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RESUM DEL CAPITOL

El principal objectiu del present capitol fou
analitzar la contaminaciod virica de mol-luscs
bivalves simultaniament en diferents zones
de la geografia europea de manera que
s'abastés un ampli ventall de poblacions i
caracteristiques fisico-quimiques del medi.
D'altra banda, els laboratoris participants
en l'estudi desenvoluparen i opfimitzaren
una metodologia pel processament de
mol-luscs bivalves basada en I'elucid en
tampd glicina pH 10 i per a la deteccidé de
virus per técniques d'amplificacié molecular.
El protocol seleccionat fou validat al mateix
temps que s'andlitzava la distribucié i
concentracié de patdgens virals humans
en diferents condicions durant 18 mesos en
quatre paisos (Espanya, Grécia, Regne Unit
i Suecia). Aixi mateix, s'examina la qualitat
microbiologica de les drees de produccid
de marisc segons els estandards bacterians
recollits en les normatives europees.

Els diferents estudis d'intercalibratge realitzats
entre els laboratoris participants mostraren
uns nivells d’'eficiencia similars i satisfactoris
en quant a I'aplicacidé de la metodologia
de deteccid de virus enterics. A més a més,
el procediment escollit mostrd una elevada
sensibilitat: 1-10 particules viriques pels AdH
i EV, i entre 11 100 equivalents genomics pel
VHA.

Pel que fa la distribucié de virus enterics,
s'aillaren adenovirus humans, enterovirus i
norovirus com a contfaminants de mol-luscs
bivalves en totes les drees analitzades. Call
destacar la deteccié del virus de I'hepatitis
A en totes les zones d'estudi excepte Suécia.
En descriure la distribucid estacional de la
contaminacioé per virus enterics dels bivalves,
els norovirus resultaren ser I'Onic grup amb
un patré estacional al llarg del periode de
mostreig, amb les concentracions més baixes
durant els mesos més calids. Aquest patrd es

veia recolzat per la relacié estadisticament
significativa enfre NV i temperatura, com
veurem al Capitol Il

La qualitat microbioldogica de les zones de
produccié de marisc fou inferior a I'esperada
segons la seva classificacio original excepte a
Espanya. No obstant, s'observa que aquelles
zones més fortament contaminades segons
els nivells observats d'Escherichia coli, eren
també aquelles on s'dilld una major proporcid
de virus. Finalment, els actuals fractaments de
depuracidé demostraren la seva eficacia en
la reduccid dels nivells d'E. coli, perd no en
I'eliminacié de particules viriques.

Les conclusions extretes del treball son:

1. S'ha desenvolupat un procediment per a
la deteccid de virus humans en mol-luscs
bivalves que pot ésser estandarditzat i
validat de forma efectiva en diferents
laboratoris.

2. Els patdgens virics amb majorimportdncia
epidemioldgica en I'etiologia de
gastroenteritis associades al consum de
marisc, NV i VHA, s’han aillat en bivalves
dirigits al consum huma directe i que
complien la normativa vigent.

3. Totiqueenzonesfortament contaminades
segons els pardmetres bacterians es
detecta una major proporcié de virus
humans i, per tant, E. coli hi seria Util com
a indicador, cal tenir en compte que en
zones més netes amb nivells molt baixos
o nuls d'E. coli també es poden dillar virus
patogens.

4. Els adenovirus humans detectats per PCR
es relacionaren amb la preséncia dels
alfres virus humans estudiats i podrien ser
d'utilitat com a index de contaminacio
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virica d'origen huma en mol-luscs

APORTACIO PERSONAL AL TREBALL

L'autora d'aquesta ftesi ha participat en
el desenvolupament de la técnica de
deteccié de virus entérics aixi com en els
diferents estudis de valoracié de qualitat
de la mateixa. D'aquesta manera, va fer els
estudis de sensibilitat limit a partir d'estocs
de cultiu cel-lular i a partir d’'homogenats
de mol-lusc dopats amb poliovirus 1, a més
d'avaluar la técnica per a possibles falsos
negatius per PCR deguts a la preséncia
d'inhibidors en els extractes de mol-lusc.
També realitzd les andlisis per a I'avaluacio
dels nivells d'Escherichia coli, adenovirus
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bivalves.

humans, enterovirus i virus de I'hepatitis A de
les mostres de mol-luscs bivalves procedents
de les zones de produccid espanyoles durant
els 18 mesos de mostreig. D'alira banda,
tipificd les mostres positives per a enterovirus,
a part d'estudiar I'infectivitat de les mateixes
en cultiv cel-lular. També participd en la
qguantificacié d'adenovirus humans en
col-laboraci® amb els altres laboratoris
parficipants.  Finalment, ha  participat
activament tant en la discussid dels resultats
obtinguts pels quatre laboratoris participants
com en la preparacidé del manuscrit.
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Viral pollution in shellfish has been analyzed simultaneously across a wide range of geographical regions,
with emphasis on the concomitant variations in physicochemical characteristics and social features. The
methods for sample treatment and for the detection of human enteric viruses were optimized by the partici-
pating laboratories. The second part of this study involves the selection of a protocol for virus detection, which
was validated by analyzing the distribution and concentration of human viral pathogens under diverse
conditions during an 18-month period in four European countries. Shellfish-growing areas from diverse
countries in the north and south of Europe were defined and studied, and the microbiological quality of the
shellfish was analyzed. Human adenovirus, Norwalk-like virus, and enterovirus were identified as contami-
nants of shellfish in all the participating countries. Hepatitis A virus was also isolated in all areas except
Sweden. The seasonal distribution of viral contamination was also described. Norwalk-like virus appeared to
be the only group of viruses that demonstrated seasonal variation, with lower concentrations occurring during
warm months. The depuration treatments currently applied were shown to be adequate for reducing Esche-
richia coli levels but ineffective for the elimination of viral particles. The human adenoviruses detected by PCR
correlate with the presence of other human viruses and could be useful as a molecular index of viral

contamination in shellfish.

