N

N
N

HAL

open science

Hepatitis E virus genotype 3 and capsid protein in the

blood and urine of immunocompromised patients

Marion Olivier, Nicolas Capelli, Sebastien Lhomme, Martine Dubois, Mélanie

Pucelle, Florence Abravanel, Nassim Kamar, Jacques Izopet

» To cite this version:

Marion Olivier, Nicolas Capelli, Sebastien Lhomme, Martine Dubois, Mélanie Pucelle, et al.. Hepatitis
E virus genotype 3 and capsid protein in the blood and urine of immunocompromised patients. Journal

of Infection, 2019, 78, pp.232 - 240. 10.1016/j.jinf.2019.01.004 . hal-03486006

HAL Id: hal-03486006
https://hal.science/hal-03486006
Submitted on 20 Dec 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-03486006
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0163445319300088

Manuscript_267444792¢3b41c43462561d3059b8bf

10

11

12

13

14

15

16

17

18

19

Hepatitis E virus genotype 3 and capsid protein in the blood and urine of

immunocompromised patients

Olivier Marion*?, Nicolas Capelfi®, Sebastien Lhommé* Martine Duboié® Mélanie

Pucellé, Florence Abravangf* Nassim Kamdr** Jacques Izopet*

! Department of Nephrology and Organ Transplantation, CHU Rangueil, Toulouse, France
%Inserm UMR1043, Centre de Physiopathologie de Toulouse Purpan, Toulouse, France
3 Laboratory of Virology, CHU Purpan, Toulouse, France

4Université Paul Sabatier, Toulouse, France

Corresponding author:

Jacques IZOPET, PharmD, PhD

Department of Virology, National Reference Center for hepatitis E virus

CHU Purpan, 330 avenue de Grande Bretagne, TSA 40031, 31059 Toulouse, France
E-mail: izopet.j@chu-toulouse.fr

Phone: +33 5 67 69 04 24

Fax: +335 67 69 04 25

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


http://www.elsevier.com/open-access/userlicense/1.0/
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0163445319300088
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0163445319300088

10

11

12

13

14

15

16

17

18

19

20

21

Keywords: hepatitis E virus, HEV ORF2 capsid protein, trdasfation, urine.

Running title: HEV ORF2 capsid protein in blood and urine

Manuscript word count: 4333 words

Number of figures and tables:6

Supplementary table:1

Conflict of interest: None of the authors has anything to declare.

Financial support: Institut National de la Santé et de la Recherchalidale (INSERM)

UMR1043 operating grant.

Authors’ contributions : Virological work-up: OM, NC, SL, MD, MP and FA,; ata
collection and statistical analyses: OM; paper arafion and review: OM, SL, FA, NK, JI;

study design: JI.

Abbreviations: Ag, antigen; ALT, alanine aminotransferase; ARalhe phosphatase; AST,
aspartate aminotransferase; AUC, area under thee,c@®l, confidence interval, eGFR,
estimated glomerular filtration rate; GGT, gammatainyl transpeptidase; HEV, hepatitis E
virus; IQR, interquartile range; ORF, open readifigme; ROC, receiver operating
characteristic; RT-PCR, real-time polymerase chaction; S/CO, signal-to-cutoff ratio;

SQOT, solid organ transplant.



10

11

12

13

14

15

16

17

18

19

20

21

ABSTRACT

Objectives Hepatitis E virus genotype 3 (HEV3) is responsitde acute and chronic liver
disease in solid organ transplant (SOT) recipieABY was recently found in the urine of

some acutely and chronically genotype 4-infectddepts.

Methods. We examined the urinary excretion of HEV3 by &hsecutive SOT recipients at

the acute phase of HEV hepatitis and charactettzméxcreted virus.

Results. Urinary HEV RNA was detected in 12 (50%) of the &dnsplanted patients
diagnosed with HEV hepatitis. Urinary HEV antigexg] was detected in all but one of the
patients (96%). The density of RNA-containing HE¥rles in urine was low (1.11-1.12
g/cnt), corresponding to lipid-associated virions. Thiaary HEV RNA/Ag detected was not
associated with impaired kidney function @& novoproteinuria. Finally, there was more
HEV Ag in the serum at the acute phase of HEV itidecin SOT recipients whose infection

became chronic.

Conclusions. HEV3 excreted via the urine of SOT recipients & aicute phase of HEV
hepatitis has a lipid envelope. Renal function watsimpaired. While urinary HEV Ag was a
sensitive indicator of HEV infection, only acute gsle serum HEV Ag indicated the

development of a chronic infection.
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Hepatitis E virus (HEV), a major cause of acutealvinepatitis worldwide, is enterically

transmitted. Seven genotypes of the virus are otiyrédentified! Genotypes 1 and 2 infect

only humans and are associated with epidemics ireldging countries, mainly due to

drinking contaminated water. Conversely, HEV gepety3 (HEV3), 4 and 7 are zoonotic
and responsible for sporadic cases in developedtdes®® HEV genotypes 5 and 6 are

known to infect wild boar but no human infectiorsvl yet been reported. HEV infection
results from direct contact with infected animadating infected pork or game products, or
drinking contaminated watérCases of HEV infection via blood products and s@anted

organs have been also reportéd.

