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How can viruses be detected in 
shellfish to avoid diseases? 
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Mead et al. Food-related illness
and death in the United States. 
Emerg Infect Dis 1999;5:841

Annual burden 
of foodborne 

infections

US, 1983-92
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Enteric virus transmission

Infected host Susceptible host

Stool or Vomit

BLOOD
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Fate of viruses in the marine 
environment

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

Viral output

Accumulation
Oysters
mussels
clams,
etc.

High persistence

Gastroenteritis?
Hepatitis?• Ecology of shellfish

– May live in polluted 
environment

• Feeding habits
– Pump 4 - 20 l of water 

per hour
• Consumption

– Often eaten raw or 
insufficiently cooked

• Depuration
– Does not guarantee the 

total removal of viruses
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The problem: Current EU standards do 
not specify the monitoring for viral 
pathogens

• 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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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 (Sugieda
- 1997 : Denmark, NLV in stool and shellfish (Christensen, 1998)
- 2000 : France, about 200 RT-PCR unit per oyster (Le Guyader)
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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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Hepatitis A outbreaks
- 1988: China, 300 000  cases traced to clam consumption (Halliday, 199
- 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)
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Hepatitis A virus

International 
travel 5%

Men homosexual 
intercourse 

10%

Sexual or 
Household 

Contact   14%

Injection drug use 
6%

Food- or 
waterborne 

outbreak  4%

Child/employee in 
day-care  2%Other Contact 

8%
Contact of day-

care 
child/employee 

6%

Unknown 
46%

Genus Hepatovirus within
family Picornaviridae.
27 ‐ 29 nm particles.
ss (+) RNA genome,    
7400 nt.
One serotype.
Fecal ‐ oral transmission.
No chronic carriers.
Extremely problematic in 
vitro propagation.
High environmental
persistence.

RISK FACTORS ASSOCIATED WITH 
REPORTED HEPATITIS A,

1990-2000, UNITED STATES
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Hepatitis A virus infection
Typical clinical course

ALT

IgM anti-HAV

MonthsMonths afterafter ExposureExposure

Titre

0 1 2 3 4 5 6 12 24

Total anti-HAV

Fecal
HAV

Symptoms

Viremia
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Concentration of Hepatitis A Virus
in Various Body Excreta 

Feces

Serum

Saliva

Urine

Ex
cr

et
a

102 104100 106 108 1010

Source: Viral Hepatitis and Liver Disease 1984;9-22
J Infect Dis 1989;160:887-890

Infectious Doses per 
ml
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Partners in SEAFOODplus

CANADA

> 70 partners 
in 16 countries
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GLOBAL DISTRIBUTION OF 
HEPATITIS A VIRUS INFECTION

HAV
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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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Indicators
Present whenever pathogens Present whenever pathogens 
are presentare present
Present in same or higher Present in same or higher 
numbersnumbers
Specific for Specific for faecalfaecal pollutionpollution
At least as resistantAt least as resistant
NonNon‐‐pathogenicpathogenic
Simple and inexpensive Simple and inexpensive 
techniquestechniques

ShortcomingsShortcomings: Food and waterborne disease in : Food and waterborne disease in 
absence of indicatorsabsence of indicators
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Bacteriophages proposed as virus 
indicators

• Somatic coliphages

• F-specific RNA bacteriophages

• Bacteroides fragilis bacteriophages
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Limitations of Indicators
No direct relation to any pathogensNo direct relation to any pathogens

ExcretionExcretion
Seasonal prevalenceSeasonal prevalence
Geographical prevalenceGeographical prevalence
SurvivalSurvival
ExposureExposure
Consumer susceptibilityConsumer susceptibility

No quantitative indication of riskNo quantitative indication of risk
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VLPs of human enteric 
viruses

Bertolotti-Ciarlet et al, J. Virol 76:4044, 2002

Crawford et al, J. Virol 68:5922, 1994 A

H I J K ML

B E F G

D

N O P Q

C

Pintó el al, J. Gen. Virol 83: 359, 2002Caballero 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

Estes, 2001, Fields Virology, 4th Ed.
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Production of rotavirus 
VLPs

Sf9 INSECT CELLS

COINFECTION

VP2pPol

VP6pPol

RECOMBINANT 
BACULOVIRUSES

PROTEIN 
EXPRESSION

VLPs
PURIFICATION

ROTAVIRUS VLPs
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Electron microscopy of rotavirus 
particles

WILD-TYPE 
ROTAVIRUSES

ROTAVIRUS VLPs
(VP2 and VP6)
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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. Pintó
& A. Bosch. Appl. Environ. Microbiol. 2004, 70: 3904.

• 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 preparation).Virus-safe seafood, QLRT-1999-

0634
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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 ISO PCR-based methods 
for the detection of hepatitis A virus and 
norovirus in bivalve molluscan shellfish
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SEAFOODplus: REFHEPA
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. Pintó)
– 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)
– University of Helsinki (C.H. Von Bonsdorff)
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Norovirus and HAV 
detection x

growth in
tissue culture

visualise by
electron microscopy

detect genome
- direct eg probe hybridisation
- following amplification (PCR)

detect protein coat
- antibody assay eg ELISA
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New World Order

Give me a place to stand and I will 
move the Earth 

(Archimedes, ~220 BC)

Give me a good set of primers and I 
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

• 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
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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. Sánchez, A. Bosch, G. Gómez-
Mariano, E. Domingo & R.M. Pintó. Virology 2003, 315: 
34
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HAV68/HAV240 STANDARD RT-PCR-
SOUTHERN BLOT

IRES

First pyrimidine-rich tract

66-95
210-267 Highly conserved

HAV 68

HAV 240

HAV 150-169

Sánchez et al. 2002. 
J. Clin. Microbiol. 40:4148-4155



red 100%, blue 90%, black 75% homology

COG2R
no modification

QNIF2d
ATGTTCAGRTGGATGAGRTTCTCWGA
81% homology for 52 sequences

QNIFS

4 4 ntnt : higher sensitivity: higher sensitivity
5’ 5’ FamFam, 3’ , 3’ TamraTamra
TTMM > 10° T> 10° TMM primersprimers

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). 