Many viruses transmitted by the fecal-oral route are widely
prevalent in the community, and infected individuals can shed
millions of viral particles in their feces. Consequently, viruses
of many types occur in large numbers in sewage. Sewage treat-
ment processes, when present, are only partially effective at
viral removal (41). Coastal discharges constantly release hu-
man viruses into the marine environment. Once in the envi-
ronment, viruses can survive for weeks to months (7, 16, 18)
either in the water column or by attaching to particulate matter
and accumulating in sediments. Bivalve shellfish, in the process
of filter feeding, also concentrate and retain human pathogens
derived from sewage contamination in the shellfish-growing
water. Epidemiological evidence suggests that human enteric
viruses are the most common etiological agents transmitted by
bivalve shellfish (26, 29, 45).

Human health problems associated with shellfish consump-
tion are recognized internationally and have been recorded
since medieval times (26). Shellfish quality and safety regard-
ing bacterial pathogens have been improved with the imple-
mentation of sanitary controls. The scientific community has
realized that contaminating viruses are responsible for nearly
all episodes of gastroenteritis as well as other outbreaks of
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illness related to consumption of contaminated shellfish. For
example, in 1988 in Shanghai (China), 300,000 cases of hepa-
titis A were traced to the consumption of clams harvested from
a sewage-polluted area (21, 43). There have been several out-
breaks of illness due to the consumption of bivalve shellfish
within the legal limits of bacterial standards allowed by the
current legislation (26).

Analyses of fecal coliforms and Escherichia coli are thought
to have limited predictive value for viral pathogens such as
enteroviruses (EV) (14, 17, 24, 44), Norwalk-like virus (NLV),
and hepatitis A virus (HAV) (12, 46). Some studies show
different rates of reduction of bacteria and viruses in depurated
shellfish (11, 37, 38).

There is a need for indicators of human-specific viral fecal
pollution to improve the microbiological control of shellfish.
Molecular techniques have been developed for the detection
of human viruses with a high level of sensitivity and specificity
(1, 25, 33, 34, 36). The detection of human adenovirus (ADV)
by PCR has been proposed as a molecular parameter for mon-
itoring the presence of human viruses in the environment.

Therefore, it was necessary to develop a study to define and
validate reliable techniques for the detection and quantifica-
tion of human enteric viruses in shellfish in order to analyze
the level of viral pollution in shellfish produced in widely di-
verse geographical areas and to evaluate potential viral indi-
cators. For these purposes, shellfish samples collected at shell-
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fish-growing areas in the North Sea, the Atlantic Ocean, and
the eastern and western Mediterranean Sea were analyzed for
the presence of E. coli, ADV, EV, HAV, and NLV, including
genogroup I (NLVI) and genogroup II (NLVII). Their preva-
lence and distribution throughout the year were also evaluated.

MATERIALS AND METHODS

Human virus standard suspensions. Isolates of ATCC ADV 5 prototype
strain and ADV 41 Tak prototype strain were obtained by inoculation of A549
cells and HEp-2 cells, respectively. Cells were grown in 75-cm? plastic flasks
containing Dulbecco’s minimum essential medium (MEM) supplemented with
2% fetal calf serum. For EV, the vaccine strain of poliovirus type 1 and two
different patient strains representing coxsackievirus type BS and echovirus type
11 were all inoculated on green monkey kidney (GMK) cells under the same
conditions as the ADV strains.

HAV vaccine strain HM175 was inoculated on both MRC5 human diploid
cells and Chang liver cells. These cells were grown in Dulbecco’s MEM supple-
mented with 5% calf serum, 20 U of penicillin per ml, and 20 pg of streptomycin
per ml. During this infection, no cytopathic effect (CPE) was detected. Approx-
imately 12 days postinfection, HAV was harvested and the infected cell suspen-
sions were freeze-thawed four or five times to release the virus particles. Stan-
dard suspensions were prepared for each virus and were used as performance
assessment controls throughout the study.

NLV cannot be cultured; therefore, to prepare the viral suspension, clinical
fecal samples were obtained. The presence of NLVII was confirmed in a fecal
sample associated with an outbreak of gastroenteritis. Sequence analysis con-
firmed the identity of the strain detected as Grimsby virus. Due to the high titer
of virus in this particular clinical sample, serial dilutions of the 10% fecal extract
were prepared and used as a standard suspension for positive and quality con-
trols.

Shellfish samples. Mussels and oysters (Mytilus galloprovincialis, Mytilus edulis,
Crassostrea gigas, and Ostrea edulis) were obtained over an 18-month period from
shellfish-growing areas with different levels of fecal pollution in four European
countries. A total of 54 mussel samples from Sweden were collected in the North
Sea, and 173 mussel and oyster samples from the United Kingdom were collected
in harvesting areas in the Atlantic Ocean; 144 samples of oysters and mussels
were harvested from Greece in the eastern Mediterranean Sea, and 84 oyster and
mussel samples from Spain were collected in the western Mediterranean. Addi-
tionally, 20 oyster samples were collected in the Spanish Atlantic Ocean. After
being harvested, shellfish were shipped directly to each laboratory under cold
storage and processed within a 24-h period. Half of the oysters and the mussels
from B areas (European Union “category B” shellfish-growing areas must con-
tain less than 4,600 E. coli cells per 100 g of shellfish flesh in 90% of the samples
[3]) from Spain and the United Kingdom were sent to a depuration (purification)
plant. They were analyzed before and after the current commercially applied
treatment (a tank-based depuration system in which clean seawater from a sea
well is flushed continually for 24 to 48 h).

Shellfish processing. Shellfish were washed, scrubbed under clean running
water, and opened with a sterile shucking knife. We selected 10 to 12 oysters and
15 to 20 mussels for bacterial analysis. Shellfish flesh and liquor were collected
into a sterile beaker and diluted with 0.1% peptone water (1:2, wt/vol). The
digestive tract of 20 oysters and 20 to 30 mussels was examined for human enteric
viruses (4, 39). The digestive tract of the filter-feeding organisms had shown a
higher accumulation and concentration of viruses, causing a reduction of the
working volume and a decrease of enzymatic reaction inhibitors. Viral particles
were eluted by the methods described below.

