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How can viruses be detected In
shellfish to avoid diseases?

Albert Bosch

Department of Microbiology
University of Barcelona
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Table 2. Reported and estimated® ilinesses, frequency of foodborne transmission, and hospitalization and case-
fatality rates for known foodborne pathogens, United States

Sl UNIVISSITAT (3 BARCELONA

Estimated Reported Cases % Hospital- Case-
total by Surveilllance Type Foodborne 1zation fatality
Disease or Agent CASES Active  Passive  Qutbreak transmission  rate rate
Bacterial
Bacillus cereus 27,360 720 72 1006 0.006 0.0000
Botulism, foodborne 58 29 1o 0.800 0.0769
Brucella spp. 1,554 111 a0 0.550 0.0500
Campylobacter spp 2453926 64,677 37,496 146 80 0.102 0.0010 An n u al b u rd e n
Clostridium perfringens 248,520 &840 6a4 100 0,003 0.0005
Escherichia eoli 0157:H7 73,480 3674 2,725 500 85 0.295  0.0083 Of fO O d b orne
E. cofi, non-0157 STEC 26,740 1,837 &5 0.295 0.0083
E. coli, enterotoxigenic 79,420 2090 209 ] 0,005 0.0001 - -
byt v AR 090 2 0008 0000 Infections
Listeria monocylogenes 2518 1,259 373 99 0.922 0.2000
Salmonella Typhi® 824 412 80 0.750 0.0040
Salmonella, nontyphoidal 1,412,498 37,171 27842 3.640 95 0.221 0.0078 —
Shigella spp. 448,240 22412 17,324 1,476 20 0.139 0.,0016 U S ] 1 9 8 3 9 2
Staphylococcus food 185,060 4.870 487 106 0.180 0.0002
poisoning
Streptococcus, foodborne a0,.920 1,340 134 106 0.133 0.0000
Vibrio cholerae, toxigenic 54 27 80 0.340 0.0060
V. vulnificus 94 47 a0 0.910 0.3900
Vibrio, other 7,880 383 112 G5 0.126 0,0250
Yersinia enterocolilica 96,368 2,538 90 0.242 0.0005
Subtotal 5,204,934
Parasitic
Cryptosporidium parvum 300,000 6,630 2,788 10 0.150 0,005
Cyelospora cayelanensis 16,264 428 98 a0 0,020 0.0005
Gilardia lamblia 2000000 107,000 22907 10 nfa nfa
Toxoplasma gondii 225,000 15,000 50 nfa nin
Trichinella spiralis 52 26 100 0.081 0,003
Subtotal 2,541,316
Viral
Norwalk-like viruses 23,000,000 40 nfa n/a
Rotavirus 3,900,000 I nfa n/a
Astrovirus 3,900,000 - 1 n/a n/a Mead et al. Food-related illness
SHlfm:nltm A 20 Egjj:; 27,797 i 0.130 0.0030 and death in the United States.
e T Emerg Infect Dis 1999,5:841
Grand Total 38,628,641

SNumbers in italics are estimates; others are measured.

b=T0% of cases acquired abroad.
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nteric virus transmission

AITAT [N ARCT LN

Stool or Vomit

Infected host
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Fate of viruses in the marine
environment

Sewage outfall ) Ahernsqli:at'rnn
———— y breaking waves

Virus association with suspended

solids (acts to prolong virus survival
Resuspension by rain,
wave action, tides,
dredging, elc.

Accumulation
by shellfish
during feeding

e/ Uptake by crustacea
and bottom feeding fish

Accumulation in sediments
(viruses occur in higher concentrations
in sediment than the overlaying water)

From J.L. Melnick and C.P. Gerba, Public Health Reviews 9: 185, 1980
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— The facts:
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Gastroenteritis?

e Ecoloqgy of shellfish Hepatitis?

— May live in polluted
environment

e Feeding habits

— Pump 4 - 20 | of water
per hour

e Consumption

— Often eaten raw or

insufficiently cooked % High persistence
e Depuration . e
8 Accumulation —
— Does not guarantee the Oysters
total removal of viruses mussels

clams,
etc.
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The problem: Current EU standards do
not specify the monitoring for viral
pathogens

©.¢e

» According current EU standards, conventional
monitoring of shellfish and shellfish beds rely solely
on bacteriological parameters.

