in immunosuppressed pa- 

ients. More than one in five patients could not clear the infection 

ithin 12 weeks (0.0 % to 21.3 %, p = 0.0034). In contrast, fulmi-

ant courses of the infection with severe hepatitis and liver fail- 
380
re only occurred in immunocompetent patients (9.1 % to 0.0 %, 

 = 0.0407). There was no significant difference in the develop- 

ent of recurrences, however, all five patients were immunosup- 

ressed (0.0 % to 8.2 %, p = 0.1582). All recurrent episodes showed 

ower HEV-RNA concentrations and transaminases compared to 

he initial infection. An HEV infection-related liver cirrhosis was 

nly evident in one immunosuppressed patient with a long-lasting 

hronic infection (0.0 % to 1.6 %, p = 1.0 0 0 0). As liver cirrhosis and

ositive HEV-PCR were diagnosed, stored samples from the clinic’s 

rchive were retrospectively tested. Here, HEV-PCR positivity was 

etectable over a course of 6 years. No other reason for chronic 

iver damage was identified. Follow-up was shorter in immuno- 

ompetent patients compared to immunosuppressed patients (655 

o 1343 days, p = 0.0 0 01). Additionally, the percentage of patients 

ost to follow-up was higher (15.2 % to 1.6 %, p = 0.0191). 

.4. Clinical manifestations at detection of HEV infection 

A comparison of symptoms reported by patients when diag- 

osed with HEV infection showed major differences between im- 

unocompetent and immunosuppressed patients (see Table 2 ). In 

otal, only 24.2 % of the immunocompetent patients described no 

ymptoms at all compared to 73.8 % in immunosuppressed patients 

 p < 0.0 0 01). The most common symptoms stated were fatigue 

29.8 %), abdominal pain (12.8 %), darkened urine (12.8 %) and 

aundice (11.7 %), with statistically significant differences between 

he two groups in reporting fatigue (54.5 % to 16.4 %, p = 0.0 0 02),

bdominal pain (24.2 % to 6.6 %, p = 0.0221), darkened urine 

36.4 % to 0.0 %, p < 0.0 0 01), jaundice (30.3 % to 1.6 %, p < 0.0 0 01),

ale stools (24.2 % to 0.0 %, p = 0.0 0 01), pruritus (15.2 % to 1.6 %,

 = 0.0191) and muscular pain (12.1 % to 0.0 %, p = 0.0134). 

As shown in Table 2 , immunocompetent HEV-PCR positive pa- 

ients presented with anti-HEV-IgM positive results 90.0 % of the 

ime, compared to only 75.7 % in immunosuppressed patients 

 p = 0.2008). Anti-HEV-IgG were positive in 71.6 % of all patients 

76.7 % to 67.6 %, p = 0.4317). Immunosuppressed patients pre- 

ented more frequently with a reduced leukocyte count (7.0/nl 

o 5.5/nl, p = 0.0022) and lower haemoglobin levels (13.5 g/dl 

o 12.4 g/dl, p = 0.0158), whereas immunocompetent patients 
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Table 1 

General patient characteristics of the study population. Hepatic steatosis was graded by ultrasound. Immunocompetent and immunosuppressed patients were compared 

using Fisher’s Exact Test or Mann-Whitney Test. 

Total (n = 94) Immunocompetent (n = 33) Immunosuppressed (n = 61) p-value 

Sex ♂ / ♀ 67 / 27 25 / 8 42 / 19 0.6337 

Age 

total, mean (95% CI) 48.0 (44.4 - 51.6) 49.0 (43.2 - 54.9) 47.5 (42.8 - 52.1) 0.9733 

< 19, n (%) 8 (8.5) 2 (6.1) 6 (9.8) 0.7084 

19-40, n (%) 21 (22.3) 9 (27.3) 12 (19.7) 0.4424 

41-60, n (%) 41 (43.6) 13 (39.4) 28 (45.9) 0.6638 

> 60, n (%) 24 (25.5) 9 (27.3) 15 (24.6) 0.8075 

BMI, mean kg/m2 (95% CI) 26.2 (24.9 - 27.5) 27.8 (25.7 - 29.9) 25.4 (23.9 - 27.0) 0.0823 

