IAFP's European Symposium on Food
Safety
S6 — Determining the Efficacy of Control
Measures against foodborne viruses

The trouble with Hepatitis E virus!
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History of Hepatitis E virus

e First recognised as responsible
for an outbreak in New Delhi in
1955

 Recognised as non Anon B
hepatitis in 1980s....

Original Paper

Evidence for a Virus in Non-A, Non-B Hepatitis Transmitted via the
Fecal-Oral Route

M.S. Balayan®, A.G. Andjaparidze®, 5.5 Savinskaya®, E.S Ketiladze®, D.IM.
Braginsky®, A P_ Savinov® V' F. Poleschuk®

ZInstitute of Poliomyelitis and Viral Encephalitides. and
“D.1. vanovsky Institute of Virology, USSR Academy of Medical Sciences. Moscow.
LUSSH

Address of Corresponding Author

Intervirology 1983:20:23-31 (DOI: 10.1155/000149370)

* In 1990s classified as new
hepatic virus - Hepevirus

A person acquires

. hepatitis E virus
271 by ingesting

= | contaminated food
+ | orwater

The virus multiples
in liver cells, enters
the bloodstream,
and travels to the
digestive tract

—~
@ Raw sewage ¢
spread hepatitis E

food and to drinking

.
an
to

The virus exits th
body in the stool.

d



http://www3.niaid.nih.gov/topics/hepatitis/hepatitisE/HepEillustration.htm
http://www3.niaid.nih.gov/topics/hepatitis/hepatitisE/HepEillustration.htm
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Genotypes

G3 Gl&2 G1&3 Gl1&4 G2&3 Gi;2:3 G1, 3,4 No data Outbreaks
occur but

genotype
unknown

From Treagus et al; 2021, Food and Environmental Virology (2021) 13:127-145



Why is it important?
Transmission Routes

GCU

. Meat
" preparation

Direct
transmission

Animals
Goats, sheep, cows, cats, dogs
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Why is it important?
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Laboratory reported incidence
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Every year there are an estimated 20 million HEV infections worldwide, leading to an
estimated 3.3 million symptomatic cases of hepatitis E.
WHO estimates that hepatitis E caused approximately 44 000 deaths in 2015 (accounting
for 3.3% of the mortality due to viral hepatitis).



Figure 3.2. Annual number of confirmed cases of hepatitis E by year of commencement of
surveillance, EUJEEA Member States, 2005-2015 *
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* Data avaialie for: Austria, Belgium, Bulgaria, Croalia, Cyprus, Ceecl Repubiic, Estomia, Finland, France, Germany, Hungary,
Italy Latwia, the Netherlands, Norway, Poland, Porfugal, Siovakia, Slovenia, Spain. Sweden, and the United Kingdom.

https://www.ecdc.europa.eu/sites/default/files/documents/HEV Surveillanc
e-report-2005-2015.pdf



https://www.ecdc.europa.eu/sites/default/files/documents/HEV_Surveillance-report-2005-2015.pdf

Why is it important?
Links to the food chain
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One in ten sausages may carry the hepatitis
virus: Cases of rare deadly strain have
rocketed 40% in a year

- Once considered very rare, cases have risen by nearly 40 per cent in a year
- 1in 50 of those infected will die, rising to one in five pregnant women
- Sausages most dangerous pork product - they contain liver meat

By SOPHIE BORLAND FOR THE DAILY MAIL
PUBLISHED: 17:52, 15 Septemier 2013 | UPDATED: 22:35, 15 Septamber 2013

ERUaE ==

As many as one in fen sausages could be
infected with a potentially deadly virus that
causes liver damage, scientists warn.

*181

View comments

They are concemed that rising numbers of
Eritons are being struck down with hepatitis E
after eating contaminated pork.

The infection was once considersd very rare but

Daily = ail oo ves

Clrcuation: I0¥10

Dute: 13 Viuy 2018 Bource: ABC Zep 2014
Page: 37

Tenfold rise
in cases of
hepatitis E

Shellfish linked to increase

AN explosion of cases of VicioriaAllen

hepatits E mn Scotland has g!osmﬂnlnkooxr

bem Inked to shelfish caughe

offthe coast Fo matein wd the oz
More Santen i G namtee (2ol crieieged Sod Fo8 el
of peopie are bl ng Eagnoded 1 Pmmctne

u—.':::. Viro, aleo D Beved Lo e "F:L‘J-ﬁ&';ﬂ

D e e e OUF =i Ay of 2 Mt =k

Emm Sy G Doationx b= B A Mal,

. . " —h e D 1
cases have risen by nearly 40 per cent in a year ;',,.;.;: 'm“"x"m ' — Fmerix my ux may ax ©.0
_ = 3= ol Bl e AT
and there were 657 in 2012, e Sy ot s
S B T Sreme the wo
- . . The vimss B Somrs o be Smadin | TH 2012 waacdy, Pasiaet =
he virus usually causes only relatively mild 85 e cemtof pigx, Tty muspen, 10 SAL Bme aricg Tates tious Den,

symptoms such as sickness, a temperature and
muscle pain, which clear up by themselves
within a month.