E. coli analysis. The procedure used for detection of E. coli was, with slight
modification, that described by Donovan et al. (13), which consists of a two-stage,
five-tube, three-dilution most-probable-number (MPN) method. This technique
shows no significant differences in final results compared to the standard proce-
dure and gives results in 48 h (13).

Elution and concentration of viral particles and nucleic acid extraction. Shell-
fish samples collected in Greece, Spain, and Sweden were processed by elution
of 30 g of the digestive gland with 0.25 N glycine buffer (pH 10) (1:5, wt/vol) by
the method previously described by Pina et al. (34) and Muniain-Mujika et al.
(32), with some modifications (method 1, Fig. 1). The mixture was homogenized
by magnetic stirring for 15 min. Once the pH was adjusted to 7 = 0.2, the treated
homogenate was clarified by centrifugation at 2,170 X g for 15 min at 4°C. The
supernatant was centrifuged at 39,800 X g for 45 min at 4°C. To pellet all viral
particles, the supernatant was ultracentrifuged at 81,584 X g for 1 h at 4°C. The
final pellet was resuspended in 200 to 400 wl of phosphate-buffered saline with
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FIG. 1. Method 1 for the processing of shellfish samples and the
detection of ADV, EV, HAV, and NLV.

a maximum volume of viral concentrate of 500 pl. The viral concentrate was
stored at —80°C prior to nucleic acid extraction (Fig. 1).

Nucleic acids were extracted by the method described by Boom et al. (5) with
minor modifications (36), using guanidinium thiocyanate as the principal com-
ponent of the lysis buffer and the adsorption of nucleic acids to silica particles.
Briefly, 50 l of viral concentrate was added to a mixture of 50 pl of silica particle
suspension and 900 wl of lysis buffer. The mixture was incubated at room
temperature for 10 min and washed twice in 1 ml of washing buffer (12 g of
guanidine thiocyanate in 10 ml of Tris-EDTA), twice more in 70% ethanol, and
once in acetone. The pellet obtained after the complete evaporation of acetone
was resuspended with 50 pl of elution buffer (49.4 pl of DTT and 0.6 pl of RNase
inhibitor [Perkin-Elmer] for RNA viruses, and 50 pl of Tris-EDTA for DNA
viruses). The extracted nucleic acids were then used for cDNA synthesis and
nested PCR amplification of HAV, EV, and NLV and for nested PCR amplifi-
cation of ADV (Fig. 1). This procedure had been previously applied to ADV,
enterovirus, and hepatitis A virus detection in shellfish (32, 34) but not to NLV
detection.

Opysters and mussels from the United Kingdom were analyzed by a procedure
developed by the British participant based on direct nucleic acid extraction
(method 2). Briefly, 10 g of digestive glands was weighed, placed in a tube with
an equal volume (1:1, wt/vol) of peptone water, shaken on a Glas-Col platform
shaker, and centrifuged at 1,000 X g for 5 min. The supernatant was removed
into a bijou and frozen. Viral nucleic acid was extracted from the oyster digestive
concentrates by previously published methods (27).

The laboratories in Greece, Spain, and Sweden selected method 1 after com-
paring the two procedures (data not shown). Method 1 was considered highly
sensitive and more practical for application to the routine analysis of diverse viral
parameters in shellfish. A larger number of positive results was found when
participant laboratories analyzed two common sets of highly polluted oysters by
method 1. Additionally, method 1 was easier to apply to testing a large number
of samples for the presence of diverse viruses.
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PCR amplification. The sequence, specificity, and sensitivity of the oligonu-
cleotide primers used were described in previous studies (19, 20, 30, 34, 36). The
reaction mixture for reverse transcription (RT) had a total volume of 8 wl and
contained 5 pl of the extracted nucleic acids, 1 pl of 10 X PCR Buffer IT (Applied
Biosystems) containing 10 mM Tris-HCI (pH 8.3 at 25°C), 0.6 pl of 25 mM
MgCl,, 200 uM each deoxynucleoside triphosphate (Amersham Pharmacia Bio-
tech), and 20 uM corresponding external primer for EV, HAV, or NLV (19, 20,
34, 36). The reaction mixture was incubated at 95°C for 5 min before the addition
of 50 U of Moloney murine leukemia virus reverse transcriptase (Applied Bio-
systems), 10 U of RNase inhibitor (Applied Biosystems), and 0.5 pl of 0.2 M
dithiothreitol. The temperature was cycled as follows: 30 min at 42°C and 5 min
at 95°C.

For the first PCR amplification, 10 pl of cDNA (corresponding to 0.1 to 0.2 g
of shellfish digestive gland or approximately 1 to 2 g of whole-animal flesh) was
used for EV, HAV, and NLV analysis. For ADV analysis, 10 pl of extracted
nucleic acids (corresponding to 0.2 to 0.4 g of shellfish digestive gland or ap-
proximately 2 to 4 g of whole animal), was used. Amplification was carried out
with 50 pl of reaction mixture with 1 pl of 10 X PCR buffer II containing 10 mM
Tris-HCI (pH 8.3 at 25°C), 1.5 mM of MgCl,, 1 pl of primer left for EV (Ent 1),
HAV (HAV1), and NLV (SM31) and 1 pl of each primer for ADV, and 2 U of
AmpliTaq polymerase (Applied Biosystems). The first cycle of denaturation was
carried out for 2 min at 95°C. For HAV, EV, and ADV, the conditions during the
30 cycles of amplification were denaturation at 95°C for 1 min, annealing at 55°C
for 1 min, and extension at 72°C for 1 min. For NLV, the conditions for the 35
cycles were 1 min at 94°C, 1 min at 37°C, and 1 min at 72°C.