Underlying liver disease, n (%) 34 (36.2) 9 (27.3) 25 (41.0) 0.2611 

Hepatic steatosis 

none, n (%) 36 (47.4) 15 (51.7) 21 (44.7) 0.6387 

mild, n (%) 12 (15.8) 3 (10.3) 9 (19.1) 0.3541 

moderate, n (%) 17 (22.4) 5 (17.2) 12 (25.5) 0.5721 

severe, n (%) 11 (14.5) 6 (20.7) 5 (10.6) 0.3159 

not determined, n 18 4 14 

Diabetes mellitus, n (%) 18 (19.1) 6 (18.2) 12 (19.7) 1.0000 

HEV genotype 

1a, n (%) 1 (2.6) 1 (9.1) 0 (0.0) 0.2821 

3a, n (%) 2 (5.1) 1 (9.1) 1 (3.6) 0.4899 

3c, n (%) 33 (84.6) 7 (63.6) 26 (92.9) 0.0423 

3f, n (%) 1 (2.6) 1 (9.1) 0 (0.0) 0.2821 

3 (other), n (%) 2 (5.1) 1 (9.1) 1 (3.6) 0.4899 

not determined, n 55 22 33 

HEV titre, median copies/ml (IQR) 4.9 x 105 (1.6 x 104 - 8.7 x 106 ) 3.0 x 104 (3.1 x 103 - 3.3 x 105 ) 1.4 x 106 (2.8 x 105 - 1.7 x 107 ) < 0.0001 

Treatment initiated at diagnosis, n (%) 41 (43.6) 5 (15.2) 36 (59.0) < 0.0001 

Recurrence of HEV infection, n (%) 5 (5.3) 0 (0.0) 5 (8.2) 0.1582 

HEV-related liver cirrhosis, n (%) 1 (1.1) 0 (0.0) 1 (1.6) 1.0000 

Chronic HEV infection, n (%) 13 (13.8) 0 (0.0) 13 (21.3) 0.0034 

Fulminant HEV infection, n (%) 3 (3.2) 3 (9.1) 0 (0.0) 0.0407 

Days of follow-up, mean (95% CI) 1101 (850 - 1353) 655 (322 - 988) 1343 (1009 - 1677) 0.0001 

Lost to follow-up, n (%) 6 (6.4) 5 (15.2) 1 (1.6) 0.0191 

Table 2 

Symptoms reported and laboratory parameters at initial diagnosis of HEV infection. Immunocompetent and immunosuppressed patients were compared using Fisher’s Exact 

Test or Mann-Whitney Test. 

Total (n = 94) Immunocompetent (n = 33) Immunosuppressed (n = 61) p-value 

Symptoms reported 

Fatigue, n (%) 28 (29.8) 18 (54.5) 10 (16.4) 0.0002 

Abdominal pain, n (%) 12 (12.8) 8 (24.2) 4 (6.6) 0.0221 

Darkened urine, n (%) 12 (12.8) 12 (36.4) 0 (0.0) < 0.0001 

Jaundice, n (%) 11 (11.7) 10 (30.3) 1 (1.6) < 0.0001 

Loss of appetite, n (%) 9 (9.6) 6 (18.2) 3 (4.9) 0.0620 

Nausea/vomiting, n (%) 8 (8.5) 4 (12.1) 4 (6.6) 0.4450 

Pale stools, n (%) 8 (8.5) 8 (24.2) 0 (0.0) 0.0001 

Pruritus, n (%) 6 (6.4) 5 (15.2) 1 (1.6) 0.0191 

Fever, n (%) 6 (6.4) 3 (9.1) 3 (4.9) 0.6616 

Muscular pain, n (%) 4 (4.3) 4 (12.1) 0 (0.0) 0.0134 

Arthralgia, n (%) 2 (2.1) 2 (6.1) 0 (0.0) 0.1208 

Rash, n (%) 1 (1.1) 1 (3.0) 0 (0.0) 0.3511 

None, n (%) 53 (56.4) 8 (24.2) 45 (73.8) < 0.0001 

Laboratory parameters 

Anti-HEV-IgG, % positive 71.6 76.7 67.6 0.4317 

Anti-HEV-IgM, % positive 82.1 90.0 75.7 0.2008 

AST, median U/l (IQR) 124 (59 - 387) 182 (62 - 492) 111 (55 - 339) 0.4106 

ALT, median U/l (IQR) 281 (95 - 649) 489 (100 - 961) 232 (92 - 476) 0.1149 

Gamma-GT, median U/l(IQR) 195 (95 - 329) 169 (85 - 302) 222 (98 - 380) 0.6335 

Alkaline phosphatase, median U/l (IQR) 147 (111 - 230) 138 (97 - 181) 168 (112 - 261) 0.3274 