Eut it can be fatal for the elderly, cancer victims,
pregnant women and others with existing liver
problems.

Around one in 50 of those infected will die, rising
to one in five pregnant women.

Experts say sausages have fo be cooked at 7OC
{158F) for at least 20 minutes to kill the virus but
they say that mest Eritons do not leave them in
the oven for this long.

Tests have showed that it can survive at 60C
{140F) after an hour.

A report published last week by the Depariment for Environment, Foed, and Rural Affairs says 10
per cent of sausages sampled were found fo contain the virus.

Deadly porker: Cne in ten sausages could be
carriers of hapatitis E
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The Times (London)
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Why your summer barbecue might give you hepatitis E
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Evidence of Foodborne Transmission

First identified in Japan — undercooked Sika deer

meat

« Wild boar - pig liver - Japan
Ig liver sausage — France

ork meat - Spain
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@ Zoonotic trans
Shuchin Tel, Naoto Kitajima, Kazuak! Takahashi, Shunji Mishiro

Zoonosls has been suggested for hepatitis E virus (HEV)
Infection, but so far Is based only on Indirect evidence. We
experlenced a serles of cases of HEV Infection among people
who had eaten uncooked deer meat 6-7 weeks before. On
testing, a left over portion of the deer meat, kept frozen to
eat In the future, was positive for HEV RNA, whose nucleotide
sequence was Identical to those from the patients. Patients’
family members who ate none or very little of the deer meat
remained uninfected. These findings provide direct evidence
for HEV Infection to be a zoonosls.

Lancet 2003; 362: 371-73

Hepatitis E virus (HEV) infections, which are endemic and
frequently epidemic in developing countries,
in developed countries, but generally in the form of
sporadic acute or fulminant hepatitis. Some cases in
developed countries occur in people who have travelled to
endemic areas, but others are of domestic infection, for
which the method of transmission remains obscure.'* Since
HEV or like viruses and antibodies to HEV have been
noted in a wide variety of animals, especially swine, a

re seen also

sion of hepatitis E virus from deer to human beings

hypothesis has arisen that zoonosis is involved in the
transmission of HEV, especially for the cases in non-
endemic areas. This hypothesis is based on indirect
evidence, such as the high frequency of antibodies to HEV
in animal handlers and that the local pig strains are
homologous to human strains in the same districts.! We
report direct evidence of zoonotic transmission.

A man aged 44 years (patient O-1, table) visited one of
our hospitals on April 16, 2003, complaining of fever,
nausea, and general malaise. Diagnosis of acute hepatitis
was easily established based on raised liver enzymes and
bilirubin. While he was recovering, his father (O-2) came to
us on April 25 with symptoms and signs similar to his
son's. Moreover, within 1 w r that, one of the
brothers of the index patient (O-3) and his friend (H-6
also presented with hepatitis. All patients were negative for
serological markers of hepatitis A, B, and C viruses when
tested on admission. Later, however, all the serum samples
obtained from these patients on April 29 were positive for
HEV RNA and for IgM and IgG antibodies to HEV,
leading to the diagnosis of hepatitis

Pig Liver Sausage as a Source of Hepatitis E Virus

Transmission to Humans

Philippe Colsen,” Patrick Borentzin,” Benjemin Queyrisux,” Mamadou Kebe,"* Valérie Moal® Fierre Gallian,”

Laurent Heyries,” Didier Reault, ™ and René Garalami*

Hepatitis E Virus
Transmission from
Wild Boar Meat

Tian-Cheng Li,* Katsumi Chijiwa,t
Nobuyuki Sera,f Tetsuya Ishibashi,{
Yoshiki Etoh,t Yuji Shinohara, Yasuo Kurata,f
Miki Ishida,§ Shigeru Sakamoto,q]
MNaokazu Takeda,* and Tatsuo Miyamura*




What foods have demonstrated
detection of HEV?