HEV is a single-stranded, positive-sense RNA vihat is a member of thdepeviridae The

HEV genome is approximately 7.2 kb long and corstaimee open reading frames (ORFES).
ORF1 encodes nonstructural proteins, including mitnsferase, papain-like cysteine
protease, helicase and RNA-dependent RNA polym&r&RF2 encodes the virus capsid
protein whose sequence includes the immunogeniopss’ ORF3 encodes a 113 or 114
residue phosphoprotein involved in virion releasenteracts with the endosomal sorting
complexes required for transp8tiEV virions are unenveloped in the environment feoes

but are associated with a lipid membrane in cdtiuce supernatants and the serum of HEV-
infected patientg'.10 However, this HEV-membrane complex lacks the gbyotein needed

for recognizing the cell entry receptor for envedpvirus. Hence, HEV is presently

considered to be a quasi-enveloped vitus.

While the liver is the main site of HEV replicatioHEV RNA and antigen (Ag) have been
detected in extra-hepatic sites like the gut, teetal nervous system and the kidneys in
animal modeld?™**Subjects acutely and chronically infected withafgpe 4 excrete HEV in

their urine’® but no data are currently available for genotygef&cted patients and nothing
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is known about the characteristics of the urinaBVA virion or its association with lipid

membrane.

Although most HEV infections are mild and self-itmg in immunocompetent subjects,
immunocompromised patients, such as solid-organsplant (SOT) recipients, human
immunodeficiency virus-infected patients with lowD&+ T Ilymphocyte count®
hematological patients on chemotherdpgnd those on immunotheraffy,can develop
chronic hepatitis. The infections of more than 60RP&OT patients become chronic and about
10% of these develop HEV-related cirrhdSiReducing the immunosuppressive therapy of
HEV-infected SOT recipients leads to HEV clearaintearound one third of them. Any
persistent HEV replication despite decreased imrauppression 3 months after diagnosis
can be treated with ribavirin, leading to a sustdimirologic response in approximately 80%
of patients® It was suggested recently that measuring the HERFD Ag in sera could
discriminate between acutely and chronically irdelcpatient$® The discriminatory value of

urinary HEV ORF2 Ag has not yet been studied.

This study investigates the urinary excretion of\HBy SOT recipients during the acute
phase of HEV3 infection. It also assesses the salofe urinary and serum HEV Ag

concentrations as indicators of the developmeatalfronic infection.

Methods
Patients and Samples

We studied 24 consecutive SOT recipients followedloulouse University Hospital who
developed an HEV infection between September 20t0lecember 2016 and whose urine

samples were available. The acute phase of HE\ttiofe was defined as the first month
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following the diagnosis of HEV hepatitis, charaed by de novo elevated liver

aminotransferase activity and the presence of HENARN the blood. Other causes of
hepatitis were excluded by serological and molactdsts for hepatitis A virus, hepatitis B
virus, hepatitis C virus, Epstein-Barr virus andocgegalovirus. The presence of biliary
stones was excluded by abdominal ultrasound imaigintgase of abdominal pain, fever or
jaundice. All SOT recipients diagnosed with an HiNection were placed on a minimal
immunosuppressive regimen. A chronic HEV infectwams defined as persistent HEV RNA

in the blood 3 months after diagnosis, despite¢deced immunosuppressive therdpy.

Blood and urine samples tested in the study wetkeated the same day for a standard
management, at the acute phase of infection fopalients and at the chronic phase for
patients who did not eliminate the virus. Urine péaa were cleared by centrifugation (3,650
g/10 minutes). All serum and urine samples wereedt@t -80°C. This non-interventional

study involved no additional sampling, hence reggiino specific written informed consent

(CSP Art L 1121-1.1). All data were analyzed usamganonymized database.

All patients underwent an exhaustive clinical amoldgical examination during their acute
infection phase. We measured liver enzyme act&/i(i@ST, ALT, GGT and AP), total

bilirubin, kidney parameters (serum creatininejnested glomerular filtration rate (eGFR),
proteinuria (mg/g urine creatinine) and cytologggmatological parameters (hemoglobin,

platelet count, lymphocyte count) and immunosuppvesregimen.

Laboratory Methods

HEV Ag was measured in all serum and urine samysesy the Wantai HEV Antigen ELISA
Plus kit (Beijing Wantai Biological Pharmacy Entésp Co., China) according to the

manufacturer’s instructiorfs. Briefly, samples (50 pL) were incubated in micrdvarips
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coated with anti-ORF2 antibody. The wells were theshed with buffer and incubated with
peroxidase-conjugated anti-ORF2 antibody followad diromogen solution. The optical
densities were read and results expressed as -$moatoff ratios (S/CO). A ratio of > 1.1
was taken as positive for HEV Ag, 0.9-1.1 as bdmderand < 0.9 as negative. Linear ranges
of HEV Ag ELISA were determined for both serum amihe samples by serial dilutions.
Out-of-range samples (S/CO > 15) were diluted atelsted. Because the urinary excretion of
creatinine can be considered to be constant thoutghe day in the presence of stable renal
function®® the urine S/COs were normalized to urinary créainto compensate for

concentration bia%’