For the nested PCR amplification, 1 pl of the amplified DNA from the first
PCR was added to a new batch of 50 ul of PCR mixture containing 9 pM each
inner primer (nHAV1 plus nHAV2 for HAV, nEntl plus nEnt2 for EV, and
nehexAA1893 plus nehexAA1905 for ADV) or 0.4 uM NLV inner primers (GA
plus E3 for genogroup I and NI plus E3 for genogroup II) (20, 30). The ampli-
fication cycles were as described above. Thermal cycling was carried out in a
programmable heat block (Gene Amp PCR System 2400; Applied Biosystems).
The results were analyzed by gel electrophoresis on a 3% agarose gel stained
with ethidium bromide.

Standard precautions were applied in all the manipulations to reduce the
probability of sample contamination. Separate areas were used for reagents,
treatment of samples, and manipulation of amplified samples. Undiluted samples
and 10-fold dilutions of nucleic acid extracts were analyzed twice in independent
experiments. A negative control was added to each sample. Viral particle sus-
pensions of low concentration were used as positive controls to limit the use of
modified nucleic acids.

Evaluation of the sensitivity of the method. Tenfold dilution series of viral
standards were analyzed in limiting-dilution experiments to establish and com-
pare the sensitivity of the PCR-based detection of human viruses. For ADV 5
and ADV 41, the results could be confirmed by real-time TagMan PCR. All viral
dilution suspensions were divided into 60-pl batches to be used only once, since
repeated freeze-thawing can reduce viral content up to 50 to 80% (data not
shown).

Digestive gland samples (10 g) from each of three commercial samples (two
sets of oysters and one set of mussels) were supplemented with 5 X 107 PFU of
poliovirus type 1 to evaluate the sensitivity of method 1 and to analyze the
presence of inhibitors of the RT amplification. These artificially seeded samples,
together with a positive control which had been previously assayed as PFU in
monolayers of buffalo green monkey (BGM) cells, were studied in a limiting-
dilution experiment.

Evaluation of possible false-negative results. To evaluate potential false-neg-
ative results of viruses in shellfish by PCR due to the presence of inhibitors, six
shellfish samples containing E. coli but with negative results for human viruses
were inoculated with 5 X 10° PFU of poliovirus type 1 and analyzed by method
1. These seeded samples were studied in limiting-dilution experiments by PCR in
parallel with a positive control that has an equivalent titer of PFU.

Typing of human viruses. Nested HAV and ADV amplicons were sequenced
to evaluate the variability of the detected HAV and ADV strains. Briefly, nested
PCR products were purified by using the QIAquick PCR purification protocol as
specified by the manufacturer (Qiagen). Both strands of the purified DNA were
sequenced with the ABI Prism Big Dye Terminator cycle-sequencing kit (Ap-
plied Biosystems) as specified by the manufacturer. The results were checked
with the ABI Prism 3700 DNA analyzer (Applied Biosystems). The obtained
sequences were compared with all sequences in the GenBank and EMBL data-
bases by the PubMed NCBI BLAST program.

EV typing via nested RT-PCR was performed using the degenerate primers
described by Casas et al. (8) that allow the amplification of the VP1 region. These
primers were designed for clinical samples, and direct PCR was very inefficient
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and produced negative results due to lower sensitivity in comparison to the 5’
NTR primers used for the detection.

For NLV, a minimum of five clones from each genogroup were sequenced to
facilitate the identification of more than one target sequence (23). All clones
were sequenced in both orientations. Nucleotide ambiguities were resolved by
comparison of ABI 310 chromatograms. NLVI contained 78 bp, and NLVII
sequence contained 76 bp. A consensus sequence was generated, if all clones
from the nested RT-PCR product had the same sequence following alignment.

Sequences used to generate the phylogenetic tree were obtained from the
GenBank sequence database. The sequence accession numbers used to generate
the NLV phylogenetic tree were Mexico U22498, Lorsdale X86557, Murll-
1997-JP AB019269, Richmond AF414419, Hawaii UO7611, Haytread S71765,
Jena AJ011099 (bovine enteric calici-like virus), Na2-contig AF097917 (bovine
enteric calici-like virus), Grimsby/1995/UK AJ004864, Valletta/1995/Malta
AJ277616, and a clinical strain from the United Kingdom, Harrow.

Quantification of human ADV. A total of 18 of 19 Swedish and 8 Spanish
samples positive for ADV were quantified by real-time TagMan PCR (Fig. 1). A
pair of degenerate PCR primers was selected from the conserved region of the
ADV hexon gene (2). The upstream and downstream primer sequences were
5'-C(AT)T ACA TGC ACA TC(GT) C(CG)G G-3' and 5'-C(AG)C GGG
C(GA)A A(CT)T GCA CCA G-3', respectively. Two fluorogenic probes, Ad:
ACDEF [5'-(6FAM) CCG GGC TCA GGT ACT CCG AGG CGT CCT (TA
MRA)-3"] and Ad:B [5'-(6FAM) CCG GAC TCA GGT ACT CCG AAG CAT
CCT (TAMRA)-3'], with sequences located between the PCR primers were
synthesized by Applied Biosystems. The amplification was performed in a 25-pl
reaction mixture with a PCR core reagent (Applied Biosystems). The reaction
mixture contained 5 pl of silica-purified DNA or 10 pl of titrated QIAgen
extracted standard DNA, 1X TagMan core buffer, 5 mM MgCl,, 200 uM each
dATP, dCTP, and dGTP, 400 uM dUTP, 900 nM each primer, 225 nM probe,
0.25 U of AmpErase uracil N-glycosylase, and 1U of AmpliTaq Gold polymerase.
Following activation of the uracil N-glycosylase (2 min 50°C) and activation of
the AmpliTaq Gold for 10 min at 95°C, 40 cycles (15 s at 95°C and 1 min at 60°C)
were performed with an ABI 7700 sequence detector system (Applied Biosys-
tems). The principle of the real-time PCR is described elsewhere (22).