* Pork Products

* Bivalve Molluscs
* Fruit

* Leafy vegetables

Is there evidence of infection via foodborne
transmission?
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FSA in Wales F5A in Northem Ireland

Business & Enforcement & Science & About us
industry regulation policy

Home » Science & policy » Food poisoning » Hepatitis E

Hepatitis E

» Our approach to science Last updated: 13 November 2014

v

Applying for research funding Following some consumers’ concern about hepatitis E in pork, the

_ following advice is available.
» Management and policy

» Research reports Consumers should continue to follow FSA cooking advice which is that all whole cuts of
pork, pork products and offal should be thoroughly cooked until steaming hot

> Acrylamide thmughuut, the meat iz no longer pink and the juices run clear.

» Additives or E numbers One study has sugogested heating pork to a core internal temperature of 71°C for 20
minuies is necessary to completely inactivate the virus, however we do not know

» Allergy and intolerance enough about the levels of hepatitis E virus present in pork more generally to say

whether cooking for that long is necessary. Furthermore, cooking under these
conditions may not be practical because of the effect on the quality of the meat. There
is very little information available on the survival of hepaiitis E virus in relation to
cooking and not enough evidence to justify a change to FSA advice.

» Arsenic in rice

v

Bisphenol-A (BPA)

* Food poisonin
= . The FSA will shortly be commissioning further research o assess the impact of

different time and temperature combinations on the survival of the virus in meat during
“COORING. THe Fom Would seak advice mom the maepenaent Aavisory Commimes on me
Flooding: food safety advice Microbiclogical Safety of Food before making any changes to our current cooking
advice concerning pork and pork products.

Campylobacter

Enndhnrng dicoaco ctratome

GCU
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Public health advice
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Control measures for HEV

Surrogates
Diagnostics
Thermal stability
Disinfection/Hygeine
Infectivity determination

Risk



Mengo virss PDB 1D 2MEV
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Surrogates
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Do other viruses behave like HEV?
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Control measures for HEV
Issues with current assays for diagnostics and beyond.

Isolation and Extraction

Adequate controls for extraction and detection

Need for SPCV suite for all assays
WHO HEV standard virus (sustainability)
Detection

Qualitative vs Quantitative
Infection linked to viral titre

Titres can be too low to quantify accurately
Sensitivity and specificity

GCU Costs
Glasgow Caledonian

University

University for the Common Good



What is available for diagnostic
detection of HEV?

Altona

http://www.altona-diagnostics.com/index.php/brealbstar-
bhev-rt-pcr-kitb.html

Ceeram
http://www.ceeramtools.com/kit-hepatitis-e-virus-kit.html

Gensig -PrimerDesign™
http://www.genesig.com/products/9277

@j
Glasgow Caledonian
University

University for the Common Good




What else is available for diagnostics?
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ISO/TC 34/SC9/WG31

bSL Inspiring trust for a more resilient world.

* Microbiology of the food chain: determination of
hepatitis E virus in meat and meat products, and
liver and liver products, using real-time RT-PCR

Inception meeting held on 12t" January 2022

2"d meeting to be held on the 16" May

ti in (ISFEV 2022
o Santiago, Spain (IS 022)
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Control measures for HEV

Issues with current assays for diagnostics and
beyond.

Alternative assays?
Capsid integrity
Ribo/Toehold switches

No consistent assay/detection
system for infectious virus B o me e e e o

Soft Fruit ~ Salad ~  Surface  Shellfish Bottled Water Herbs and Ready to Eat
Glasgow Caledonian

SSSSSS
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The problem with cell culture!

What is the difference between detection of NA and
Infection?

ammwl‘s:’mw:.
Wu el sl 2015

Huh-75, Henl-Ks lndmkzlli are

Xu et &, 20’7
Kenaw-C1/ps (GT3) life cydle. oA
Helsen et ai. 2096; Dao Thi el &), 2016
Sar-55 (GT1} 17p6 (GT) are

Drove 6t 8l 2016: Zhow f al 2017

A543 cells can e persisient

ly
— Infected with the 47832 strain {GT3),
Johng aral. 2014

GT1 spedimen can be passaged in
PLC/PRESS and AS45 cells.
Tewahssh af &l 20100

Infisction of PLO/PRE S and AS4S cells with JEO3-1 7606
(GT3) and HE F5/15F (GT4).
Taneka st &l 2007, Tenaks af ol 2009

A549 cells are susceplitde for 936 strains (GT1)

Huang of &, 1935
e S sy ol
Tam &l &), 1996
785 cols P 0.