The concentrations of HEV RNA in the plasma ancheirivere measured by real-time
polymerase chain reaction (RT-PCR) targeting the=®iene (detection limit: 60 1U/mL;
1.78 logolU/mL).?8* Samples were genotyped by sequencing a 345-nidgefragment

within the ORF2 gen& The sequences were compared to reference HEVisitai

We used the Wantai HEV IgM enzyme immunoassayridt tae Wantai HEV IgG enzyme
immunoassay kit to detect anti-HEV IgM and IgG, @ading to the manufacturer's
instructions (Beijing Wantai Biological Pharmacyt&mrise Co., China). The concentrations
of anti-HEV 1gG were determined using the WHO &V 1gG reference material (95/284),

as previously described.

lodixanol gradients (7.5 to 40%) were prepared raipwvith solutions of OptiPrep Density
Gradient Medium (Sigma-Aldrich). One milliliter af positive urine sample, with or without
1% NP-40 detergent solution (Thermo Scientific)atneent, was layered on top of the
gradient and centrifuged in a SW4%Fotor (Beckman Coulter) at 125,000 g and 10°Clfbr

hours (Optima L80-XP ultracentrifuge, Beckman Cen)ltFractions (500 pL) were collected

starting from the top and the density of each ioactvas measured by refractometry. The
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HEV RNA and Ag in each fraction were quantified diye-step RT-PCR and WarftafEV

Antigen test, respectively.

The tissue culture infectious dose 50 (TCID50) wiasermined by an endpoint dilution
method and calculation of the Spearman-Karber ftaifi® Briefly, HepG2/C3A cells
(CRL-10741, ATCC) that had been seeded in 96-watep (16 cells per well) a day earlier
were infected with tenfold dilutions of viral suss&ons in Dulbecco’s modified Eagle’s
medium (DMEM). Six replicates of each dilution weested. The cells were incubated with
virus at 35.5°C for 6 hours. The inoculum was themoved and the cells were washed five
times with phosphate-buffered saline (PBS). HE\éatéd HepG2/C3A were incubated at
35.5°C in a 5% C® humidified atmosphere in DMEM supplemented with%dMheat
inactivated fetal bovine serum, 2% dimethyl sulfexi(DMSO), 10,000 U/mL penicillin
G/streptomycin and 25 pg/mL amphotericin B. Halfeafch culture medium was changed
every two to three days for a total of 12 daysIOekre lysed by freezing/thawing the plates
and HEV RNA in the lysates was detected by RT-P@RIIs with detectable HEV RNA
were considered positive and wells with undeteetadEV RNA as negative (limit of

detection: 60 1U/mL).

Urine inoculum was obtained from the urine of arutaly HEV3-infected patients
(subgenotype 3chi), selected for its high HEV RN#ntent (~4.0 loglU/mL). The initial
urine inoculum (~6.0 loglU/mL) was obtained by passing the urine sampleubh an
Amicon® filter (Amicon® Ultra 15 mL Centrifugal Filters Millipore; molear weight cutoff
100kDa) and centrifuging it at 4,000 g and 25°C40min. Unenveloped HEV virions of the
same strain were obtained directly from the pasestiools. Briefly, stools were diluted in
PBS, centrifuged at 3,560 g for 10 minutes aneriltl through a 0.22 pm filter unit. Quasi-
enveloped HEV virions of the same strain were olet@difrom the patient’s plasma and a

culture supernatant of HepG2/C3A infected withphg&ent’s stools.
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Statistical Analysis

Data were analyzed using GraphPad Prism v 7.04p{®ad Software, Inc., La Jolla, USA).

Discrete variables are shown as counts and contwwariables as medians (interquartile
range, IQR[25-75]). Correlation was assessed byi®pen analysis. Fisher's exact test was
used to compare proportions. The Mann-Whitney W-tess used to compare continuous
variables, the Wilcoxon signed rank test was usetbtnpare paired data, while a Bonferroni
correction was applied for multiple comparisongy #alue < 0.05 was considered significant

in all analyses.

Results

Patient Characteristics

The median age of the 24 HEV-infected SOT pati€tismen; sex ratio: 3.0) was 53 [43-63]
years and the average time between transplantatidhHEV infection was 77 [32-154]
months (Table 1). The immunosuppressive regimensisted of tacrolimus (n=16/24, 67%),
MTOR inhibitors (n=5/24, 21%), tacrolimus plus mTQRhibitors (n=2/24, 8%) and
belatacept (n=1/24, 4%). Seventeen patients werenginycophenolic acid (n=17/24, 71%)
and 14 were given steroids (n=14/24, 58%). A tofa® patients spontaneously cleared the

virus (n=9/24, 37.5%), the others (n=15/24, 62.8%)eloped chronic infections.