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

Sánchez et al, J. Clin. Microbiol 40: 4148, 2002 
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Epidemiology
Case-control study

Risk 
Factor

Vegetables

Crustacean 
shellfish

Mussels

Coquina 
clams

Jacknife
clams

Tap water

Spring 
water

Bottled 
water

OR CI 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
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HAV in coquina clams

Total

Location

Alzira

Utiel

Pontón

Requena

Mislata

Castelló

Xàtiva

Number of 
samples

Positive 
samples

Percent 
positivity

6

6 4 67
1 1 100
1 1 100
3 3 100
2 2 100
1 0 0

4 67
20 15 75

Genotype IB



October 4, 2004  - © SEAFOODplus

RT-PCR for HAV detection

5’ NCR P1 P2 P3 3’

68 nt-241 nt*  
Pe

rc
en

t
of

Po
si
ti
vi
ty

20

40

60

80

100

Days after the onset of symptoms

RT-PCR
RT-PCR plus Southern Blot

0-7 7-14 >14
* Positions in wild-type HM-175 ( Cohen et al. J. Virol. 61: 50)

Sánchez et al, JCM 40: 4148, 2002 
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HAV quantitation by Real-Time RT-PCR

TaqMan Molecular beacon
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Advantages of Real-Time PCR

• Quantitation
• Speed (same day)
• Efficiency (96 well format, no gels)
• Confirmation (no sequencing or blotting)
• Reproducibility 
• Standardisation
• Quality assurance (process controls)
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INTERNAL RNA STANDARD FOR THE 
HAV68/HAV240 REAL-TIME RT-PCR

5’ NCR

186 pb
RT-PCR 
HAV68mod/HAV240

Cloning under T7 promoter

In vitro transcription

RNA

dsDNA

RNA

new Bam HI
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Ct

20 22 24 26 28 30 32 34 36 38 40 42

Lo
g 10

 R
N

A
 c

op
ie

s

-1

0

1

2

3

4

5

6

HAV QUANTITATION BY
TaqMan REAL-TIME RT-PCR

Detection Limit

RNA copies 1 - 10

Infectious virus 1
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Detection Limit

RNA copies 10

Infectious virus 1

Ct

5 10 15 20 25 30 35

Lo
g 10

 R
N

A
 c

op
ie

s

0

1

2

3

4

5

6

HAV QUANTITATION BY
BEACON REAL-TIME RT-PCR
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Real-Time RT-PCR and standard RT-
PCR for genogroup I and genogroup

II norovirus detection

positive samples

real-time RT-PCR 6060

classic RT-PCR +hyb. 4646

150 samples analysed

-1

0

1

2

3

4

5

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43

positive samples: 30 < CT < 41

cycle numbercycle number

∆∆
R

nR
n

Loisy et al, J. Virol. Meth. (In 
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Norovirus Norovirus genogroupgenogroup II RealII Real--Time RTTime RT--PCR assay PCR assay 

classic detection real-time assay
primers/probe 5 primer sets 1 primer set / 1 probe

6 probes

time 3 + 1 + 6 hours 2h30

contamination risk high low (one step reaction kit)

specificity restricted large 
(panel of GII NoV strains 

circulating since 1995)

sensitivity high higher

screening time-consuming fast

mol. epidemiol.               feasible failed
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Framework for horizontal method for detection 
of norovirus and hepatitis A virus in food by RT-

PCR
Sample extraction Nucleic acid

extraction Amplification

Volume
~ 100µl

Volume
~ 2 µl

Boom et al., 1990

Conventional
PCR

Confirmation

Hybridisation
/ sequencingR

ev
er

se
 tr

an
sc

rip
tio

n
Amplification control (real-time)

A
cc

ep
ta

nc
e 

cr
ite

ria
R

es
ul

t
in

te
rp

re
ta

tio
n

Salads

Bottled
water

Homogenisation
(glycine)Soft fruit

Bivalve
shellfish

Hard
surfaces

Process control (calicivirus? phage?) and real-time

Real-time PCR (NV and HAV)

Rinsing (glycine)

Swabbing

Digestive gland extraction/treatment

Precipitation
(PEG)

CEN TAG4 draft document

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)
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5’ NCR

RT-PCR 
HAV68/HAV240mod186 pb

Digestion with Hinf I

Hinf I new Hinf I

99 pb 57 pb 30 pb

T4 DNA Ligase

99 + 30 = 129 pb

Cloning under T7 promoter

In vitro transcription

RNA

dsDNA

RNA

QA / QC: 
RT-PCR inhibition
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Nucleic acid extraction

Without internal control With internal control

QA / QC: 
RT-PCR inhibition

Negative Negative

Inhibitory substances
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Nucleic acid extraction

Without internal control With internal control

Negative Positive

Negative result

QA / QC: 
RT-PCR inhibition
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Nucleic acid extraction

Without internal control With internal control

Positive Positive

Positive result

QA / QC: 
RT-PCR inhibition
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Processing of shellfish samples

• 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)
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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
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Special thanks to

• David Lees, CEFAS, UK
• Soizick Le Guyader, Ifremer, 

France

REFHEPA
Development of Standard Methods for Hepatitis A Virus 

and Norovirus in Bivalve Molluscan Shellfish
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A better life with seafood…

www.seafoodplus.org