Viral quantification and isolation in cell culture. Forty-six EV-positive sam-
ples were selected for infecting BGM cells, and some of them were used with
A549 and HEp-2 cells. The viral concentrates were filtered through a 0.22-pum-
pore-size low-binding protein filter (Millipore) and assayed in cell culture. Ten
samples were tested for PFU on BGM cells by using the MPN culture unit
method including three flasks per dilution (6) with minor modifications. Cell
monolayers were grown on MEM supplemented with 3% sodium bicarbonate,
1% vL-glutamine, 1% penicillin-streptomycin at 10,000 IU/ml (GIBCO, Invitro-
gen Corporation), and 5% fetal bovine serum; (BioWhittaker Europe). The
monolayers were inoculated with three 50-pl replicas of the neat virus and 1:10
dilution and incubated at 37°C for 1 h. After virus adsorption, the inocula were
removed and the monolayers were overlaid with MEM supplemented with 1%
fetal bovine serum and returned to incubation at 37°C. The flasks were examined
daily for 14 days for CPE. Regardless of the appearance of the monolayers, cells
were frozen and thawed, and 50 wl of each culture was submitted to a second
passage (Fig. 1).

Quality assurance. Interlaboratory studies based on the testing of common
samples and reference materials to validate the defined protocols and to deter-
mine the sensitivity and efficiency of the method were applied in this study.
Standard suspensions of viruses and E. coli were distributed among all the
laboratories to be used as performance controls. Highly polluted oysters (C.
gigas) from shellfish-harvesting areas in the United Kingdom were collected and
distributed among the four laboratories to assess the ease and reproducibility of
the described procedures for the detection human enteric viruses. Live oysters
were transported at 4°C and delivered to the laboratories within 48 to 72 h and
were processed immediately.

Statistical analysis. All the statistical tests were computed using the statistical
package Spss 10.0.7 on a Pentium III machine running MS-Windows 2000 Pro-
fessional. The dependence of every pair of viruses in the entire sample with or
without country distinction was tested. The Fisher exact test was used to evaluate
significant dependencies between all the possible pairs of viruses.

RESULTS

Analysis of standard suspensions of human viruses. We
determined the sensitivity of the assay by limiting-dilution
analysis by nested PCR. ADV 5 and ADV 41 were detected up
to a 1077 to 10~® dilution, which corresponds to 1 to 10 viral
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TABLE 1. Microbiological parameters tested during the two
oyster trials”

Detected virus”

Date of trial Laboratory
ADV EV HAV NLVI NLVII

November 1999 1 + + + + -

2 + o+ - - -

3 + - - - 4+

4 + + + (weak) + +
January 2000 1 + o+ o+ +  + (weak)

2 + - NT + -

3 - - - + o+

4 - + - + -

“ Laboratories 1, 2, and 4 applied method 1 and laboratory 3 applied method
2 as described in Materials and Methods.
b NT, not tested; +, positive results by PCR; —, negative result by PCR.

particles according to the quantification by real-time TaqgMan
PCR. For the different types of EV, the limit of detection was
estimated to be within 1 to 10 viral particles. Previous studies
have shown a sensitivity to the PCR and RT-PCR assays of 1
to 10 viral particles for ADV and EV (36). ADV particles were
quantified by spectroscopy. EV were analyzed by nested RT-
PCR after total-RNA extraction of 1 PFU so that 1 PFU was
found to be equivalent to 10° viral particles for poliovirus type
1 (36). For HAV, a limit of 1 to 100 genome equivalents was
estimated with method 1. From 5 to 50 viral particles of po-
liovirus type 1 (5 X 1072 to 5 X 10" PFU) per of shellfish
flesh were detected in the inoculated shellfish samples. The
nested endpoint experiments carried out monthly remained
stable for the tested viruses (ADV 5, ADV 41, and echovirus
11).

Study of potential false-negative results. Poliovirus type 1
was detected in all human virus-negative, E. coli-positive sam-
ples at the expected dilution, confirming the absence of detect-
able false-negative results for RT-PCR associated with the
presence of inhibitory substances in the extracted nucleic acids.
Poliovirus type 1 was detected down to the 1:10° dilution in the
positive control and in three of the analyzed samples. In addi-
tion, it was detected down to the 1:10* dilution in one sample
and to the 1:10° dilution in three samples. These results were
consistent with the estimated sensitivity of the assay described
above.

Intercalibration studies testing highly polluted oysters. Be-
fore the beginning of the 18-month sampling, the analysis of
two common shellfish samples was carried out by all laborato-
ries. Table 1 shows the results.
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Depuration. Paired samples collected from the B shellfish-
harvesting areas were analyzed before and after the purifica-
tion treatment by nested PCR. Table 2 summarizes the per-
centage of positive samples. In all tested samples, depuration
effectively reduced the E. coli counts but was not effective at
eliminating viral contaminants (Table 2).

Microbiological contamination of shellfish. Only in the an-
alyzed shellfish production areas in Spain were the levels of E.
coli compatible with those used to classify the different areas
according to the European directive (3). The studied A area
showed levels of E. coli lower than 230 MPN/100 g of shellfish
meat. In the studied B area, all values were within 230 to 4,600
MPN/100 g. In the other countries, the E. coli values in some
areas were higher than expected on the basis of the original
classification. These data are complied in Fig. 2. Besides, an
eventual increase of E. coli numbers occurred in the three
Swedish areas due to several natural phenomena such as flood-
ing and thawing of water on the ground (Fig. 2).

Regarding the presence of human enteric viruses, ADV was
the most prevalent group of viruses detected, followed by EV
and NLV. HAV was detected in five samples from the areas of
endemic infection (Greece and Spain) and in one sample from
the United Kingdom (Table 3). From Table 4, it is concluded
that 89% of samples positive for any virus type was positive for
human ADYV. Overall, it was observed that the detection of
contaminating viruses was, as expected, higher in the more
heavily fecally polluted areas on the basis of E. coli levels
(Table 5).