HEYV infection was associated with cytolytic hepatand cholestasis but the renal (creatinine,
eGFR or proteinuria) and hematological (hemoglobymphocyte, neutrophil and platelet

counts) parameters remained unchanged (Supplemédrahle 1).
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The median serum HEV RNA concentration at diagness 5.52 [5.31-6.84] lagU/mL.
The sera of all but one patients (n=23/24; 96%etepositive for HEV Ag, with a median
value of 3.56 [2.14-3.84] lagS/CO. The patient whose serum HEV Ag was undetbctedd

a low HEV RNA concentration (2.19 lggJ/mL). The serum HEV Ag and HEV RNA
concentrations were correlated (r=0.6@40.001; n=24) (Fig. 1.A). No correlation was found

between HEV Ag values and anti-HEV 1gG concentrati(r=-0.046p=0.83).

The HEV3 subgenotype was determined for 22/24rsragenotype 3e (n=2), 3f (n=10), 3c

(n=6), 3i (h=1) and 3chi (n=3).

HEV RNA and Antigen in Urine and Characterization of HEV Particles

The urine of 12 patients (n=12/24, 50%) testedtasior HEV RNA at the acute phase of
HEV infection. The median urinary HEV RNA concetiba was 2.28 [1.83-3.42]
logiolU/mL. The urine of 23 patients (n=23/24, 96%) ¢éespositive for HEV Ag; thus the
same samples from 11 of the 12 patients with neatable urinary HEV RNA tested positive
for HEV Ag. The patient whose urine HEV Ag was uted¢able was the same patient who
had a negative HEV Ag and a low HEV RNA concentratin serum. Finally, the urine
median HEV Ag concentration (3.86 [2.87-4.19] ,¢8/CO/g) was higher than that of the

serum (3.56 [2.14-3.84p=0.04).

The urinary HEV Ag and HEV RNA concentrations weia correlated (r=0.34G=0.098;
n=24), unlike those of the serum (Fig. 1.B). Howetlee HEV Ag in the urine was correlated

with that of the circulating serum HEV Ag (r=0.63%0.001; n=24) (Fig. 1.C).

We also compared the ratios of HEV Ag (l6%/CO) to HEV RNA (logolU/mL) in the urine

and serum at the acute phase of HEV infection (EiQ). The urinary HEV Ag to RNA ratios
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(1.76 [0.94-2.28], n=12) were significantly hightan those for the bloo@.56 [0.39-0.66],

n=24;p<0.001).

The densities of the HEV particles in the urineg(F2.A) were compared to those of
enveloped HEV particles obtained from the plasmapatients infected with HEV3 and
unenveloped HEV particles isolated from the fecks chronically HEV3-infected patient
(Fig. 2.B). The urine HEV particles formed a majmak at a density of 1.11-1.12 gftm
close to the 1.08-1.09 g/énpeak density observed for enveloped HEV partiiem the
plasma. Treating the urine with detergent (1% NPdlifted the HEV-RNA-containing
particles to a higher density (1.18-1.20 gipmorresponding to that of fecal HEV particles.
These data indicate that urinary HEV particles waseociated with a lipid membrane, as
were those in the serum and culture supernatangasiiements of the HEV Ag in each
fraction of the urine gradient (Fig. 2.A) indicatétht HEV Ag was present only in very low-
density fractions, with no detectable HEV RNA (:008 g/cni). HEV Ag was not detected
in any HEV RNA-positive fractions, regardless ohdity. The results for NP40-treated urine
were similar, indicating that removing the lipid mierane did not enable the Wafitaig test

to recognize the capsid-associated ORF2 protein.

The infectivity of urinary HEV particles was assegdy an endpoint dilution method on
HepG2/C3A cells culture systethWe also studied viral particles from stools (ureloped
virions), plasma (quasi-enveloped virions) and weltsupernatant (quasi-enveloped virions)
of the same HEYV strain (from the same patient). HBVA and HEV Ag concentrations for
each inoculum were measured. Both urine and platemiaed virions were similarly infective
in vitro (respectively 148 +2 and 135 +3 infectious parttl€ IU HEV RNA) (Fig. 3).
Conversely, the HEV Ag concentration in the urinaswd0-times higher than that of the
plasma inoculum and did not seem to influence infigg in vitro. Unenveloped HEV virions

were more infectious than quasi-enveloped viriawsnf both clinical samples (plasma and
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urine) and HEV-infected HepG2/C3A cells (superngtanhile the HEV Ag concentrations
associated with enveloped-virions were broadly éigh urine and plasma samples than in

culture supernatants (Fig. 3).

Factors Associated with the Detection of HEV RNA irUrine

Patients with detectable HEV RNA in their urine hgre@ater serum virus RNA loads and
higher urine and serum Ag concentrations than diosé with no urinary HEV RNA
(Table 2). And patients whose urine was HEV RNAHNe at diagnosis had a deeper
tacrolimus trough (9.1 [7.4-10.2] ng/mL) than didtipnts whose urine was HEV RNA-
negative (5.9 [4.8-6.5] ng/mIp<0.001). The serum creatinine, eGFR and proteirdata for
the two groups were similar, as were those forrliaed hematological parameters. HEV
excretion in the urine was not sub-genotype-specithere was no association between the
presence of HEV RNA or HEV Ag in the urine and tirgan transplanted (kidneyersus

liver transplants).