Cholinesterase, median U/l (IQR) 8103 (5682 - 11325) 6594 (5672 - 11022) 8774 (5598 - 11633) 0.2557 

Bilirubin (total), median mg/dl (IQR) 0.8 (0.5 - 1.7) 1.4 (0.8 - 9.5) 0.6 (0.4 - 1.2) 0.0001 

Bilirubin (direct), median mg/dl (IQR) 0.4 (0.3 - 1.6) 1.0 (0.3 - 8.8) 0.4 (0.2 - 0.6) 0.0036 

Albumin, median g/l (IQR) 36.3 (32.1 - 41.3) 35.6 (27.5 - 40.9) 37.1 (33.6 - 41.7) 0.1948 

Creatinine, median mg/dl (IQR) 0.90 (0.75 - 1.32) 0.83 (0.71 - 1.08) 0.91 (0.75 - 1.46) 0.2561 

CRP, median mg/l (IQR) 4.3 (2.9 - 12.3) 5.1 (2.9 - 22.4) 3.9 (2.9 - 11.9) 0.4116 

Leukocytes, median /nl (IQR) 6.1 (4.7 - 8.0) 7.0 (6.0 - 8.5) 5.5 (3.5 - 7.4) 0.0022 

Haemoglobin, median g/dl (IQR) 12.7 (11.4 - 13.8) 13.5 (12.1 - 15.1) 12.4 (11.2 - 13.5) 0.0158 

Thrombocytes, median /nl (IQR) 176 (119 - 247) 205 (114 - 264) 163 (122 - 231) 0.3133 

INR, median (IQR) 1.01 (0.96 - 1.17) 1.03 (0.93 - 1.22) 1.01 (0.96 - 1.11) 0.7312 

PTT, median s (IQR) 30.9 (28.0 - 36.8) 31.5 (28.0 - 39.8) 30.8 (28.0 - 35.3) 0.5712 

381
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Table 3 

Comparison of acute and chronic HEV infected patients with immunosuppression. Statistical significance was tested by Fisher’s Exact Test or Mann-Whitney Test. 

Total (n = 61) Acute (n = 48) Chronic (n = 13) p-value 

Origin of immunosuppression 

Solid organ transplantation, n (%) 23 (37.7) 15 (31.3) 8 (61.5) 0.0586 

Haemato-oncological disease, n (%) 29 (47.5) 25 (52.1) 4 (30.8) 0.2192 

Autoimmune disease, n (%) 9 (14.8) 8 (16.7) 1 (7.7) 0.6688 

Median HEV, copies/ml (IQR) 1.4 x 106 (2.8 x 105 - 1.7 x 107 ) 1.1 x 106 (7.6 x 104 - 1.5 x 107 ) 7.6 x 106 (8.3 x 105 - 6.4 x 107 ) 0.0863 

Treatment initiated at diagnosis 

None, n (%) 25 (41.0) 22 (45.8) 3 (23.1) 0.2060 

Change of immunosuppression only, n (%) 3 (4.9) 3 (6.3) 0 (0.0) 0.5926 

Ribavirin only, n (%) 18 (29.5) 14 (29.2) 4 (30.8) 1.0000 

Change of immunosuppression and ribavirin, n (%) 15 (24.6) 9 (18.8) 6 (46.2) 0.0670 
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howed markedly higher levels of total bilirubin (1.4 mg/dl to 

.6 mg/dl, p = 0.0 0 01) and direct bilirubin (1.0 mg/dl to 0.4 mg/dl,

 = 0.0036). 

