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The iImportance of foodborne transmission
of viral Acute Gastro-Enteritis (AGE) diseases




Acute gastroenteritis: aetiology, frequency, cost

Hll AGEs affect one third of the French population each year
Chikhi-Brachet et al. (2002)
Various AGE aetiologies:
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Viral AGE

* Viruses;, — - - — - - - > 59% \
e Bacteria; —------- > 39% / — "1
* Unicellular parasites; - -> 2% ~
* Undefined in the USA O Bacterial AGE |
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Total mean cost of foodborne illnesses
in the United States (2013 $)

A closer look at the top 5 pathogens ranked by deaths
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05 subject age and the geographical area
Hoffmann et al. (2015)

Norovirus AGEs represent 58.2% of
foodborne illness cases in the USA




Viral AGEs: their importance and specificities

Various viruses: @ NOrovVirus) sapovirus, enterovirus
echovirus, coxakievirus), adenovirus ...

Before vaccination, the most Possible clinical
important for young children symptoms:

diarrhoeg,
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g ~«* abdominal pain,
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Austria [9] Belgium [11] US [27] Moldova [44] | Ghana [49] Tanzania [54]

% reduction

Low mortalily Medium mortality High mortality

Reduction in rotavirus hospitaiizations by age group in the first full year after vaccine introduction.

Burnett et al. (2017)
Noroviruses: 200 000 deaths per year worldwide due to
dehydration and malnutrition complications, especially for the
young, elderly and immunocompromised Mallory et al. (2019)




Noroviruses: shedding and infectious dose

Norovirus shedding with faecal excretion:
* Up to 10**2 viruses per gram of faeces;
* Shedding starts before the onset of clinical symptoms, and
stops well after the end of these symptoms;
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Time-course of virus shedding. Median and 95% interval of the predicted virus concentration
(log;, numbers of viruses/g stool) are shown.

Teunis et al. (2015)
Low infectious dose: ~18 to 1000 viral particles

Teunis et al. (2008)



No. outbreaks

Direct / indirect transmission of NV In the USA

Primary mode of transmission of NV infections in the USA.

Primary mode of transmission among outbreaks reported through the National Outbreak

Reporting System (NORS), 2009-2012
Confirmed
Norovirus

Primary Mode of Transmission

Animal Contact
Environmental

Indeterminate/Other
Person-to-person

Confirmed
Non-Viral
105 (7%)
7 (0.4%)
026 (59%)
262 (17%)
273 (17%)

Susp E'C_Tef_l Unknown
Norovirus
4 (0.1%)
5(0.1%)
1006 (27%)
426 (12%)

2253 (61%)

W Production or processing
M Preparation or service

Unknown

Leafy Fruits/nuts  Mollusks Poultry Beef
vegetables

Lively et al. (2018)

Relative contributions of various
foods to NV foodborne outbreaks
In the USA.

Leafy vegetables > Fruits/nuts > Mollusks

Hall et al. (2012)



Prevalence of NV contamination in France

Assessment of the occurrence of NoVs on 493 food matrices
using RT-qPCR

Frozen marketed mussels

Category Nature No. of % positive % positive
of food samples for GI for GII
matrix tested NoV NoV

supplied by French importers
or recovered from different

retail outlets.
From Chile, Pacific Ocean, Spain,

New Zealand, North West Atlantic
Ocean, Vietnam, Ireland.

Bivalve Mussel 83 8.4 14.4
molluscs

( Lettuces Chicory 107 11.2 0.9
Lettuce 0
Mash 0
All salads 210 11.9 0.5

w Raspberry 162 16.8 0

Fresh lettuces provided by
industrial producers.

From Spain, Italy, Belgium,
France and Tunisia.

u Strawberry 32 9.4 3.1
. Blackberry 2 50.0 0
Mix ' 0

All red 0.5

fruits

All 493 13.0
matrices

15.5

Frozen berries provided by

industrial producers.
From Serbia, Chile, Bulgaria,
Poland, Spain, Morocco,

2.9

Turkey and France;

Loutreul et al. (2014)



Norovirus: structural/functional properties

A non-enveloped icosahedral virus, ~4onm in size.
isoelectric point (iep) = 4-4.5; surface wettability?
a single-stranded positive-sense RNA genome (7.5 kb))
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Norovirus: mutations affecting HBGA affinity

Mutations over a few weeks:
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Copy number (log;, copies/g-stool)

S = N W A Y R

Days after onset

Fig. 3. Viral shedding in four inpatients (infants) in outbreak
episode 1. The quantity of NoV genome segments was measured
by real-time RT-PCR. Open and closed symbols indicated
asymptomatic and symptomatic, respectively.

Miyoshi et al. (2015)
New pandemic strains every
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Environmental fate of viruses
after wastewater discharge




Contamination of rivers by wastewater discharge

Case of the Seine River near Paris
Prevost et al. (2015)

Contamination
from the
tributaries

2.0E+04
—Simulation

O Weighted exp.

m3)

1.0E+04

The resulting contamination of
the Seine River

Medical prescriptions enable simulating
the contamination of the Artiere River [ oo

oI5 3815323124 313G 1013 120135 1201
Tesson et al. (2019) Date

0.5e+04

Virus Concentration (GC
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Underground water contaminations

N gt 57 Case of aquifers in Apulia
o AT BN (southern Italy)

De Giglio et al. (2017)

|
POROUS
: ACQUIFERI POROSI
BASILICATA

REGION 7oLy o8 et 2% it RST AND FISS

Sampling in 2
porous aquifers

Isolation frequency of enteric viruses in 364 water samples from different aquifers.
Karst-Fissured Aquifers Porous Aquifers

Virus GA (28) SA (82) MU (126) JON (40)
No. (%) . No. (%)

Enteroui owing to the presence of viruses.
nte rus _

Norovirus Presence of Virus/Suitable

Wells * No.

