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Every year there are 20 million hepatitis E infections, over 3 million acute cases, and
70,000 hepatitis E-related deaths.
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Worldwide distribution of hepatitis E virus

= Genotype 1and 2 [ Genotype 3 [ Genotype 3 00 Genotype 4
+ Endemic + Sporadic + Hyperendemic + Sporadic
+ Waterborne « Zoonotic area » Zoonotic

Figure 2: Worldwide distribution of clinical cases of HEV infection
Note, that in several countries, induding in South America, there have been occasional reports of HEV3 infection. Countries left blank are those with insufficient data.

Kamar et al. Lancet 2012



Hepatitis E in the EU/
2005—2

Baseline assessment of testing, diag
surveillance and epide

Figure 3.2. Annual number of confirmed cases of hepatitis E by year of commenceme
surveillance, EU/EEA Member States, 2005—-2015 *
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Hepatitis E in the EU/
2005—2

Baseline assessment of testing, diag
surveillance and epide

Figure 3.9. Hepatitis E associated with blood and/or blood product transfusion, i
States, 2005—2015%
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Developing countries

HEV1-HEV2

Epidemic

High Deaths 1in pregnancy
(25%)

Extra-hepatic disease

Chronic infection not
reported

Waterborne, person to
person (?)

Developed countries

« HEV3-HEV4

* Sporadic, authoctonous,
small cluster

* Deaths in pregancy not
reported

» Extra-hepatic disease

* Chronic infection reported

(HEV-3, HIV..)

Annual incidence estimates:

0.2% 1n UK (fjaz S, J Clin Virol 2009)

0.7% 1n US (Faramawi MF, Epidemiol Infect 2011)
4.3% 1n China (Li RC, Emerg Infect Dis 2006)
2.1% 1n South France (Abravanel F, JID 2014)
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Hepatitis E Virus In Italy: Molecular Analysis Of Travel-
Related And Autochthonous Cases

Giuseppina La Rusal’s, Michele }.Iuscillul: Valentina Spuri Venna rucr:il,

Anna Rosa Garhnglia:, Patrizia La Scala® and Maria Rosaria Capul}ianthi:

1 Istituto Superiore Sanita, Foma;
2 National Institute for Infectious Diseases L. Spallanzani, Rome, Italy

Human HEYV infection in Italy is caused by different genotypes,
depending on whether the infection is travel-related (gen 1) or
autochthonous (gen 3).
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Transplant Recipients

Table 1. Rare and Emerging Viral Infections in the Transplant Population: Case Series or Multiple Cases Report
Virus Wirus Family Transplant Clinical Manifestations
HTLW-1 Retroviridae SOTand HSCT: Adult Tcell leukemia and Associat
donor-derived HTLV-1-associated afterk
infections reported rmyelopathy
HEW Hepeviridae SOT predaminanthy; Chronic viremia, elevated LFTs, Typically
case report in HSCT cirrhosis; rare reports of treatrr
neuralogical complications reduce
pEg-n
Rabies R habdovirnidae S0OT, ileac artery graft, Fatal encephalitis; cornea Survivor:
cornea transplants; all transplants present with pain transp
cases donor derived in eye with graft Iver tr
Vacein
LCMV and nowvel  Arenawiridae S0T; all reported cases Fever, abdominal pain, nausea, 14of 17
arenavirus donor derived wvomiting, diarrhea, altered gmpla
rmental status; often peri- COrreE
incisional rash and tenderness
Measles Parmamyxovindae S0OTand HSCT Diccasional clinical measles; SME SME fat
(afebrile, altered mental status, patien
intractable seizures); interstitial ERVETE
preurnonia rminor
recipie
Murmps Paramyxovindase S0Tand HSCT Parotitis, architis, vestibular Jcasesi
neurenitis, and renal allograft patien
involvement (S0T); fatal Bncep
encephalitis (HSCT) post-+
Dengue Flaviviridae SOTand HSCT Dengue fever; severe dengue, Dengue
including hemorrhagic fewver high

and shock

—

dengu

—



Outline
Introduction to HEV

Contexts of HEV acquisition in transplant

Impact of immune suppression on clinical
evolution

How to study HEV prevalence/incidence

Clinical management (therapeutic options)



The first case of HEV infection in a KTR was reported 1n 2003
in India (Sinha et al., Clinical Transplantation 2003)

Acute pancreatitis following kidne
tranoenlantafion — role of viral infec

Clin Transplant 2003: 17: 32

| Sinha S. Jha R. Lakhtakia S. Naravan G. Acute pancreatitis following | Saniav Sir



HEYV and the transplant setting

Pre-transplant (fulminant hepatitis requiring liver transplantation)
Acquired with transplanted organ (liver??)