* The control through bacterial parameters is an
Insensitive proxy for viral contamination:
gastroenteritis and hepatitis A cases have been
associated with the consumption of shellfish
controlled through legal standards.
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B | Gastroenteritis outbreaks

- 1977: England, 800 cases, clams (Appleton, 1977)

- 1978-80 : Australia, 2000 cases, oysters (Murphy, 1979; Grohmann, 1981
- 1982 : US, 472 cases, oysters (1 oyster is enough) (Richards, 1985)

- 1983 : England, 300 cases, oyster (Gill, 1985)

- 1995: US, Louisiana, same strain detected in clinical and oyster samples
(Kohn, 1995, Le Guyader, 1996)

- 1996: Japan, both GG1 & GG2 both in stool and oyster samples (Sugied:
- 1997 : Denmark, NLV in stool and shellfish (Christensen, 1998)

- 2000 : France, about 200 RT-PCR unit per oyster (Le Guyader)

oe
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Caliciviruses

 Noroviruses and sapoviruses account for 93% of
nonbacterial gastroenteritis

 Only molecular detection methods are available for water or
food analysis
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- 1988: China, 300 000 cases traced to clam consumption (Halliday, 19¢
- 1991 : US, 61 cases, HAV detected by Ag-RT-PCR (Desenclos, 1991)
- 2000: Spain, 200 cases, clams, same strain in shellfish and patients
(Bosch, 2001)

October 4, 2004 - © SEAFOODplus



. . Genus Hepatovirus within ©
H e p at | t 1S A VITUS tamily Picornaviridae. o

27 - 29 nm particles.

ss (+) RNA genome,
7400 nt.

7 k|
s | 1.-‘
-I-\.?

1&.'&1 ?1!1‘,[.?.&'.-
By gt Y

One serotype.

LA ey & 1 Fecal - oral transmission.
qf 4 A ‘.;:hai ; YL
@8N 06 50 RE ‘Iff‘i P8 9 No chronic carriers.
r'-""l!i'" f“w’ b 'L 1 ""A"‘w# " L.
N IAAA LY J S & Extremely problematic in
i . o - B . .
”_,P-T:_L :; o ,% oo n ol vitro propagation.
| Ty #‘- o '. o T | . .
AT : | High environmental
Sexual or .
Household per51stence.
Contact 14% International
travel 5%
Unknown
46% Men homosexual

\ /— intercourse
10%

Injection drug use
6%

Child/employee in

Other Contact day-care 2%

8%
0 Contact of day- WZ?;‘:)'O?;e RISK FACTORS ASSOCIATED WITH
care tbreak 49 REPORTED HEPATITIS A,
child/employee ou 0
1990-2000, UNITED STATES

6%
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Hepatitis A virus infection— ¢
Typical clinical course

Total anti-HAV
Titre
Viremia
IgM anti-HAV
| | | | | | | |
0 1 2 3 4 5 6 12 24

Months after Exposure
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Concentration of Hepatitis A Virus
In Various Body Excreta

Excreta

Urine

| | | |
109 102 104 106 108 1010

Infectious Doses per

Source: Viral Hepatitis and Li\VE‘l4 Disease 1984;9-22
J Infect Dis 1989;160:887-890
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CANADA

> /0 partners
in 16 countries
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- GLOBAL DISTRIBUTION OF
HEPATITIS A VIRUS INFECTION

Anti-HAV Prevalence
High
B High/intermediate
B Intermediate
B Low
B Very Low
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How can shellfishborne viral
diseases be avoided?

« Validating virus removal from shellfish by
shellfish purification
— Requires surrogates for non-culturable viruses

— Requires quantitative assays for non-culturable
viruses

 Monitoring for the presence of enteric
viruses in shellfish tissues

— Specifically targeted to detect norovirus and
hepatitis A virus
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How can shellfishborne viral
diseases be avoided?

e Validating virus removal from shellfish by
shellfish purification
— Requires surrogates for non-culturable viruses

— Requires quantitative assays for non-culturable
viruses

 Monitoring for the presence of enteric
viruses in shellfish tissues

— Specifically targeted to detect norovirus and
hepatitis A virus
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- Indicators

B Present whenever pathogens
are present

©.¢e

M Present in same or higher
numbers

B Specific for faecal pollution
B At least as resistant
B Non-pathogenic

B Simple and inexpensive

techniques
Shortcomings: Food and waterborne disease in
absence of indicators
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Bacteriophages proposed as virus
indicators

« Somatic coliphage -

#1, 1R
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Limitations of Indicators
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No direct relation to any pathogens

B Excretion

B Seasonal prevalence

B Geographical prevalence
B Survival

B Exposure

B Consumer susceptibility

No quantitative indication of risk
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Caballero et al, J. Virol (In Press 2004)
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The baculovirus expression system
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Gene assigments and three-dimensional
structure of rotavirus particles

dsRNA VP1 /VP3

Estes, 2001, Fields Virology, 41 Ed.
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SEA Production of rotavirus B
- VLPs
pPol_VP7
—— ) S
COINFECTION D
—p

pPol VPG
C——

RECOMBINANT
BACULOVIRUSES

SfO INSECT CELLS

PROTEIN
EXPRESSION
VLPs
PURIFICATION
_

ROTAVIRUS VLPs
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Electron microscopy of rotavirus
varticles

y 3 ' m. 7
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WILD-TYPE ROTAVIRUS VLPs
ROTAVIRUSES (VP2 and VPG6)
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= Use of VLPS as virus
surrogates in environmental
studies

 Rotavirus virus-like particles as surrogates in
environmental persistence and inactivation studies.