The data obtained were analyzed to determine whether
there was any seasonal effect on the detected viral contamina-
tion. Figure 3 suggests a clear seasonal distribution in the
number of presumptive NLV-positive shellfish detected in the
four geographical areas, with the largest number of positive
samples in the cooler months. Human ADV and EV had
similar patterns of distribution throughout the monitoring pe-
riod, but they were not affected by any seasonal effect (Fig. 3).
The apparent seasonal trend of NLV was supported by the
statistically significant correlation found between the two
groups of NLV and the temperature when a logistic regression
model was applied. In contrast, the other analyzed virus did
not have any significant relationship to temperature (data not
shown). As mentioned above, in Sweden the water quality of
the studied shellfish-growing areas was influenced by several
natural phenomena that resulted in high levels of the tested
viruses and E. coli.

TABLE 2. Percentage of human enteric viruses before and after depuration of 18 oyster and 18 mussel samples”

% of samples with contamination”:

Shellfish E. coli® ADV HAV EV NLVI NLVII
ND D ND D ND D ND D ND D ND D
C. gigas 61 6 28 25 6 6 28 25 17 25 22 19
M. galloprovincialis 61 6 39 39 0 6 44 31 6 0 6 6
Total 61 6 33 31 3 6 36 28 11 13 14 13

“ ND, nondepurated shellfish; D, depurated shellfish.

b E. coli values were within the limits allowed by current legislation for human consumption in all depurated samples (3).
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FIG. 2. E. coli results at the different sampling sites in the four countries. Area classifications according to current European directives are

shown in parentheses.

Typing of human enteric viruses detected in shellfish. Hu-
man ADV were typed by direct sequencing of the nested-PCR
amplified product. In Sweden, 17 samples positive for ADV
were identified as six different serotypes and one genome vari-
ant, together representing subgenus A, B, C, and F. In Spain,
six ADV-positive samples were typed as ADV 2 and two were
typed as ADV 41. Eleven samples from the United Kingdom
were identified as ADV 41, and one was identified as ADV 31.

All the identified types represent ADV types excreted in
human fecal material for a long time, i.e. ADV 1, 2, 5, and 7.
ADV 31 causes gastrointestinal problems, and ADV 41 is a
well-known cause of severe gastrointestinal infections in chil-
dren and is excreted in large amounts in feces. All types rep-
resent common virus types that normally circulate in the pop-
ulation and so are expected to be found in water contaminated
with sewage and in wastewater (15, 47). In two samples, two

TABLE 3. Percentage of positive samples for human enteric viruses
in four European countries

% of samples positive for:

Country
(no. of samples tested) ADV  EV  HAV  NLVI  NLVII
Greece (144) 33 15 4 04 2¢
Spain (104) 36 26 3 12 14
Sweden (54) 33 24 0 17 24
United Kingdom (173) 46 14 1 5¢ 5¢

¢ Data confirmed by sequencing. The results for NLV from the other countries
have been only partially confirmed by sequencing some of the positive samples.

different types of human ADV contaminating the same batch
were detected by repeated assays.

Nested PCR products from two of the three Spanish samples
positive for HAV were typed as genotype IB strains. One
British strain belonged to genotype IA.

EV-positive samples were typed by direct sequencing of a
609-bp PCR fragment generated from the VP1 gene. Two
Swedish samples were identified as echovirus type 6. Due to
the low sensitivity of the primers, EV-positive viral concentrate
was previously inoculated on BGM cells to increase the virus
titer. After that, three of the EV-positive Spanish samples
could be typed as poliovirus type 1.

With regard to the strains of NLVI, the results from the
sequence divergence/similarity plot showed a positive strain

TABLE 4. Relationship between ADV results with other virus type
results in the four countries

% of samples”

Country + ADV,+ + ADV,—- — ADV,—- — ADV, +
other virus other virus other virus  other virus
Greece 15 19 63 3
Spain 23 13 47 17
Sweden 13 20 41 26
United Kingdom 15 30 44 10
Total 16 22 50 11

“ +, positive result; —, negative result.
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TABLE 5. Relationship between virus results and the degree
of site contamination

% of samples positive for:

Country Sargli}t)émg Category”
ADV EV HAV NLVI NLVII
Spain 1 A 31 0 0 6 6
2 B 35 32 4 12 13
3 NC 40 20 0 15 20
Greece 1 B 33 28 0 6 6
2 B 22 17 0 0 0
3 A 17 6 0 0 0
4 B 50 22 11 11 0
5 B 44 17 0 0 0
6 A 33 6 0 0 0
7 A 22 17 11 0 6
8 A 39 11 11 0 0
Sweden 1 B 37 16 0 8 0
2 NC 20 15 0 11 15
3 A 17 13 0 10 10
United Kingdom 1 A 280 0 0 16
2 A/B 28 12 0 0 0
3 B 39 19 0 16 0
4 B 38 8 0 0 2
5 C 54 14 0 7 7
6 D 78 28 3 13 13

“ A area, all samples had <230 E. coli/100 g of shellfish. B area, 90% samples
had <4,600 E.coli/100 g; C area, A and B levels exceeded; NC, nonclassified area.
The degree of contamination is represented by European Union classification of
shellfish-growing areas.

identification; i.e., >95% was found for all samples. Most of
the samples were identified as the Valletta strain, which has
lately become the most common circulating strain in Europe.

Concerning the strains of NLVII, the results from the se-
quence divergence plot showed a positive strain identification
for all samples. A number of NLVII strains were identified,
including Harrow, a newly emergent European NLVII strain
(Fig. 4).

Quantification of the detected ADV. Eighteen Swedish and
eight Spanish ADV-positive samples were quantified by real-
time TagMan PCR. The levels were quite low, and we do not
know if these quantities are sufficient to infect humans. The
analyzed Spanish samples were shown to have 2 to 32 ADV
particles per g of digestive gland. The Swedish samples were
shown to have 11 to 1,994 ADV particles per g, with the higher
values obtained in May to July 2001, after the water had
thawed from the ground.