HEV Markers Associated to the Development of a Chmic HEV Infection

The 24 SOT recipients included fifteen (62.5%) vdeweloped a chronic infection; the other
nine spontaneously cleared the virus. Chronic peasem and urine HEV Ag concentrations

were also available for 12 patients who develogedric HEV infections.

The acute phase serum HEV RNA concentration oepttiwho developed a chronic HEV
infection was higher (6.41 [5.48-6.86] leJ/mL) than that of patients who eliminated the
virus (5.30 [3.64-5.55] loglU/mL; p=0.018). Moreover, patients who developed a chronic

infection had a significantly higher acute phaseiseAg level (logeS/CO: 3.78 [3.60-4.25])
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than those who spontaneously cleared the virug ([(2.%56-3.18];p=0.002) (Fig. 4.A). ROC
analysis showed that the AUC used to predict th@luéen toward chronicity was lower
when based on serum HEV RNA concentrations (AUT98,. 95%CI [0.595-0.990];
p=0.019) than the AUC obtained using the serum HB¥gan values (AUC: 0.896, 95%ClI
[0.769-1.023];p=0.001). We identified the HEV Ag threshold for tihguishing between
patients whose infection became chronic and thds® necovered using an ROC curve (Fig.
4.B). An acute phase lggp/CO threshold of 3.56 differentiated SOT recipemthose
infection would become chronic from those who remed; its sensitivity was 80% (95%ClI
[52-96]) and specificity was 100% (95%CI [66-10@pJCS—0-896,—95%CH{0-769-1-023];
$=0-001). For this threshold, the positive and negatredictive values of the HEV Ag assay

were 100% and 75%.

Finally, the acute (median lgg/CO: 3.56 [2.25-3.81]; n=15) and chronic phasedjare
l0g10S/CO: 3.65 [3.17-4.07]; n=12) serum HEV Ag concatns of patients whose

infections evolved toward chronicity were not sfgraintly different £=0.648).

The urinary acute phase HEV Ag concentrations irepts whose infections became chronic
(log10S/CO/g: 4.06 [3.13-4.24]) and those who clearedvihgs (3.34 [2.29-3.92]) were not
significantly different p=0.123) (Fig. 4.C). We detected similar concentragiof HEV Ag in
the urine of chronic phase patients (3.24 [2.78P.4Jrinary HEV RNA tended to be more
frequent in acute phase patients who developeda@nichinfection (n=10/15, 67%) than in
those who spontaneously cleared the virus (n=22%)2 but the difference was not
statistically significantg=0.089). The urine of 8 patients (n=8/12, 67%)eédgpositive for
HEV RNA at the chronic phase (median RNA concermat2.64 [2.16-2.73] loglU/mL).
The urine HEV RNA concentrations were similar whvatethe phase of infection or the

disease evolution.
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Discussion

hronic

liver—disease—in—immunocompromised—patients. Thesulte of this study in

immunocompromised subjects indicate that HEV RNA &g are frequently present in the

urine of both acutely and chronically HEV3-infectpdtients.—FheHE\/ particlesin—urine

This study of a homogeneous cohort of HEV3-infecBIT recipients revealed that 12/24
patients (50%) had detectable HEV RNA in their eriduring the acute phase of HEV
infection. We detected HEV Ag in the urine and llaaf all but one of them (96%). Other
hepatotropic viruses - hepatitis A virus, hepatisand hepatitis C virus - have also been
detected in the urine of infected patieftts® Thus, 7 to 57% of patients having an HCV
infection had detectable HCV RNA in their urifl€® Geng et al. also found that the urine of
all 8 of their immunocompetent patients with addteV genotype 4 infections tested positive
for HEV Ag and they detected HEV RNA in 3/8 (38%)them?® The sensitivity of the
ORF2 Ag test kit is reported to be 60-91% for teeusn of immunocompetent subjects and

94% for that of immunocompromised patieft&’ Although detection of HEV RNA in blood
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remains the gold standard for diagnosing HEV inée, screening urine samples for HEV
Ag could be a practical alternative in resourceitiioh regions, as it needs no molecular
diagnostic devices or venipuncture. If its utilisyconfirmed in immunocompetent patients, it

could be particularly appropriate for monitoringdgmics in resource-limited countries.

The HEV virions in urine have never been charap¢eri We showed that urinary RNA-
containing HEV particles form a low density (1.11:4 g/cni) band after fractionation on an
iodixanol gradient, at a slightly higher densitaththat of HEV particles from the plasma of
infected patients (1.08-1.09 g/@nThe difference in the densities of the plasmd arine

HEV particles could be due to small differencedipid membrane compositions. Particles
treated with NP40 detergent to remove the lipid fmeme had a higher density, similar to
that of unenveloped particles (1.18-1.20 gicrfthus, urinary HEV virions seem to be quasi-

enveloped like the particles in the plasma anducelsupernatants of HEV infected célfS.

Geng et al. showed that intravenous inoculatiorgefotype 4 urine-derived HEV virions
could infect cynomolgus monkey$One of our patients had a urinary HEV RNA load high
enough to assess urine HEV3 virions infectivityvitro. The urine-derived HEV particles
from this patient were as infectious as his plagfV particles®* Unenveloped HEV
particles were more infectious than quasi-envelopieidns, as previously reporté@>++*
Thus, although the infectivity of urinary HEV seairte be low (~1 infectious particle/i0J

HEV RNA), it may well contribute to the spread @fus in the environment.