— S. Caballero, F.X. Abad, F. Loisy, F.S. Le Guyader, J. Cohen, R.M. Pinto
& A. Bosch. Appl. Environ. Microbiol. 2004, 70: 3904.

e Rotavirus VLP2/6: a new tool to track rotavirus in the
marine environment.

— F.Loisy, R. L. Atmar, J. Cohen, A. Bosch & F.S. Le Guyader. Res.
Microbiol. 2004, 155: 575.

 Rotavirus VLP2/6 utilization to evaluate viral shellfish
depuration.
— F. Loisy, J.C. Le Saux, M.P. Caprais, M. Pommepuy, J. Cohen, & F.S.

Le Guyader (manuscript in \o/ri?a%r_aéigpé-seafood’ QLRT-1999-

U bdq' October 4, 2004 - © SEAFOODplus
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How can shellfishborne viral
diseases be avoided?

« Validating virus removal from shellfish by
shellfish purification
— Requires surrogates for non-culturable viruses

— Requires quantitative assays for non-culturable
viruses

 Monitoring for the presence of enteric
viruses in shellfish tissues

— Specifically targeted to detect norovirus and
hepatitis A virus
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How can shellfishborne viral
diseases be avoided?

« Validating virus removal from shellfish by
shellfish purification
— Requires surrogates for non-culturable viruses

— Requires quantitative assays for non-culturable
viruses

 Monitoring for the presence of enteric
viruses in shellfish tissues

— Specifically targeted to detect norovirus and
hepatitis A virus
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REFHEPA

Development of Standard Methods for Hepatitis A Virus

and Norovirus in Bivalve Molluscan Shellfish

Objectives

 To develop sensitive, quantitative and
standardised I1ISO PCR-based methods
for the detection of hepatitis A virus and
norovirus in bivalve molluscan shellfish

October 4, 2004 - © SEAFOODplus
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Development of Standard Methods for Hepatitis A Virus

and Norovirus in Bivalve Molluscan Shellfish

« WP3.1.1 - Hepatitis A
— University of Barcelona (A. Bosch, R.M. Pint0)

— Instituto Superiore di Sanita (L. Crocci, D. De
Medici)

« WP3.1.2 - Norovirus
— Ifremer (F. Le Guyader)
— RIVM (M. Koopmans)
— University College Dublin (S. Fanning

————Untvrersity-of Hetsiki(CH-Yon-Bonsaort) '
.1 1. UUT T lokober 4, 2004 - © seaFoopplus
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Norovirus and HAV

detection g_rowth In
tissue culture

visualise by
electron microscopy

“detect protein coat
- antibody assay eg ELISA

detect genome e\
- direct eg probe hybridisation \<\ !
- following amplification (PCR) RN

SR

™ ADENINE

——
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New World Order

Give me a place to stand and | will
move the Earth
(Archimedes, ~220 BC)

= wanted gene

15t cycle

template DNA

dih cyele

=<1|h eyele

=<:=

r ait ] —

4 copics Beopies  [Hcopies 32 copies

Give me a good set of primers and |
will amplify the Earth
(Any molecular biologist, late XX

century)
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Virus variability: The source of the
Infection also determines the occurrence
of genetic variants in an outbreak

« Sewage contamination of shellfish from
an area with significant genetic variability
leads to multivariant outbreaks

e Foodhandler contamination of food
products leads to single variant outbreaks

The potential quasispecies distribution of HAV should
not be neglected when multivariant outbreaks are

analysed

October 4, 2004 - © SEAFOODplus



—  Molecular basis of the genetic
variability of RNA viruses:
Quasispecies

 RNA viruses lack a 3’5’ exonuclease proofreading
activity in viral RNA-dependent RNA polymerases and
reverse transcriptases, together with lack of post-
replicative repair mechanisms that can act on DNA but
not on RNA

 As a consequence, RNA viruses replicate as complex
dynamic mutant distributions, termed viral quasispecies

« Evidence for quasispecies distributions in the human
hepatitis A virus genome. Sanchez, A. Bosch, G. Gomez-
Mariano, E. Domingo & R.M. Pinté. Virology 2003, 315:

el UNIVIRSITAT 3 RARCELE
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AF 41441 7-UK3-17-1270