Infectivity of EV detected in shellfish. Human ADV were
not isolated in cell culture because of the difficulties in cultur-
ing these slow- growing viruses. Additionally, the lack of an
efficient cell culture system for isolating wild-type HAYV strains
and the fact that NLV is uncultivable made EV the object for
isolation from shellfish viral concentrates (Fig. 1). Thus, 46
positive samples for EV were selected for infecting BGM cells.
Some samples showed cytoxicity problems and others did not
grow, probably because of the lower sensitivity of cell culture.
Only six samples showed CPE on BGM cells.

Statistical analysis. To examine the capacity of E. coli and
other parameters to predict virus presence, a logistic regres-
sion model was generated. In this model, E. coli did not present
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any significant relationship to human viruses (data not shown).
The relationship between every pair of viruses was also tested
by considering the entire sample without country distinction in
a Fisher exact test. This test showed a significant dependence
(o = 0.05 level) between all the possible pairs of viruses, except
for the pairs NLVI-ADV and NLVI-HAV (Table 6). Thus,
there was no significant relationship between ADV and NLVI
and HAV. However, the small number of shellfish samples
positive for NLVI and for HAV might affect this analysis. It
must be taken into account that the larger the number of
positive samples included in the analysis, the stronger is the
significance of the relationship between the parameters.

DISCUSSION

Viral pollution was studied in important commercial shell-
fish-harvesting areas representative of a range of geographical
locations throughout northern and southern Europe. Over an
18-month period, regular monthly samples of oysters (C. gigas
and O. edulis) and mussels (M. edulis and M. galloprovincialis)
were collected from each area and analyzed for NLV, HAV,
EV, ADV, and E. coli. This collaborative study is the first to
address issues associated with human pathogenic viral contam-
ination of shellfish across a wide range of geographical regions,
with the concomitant variations in physicochemical character-
istics and social trends. Furthermore, validated procedures for
the direct detection of human viral pathogens in bivalve mol-
luscan shellfish have been developed. The method applied by
three of the four laboratories has been effectively standardized,
and quality assurance has been undertaken to guarantee a
satisfactory relative performance.

Equivalent levels of efficiency were presented by all labora-
tories when analyzing standard viral suspensions. Some degree
of heterogeneity in the results was observed when all labora-
tories analyzed two common samples of live oysters. This het-
erogeneity could be explained by the inherent variability within
natural samples and by the low levels of viruses, which could be
below the detection limit of the technique. However, we can-
not rule out inter- and intralaboratory variation.

The method applied by the laboratories in Greece, Spain,
and Sweden to analyze viral pollution of shellfish has been
developed and improved from previously described procedures
(23, 32, 34) and was selected after diverse procedures were
compared for the highest sensitivity and applicability. The re-
sults of viral detection by PCR presented in this study have
been carefully confirmed by independent assays and by se-
quencing some of the amplified viral genomes. This selected
procedure is based on extraction and homogenization of the
digestive gland and the elution of viral particles from shellfish
using glycine buffer (pH 10) and ultracentrifugation for the
study of human viral pathogens. This method has been proven
to be effective for the removal of RT-PCR inhibitors present in
the shellfish extracts. The sensitivity studies performed have
shown a detection limit of 5 to 50 viral particles of poliovirus
type 1 per g of shellfish tissue, which is one of the highest
sensitivities described to date (9, 28, 31, 40, 42). The method
applied routinely in the laboratory in the United Kingdom
presented an equivalent sensitivity in the viral standard sus-
pensions at the PCR level and also produced a large number of
positive results for human viruses in shellfish.
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FIG. 3. Seasonal distribution of human enteric viruses in shell-
fish.

The molecular epidemiology of the studied viruses is diverse
in the geographical areas studied. Infection by HAV is consid-
ered endemic in the Mediterranean region, and although the
prevalence of antibodies against HAV is diminishing in the
population (10), it is still frequently detected in sewage from
this region (35). Outbreaks of NLV infection related to shell-
fish consumption are frequently described (26). Epidemiolog-
ical studies for EV and ADV are difficult, since persons in-
fected by the virus may act as carriers but show no symptoms.
The disease may become apparent only after another person
has become infected, which may occur at a distance from the
original source. Further studies are needed to define the rela-
tionship between the level of viral contamination detected by
PCR in shellfish and the potential pathogenic effect after con-
sumption.

The results of this study demonstrated that human ADV
were the most prevalent human enteric viruses in shellfish from
the areas studied. The most important human pathogenic vi-
ruses, NLV and HAV, were present in shellfish available for
immediate human consumption (i.e., those taken from cate-
gory A areas and those sampled following commercial depu-
ration). The effectiveness of commercial depuration in reduc-
ing E. coli levels to below those required by European
legislation (Council Directive 91/492/EEC) (3), i.e., <230 E.
coli organisms per 100 g of mollusk flesh and intravalvular
fluid, was confirmed. However, depuration as currently com-
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FIG. 4. Phylogenetic tree showing the genetic relationship between
NLVI and NLVII detected in shellfish in comparison with represen-
tative clinical and published NLV strains at the nucleotide level. The
phylogenetic tree was generated using the Clustal V algorithm within
MegAlign (DNA Star Inc). The tree is based on approximately 80
nucleotides within the RNA polymerase excluding primers. Reference
strains are in bold type.

mercially practiced did not significantly affect the occurrence
of human pathogenic viruses in any of the partner countries
where this was examined. The data obtained concur with evi-
dence from many outbreaks associated with the consumption
of shellfish within legal parameters (26). Because of these
findings, it is suggested that the current legislative standards
for E. coli in postpurification bivalve mollusks do not effec-
tively protect the consumer from the risk of exposure to the
pathogenic viruses associated with fecal contamination. It is
important to reexamine the protection afforded to shellfish
consumers by the current requirements for depuration. A par-
ticular issue for examination is the reliance on the removal of
E. coli and fecal coliforms to determine the duration and
conditions of the depuration treatment. It is well established

TABLE 6. General P value of independent Fisher exact test

P with respect to:

Virus
HAV EV NLVI NLVII
ADV <0.027¢ <0.001¢ 0.719 0.001¢
HAV 0.007¢ 0.195 0.013¢
EV <0.001¢ 0.001¢
NLVI 0.002¢

“ Significant dependence.
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from this study, and from the literature, that this is grossly
misleading with regard to removal of human enteric viruses.