Acquired in the post-transplant

Reactivation of a previously resolved infection

==



TABLE 2

Resul=s of invesdgation performed for &
and transplant workup in owr patient
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Acute hepatitis E virus infection causing acute liver
requiring living-donor liver transplantation in a non
immunocompetent woman

Iris Wai Sum Li*? | Kenneth Siu Ho Chok®

Cueen Mary Hospital, Hong Konz. China
ochool of Public Heslth, The University of
Heng Kong, Hong Konz, China
*Department of Surg=ry, The University of
Heng Kong, Hong Konz, China

Correspondence
Iris Wizi Sum LL Ouesn Mary Hospital Hong
Kong, China.

Abstract

We report a rare case of acute liver failure from acute hepatiti
pregnant woman without comeorbidities who survived after it
source was likely consumption of partially cocked pig liver.
second most common genotype causing acute hepatitis E i
Fulminant hepatitis E rarely occurs without a risk factor, as

Wai Sum Li I. et al. Transpl Infect Dis. 2017
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CASE REPORT

Evidence of hepatitis E virus transmission by renal g
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...+ CentroNazionale Trapianti

Ultima revisione 9 agosto 2012

Criteri generali per la valutazione di idoneita del donatore

ALLEGATO B
Valutazione di idoneita del donatore

Indagini biomolecolari supplementari da effettuare a donatori per | quali 'anamnesi, I'esame obiettivo o | risultati di
esami di laboratorio facciano emergere dubbi:

HIV-RNA elo

HCV-RNA elo

HBV-DNA

HEV-RNA

o Ricerca anticorpi di classe IgG e lgM e RNA di West Nile Virus per i donatori provenienti da aree endemiche
stagionali indicate annualmente dal Centro Nazionale Trapianti

e Ricerca anticorpi di classe IgG e lgM e RNA di West Nile Virus per i donatori provenienti da aree endemiche
non stagionali indicate dal Centro Nazionale Trapianti

o Test sierologici per Chagas nei donatori provenients da aree endemiche (vedi All. E).
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The impact of hepatitis E in the liver transplant se

Transmission and disease progression in SOT

Blood products

e Fruits
! o— WVegetables

T Transplantation
of infected organs

Solid organ transplanted
individual

40-50% HO-60%
+Possible inoreased likelinood for
ineer transpds nied indnaduats
« Onily genotype 3 !
Chronic —
| Approsamately 30% infection :

by reduction of immunosuppre saion i |

1 L -

Clearance |

| Treatment options:
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Identification of a Novel Hepatitis
Virus Genotype 3 Strain Isolated fi
Chronic Hepatitis E Virus Infection
Kidney Transplant Recipient in
Switzerland

'Bo Wang,? Dominik Harms,? Jorg Hofmann,®< Diana Ciardo,? Agne
C.-Thomas Bock?

Department of Infectious Diseases, Robert Koch Institute, Berlin, Germany® Institute of Medi
Charité University Medicine, Berlin, Germany®: Labor Berin, Charité-Vivantes GmbH, Berlin, G
Immunaology, Viollier AG, Allschwill, Switzerland®; Department of Internal Medicine/Mephrol:
Lachen, Switzerland®

ABSTRACT Hepatitis E virus genotype 3 (HEV-3) is the causal pathoc

Accession number(s). The complete genome sequence of SW/16-
deposited in GenBank under the accession number KY780957.



Solid organ transplant (SOT) ed HEV

Le modalita di trasmissione dell’ epatite E in soggetti sottoposti a
trapianto sono le medesime descritte per la popolazione generale.

Il consumo di carne di maiale poco cotta o salumi rappresentano la
principale fonte di infezione. Tuttavia possiamo avere anche una
riattivazione di infezioni pregresse.