RBOSES
ABOT11SE-05111705/93
ABOTGTS=05112141./20
ABOTOA7A-05111971/99
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HEXICO

i
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HAWATL

FF 41 442 =Por bk =Canave
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AF 41441 9=Richnomd /28
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SHOH=HOUHTRIN
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RARGI20
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AF A1 4422 =Heu=0r leans
AFA14423-Hhite-River

AF414408-Balt.inore/2
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uz

ud

AFA14410-Hiani/ 292/ 1

mrmw—m&mwzgg
A1 A =Guynedd /2

25

RBOSESE7=KU34GTT
AF414426-Fort.~Lausder
AF 14427 =5ai nt.=C Lowd
Consensus

rea 100%, blue 9U%, black /5% homology

1 11] 24] 311 M 5[# B ]'I:I ﬂﬂ 'ﬂ'l.'l 110 12 130
I mad= I
CATGGATTTTTACGTGCCCAGACAAGAGLE ARTGTTCAGATGGATGAGAT TCTCAG! TCTG GCACGTREGAGEGCGATCE! AATCTGECTCCCAGCTT /GTGAATGARGATGECGTCE ATGRCGCCAR
CATGHATTTTTACG TRECCAGACARGAGCT ARTGTTCAGATGGATGAGAT TCTCAGI TCTG GLRCG TGEEAGRGCEATCG! AMTCTGRCTCCCAGLTT IGTGRAATGRARGATGECGTCG ATERCGCCAR
CATGGATTTTTACGTGLCCRGACARGAGLL RATGT TCAGATGGRATGAGAT TCTCAGI TCTG GLACGTGEEAGHECGATCG ARTCTRGCTCCCAGTTT IGTGARTGARGATRGLGTCG ATGRCGCCAR
CATGGATTTTTACGTGCCCAGRCARGAGCE ARTGTTCAGRTGGATGAGAT TCTCRGI TCTG GCACH TEEEAGRGCGATCG! ARTCTHECTCCCAGTTT IGTGAATGAAGATERCGTCG ATGACGCCAR
CATGGATTTTTACGTRCCCAGACARGAGCE ARTGT TCAGATHGATGAGAT TCTCAGI TCTG GCACGTEEEAGEGCGATCGE ARTCTERCTCCCAGTTT IGTGRAATGAAGATHRCGTCH ATGACGCCAR
CATGGATTTTTACGIGCCCAGACARGAGCT ARTGTTCAGATGGATGAGAT TCTCAGI TCTG GCACG TEEEAGGGCGATCGE ARTCTGECTCCCAGTTT IGTGAATGAAGATEECGTCG ATGRCGCCAR
CATGGATTTTTACGTGLCCAGACARGAGLE AATGTTCAGATRGRTGAGATTCTCAGI TCTG GCACG TERGAGGECGATCGE ARTCTRRCTCCCAGTTT IRTGARTGAAGATGECGTCG ATGACGCCAR
CATGGATTTTTACGTGCCCAGACARGAGCE ARTGTTCAGATGGATGAGAT TCTLAGI TCTE IGCACG TEREAGGGCGATCE! ARTCTGRCTCCCAGTTT IGTGAATGARGATEECGTCG ATGRCGCCAR
CATGGATTTTTACGTGLCCAGACARGAGLL ANTG T TCAGATGGATGAGAT TCTOAGH TCTG GOACGH TGEEAGGGCGATCGE AATCTGRCTCCCAGT TT IGTGARTGAAGATGRGCGTCG ATGACGCCAR