We did not detect HEV RNA in the urine of all ouatignts. We have previously failed to
detect HEV RNA in the urine of acutely and chroflicanfected SOT recipient¥ The
populations that were the subjects of these twdiessuwvere distinct. We could have failed to
amplify some HEV genomes because most of the wriH&V virus loads were low. But we

have also improved our in-house RT-PCR assay fantfying HEV RNA by using the
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WHO reference standaf@?® Furthermore, only those patients with deep taenadi troughs
and greater HEV markers concentrations, with highsvioads in the serum and elevated
HEV Ag index in both serum and urine, were likety have HEV RNA-positive urines.
Calcineurin inhibitors enhance HEV replication vitro** and promote the development of
chronic hepatitis in SOT recipierfts Thus detecting virus in the urine may indicate reve
immunosuppression. Just how tacrolimus favors Hifgdtion and the persistence of virus in

the urine requires further study.

Montpellier et al. identified three forms of the BR capsid proteifi* and showed that
glycosylated by-products (ORF2g, approximately @ak and ORF2c, approximately 75
kDa) are secreted by infected cells, independerithny infectious particles. This observation
is in line with the recent study by Yin et“dlThe secreted form of ORF2 proteins could be
the main antigens recognized by the Wéhtast** The HEV Ag and the virus RNA in the
urine formed bands at different densities afteixadol density gradient centrifugation, as
they do in the serurh® Moreover, we found that HEV Ag concentrated in thime with a
higher RNA to Ag ratio than that in the serum, $amy to the situation in immunocompetent
patients'® This indicates that there was a high concentratibfree HEV Ag in the urine,
independently of the number of RNA-containing HE&ftles. With its elevated molecular
weight, ORF2 protein, like lipid-associated HEV ieirs, should not freely cross the
glomerular filtration barrief*“® However, it is possible that some lower molecwleight
HEV antigen byproducts could be excreted in th@eurand detected by the Wantai test.
Otherwise, HEV antigen could be secreted into tineeuby kidney epithelial cells, resulting
in a higher HEV antigen concentration in urine tlimamplasma. Therefore, the kidney or the

urinary tract could be HEV reservoirs.

None of our subjects showed any sign of kidney rinj(increased serum creatinine or

proteinuria), whatever the HEV status of their arifhe hepatitis A virus also continues to
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replicate in renal tubules and particles are siméal the urine without causing any clinical
renal dysfunctio! HEV positive and negative-strand RNA and ORF2girohave also been
detected in the kidneys of infected anintat¥'®*® The main damage shown by
histopathological analysis of kidney biopsies wasbute-interstitial with interstitial

inflammatory cell infiltrates®'°® Peptidome analysis of samples from patients wititea

hepatitis E showed increased urine alpha-1-mictadin, a marker of tubular dysfunction in
several nephropathiés. De novo membranous nephropathy and some cases of
cryoglobulinemic membrano-proliferative glomerulphetis have been reported in both
immunocompetedf and immunocompromised HEV-infected patietits Our study of 51

SOT patients also showed that the glomerular fiirarate tended to be decreased during an
acute hepatitis E infection (mean eGFR decreasd:/fin).** However, the pathogenicity of

HEV for the human kidney is essentially unknown.

As a chronic HEV infection can lead to liver fibimsand extra-hepatic manifestatiotis,
distinguishing patients who will develop chronicfactions from those who will
spontaneously eliminate the virus at diagnosis cgustify the early initiation of antiviral
therapy. Although we reduced the dose of immunosgsant, 15 of our 24 acutely-infected
SOT recipients (62.5%) developed chronic hepaiitigreement with previous studigs?
Finding HEV Ag and RNA in the urine of patients ohgr the acute phase of infection did not
discriminate between SOT recipients who recoveredhfthose who developed a chronic
infection. Conversely, the acute phase serum HEVaAd RNA concentrations of patients
whose infection became chronic were higher tharsehof SOT recipients with resolving
hepatitis E. ROC analysis indicated that serum H&Y discriminated between the two
groups and a lagS/CO HEV Ag threshold > 3.56 was associated witto &ensitivity and
100% specificity. Behrendt et al. recently founatttHlEV Ag was significantly higher in

chronically infected patients than in acutely inéet subject$® The threshold proposed for
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discriminating between acutely and chronically atéel patients was lower (Ig&/CO >
1.20) but most of the acutely infected patientsenermunocompetent and we have reported
that the serum HEV Ag level in immunocompetent gat is lower than in
immunocompromised individuafs.In our study, the acute and chronic phase serum A
concentrations of patients whose infections evolesdard chronicity were not significantly
different. Thus, measuring the serum HEV Ag at dagis provides a useful predictive

marker of the development of a chronic infectiolS@T patients.

Our study has some limitations. Although our colveis homogeneous and all patients were
on similar T-cells targeting immunosuppressive megis, the group was small. Studies on
larger cohorts are needed to confirm that serum H¥g\Vcan be used to assess the risk of
developing a chronic hepatitis E infection. Alse did not examine kidney tissue for HEV
infection and replication. Lastly, our work was treeged to immunocompromised patients.