I1 60% dei soggetti che hanno subito trapianto di organo, se esposti al
virus HEV, sviluppano epatite cronica.
I1 10% di essi va verso la cirrosi in due anni.
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Hepatitis E virus: an underestimated
opportunistic pathogen in recipients of
allogeneic hematopoietic stem cell
transplantation

Jurjen Versluis1, Suzan D. Pas2, Hendrik ). Agtereschl:3,

Robert A. de Man#4, Jolanda Maaskant2, Marguerite E. |. Schipper5,
Albert D. M. E. Osterhaus?2, Jan J. Cornelissenl, and

Annemiek A. van der Eijk2

 High probability of
developping chronic
hepatitis

* HEV to be included in
differential diagnosis pf
ALT elevation in HSCT

transplantation (alloHSCT). Therefore, we set out to study the incidence and
sequelae of HEV as a cause of hepatitis in a recent cohort of 328 alloHSCT
recipients. HEV RNA was tested in episodes of liver enzyme abnormalities. In
addition, HEV RNA and HEV serology were assessed pre- and post-alloHSCT. We
found 8 cases (2.4%) of HEV infection, of which 5 had developed chronic HEV

infection. Seroprevalence pre-alloHSCT was 13%. Four patients died with HEV
viremia, with signs of ongoing hepatitis, having a median time of infection of
4.1 months. The 4 surviving patients cleared HEV after a median period of 6.3
months. One patient was diagnosed with HEV reactivation_after a preceding
infection prior to alloHSCT. Although the incidence of developing acute HEV
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Hepatitis E Virus Infection among Solid Organ Transplant
Recipients, the Netherlands

This immunocompromised population is at risk for chronic hepatitis E virus infection

1,200 patients SOT recipients screened HEV infections, no. (%

for HEV infection in Netherlands:

v'Screening by PCR . o _

v'In 12 (1%) patients, HEV detected Heart 7 No. recipients Confirmed Chroni

v'in 11/12 chronic infection developed. Lung 5g 5 (L9) 5 (19)
Liver a3 1({1.9) 1(1.9)
Kidney 300 3 (1.0} 3 (1.0}
Multiple 574 1(0.2) 1({0.2)
Multiple SOTT 14 2(14.3) 1({7.1)



Journal of Clinical Wirology 69 (3015] 22- 26

Contents lists available at Sciencaliract

3 : Journal of Clinical Virology

journal homepage: www. elsavier.com/locateljocv

Paediatric liver transplanted patients and prevalence of hepatitis E

 In France, HEVseroprevalence in liver or liver+kidney pediatric recipients 1s
8.3%, 1n line with other studies

 In 50% seroconversion after transplant
* No correlation with immunosuppressive therapy

* No chronic cases observed

Prevelence of HEV IgG antibodies and immunosuppression by age group.

Group (yr)  Number of Type of Mean time post- Male-female  Anti-HEV IgG positive
patients transplantation transplantation + 2SD (n(%))
LT-LKT (range)
<5 9 7-2 2.44154(0.9-3.7) 4-5 0(0%)
5-10 32 30-2 48+3.9(1.2-8) 15-17 4(12.5%)
10-15 25 21-4 83+7(1.2-12.9) 13-12 1(4%)
15-20 22 21-1 13.1+£9.7(2-18) 8-14 2(9.1%)
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GASTROENTEROI

Chronic HEV involves several

transplant types, not only liver

Factors Associated With Chronic Hepatitis in Patients Wi*-

E Vi Infection Who H Received Solid O T :

S e e e T S Type of Organ and Reason for Transplant in
Solid Organ Transplant Recipients With

Autochthonous HEV Infection

NASSIM KAMAR,**¥ CYRIL GARROUSTE,*! ELIZABETH B. HAAGSMA,V VALERIE GARRIGUE
CECIE CHALMET 3 EROME NEIMOETIFR 58 amd IF cannrFeens I A1 icarFTH cacel me