CATGGRACTTTTACGTGCCCAGACARGAGCT ARTGTTCRAGATGGATGAGAT TCTCAGI TCTG GCACGTERGAGRGCGATCE! ARTCTRGGCTCCCAGTTT IGTGARTGAAGATEECGTCG GTGRCGCCAR
CATGGACTTTTACGTGCCCAGACARGAGECE RATGTTCAGATGEATGAGAT TCTCAGI TCTG GCACG TEEEAGGHCGATCE ARTCTERCTCCCAGTTT IGTGAATGAAGATERCGTCG GTGRCGCCAR
RATGGATTTTTATGTGCCCAGRCARGAGTE ARTGTTTAGGRTGGATGAGET TCTCAGI TCTG GCACATEEEAGGGCGATCG ARTCTRRCTCCCAGTTT IRTGARTGARGATGGCGTCG ATGACGCTGE
AATGEATTTTTATGTGCCCAGACAAGAGTE RATGTTTAGGTGRGATGAGET TCTCAGI TCTA GCACATEEGAGGECEATCGN ARTCTEECTCCCAGTTT IETGAATGARGATEECGTCG ATGACGLTEE
AATGGATTTTTATGTGCCCRGRCARGAGTL RATGTTTAGGTGHGRTGAGET TCTCAGI TCTA GCACATGEGAGGGCGATCGE ARTCTRGHCICCCAGTTT 'GTGARTGAAGATGRGLGTCG ATGACGCTGE
RATGGATTTTTATGTGCCCAGACARGAGTE ARTGTTERBGTHGATGAGET TCTCRGI TCTA SCRCA TEEGAGGRCGATCG ARTCTRECCCCCAGTTT IGTGAATGARGATEGCETCG ATGRCGCTED
ARTGGATTTTTATGTGCOCAGACARGAGTC ARTGTTCAGGTGGATGRGET TCTCAGI TCTA GCACA TEGEAGGHCGATCGL ARTCTGGLTCCCAGT TT IGTGARTGAAGA TRGLGTCG ATGROGC TG
RATGGATTTTTATGTGCCCAGRCARGAGTE RATGTTCAGGTGGATGAGET TCTCAGI TCTA IGCACATEEGAGGGCGATCGE ARTCTGRECTCCCAGTTT IGTGARTGARGRTGECGTCG ATGACGCTGE
RATGGATTTTTATGTGCCCAGRCARGAGTE RATGTTCAGGTEGATGAGET TCTCAGI TCTR GORCATEREAGRGCGATCG! AMTCTEECTCCEAGTTT IETGAATGAAGATEECETCG ATGACGCTEE
AATGGATTTTTATGTGCCCRGACARGAGTE ARTGTTCAGGTGHGATGAGET TCTCAGI TCTA GCACATEEEAGHGCGATCGE ARTCTRRCTCCCAGTTT IGTGARTGARGRTGRCGTCG ATGACGLTED
AATGGACTTTTATGTGCCCAGRCARGAGTE RATGTTCAGGTGGEATGAGET TCTOAGI TCTA GORCATEEGAGHGCGATCGE AMTCTRECTCCCAGTTT IGTGARTGAAGATEECATCG ATGACGCTED
ARTGGATTTTTATGTGCCCRGACARGAGTT ARTGTTEAGLTRGATGAGET TCTCAGI TCTA GCACATEREAGLECGATCGE ARTCTEECTCCCAGTTT IRTGAATGAAGATEGCGTCG ATGACGCTGE
RATGGATTTTTATGTGCCCAGACARGAGTE ARTGTTCAGETGGATGAGET TCTCAGI TCTA GCACATEEGAGHGCGATCGE ARTCTGRCCTCCAGTTT IGTGARTGAAGATEECETCG ATCGCGETED
CATGEATTTTTACGTGLCCAGACARGAGLD RATGTTCAGATGGATGAGET TCTOAG TETG GCACGTGEGAGEGCGATCG] AATCTGECTCCCAGTTT IRTGRARTGAAGATERCRTCG GTGRCGCCGE
CATGGATTT T TACGTGCCCAGRCARGAGCE RATGTTCAGATGGATGAGET TCTCAGH TCTG GLACT ~-ossmmreese