.5. Comparison of acute and chronic HEV infections in 

mmunosuppressed patients 

In total, 13 patients (21.3 % of immunosuppressed patients; 

3.8 % of all patients) developed a chronic infection course 

 Table 3 ). The origin of immunosuppression in patients who de- 

eloped chronic courses missed statistical significance, but there 

as a clear accumulation of patients after SOT (31.3 % to 61.5 %, 

 = 0.0586). Patients with chronic infections had an HEV-RNA con- 

entration in blood that was almost seven times higher at initial 

iagnosis (1.1 × 106 to 7.6 × 106 , p = 0.0863). 

The therapy initiated at the time of diagnosis of HEV infection 

as similar in both groups. Immunosuppression was reduced in 

.9 % of the patients, whereas 29.5 % received ribavirin. 24.6 % re- 

eived a combination of both treatment options and 41.0 % initially 

id not receive any treatment. 

Further breakdown of the patients by type of SOT showed 11 

atients (47.8 %) with a liver transplant, seven patients (30.4 %) 

ith kidney transplants, two patients (8.7 %) with a history of 

oth liver and kidney transplantation and three patients (13.0 %) 

ith a heart transplant (see Table 4 ). Regarding the development 

f a chronic HEV infection, there were no significant differences in 

he type of SOT or in the days between infection and SOT. When 

omparing the respective immunosuppressive regimes, there were 

o differences concerning mycophenolate mofetil, calcineurin in- 

ibitors and prednisolone, whereas SOT patients that developed a 

hronic HEV infection were more frequently on an mTOR inhibitor- 

ased regime (0.0 % to 37.5 %, p = 0.0316). The initial treat- 

ent strategy with diagnosis of HEV infection or the daily dose 

f ribavirin did not affect the development of chronic disease 

ourses, with three patients (13.0 %) receiving no treatment at all, 

2 (52.2 %) receiving a reduction in immunosuppression and 19 

82.6 %) starting ribavirin treatment at the beginning. 

. Discussion 

The current opinion is that HEV infections with genotypes 3 

nd 4 mainly impact patients with impaired immunocompetence 

ho are predisposed to prolonged or complicated courses of in- 

ection [ 3 ]. The results of our bicentric study provide helpful in- 

ights into the optimization of diagnostic screening in immuno- 

ompromised patients and indicate that liver damage caused by 

nrestricted immunity should not be underestimated in daily clin- 

cal care. 

As expected, most patients of the study cohort showed an in- 

ection with HEV genotype 3, with the exception of one patient 

ho had previously spent extended time in Pakistan and whose 
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nfection was typed as HEV subtype 1a. In that healthy and im- 

unocompetent patient, the infection was quickly resolved. Fur- 

her analysis of genotype 3 infections revealed that in 84.6 % of 

ases the infection was based on subtype 3c, which was iden- 

ified more frequently in immunocompromised patients. There is 

till disagreement about the exact correlation between the subtype 

f genotype 3 and clinical infection course, although some stud- 

es have shown a more severe course and higher mortality in in- 

ections caused by HEV group 1 (subtypes 3efg) compared to HEV 

roup 2 (subtypes 3abchijklm) [ 11 , 15 ]. 

It is important to emphasize once again the significance of com- 

rehensive diagnostics concerning the frequently underestimated 

EV infection when a patient presents with elevated liver transam- 

nases. Especially in immunosuppressed patients, virus detection 

y NAT should always be attempted, as anti-HEV-IgM was not pos- 

tive in nearly one-fourth of the patients in our study. Furthermore, 

onfirmation of active infection in patients with positive anti-HEV- 

gM succeeded in only 17.9 %, proving both sensitivity and speci- 

city of antibody diagnostics for the detection may be considerably 

imited in certain patient cohorts, as previously discussed [ 5 ]. 

It is crucial that a test algorithm is reliably implemented to 

apidly identify patients infected with HEV. As our study shows, 

atients often present with unspecific symptoms such as fatigue or 

bdominal pain, and more than half of them describe no irregular- 

ties at all. Signs of parenchymatous damage such as jaundice and 

hanges in urine and stool colour occur in more than 10 % of pa- 

ients, although this is distributed very inhomogeneously between 

mmunosuppressed and immunocompetent patients. Around one 

n three patients without impaired immunity presented with signs 

f intrahepatic damage, compared with only 1.6 % of immunocom- 

romised patients, in whom around three in four did not even de- 

cribe any symptoms. 