Type of organ
transplant n Reason for transplant
Kidney 47  Glomerular disease
Genetic disease
Uropathy and interstitial nephropat
Table 2. HEV Serologic and PCR Results at Diagn Vascular disease and diabetes
Solid Organ Transplant Patients With HE Unknown
No. No. Liver 26  Chronic viral hepatitis
:ﬂﬁﬂg 'ég': ?g gg ® Hepatitis C virus (n = 3)
M s !
Serum HEV PCR gob 87 > HEDETJUE 'E 'n-'lrUE,-'rHi"u" I:|-| = 1}
HEV genotyping 64 50 Alcoholrelated liver disease
37 wide range of differing commercial and in-house assays Genetic disease
and these differed from center to center. Autoimmune hepatitis
"Three patients were not tested for HEV RMA by PCR. The |
HEV infection in these cases was based on an increased ¢ 5 Other EFEILI?EE : :
level. Liver-kidney 2  Alcoholic liver disease/chronic ren
Eall 59 patients in whom HEV was genotyped were infect disease
panntwna 3 In B0 nf thaca races HFY esuahbvning was ne : X .
|diopathic portal hypertension,/
chronic renal disease
Kidney-pancreas  G° Type 1 diabetes mellitus
Islet cell 1 Type 1 diabetes mellitus
Heart 2 |lschemic heart disease
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GASTROENTEROI

Factors Associated With Chronic Hepatitis in Patients With
E Virus Infection Who Have Received Solid Organ Transplai

NASSIM KAMAR,*+5 CYRIL GARROUSTE,! ELIZABETH B. HAAGSMA,T VALERIE GARRIGUE," S\
FECIE CHALIMET 33 IERORAE MHIMORTIER $8 AME IE canhEeann 1l FHSARFTH caca moovie

Table 4. Patient Characteristics at Diagnosis of HEV Infection

Variables

Resolving group (n = 29)

Chronic group (n

Time since transplant (mo)
Symptoms at jresentation (%)
AST level (IU/L)

ALT level (ILU/L)

yelutamyl transpeptidase level {(IL//L)
Alanine phosphatase level (/IU/1)
Bilirubin level (wmol/L)

Peak AST level (IU/L)

Peak ALT level (U1}

Serum creatinine level (pmol/ L)
Hemoglobin level (g/dl)

White blood cell count (/mm3)
Lymphocyte count (/mm?3)

Platelet count { /mm?)

Calcineurin inhibitors (%)
Cyclosporin A/tacrolimus
Cyclosporin A (mg - kg ! - day 1)
Cyclosporin A trough level (ng/mL)
Cyclosporin A C2 level (ng/mL)
Tacrolimus (mg - kg1 - day 1)
Tacrolimus trough level (ng mL)
Belatacept (%)

mTOR inhibitors (%)

Sirolimus trough level (ng/mL)
Everolimus trough level (ng/mL)
Mycophenolic acid (%)
Mycophenolic dose (mg - kg1 - day 1)
Azathioprine (%)

Corticosteroids (%)

70.3*+528
31
107 (16-1571)
263 (24-2675)
244 (28-2337)
251 (66-1924)
16 (6-75)
223 (31-1571)
272 (29-2675)
168 = 69
1331 +1.85
7253 = 2834
1414 = 684

225,685 * 62,521

5.9
9/13
1.9+ 0.5
B8 = 82
543 = 1556
0.06 = 0.03
8.7*3.2
3.4

24
T8*+43
10.5 = 7.07
79.3
192+ 7.6
0
724

41.4 + 38
32

94 (21-43
135 (28-87
173 (25-34:
172 (46-77
7 (5-277
147 (39-81
167 (32-52
130 = 51
129 1.
6122 + 23
1399 = 7C
190,384 + T¢

83.9

4/43
224 +1.
183 + 1C
352 = 24
0.09 = 0.
101+ 4.

0

19.6
8.7 + 3.
121 + 6.

69.6
20.1 + 8.

7.4

69.6
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he NEW ENGLAND JOURMNAL of MEDICINE

BRIEF REFORT

Hepatitis E Virus and Chronic Heb:

14 cases of acute HEV infection:
» 3 patients receiving liver transplants
»9 patients receiving kidney transplants
» 2 patients receiving kidney and pancreas transplants.