et e SnEEeR LRSS 4 nt : higher sensitivity
5" Fam, 3" Tamra
Ty >10° T,, primers

10

F-.!E

CATGGATTTTTACGETGCCCAGGCARGAGCL ARTGTTCAGATGEATGAGAT TCTCAGI CCTG GLAC
CATGEATTTTTACGTGCOCAGGCARGHGLL ARTGTTCAGATGERATGERGAT TCTCAGI CCTG GCRD
CATGGATATTTACGTGCCCAGGCARGAGCL ARTGTTCAGATGGATGRAGGT TCTCAGI CCTG GLRD
CATGGATT TTTACGTGCOCRGRACAGEARCL CATGTTCAGGTGERATGRAGAT TCTCAGE TTTG GORD
RATGGATTTTTACGTGCCCAGGECARGARCT CATGTTCAGATGGEATGAGATTCT
CATGGACTTTTACGTGLC TRGACARGARCE AATGTTCCGGTGEATGAGETTCTE
CATGGACTTTTACGTGLC TRGECARGARCE RATGT TCCGGTGEATGAGGT TCTCRAGI CTTG nl:nn
ARTGGATT T TTACGTGCCARGACARGAGLL TATGTTCAGGTGGATGAGATTCTCTGI CTTG GLRD
AATGGATTTTTACETGCCRARGACARGAGLL TRTGTTCAGGTGERATGAGAT TCTCTGI CTTG GERD
RATGGATT TTTACGTGECCARGACARGAGLL TRATGTTCAGGKTGGATGAGAT TCTCTG CTTG GCRD
ARTGGATTTTTACETGCOCRGACARGARCLE ARTGTTTAGETGERATGAGAT TCTCAGI TTTG GLRD
AATGGATTTTTRCGTGLCCNGACARGARCL ARTGTTTAGLHTGGATGAGAT TCTCAGI CTTG GLRD
ARATGGATTTTTACGTRCCCAGRCARGAACL ARTGTTTRGGTGEATGAGAT TCTCAGE TTTG MGCRD
AATGGATTTTTACGTACCCAGACARGARCE GATGTTTRGGTGEATGRGAT TCTCAGI TTTG GLRD_
TCTEGAGTT TTATRTGCCCRGACARGAGRE CATGTTTAGGTGEATGAGATTCTCTG! CCTC GLRCATGEEAGGGLGATCE! AATC TTGRC TCCCGAGAG IGTGARTGARGATGGCETCG ATGRCGCTEE
TETGEAGT TTTATGTGCOCAGRCARGAGEE CATGTTTAGGTGEATGAGAT TCTCTGI CCTC GORCATEEEAGEGLGATCGE ARTCTTGCTCCCGRGRE 'GTGRATGARGATGECGTCG ATGACGCTEL
TCTGGAGT TTTATGTGCCCRGACARGAGGL CATGTTTRGLTGEATEAGAT TCTCTGI CCTC GUACATREGAGEGHCGATCGE ANTCTTRCTCCCGRAMGE IGTGRAATGANGRTGELGTCG ATGRACGLTGE
TCTGGARTTTTATGTGCCCAGACARGHGEL CATGTTTAGGTGERATGAGAT TCTCTGI CCTC MCACATGEGAGGHLGATCG! ARTCTTGCTCCCGRAGE 'GTGAATGAAGRTHGECGTCG RTGRCGCTEE
TCTGGAAT TTTATGTGCCCRGACARGAGHL CATGTTTRGGHTGEATGRGAT TCTCTGI CCTC GLRCATGEEAGGLCGATCGE ARTCTTRCTCCCGRAGEE [GTGRATGARGATEECGTCG ATGACGLCED
TCTGGART TTTATETGCOCRGACARGAGEL CATGTTTAGGTGEATGRAGATTCTCTGI CCTC MURCATGEGAGEGLGATCGL ARTCTTGCTCCCGRGEE [GTGARTGARGATGELGTLG ATGRCGCCGE
TETGGAAT T TTATETGCOCAGACARGAGEE CATGTTTAGATGGATGAGAT TCTCTGI CCTC GCACATGEEAGLG TEATCG! ARTCTTGCTCCCGAGHE 'GTGARTGAMMTGECGTCG ATGRCGCTGC
TCTGECGT TTTATGTGCCCAGACARGAGE. CATGTTTAGGHTGGATGAGAT TCTCTGI CCTC MCRCATGEGAGGGCGATCGE ARTCTTGCTCCCGRAGEE IGTGARTGARGATGRGLGTCG ATGACGCAGT
TCTGGAAT TTTATETGCOCAGACARGRGHE CATGT TCAGGTGEATGAGAT TCTCTGI CCTC GCRCATGEGAGLGCGATCGE ARTCTTECTCCCGRMGE IGTGRAATGARGATGECGTCG ATGRCGCAGE
TCTGGRGT TTTACGTGCCCRGACAGEAGEE CATGT TCAGATGERTEAGAT TTTCAGI CCTC GCRCGTGEGAGGGLGATLG] ARTCTGLRLTCCCGRAGAR IGTGRAATGARGATGELGTCG ATGRCGLCAGT
TCTGGEAGTTTTACGTGCOCAGACAGGAGEL CATGTTCAGGTGERATGRGAT TTTCAGI CCTC GURCGTGELAGGGCGATCG! ARTC TGECTCCCGRGRA [GTGRATGARGATGLCGTCG ATGARCGCAGE
GCATGAGTTTTATGTGCCRRAGT TTGAGTL CATGTACARGTGGATGCGGETTCTCAG TTTG GCRACT TRELAGEGGEATCGI GATCTOCRCTCCCGATTT IGTGARTGARGRTRLGEGTCG GTGACGCTGL
GCATGAGT TTTATGTGCCRARGT TTGAGTL TRATGTACAAGTGEATGCGAT TCTCOAGI CCTE MORCTTREGAGEGGEATCG! GATCTCGCTCCCEBATTT IGTGAATGARGRTGECGTCG GTGRCGCTEE
oL gt TTTTRcGTGECcligacaabiig . L oA TGTEcAgg THEATGAGLT TCTCakl LoTg GUACE TREGAGGGcGATCGE sATCTERCTCCCagttt IGTGARTGAAGRTGELGTCG aTGRACEE . go

ERRERRERESEEEEES

QNIF2d
ATGTTCAGRTGGATGAGRTTCTC\WGA

81% homology for 52 sequences

COG2R
no modification

Loisy et al, J. Virol. Meth. (In Press
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Extraction of Virus from Shellfish
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The outbreak

*An outbreak of hepatitis A,
affecting 183 people
occurred in the Autonomous
Community of Valencia
(Spain).