Huang sf al 19520

Co-culture of FRhK-4 cells with imnfected primary monkey
wmwummm 12598 Osh strain},

Placentz-gerived cef cullune systenm in JEG-3 (ells
for HEV Sar-5% 1GT1) and Kemow-C1/p6 (GT3) strans.

et ol 2018

A549, PLOFRFYS, HopG2/C3A, Huh 7 Lunat BLR

and MAC-S cells upport 47832 GT3¢! reslkati <<
Schamvnever ed af. 2018

Subcloning of 549 and PLOPRFSS calls leads 10 csll

s

Shistz of o, 2015; Schermmerer of o, 2015

G3-HEVD3-2-27 (GT3) replication
canfirmed In PLO/PRE/S.
Shate af al, 2013

HepG2AC3A cells were Infected
with 1he LRFR-0379 strain (GT3)
Npuysn ol &, 2012

Hepla2/C30 suppart GI1 (53 55, Akluj)and G132
Kernorw-C1, U5-2] eeplication.

Huh?s, PLCIPRES, Caco-2 and A4S additonally
suppart Kamow C1 (GT3) raplication,

Shukis et &, 2017

Subclening of Huh-, IIMCno-ZukmnhduM
chanes weth higher

supporting GT1 1fe cycle.

Emevson at al. 2006; Emerson of al. 2600

Infectian of HepG2/C3 with HEVGT1 spedimens.
Emerson of &, 2005, Emevson & &l 2510

Huhy7, PLOPATSS anvf Caco-2 cels support
Sar-55 (G Vi replication.
Emersen atal 2004; Emarson et al. 2008

Inection of FLC/PRF/S cells with Sar-55 #1d F23 (GT11
Meng el s, 19978

AS540 cells are cusceplible o B7A st@ins IGT1,
Huzng ol &, 1935
Fecal extracts fram ENANB«MM;

RE/S colls

Pilvef a1 ). 1987

https://www.sciencedirect.com/science/article/pii/S0166354218307204?via%3Dihub



https://www.sciencedirect.com/science/article/pii/S0166354218307204?via%3Dihub

Outstanding issues

How do we test for infectious virus?
How much virus is infectious?
Does a food matrix affect viral replication?

What is the viral content of a food matrix and does this matter?

Figure removed as unpublished data



Source origin of HEV

e Sera, Faeces, Liver, Cell culture.

Quasi-enveloped Enveloped Virus
HEV virion
Naked HEV virion C& ? ? })
a\ OOO00K é‘Q
0‘.—7 \:-.-_:...-: . .‘-;.:.“ Ebo .
X T Qf& B % OO0
33333333 | | ‘ ‘
n] nvelope
HEV-ORF3
Glycoprotein

What about quasi-envelope?



HEV stability and susceptibility

701 & *

= HEV inactivated at >71° C for 20 Study

mantES %55 #¥ Emerson etal 2005
= M Huangetal 1999
g ® Johne etal 2016
E 4  schielke etal 2011
|._

» Carbohydrate and fat composition of " 6| Tenaknstatan:
foods may contribute to thermal stability
of HEV | n A

0 20 40 60
Time (minutes)

= Unknown how long HEV can persist in
the environment

Thermal Inactivation of Infectious Hepatitis E Virus in Experimentally
Contaminated Food

Elodie Barnaud,*™ Sophie Rogée, ™ Pascal Garry,” Nicolas Rose,® and Nicole Pavio®P*©

UMR 1161 Virology, Anses, Laboratoire de Santé Animale, Maisons-Affort, France®; UMR 1161 Virology, INRA, Maisons-Alfort, France®; UMR 1161 Viralogy, Ecole Nationale
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HEV Viral Log copies/ mL

HEV Viral Log copies/mL

Thermal Stability of HEV
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Disinfection/Hygiene

Acid resistant — enhances stability
Cold smoking does not eliminate virus

Evidence of chlorine reducing viral titre in
water sample

Unknown how long HEV can persist in the
environment

Hepatitis E virus

[ Nare2 \
partides \ +

{ \' P 1
/  Ethanol-based \ f‘c:gzonc

disinfectants \

/ » \
ol

&

No inactivation Inactivation

Behrendt et al; Journal of Hepatology 2022

" -

sclenc
....... @n.m,@ BBR
hemical and Biophysic: Communications 313 (2004) 67-73

wiww.elsevier.com/locatelybbre

Acidic pH enhances structure and structural stability
of the capsid protein of hepatitis E virus