[ All patients were positive for serum HEV RNA. ]

il

Chronic hepatitis developed in 8 patients:
»persistent elevated aminotransferase levels
» serum HEV RNA
» and histologic features of chronic hepatitis.

The time from transplantation to diagnosis was significantly shorter and the total
counts of lymphocytes and of CD2, CD3, and CD4 T cells were significantly lower in
patients in whom chronic disease developed.

Kamar N. et al New Engl J Med 2008
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Hepatitis E Virus Reinfections in Solid-

Transplant Recipients Can Evolve Into
Infections

Patients eligible before transplantatiopscipients
(n = 263)

MNegative for anti-HEV
IgG, anti-HEV IgM,

Positive for anti-HEV 1gG
and anti-HEV IgM,

Paositive for anti-HE"
IgG, negative for ant

and HEV RNA - HEV IgM and
" negative for HEV RNA :
- e Ay

1 resolved 1-year follow-up 1- year fnl! wup
2 chronic € (n = 140) o0 Ve
c ronic
| ™ _ i . C_ 1144 mkekil a | I — - o § e w8 B |
LN T T B 0 I O 0 1 el O

IgG at U'ansplantannn {3 +17.5 U/mL) and 1 year Iater {En 4+ 12 0 U/mL, P=.4) were sim
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J Hepatol 2012
Liver transplant from a donor with occult HEV

induced chronic hepatitis and cirrhosis in the

S°
5 e“i‘dﬁﬁ
=
Donor: + 26 G0N
«Serum was HEV-Ab and RNA v T L, 9
negative e s LS
*HEV RNA (high concentration) in liver o0 ALT
. . 5 — -~ Bilirubin BN
Recipient: o = CTHEVENA  aaklgpe
*HEV seronegative pre-transplant % ;:_' 4 T -";: —10°
*IgG, IgM, PCR pos since 150 days 22 3 o= =1l
post OLT 2% | s B
-Cirrhosis developed in 15 months €8 % ;fif nY: 10
*Died of septic shock 1 E i:*"" .;r.a:r?.;' L 10°
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CNS disease linked to :
emergence of neurotropic 3 -

variant?

» HEV RNA
*in serum 260 000 cp/mL
*in CSF 1113 cp/mL

— Serum
g clones

» Evidence of quasispecies -
compartmentalization and temporal
association :

Clonal HEV sequences (ORF1) analyzed in
serum and CSF and compared to clonal 0
sequences from serum taken 21 months ki

earlier. s
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Diagnostic problems with HEV in transplant setting

Special Section Editors: Peter R. Galle, Peter L.V Jansen, Fran

Chronic hepatitis E in the immunos

Journal of Hepatology 5 A now cnnironn nf tranhla? '’

togenic cirrhosis. However, bhow should the
be—maade? Diagnostic tools to assess HEV
are availlable and encompass serological assays
anti-HEV antibodies capable of differentiatn
from remote infection (IgG, IgM, IgA). TI
are generally based on detection of antibodic¢
the highly conserved and immunogenic capsi
(encoded by the open reading frame Z) and ar
terized by broad activity and good reproc
Highly specific ELISA for quantifying neutrali
bodies to HEWV genotypes 14 are comr
available. Nevertheless, in the reported cases
version occurred on average later than amo
R =T L T e )
mfectrom——ersus 1-3 weeks In immune c
patients). Even more disturbing is the observ:
in three of the 11 patients antibodies remaine
tently negative. Nucleic acid testing, in contr:
most sensitive test for ongoing HEV infectio
or_real-time PCR may detect viral genomic
serum or stools, especially in acute infection a
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Systematic Serological Testing for Hepatitis E Virus in Ki
Transplant Recipients

TABLE 1 Anti-HEV IgG and IgM prevalences in kidney re
transplanted for =1 year, according to serological assay us

testing |
No. (%) detected | HEV IgG prevalence was
Adaltis 0 . .
. i *]16% with the Adaltis assay
Response by year of testing (n=189)
(1 March 2012- 27 Jan 2013)
2012 173
ig;pom_t:ye ?{i }15) *429% with the Wantai assay
gM positive
IgM and HEV RNA positive (28 Jan-2013-31 May 2014)
2013
IgG positive
IgM positive
IgM and HEV RNA positive
2014