=4 ‘Valencia

*The outbreak began in
September 1999 and was
over by the end of the year.

glicante

Sanchez et al, J. Clin. Microbiol 40: 4148, 2002  octover 4, 2004 -© searooDpius
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Epidemiology
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Risk
Factor

Vegetables

Crustacean
shellfish

Mussels

Coquina
clams

Jacknife
clams

Tap water

Spring
water

Bottled
water

Case-control study

OR C1'95% P

1.07 0.68 - 1.69 0.42
0.79 0.45-1.38 0.22
0.85 0.50 - 1.43 0.29
3.89 2.36 - 6.41 0.000
1.90 0.49 - 7.97 0.23
0.86 0.53 -1.39 0.29
0.64 0.35-1.17 0.07
1.07 0.67-1.71 0.42

October 4, 2004 - © SEAFOODplus
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— Case-control study

—
—— an

Risk
Factor

Vegetables 0.68 - 1.69

C1'95%

Crustacean
S 0.79 0.45-1.38 0.22

Mussels 0.85 0.50-1.43 0.29

N 3.89 [2.36-6.41| 0.00C

clams

Jacknife 1.90 0.49 - 7.97 0.23

clams

Tap water 0.86 0.53-1.39 0.29

— 064 |035-1.17| 0.07

water

— 1.07 |067-1.71| 0.42

water

October 4, 2004 - © SEAFOODplus
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First pyrimidine-nch tract

< >

B8
HM=175 reacceeeaTTreceTAGGCTATAGECTAM T TrTecerT Tece Trr TocCrrree Ta=Trece TT TGrrrrecTreTa
HM-175 ATT. TCACCaCoaTTTGoCTAGECTATAGSCTAMA TTrTecerT Toce Trr TocCrrrecCa—rroce ————1rrroc TroTad
F.G. reacceeeaTTTeoeTAGGCTATAGGCTAM —TTTeeeTT Toce Trr—occCrrrec TaTrrece TT TG rrrrecTraTiu

As (n=10] TCACCECCGTTTECC TAGGC TATAGGC TAAA = TTTCCCTT L cocCrr=oe = TTTecCAT rrocc TT TGrrrroc TroTa
B (n=8] reaccscoarrreceTasseTATAGSC T T rrrecert TeceCrr=co=rrrecCaTrroce TT TG rrrrec Trata
C  (n=6] TCACCGCCGTTTEOCTAGGCTATAGEC TAM = TTTeceTT—cecCrT Toc =11recCaT rroce TT TG rrrrecCroTa
D (n=4] TCACCGCCGTTTGCCTAGGCTATAGGCTAM —TTTCCCTT T ece =TT Toc=TTrecCaT rrecc T T TG T rrac TroTiu
E (n=l] reacceocaTTreccTaceeTaATASGcTARA —TTTeceTT—coeCrr Tec=rrrecCalrrecc TT TG rrrroc Trori

E* [(n=1] TCACCEOCETT :'GCL‘TJ\.G‘\_;L":J\'I'A.GI':-C'I'WT': TTCCCTT TECL‘ T'I".'TCL‘C:"I_.'L‘C T.ﬁ. =TTCoC==—=—=— TT—."I'I'S-CT'.I'I'J-:'M

Genotype IE

20 15 75

October 4, 2004 - © SEAFOODplus
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RT-PCR for HAV detection

57? P1 - P2 P3 3

| 68 nt-241 nt* |

mm RT-PCR
Em RT-PCR plus Southern Blot

0-7 7-14 >14
* Positions in wild-type HM-175 ( Cohen et al. J. Virol. 61: 50) DayS afte r the Onset Of Sym ptomS

Sanchez et al, JCM 40: 4148, 2002 October 4, 2004 - © SEAFOODplus
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HAV quantitation by Real-Time RT-PCR

TagMan Molecular beacon

Folymerization

Forw ard @ ’
. Primes ,

L
3 3
5 3
——
Reverse Targel
Frnmer
Strand Displacement +
i @
3 S Maolecular
¥ 3 Beacon

Cleavage

v
€,

> Hytbrid
w :
¥ ; :_.. ! —

.‘__ s

£

Polymerization Completed Flucrophare Quencher

October 4, 2004 - © SEAFOODplus
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Advantages of Real-Time PCR

e Quantitation

 Speed (same day)

o Efficiency (96 well format, no gels)
 Confirmation (no sequencing or blotting)
 Reproducibility

e Standardisation

e Quality assurance (process controls)

October 4, 2004 - © SEAFOODplus
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INTERNAL RNA STANDARD FOR THE
HAVG68/HAV240 REAL-TIME RT-PCR