Joint FSA/EFSA workshop held in Feb 2016

Food FSAin Wales FSA in Northem Ireland Search
Standards
Agency
Stay updated: Keep connected:
News & Business& | Enfocement& ] Scienced ] Aboutus @ @ N f¥inDO
ates industry regulation policy
Home » News and updates » News Centre » Key priorilies established for research on foodbome viruses Accessibility |AAA
Key priorities established for External sites
1 > The Si Report of the Joint
v News centre research on foodborne viruses S TE AL

Scientific Workshop on Foodborne
» Food alerls news Viruses o

o slin] ¢ IS -
» Allergy aleris news -

The Food Standards Agency has no
Last updated: 20 October 2016 responsibility for the content of
» Consultations external sites

How we tackle norovirus, hepatitis
» Campaigns A and E viruses was the focus ofa
joint FSA/EFSA workshop that
published its summary report today.
The report identifies cross-cutting
research themes, building on the
first report of the FSA's Chief
Scientific Advisor which highlighted
that foodborne viruses have a significant impact on public health.

» Help shape our policies

New research is now needed to measure the infectivity of norovirus and hepatitis A and
E viruses — particularly in foods, the report concludes — and how the presence of
norovirus in food relates to the public health risk is one of the fop research priorities for
scientists.

Assessing the public health impact

The workshop, held at the Royal Seciely in London in February, breught together
acadenics, virologist, clinicians, veterinarians, food industry specialists and regulators
to consider public healtn impact from these viruses - and the feasibility of research to
deliver benefits as the main criteria when deciding on the top research priorities.

Dr Paul Cook, FSA Head of jical Risk said: these
research areas identified by the experts at the workshop would make an important
contribution to assessing as well 35 managing risk posed by these viruses in foodstuffs.

“This is a particular challenge for norovirus, which cannot be cultured in the laboratory
despite many efforts to do so; hepatitis E virus has alse proved difficult to cuture™

Shortlisting the research priorities

https://www.food.gov.uk/news-
updates/news/2016/15612/key-
GCU priorities-established-for-
Glasgow Caledonian .
University research-on-foodborne-viruses

University for the Common Good
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- efsam

European Food Safety Authority

&
P calendar

v v v

About ¥ News ¥ Discover ¥ Science Publications Applications Engage ¥

Home  News  Foodbome viruses: identifying research ne...
Foodborne viruses: identifying research needs to tackle public
health risks

20 October 2016

Biological hazards
Corporate

Subject area
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EFSA has published a scientific report on the outcomes of a scientific workshop
on foodborne viruses organised jointly by EFSA and the UK Food Standards

capacity

Agency. Bl Corporate

Bl published:
The workshop took place earlier this year in London, and brought together academics, 10 Nov 2016
clinicians, veterinarians, food industry specialists and regulators with expertise in Help mprove our

research, clinical settings and food producing/processing operations.

\plete this quick survey

8
Against the background of an increasing number of outbreaks caused by foodborne :: Corporate
viruses, the participants assessed the state of knowledge in this field. They focused on Bl published:
07 Nov 2016

norovirus, the hepatitis A virus and the hepatitis E virus, which are of great public health
concern in the EU. Knowledge gaps and research needs were identified and are
summarised in the report.

hance

risk

The report, by the UK’s Centre for Environment, Fisheries and Aquaculture Science Bl Corporate

(Cefas), also lists five priorities for further research. Bl published:
o 18 Oct 2016

The workshop was organised following a proposal to EFSA's Advisory Forum by the UK in

2015.

Related

« Summary report of joint scientific workshop on foodborne viruses

http://www.efsa.europa.eu/en/pr
ess/news/161020



https://www.food.gov.uk/news-updates/news/2016/15612/key-priorities-established-for-research-on-foodborne-viruses
http://www.efsa.europa.eu/en/press/news/161020

Five main research priorities identified

The development and validation of direct and indirect methods for
assessment of hepatitis E virus infectivity;

Establishing how the detection of norovirus in foodstuffs relates to
public health risks;

Development of methods to evaluate norovirus and hepatitis A infectivity
from food samples;

Development of standard methods and ISO methods for detection of
hepatitis E virus in meat and meat products;

Establishing the burden of hepatitis E virus infections in humans in
Europe.
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What are we still missing?

* The development and validation of direct and

indirect methods for assessment of hepatitis E
virus infectivity.

e Development of standard methods and SO
methods for detection of hepatitis E virus in meat
and meat products.

e Establishing the burden of hepatitis E virus
infections in humans in Europe.
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Food 'S SATERY.
Ay Campden BRIQ SERVICES

Thank you for your attention

Any questions?
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