Our results therefore indicate that HEV-infected immunocom- 

etent patients suffer significant liver damage. This is also sup- 

orted by the finding that immunocompetent patients show sig- 

ificantly higher bilirubin levels and that all registered liver fail- 

res occurred in patients with unrestricted immunocompetence. 

t should therefore be emphasized that acute liver damage occurs 

ainly in immunocompetent patients, which also supports the as- 

umption that the HEV itself is not cytopathic and that the damage 

ccurs mainly due to the antiviral immune response [ 2 , 16–18 ]. 

Of interest, therapy at diagnosis of HEV infection was started 

t a higher frequency than expected. 15.2 % of all immunocompe- 

ent patients received initial therapy with ribavirin. In immunosup- 

ressed patients, the percentage of immediate therapy was 59.0 %. 

hereof, 4.9 % underwent an adjustment of immunosuppression 

nly, while 29.5 % received ribavirin and 24.6 % a reduction of 

mmunosuppression in combination with ribavirin. These results 

nderline the importance of interpreting the recommendations of 

he current EASL guidelines [ 6 ] in the overall context, as HEV fre-

uently occurs in patients with severe comorbidities and therefore 

 wait-and-see approach is often not applicable. 
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Table 4 

Risk factors for chronic HEV infections in patients after solid organ transplantation (SOT). Statistical significance was tested by Fisher’s Exact Test or Mann-Whitney Test. 

Total (n = 23) Acute (n = 15) Chronic (n = 8) p-value 

Type of SOT 

Liver, n (%) 11 (47.8) 8 (53.3) 3 (37.5) 0.6668 

Kidney, n (%) 7 (30.4) 4 (26.7) 3 (37.5) 0.6570 

Liver + Kidney, n (%) 2 (8.7) 2 (13.3) 0 (0.0) 0.5257 

Heart, n (%) 3 (13.0) 1 (6.7) 2 (25.0) 0.5257 

Days since SOT, mean (95% CI) 1707 (1001 - 2412) 1745 (884 - 2606) 1634 (64 - 3204) 0.7284 

Immunosuppressive agents at infection 

Mycophenolat mofetil, n (%) 19 (82.6) 14 (93.3) 5 (62.5) 0.1028 

Calcineurin inhibitors, n (%) 22 (95.7) 15 (100.0) 7 (87.5) 0.3478 

Tacrolimus, n (%) 19 (82.6) 12 (80.0) 7 (87.5) 1.0000 

Ciclosporin A, n (%) 3 (13.0) 3 (20.0) 0 (0.0) 0.2885 

mTOR inhibitors, n (%) 3 (13.0) 0 (0.0) 3 (37.5) 0.0316 

Everolimus, n (%) 2 (8.7) 0 (0.0) 2 (25.0) 0.1107 

Sirolimus, n (%) 1 (4.3) 0 (0.0) 1 (12.5) 0.3478 

Prednisolone, n (%) 17 (73.9) 11 (73.3) 6 (75.0) 1.0000 

Daily dose in mg 

Mycophenolat mofetil, mean (95% CI) 1498 (1050 - 1946) 1490 (882 - 2098) 1520 (865 - 2175) 0.9820 

Tacrolimus, mean (95% CI) 4.71 (2.30 - 7.12) 4.77 (1.15 - 8.40) 4.58 (1.53 - 7.63) 0.5081 

Prednisolone, mean (95% CI) 7.09 (4.02 - 10.16) 7.68 (3.18 - 12.18) 6.00 (1.08 - 10.92) 0.5897 

Treatment initiated 

None, n (%) 3 (13.0) 2 (13.3) 1 (12.5) 1.0000 

Reduction in Immunosuppresion, n (%) 12 (52.2) 7 (46.7) 5 (62.5) 0.6668 

Ciclosporin A, n (%) 1 (4.3) 1 (6.7) 0 (0.0) 1.0000 

Mycophenolat mofetil, n (%) 7 (30.4) 5 (33.3) 2 (25.0) 1.0000 

Prednisolon, n (%) 3 (13.0) 2 (13.3) 1 (12.5) 1.0000 

Tacrolimus, n (%) 3 (13.0) 1 (6.7) 2 (25.0) 0.5257 

Everolimus, n (%) 2 (8.7) 0 (0.0) 2 (25.0) 0.1107 

Ribavirin, n (%) 19 (82.6) 12 (80.0) 7 (87.5) 1.0000 

Daily dose in mg 

Ribavirin, mean (95% CI) 552.9 (375.7 - 730.2) 591.7 (348.7 - 834.7) 460.0 (161.0 - 759.0) 0.7017 
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There were no specific risk factors for the development of 