5" NCR
RNA

RT-PCR
186 pb HAV68mod/HAV240
dsDNA i

new Bam HI

Cloning under T7 promoter
In vitro transcrlptlon  —
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HAV QUANTITATION BY
Taql\/lan REAL- TII\/IE RT-PCR

Amplification — 11“.9!'!5 _

1071 :
! 51 ¢
| -
| [%2]
@
100 - g
i.. B e —— S 31
< - e oy <
= o= z
1] o )
I >
. o
| -
10°1 o 1ot =
. |
LI ¥ 1 !
uz:4su1nu|azzhanum‘4zqamﬂ=a
Cycle
ct

Detection Limit

RNA copies 1-10

Infectious virus 1

October 4, 2004 - © SEAFOODplus
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- HAV QUANTITATION BY
BEACON REAL-TIME RT-PCR

Amplification — mari281003

10° 4 T - :
| 5 51 {
| ! . L o 2]
g 1r::'_:_'_:::'_::__' N - 3 .

LI | LI | LB | | [ i LI 0 - !
D246810 14 18 22 26 30 34 38 42 46 50 54 58
Cyele

T T T T T T
5 10 15 20 25 30 35
Ct

Detection Limit

RNA copies 10

Infectious virus 1

October 4, 2004 - © SEAFOODplus
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= Real-Time RT-PCR and standard RT-
PCR for genogroup | and genogroup
Il norovirus detection

HAITAT I BARTT LA,

150 samples analysed

positive samples

real-time RT-PCR 60

classic RT-PCR +hyb. 46

. L positive samples: 30 < C; <41 ~

A Rn
! \\\
:\
j;,lii \
A
34 (f:

A Y S N S R G S R 4

cycle number

Loisy et al, J. Virol. Meth. (In October 4, 2004 - © SEAFOODpIUS
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classic detection

real-time assay

primers/probe

specificity

sensitivity
contamination risk
time
screening

mol. epidemiol.

5 primer sets
6 probes

restricted

high
high
3+ 1+ 6 hours

time-consuming

feasible

1 primer set/ 1 probe

large
(panel of GII NoV strains
circulating since 1995)

higher

low (one step reaction Kit)

2h30

fast

failed

Loisy et al, J. Virol. Meth. (In

October 4, 2004 - © SEAFOODplus



SEA
—Framework for horizontal method for detection
of norovirus and hepatitis A virus in food by RT-

Horizontal method (all foodstuffs included)

Viruses of primary focus:
Norovirus
Hepatitis A virus

Matrices of primary focus:
Salad crops
Soft fruits

Bivalve shellfish
Bottled water (and processed water)

Detection method of choice:
PCR (Real-Time)

CEN TAG4 draft document
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QA / QC:
RT-PCR inhibition
5" NCR
RNA
RT-PCR
186 pb HAV68/HAV240mod
dsDNA i i
Hinf 1 new Hinf 1

Digestion with Hinf |

99 pb

99 + 30 = 129 pb

-

In vitro transcription

57 pb 30 pb
- V
T4 DNA Ligase /

Cloning under T7 promoter ——»

s
e
&
=
@le
-
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-
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QA / QC:
RT-PCR Inhibition

Nucleic acid extraction

Without internal control With internal control
v v
Negative Negative

Inhibitory substances

October 4, 2004 - © SEAFOODplus
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QA / QC:
RT-PCR Inhibition

Nucleic acid extraction

Without internal control With internal control
v v
Negative Positive

Negative result

October 4, 2004 - © SEAFOODplus
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QA / QC:
RT-PCR Inhibition

Nucleic acid extraction

Without internal control With internal control
v v

Positive result

October 4, 2004 - © SEAFOODplus
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Processing of shellfish samples

e Virus elution
— Chloroform-butanol / cat-floc elution (Atmar, 95)
— Vertrel extraction (Mendez, 00)

* Virus concentration
— Organic flocculation (Sobsey, 82)
— Centrifugation (Sobsey, 82)
— Concentration by ultracentrifugation (Loisy, 95)
— PEG precipitation (Atmar, 95)

 RNA extraction
— GuSCN (Boom, 90)
— Trizol (Schwab, 00)
— Qiagen (Shieh, 99)
— Roche (Loisy, 00)

October 4, 2004 - © SEAFOODplus
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=— Priorities In foodborne virus
research

Molecular approaches for detection of NV and
HAV in food and environmental samples.

— Standardization of molecular assays

Characterization of food and waterborne outbreaks
Molecular basis of environmental stability

Virus variability

Infectivity assays for non-culturable viruses
Surrogates for non-culturable viruses

Emerging infections

Zoonotical transmission

Design of efficient affordable vaccines

October 4, 2004 - © SEAFOODplus
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A better life with seafood...

www.seafoodplus.org
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