IgG positive

x
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Hepatitis E in Transplantation

Table 1  Prevalence and incidence of anti-HEV IgG and HEV RNA in patients with a solid-organ transplant

Large difference in seroprevalence data
according to the assay (2.3 to 43 %);
HEV RNA in the serum, ranges from 0 to

32 %

Study Number Organ transplant Serology tests Anti-HEV IgG HEV RN
prevalence (%) prevalenc

Abravanel et al. 700 KT/LT/SPK Adaltis 12,7 -

72

[ﬂh]*d»'anel et al. [73] 263 KT/LT Wantai 384 -

Buffaz et al. [74] 206 ET Wantai 29 -

Buti et al. [75] 108 KT/LT Biokits 23 -

Haasgsma et al. [76] 285 LT Grenelabs S 1.75

Koning et al. [77] 145 ET Wantai 42 0

Laverdure et al. [78] 96 LT Wantai 8.3 -

Muoal et al. [79] 1350 KT - - 1.2

Muoal et al. [80] 578 KT Wantai 43 -

Magnusson et al. [81] 62 Lung T Mikmogen 13 0

Naik et al. [82] 205 KT Wantai 20.5 0

Pas et al. [83] 1200 SOT Wantai - 1

Pischke et al. [84] 226 LT Abbot 44 0.9

Pischke et al. [85] 274 HT Genelabs 11.3 1.5

Pischke et al. [86] 95 Lung T MP 53 L
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*Post-transplant HE misdiagnosed as drug-induced liver
inlury
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Sustained virologic response with ribavirin in c

Ribavirin may induce a sustained virologic response in heart transplant patients
with chronic HEV infection

Carciac
tranaplant

1

30+

2501

200

151}

ALT and AST enzymas

(IimL)
8 3
L |

» 3-month course of oral ribavirin (17 mg/kg/day)

» Serum HEV RNA undetectable after 1 month of Tx;

» Liver function indicators returned to normal reference ranges.

» The main ribavirin-induced side effect was a significant but well-tolerated anemia.



W EMGLJ) MED 370012 MEJM.ORG MARCH 20, 2014 MEDICINE

ORIGINAL ARTICLE

Ribavirin for Chronic Hepatitis E
Virus Infection in Transplant Recipients

Massim Kamar, M.D., Ph.D., Jacques lzopet, Pharm.D., Ph.D., Simona Tripon
Michael Bismuth, M.D., Sophie Hillaire, M.D., Jéréme Dumortier, M.D.,
Sylvie Radenne, M.D., Audrey Coilly, M.D., Valérie Garrigue, M.D.

Louis D'Alteroche, M.D., Matthias Buchler, M.D., Ph.D., Lionel Couzi, M.DO
Pascal Lebrav. M.D.. Sebastien Dharancv. M.D.. Ph.D.. Anne Minello. |

Serum HEV Concentration

9 — Patients with a sustained v
g — Patient with a partial respo

— Patients with a recurrence «

53 Transplant recipier
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(logy, copies/ml)

Basaline 1 Mo 3 Mo Endof 1 Mo :
Therapy  after
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2 Had an unkm
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Treatment of HEV Infection in Patients with
a Solid-Organ Transplant and Chronic Hepat

Acute hepatitis E virus infection

Law-immunological risk patients High-mmunalogical risk patl
. .
Reduction of imemunesuppression Moniloring of HEV RNA viral
and monitoring of HEV RNA viral load for 3 months
far 3 months 1 - —
Persistant HIEV replication
in the serum andior siools
at meonth 3
T-month courss of ribavirin
manclherapy
HEY RNA negative in serum and stools rf l‘:" HEV RNA positive in serum andlor s
1 '
Lengtheni
Rolapse aflar |, Eﬁri:’“
ceasimg rilsavirin B i il tni il
v
B-minan Bl Courss of

Ribavirin monoiherapy
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What are the lessons?

HEV is an emerging pathogen whose impact in
the transplant setting is increasingly recognized

Different contexts of HEV acquisition
Gen 3 almost exclusively involved

Chronic evolution major problem (immune
suppression major driver)

Diagnostic issues (discrepant serological tests),
also affecting retrospective studies

Therapeutic options available but sperimental
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