Studies in immunocompetent patients need to be.done

To conclude, we have shown that HEV3 RNA and Agaiten present in the urine of SOT
recipients at both the acute and chronic phasemndflEV infection, without any apparent
adverse renal effect. Urinary RNA-containing HEMtmdes were quasi-enveloped and most
of the HEV Ag detected in the urine was not asgediavith infectious virions. The utility of
urinary HEV Ag screening should now be studiednimiunocompetent patients. Finally, the
value of the serum HEV Ag concentration as a madéedeveloping a chronic infection

should be defined by studies on a larger cohort.
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Figure legends:

Fig. 1. HEV Ag and HEV RNA in serum and urine.

A, HEV RNA (logiolU/mL) and HEV Ag (I1ogeS/CO) in the serum (r=0.67§9<0.001; n=24);
B, HEV RNA (logoU/mL) and HEV Ag (logoS/CO/g) in the urine (r=0.34=0.098;
n=24); C, HEV Ag (logoS/CO) in the serum and HEV Ag (Ip§/CO/g) in the urine
(r=0.617;p=0.001; n=24); D, HEV Ag:RNA ratios (Iggs/CO/loggU/mL) in serum and
urine.

Abbreviations: HEV, hepatitis E virus; Ag, antige8/CO, signal-to-cutoff ratioS/CO/g,
signal-to-cutoff ratio normalized to urine creatiei

Fig. 2. lodixanol density gradient centrifugation & HEV particles from the urine,
plasma and stools.

A. HEV-RNA-containing particles from urine) migrated at a major peak density of 1.11-
1.12 g/cni; Greater density (1.18-1.20 g/@mafter treatment with the nonionic detergent
NP40 @), corresponding to unenveloped particles. HEV Aaswletected in detergent-treated
(o) and untreatedo( fractions of urine, after iodixanol density grewli centrifugation. B.
Enveloped HEV particles¢] from the plasma of a patient infected with HEVheir
migration density of 1.08-1.09 g/émeflects their association with a lipid membramae
unenveloped HEV patrticlesA() from the feces of a patient chronically infecteith HEV3
migrated at a higher density (1.20-1.22 gfem

Abbreviations: HEV, hepatitis E virus; Ag, antigesiCO, signal-to-cutoff ratio.

Fig. 3. Infectivity of HEV virions derived from stools (unenveloped virions) and plasma,
urine or cell cultures supernatant (quasi-envelopedirions).

Abbreviations: HEV, hepatitis E virus; eHEV, enyedal HEV; Ag, antigen; S/CO, signal-to-
cutoff ratio.

Fig. 4. HEV Ag in the urine and serum during an HEVinfection.

The HEV Ag concentrations in the sera (A) and wi(@) of SOT patients during the acute
and chronic phases of HEV infection were assayéeé. dashed line in panel A indicates a
putative 10goS/CO threshold (3.56) for distinguishing patientishwchronic evolution from

those who cleared their HEV, as calculated in p&eB, receiver operating characteristic
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curve showing the true positive rate plotted addins false positive rate at different serum
HEV Ag threshold values to identify patients acaogdto the evolution of their HEV
infection. The open circle represents 80% sengiti{@5%Cl [52-96]) and 100% specificity
(95%CI [66-100]) at an HEV Ag value of 3.56 (araadar the curve: 0.896, 95%CI [0.769-
1.023];p=0.001).

Differences were tested with a Bonferroni correditathn-Whitney U-test; ng>0.05.

Abbreviations: HEV, hepatitis E virus; Ag, antigeBOT, solid organ transplant; S/CO,
signal-to-cutoff ratio; S/CO/g, signal-to-cutofti@normalized to urine creatinine.
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Table 1. Patient characteristics at diagnostic of BV infection

Patient o hder Age Organ Duration of Immunosuppressive AST ALT Bilirubin  Anti-HEV ~ Anti-HEV ~ S/ICO®  s/cold

infection transplantation . I :

evolution M/F years transplanted " months regimen IU/L UL pmol/L IgM IgG (titer®) serum urine

Clearance

1 F 68 Kidney 67 Tacrolimus, MPA, steroids 104 195 8.1 + + (>400.0) 2.99 3.89
2 M 62 Kidney 107 Tacrolimus, MPA 43 92 14.3 + + (0.3) 3.51 3.94
3 F 52 Liver 160 Tacrolimus, MPA 97 157 23.0 + - 0.48 2.74
4 M 63 Kidney 70 Tacrolimus, MPA, steroids 16 16 6.0 - - 0.00 0.00
5 M 62 Kidney 29 Tacrolimus, MPA, steroids 216 461 5.6 + - 1.26 2.31
6 M 43 Liver 83 Tacrolimus, MPA 768 1172 16.9 + + (1.6) 3.02 4.21
7 F 50 Kidney 335 Tacrolimus, MPA 338 677 5.9 + +(0.3) 2.32 3.33
8 M 51 Kidney 24 Belatacept, MPA, steroids 177 378 6.4 + +(20.1) 3.29 3.59
9 M 36 Liver 159 MTORI 543 1232 8.1 + +(4.5) 0.70 2.27