hronic infections in our study population apart from immuno- 

uppression and an almost seven-fold higher HEV-RNA concentra- 

ion at initial diagnosis, which failed to reach statistical signifi- 

ance. Neither patient characteristics, the underlying immunosup- 

ression nor the therapy initiated affected the time to clear the 

irus. A subgroup analysis of patients after SOT, who account for 

he majority of chronic HEV infections, showed that the use of 

TOR inhibitors is a risk factor for a chronic infection, which is 

onsistent with previous studies [ 19–21 ]. Of note, the time from 

ransplantation to diagnosis was relatively high compared to ex- 

sting studies. In our study, a mean of over 140 months was ob- 

erved, in contrast to 74 months in the recent study by Kamar 

t al. [ 7 ], possibly caused by our high rate of liver transplant re-

ipients, which usually receive a lower dosed immunosuppression 

ompared to other SOT patients. Importantly, only five patients de- 

eloped a relapse and the recurrent episode had a weaker clin- 

cal course in all patients. Notably also, all patients with recur- 

ent infection were immunocompromised and the presence of anti- 

EV-IgG did not provide immunity against infection, as recently 

iscussed [ 22 ]. 

The main limitations of our study are the retrospective study 

esign and the small number of patients who ultimately had a 

EV-PCR-confirmed infection and were then included in the main 

nalyses. As only existing clinical data was available for analysis, 

mportant aspects of the infection like the immediate phase prior 

o diagnosis remain unclear. No conclusions could therefore by 

rawn about the intervals between the initial infection, the onset 

f symptoms and the final diagnosis. Confirmatory studies should 

e performed in the future. It should also be noted that particu- 

arly in the early years of our study, diagnostics did not follow a 

tandardised algorithm. 

In summary, the diagnosis of an active HEV infection remains 

 relatively rare diagnosis in Germany. However, seroepidemiolog- 

cal studies have shown a considerably high incidence and high 

revalence of anti-HEV-IgG in the German general population [ 23 ]. 
383
herefore, it still must be assumed that the majority of infections 

emains undetected. In clinical practice, it is essential to distin- 

uish between the different infection courses and the underly- 

ng conditions. In patients with immunosuppression with limited 

ymphocytic response, infections can lead to protracted, chronic 

ourses, which can ultimately lead to fibrosis or even cirrhosis as 

 result of permanent chronic low grade inflammation. Due to the 

elatively disguised clinical course, particular caution is required 

o optimize the initiation of a therapy if viral clearance has failed. 

owever, immunocompetent patients with clinical and laboratory 

igns of acute liver damage usually receive a wait-and-see ther- 

peutic procedure and are often underestimated. Our data show 

hat HEV genotype 3 should not be neglected as a cause of fulmi- 

ant infections with liver failure. 

Our study allows emphasizing the following clinical recommen- 

ations: 

i) Every patient with clinical or laboratory signs of hepatitis 

should receive comprehensive HEV diagnostics including detec- 

tion of anti-HEV-IgM and direct verification by NAT. Immuno- 

suppressed patients should always be tested by NAT. 

ii) Patients without any detectable immunosuppression or serious 

comorbidity do not initially require treatment, as the infection 

is usually cleared within a few weeks. However, they should 

be monitored regularly to detect fulminant infection courses as 

soon as possible. 

ii) Patients with immunosuppression present with unspecific or 

largely without any clinical symptoms. Nevertheless, liver en- 

zymes are elevated in over 90 % of cases. Particular attention is 

required in these patients. Frequent follow-ups are essential to 

start treatment in a timely manner, which should take the pa- 

tient’s individual medical situation into account. Depending on 

the primary disease, eradication of HEV without therapy can be 

attempted but should not exceed 12 weeks as prolonged HEV 

infection courses bear the risk of serious liver parenchyma in- 
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