Rotavirus 1 2 (2.4) 0 (-] 0 (-) 3) Aquifers
Hepatitis A virus : ) (- )

TOTAL 2 (7.1 7 (8.5 10 (7.9) 4 (10.0) 4 (4.5 Karst-Fissured

Porous

Total



Environmental virus fate during/after irrigation

Virus as aerosol

Raw water (WWTP input)

¥

Treated water (output WWTP)

¥

WWTP air from filter

Pond water
Pond air from filter
Pond air from impinger

. . Air above beetroot field (filter) _—_
ontamination Air above beetroot field (impinger) (IR s JNENEN  +  [NENS

of external
surfaces Virus flow in the soil
of crops with water infiltration

Virus internalization
in plants via their roots




Attachment on external surface or plant materials

Hll Murine NV (MNV-1) observed on Ty|ane virus (TV) attachment/washing vary with

lettuce surface, inside open cuts, the virus, the plant organ and the liquid phase
and within stomata

@SHOOT @ROOT

@SHOOT mROOT TV by RT_qPCR

W

UnWashed PBS Washed 200ppm Chlorine UnWashed PBS Washed 200ppm Chlorine
Washed Washed

Viral Titer (Log10 RNA copy/g)
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Effect of washing on the removal of TV from Romaine lettuce

DiCaprio et al. (2015)

Confocal microscopy images of MNV attached
to Romaine lettuce leaves. The arrows indicate

i MNV. Green indicates plant cell walls, and red
indicates autofluorescence from plant chlorophyll.

Log (N/N,) reduction

Wei et al. (2010)
MNYV inactivation on inert

surface varies with the surface

Elapsed time after inoculation (days)

type: an d t h ed I r te m pe ratU re Inactivation curves of MNVon the wooden surface.
a nd relative moistu re 15°C (m), 25°C (o), 32°C (@), and 40°C (©) conditions.
Kim et al. (2012)




Irrigation/handling impact on outer contamination

Initial contamination + Decay (inactivation ...) + Washing (rain ...)

Green onion outer contamination varies

with irrigation mode (buried, surface or But handling may explain most of
vegetable and fruit contamination.
By o Pérez-Rodriguez (2019)
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— Aerial ir.

Washing proportional to
Bl the irrigation amount

Log1o([MNV-1]) (GC.g*f.m.)

j Chards produced in La Ramada
: Duration of irrigation near Bogota (Colombia) are

o = N w S wn = ~ =)

-2 0 2 4 6 8 10
DAY FROM CONTAMINATING IRRIGATION

Renault et al. (2017)

Log1o([MNV-1]) (GC.g* f.m.)

.o sos contaminated by irrigation,
7 “washing” and handling.
DAY FROM CONTAMINATING IRRIGATION Jordan Lozano (2020)



Virus internalization in vegetables and fruits

Internalization via the roots followed by migration without inactivation to
parts eaten raw observed on lettuce, green onion, spinach and strawberry.

. o7 1w Onwhole lettuces
" \ | -7~ after washing their
\ ..~ "I root from soil and

L *.Aimmersing them in

Bl 2 viral solution

m Roots
O Leaves

IS

log,, RNA Titer (GE/g)

( titers of HuNoV, SaV,
and TV internalized through
the roots (detection limit
2.69 loa.. GF/a)

The fate of viruses (migration,
immobilization, inactivation)
vary with virus and strain

@@ Lower Lamina

[ Central Vein

O upper Lamina
2

fectious Titer ~

0

3

On cell wall
materials

N S ] [+

log,, RNA Titer (GE/g)

Post-inoculation (Hours)

Esseili et al_ RNA titers (in genomic equivalents per gram) of HuNoV and TV internalized ) _ Treatments .
through the petiole of lettuce into their central veins and leaf lamina (lower Enzyme linked immunosorbent assay (ELISA)
( 2018 ) and upper portions). (detection limit was 2.69 log,, GE/g) screening of historical HuNoV GII 4 virus-like

Esseili et al.

particles (VLPs) for their binding tolettuce

( 2019) leaves cell wall material (CWM).



Irrigation mode and soll impact on internalization

Internalization of MNV-1 doesn’t vary

with irrigation mode (aerial, surface, But the soil may affect the fate of
buried) as long as contaminated water viruses (immobilization, inactivation)
reach absorblng roots of green onions Tesson and Renault (209)

Reversible
immobilization
(from 25 papers)
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Daily removal rates as reported in literature

DAY FROM CONTAMINATING IRRIGATION
Renault et al. (2017)




Main topics to explore




They Include:

* Additional knowledge on the fate of human enteric viruses;

* The development of systemic models to be combined with
Quantitative Microbial Risk Assessment (QMRA)

* The development of new methods and probes for scientific
research as well as the monitoring in real times of
contaminations.