Persistence
10 M 75 Kidney 236 MTORI, MPA, steroids 63 60 12.0 + + (5.4) 4.30 3.50
11 M 32 Kidney 35 Tacrolimus, MPA, steroids 64 209 14.0 - - 3.80 4.12
12 F 74 Kidney-Liver 138 Tacrolimus, mTORI 388 502 8.0 + +(394.2) 2.05 3.13
13 F 49 Kidney 163 Tacrolimus, MPA, steroids 83 217 9.4 + - 4.58 4.25
14 M 55 Liver 3 Tacrolimus, steroids 90 240 71.6 - - 4.70 5.01
15 M 59 Kidney 175 Tacrolimus, MPA, steroids 43 66 8.8 + + (22.4) 4.25 271
16 M 43 Kidney-Liver 24 Tacrolimus, MPA, steroids 60 17 17.0 + + (>400.0) 3.69 3.10
17 M 39 Liver 34 mTORI, steroids 140 164 11.0 + - 3.64 4.41
18 M 70 Liver 133 mTORI, steroids 70 105 111 i - 3.76 4.06
19 M 44 Kidney 13 Tacrolimus, MPA, steroids 61 106 9.3 + + (0.4) 3.78 4.22
20 M 54 Kidney 132 MTORIi, MPA 254 564 12.7 + + (5.0) 2.59 3.94
21 F 53 Kidney-Pancreas 107 Tacrolimus, azathioprine 91 57 6.0 + - 3.60 4.24
22 M 50 Liver 42 Tacrolimus, MPA, steroids 105 140 235 + + (41.9) 3.90 3.84
23 M 34 Kidney 31 Tacrolimus, mTORI, steroids 65 172 6.7 + + (42.6) 1.97 2.75
24 M 75 Liver 44 Tacrolimus, MPA, steroids 33 54 6.9 + - 3.85 4.09



Abbreviations: AST, aspartate aminotransferase; AbllRnine aminotransferase; S/CO, signal-to-cutaffo; S/CO/g, signal-to-cutoff ratio
normalized to urine creatinine; mTORI, mammaliagéd of rapamycin inhibitors; MPA, mycophenolicdci

2 anti-HEV IgG titers are expressed in U/ML.

® S/CO values are expressed imjog



Table 2.Patients with and without HEV RNA in their urine during the acute phase of infection.

HEV RNA HEV RNA

Variable positive urine negative urine p-value
(n=12) (n=12)

Age (years) 54 [42-61] 52 [43-67] 0.810
Gender (male/female) 10/2 8/4 0.640
Serum creatinine (umol/L) 108.5 [72.3-145.3] 10®9.0-137.5] 0.561
eGFR CKD-EPI (mL/min/1.73m2) 59.5 [41.0-100.0] 6565.0-91.8] 1
Proteinuria (mg/g) 40.0 [13.0-127.0] 14.5[8.3-17.5 0.230
Hematuria (> 10 red cells/nim) 0 0 -
AST activity (IU/L) 87 [48-131] 101 [62-308] 0.541
ALT activity (IU/L) 152 [73-234] 184 [80-492] 0.590
GGT activity (IU/L) 203 [130-413] 170 [62-342] 081
AP activity (IU/L) 123 [84-277] 158 [94-467] 0.551
Bilirubin (umol/L) 11.1[8.3-14.2] 8.1[6.1-15.7] 173
Hemoglobin (g/dL) 13.4 [11.3-15.4] 13.7[13.1-15.3] 0.486

Platelet count (G/L)

177 [139-243]

216 [173-259] 34D

Lymphocyte count (/mri) 1 026 [596.5-2421] 1750 [1417-2450] 0.101
Neutrophil count (/mrf) 3900 [2450-5250] 5150 [3850-6050] 0.155
_ (n=18) (n=10)
Tacrolimus trough (ng/mL) 9.1 [7.4-10.2] 5.9 [4.8-6.5] <0.001
- (n=23) (n=3)
MTOR inhibitors trough (ng/mL) 14.2 [12.4-18.8] 7.1[5.9-8.7] 0.100
Subgenotypes (3: e/f/c/chiliina) 1/71212/-1- 1/3/412 0.537
HEV RNA in serum (loglU/mL) 6.58 [5.51-6.95] 5.40 [3.92-5.56] 0.015
HEV Ag in serum (logyS/CO) 3.78 [3.53-4.19] 2.77 [1.57-3.62] 0.017
HEV Ag in urine (logeS/CO/q) 4.08 [3.87-4.25] 3.24 [2.74-3.83] 0.028

Abbreviations: HEV, hepatitis E virus; eGFR, estieth glomerular filtration rate; AST, aspartate
aminotransferase; ALT, alanine aminotransferasel Ggamma-glutamyl transpeptidase; AP, alkaline
phosphatase; mTOR, mammalian target of rapamy@n;not available; Ag, antigen; S/CO, signal-to-
cutoff ratio; S/CO/g, signal-to-cutoff ratio norrdd to urine creatinine.