Human enteric viruses were detected at higher levels in
heavily polluted areas in the E. coli classification. In dirty B and
Careas, E. coli is significantly related to the presence of human
viruses, and it is therefore concluded that in areas significantly
impacted by human sewage pollution, E. coli is an appropriate
and adequate indicator of the risk of viral contamination. How-
ever, it is important to note that this depends on the sensitivity
of the method used for E. coli and fecal coliform quantification
and the sampling frequency (monthly monitoring was used in
this study). This aspect is not currently standardized among
European Member States. This study demonstrates that there
is a good case for introducing standardized methods for E. coli
and a standardized sampling frequency and protocol for use in
all European Member States. This would maximize the public
health protection afforded to shellfish consumers by Directive
91/492/EEC (3). It should also be noted that in cleaner shell-
fish areas (such as class A and cleaner class B), where titers of
E. coli are low or absent, human enteric viruses may still be
isolated.

In previous studies on viral contamination of the environ-
ment (34), human ADV were generally detected when EV and
HAYV were also present in the sample. An earlier analysis of
shellfish flesh in the western Mediterranean found ADV when
EV and HAV were also detected (29). These samples pre-
sented higher levels of fecal contamination. In the present
study, more samples from different areas were analyzed. As
shown in Table 4, ADV-positive samples included 89% of the
samples positive for any virus type. Human ADV was the most
commonly isolated human virus in shellfish and presented a
clear significant relationship to the presence of other viruses.
These findings and the specific human origin of the ADV
detected in the PCR assay indicated that human ADV de-
tected by PCR might be a useful molecular indicator of viral
contamination of human origin in the environment. The ab-
sence of ADV may be a parameter that could improve the
protection of the consumer against contamination with human
enteric viruses. The method for ADV detection depends on
PCR, and this molecular technique is not currently standard-
ized and controlled enough for adoption in routine food con-
trol laboratories. However, this approach may have benefits for
the future, particularly in specialist reference laboratories,
which would be required to implement molecular techniques
for the detection of viral pathogens. The primers used in this
study detect the human ADV considered enteric and strains of
respiratory origin that are excreted in feces. The infective ca-
pability of these strains with respect to shellfish consumption
needs to be resolved.

With regard to detection of the most common pathogens
causing illness in shellfish consumers, HAV was isolated at a
low frequency in samples from Spain, Greece, and the United
Kingdom, but not Sweden. This correlates well with our cur-
rent understanding of the epidemiological presence of HAV in
the community in these countries. This is the first time that
HAYV has been identified in shellfish from the United King-
dom. It further demonstrates that the methods used for HAV
detection in shellfish in this study are effective and valuable for
future public health controls. NLV was successfully detected in
samples from all four countries, demonstrating that this
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method can be successfully implemented in reference facilities.
It is important to indicate that primers used for the detection
of HAV, EV, and ADV are specific for these viruses. However,
since the detection of NLV requires highly degenerate primers,
a significant proportion of presumptive NLV-positive results,
as determined by the nested RT-PCR amplicon size, were not
confirmed as NLV following sequencing. This highlighted the
importance of authentication of positive viral detection using
additional typing methods. However, within the scope of this
study, confirmation methods were reliant on sequencing, a
process that is laborious, time-consuming, expensive, and not
suitable for nonspecialist laboratories. It is clear that simplifi-
cation of viral confirmation is a priority for future work. This
study has important implications for the future development of
official controls. It is clear that molecular assays for the detec-
tion of human viruses in shellfish can be implemented in di-
verse laboratories throughout Europe providing the sufficient
resources that are available to implement the assays. At
present, because of the cost and complexity of the assays, this
is likely to be restricted to specialist facilities. It is still an
important advance in the availability of methods to provide
better consumer protection against viral illness occurring fol-
lowing shellfish consumption.
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Annexes

ANNEX I. Localitzacié de les zones de mostreig

Espanya— La zona de produccidé B estd
localitzada a la badia del Fangar, al Delta
de I'Ebre, amb una fonddria maxima en
la part central de 4 m. S'hi practica tant el
marisqueig lliure com el cultiu de mol-luscs
en suspensiod i en parcs de cultiu. El musclo
(Mytilus galloprovincialis), la cloissa (Tapes
decussatus i Ruditapes semidecussatus), i
I'ostrd (Crassostrea gigas) son les especies
cultivades de major importancia. A les zones
liures es crien la cloissa autdoctona (Tapes
decussatus), el catxel (Cerastoderma edule) i
la tellerina (Donax frunculus), tot i que aquesta
darrera viu a la part més exterior de la badia,
gairebé en aigles obertes. El sistema de
cultiu del musclo i I'ostrd és en suspensid, la
profunditat de cultiu oscil-la entre 0,51 2,5 m
en funcid de la ubicacié del viver. En aquest
poligon hi ha aproximadament 70 estructures
fixes o vivers. L'afluencia d'abocaments és
bdsicament d'origen agricola i ramader, tot
i que en la part més exterior de la badia hi
conflueixen aigles més o menys depurades
de les poblacions que es troben a la
capcalera de I'hnemidelta esquerre.

L'area A és una zona de cultiu en fileres o long

lines que s'exten des de la desembocadura
amb el riv Sénia fins a la bocana de la
badia dels Alfacs. El poligon de cultiu de
bivalves estd fondejat a una profunditat
d'aproximadament 15 m. Aquest fipus de
viver flotant estd format per estructures
tfotalment flexibles i suspeses a la columna
d'aigua entre 4 i 10 m i fixades al fons per
un sistema de cordes i anclatges que els
hi permet aguantar els temporals de vent i
mar gue sén freqUents en aquestes aigUes.
Es cultiva majoritariament I'ostré (Crassostrea
gigas), existeixen bancs naturals de tellerina
(Donax frunculus) i xirla (Chamalea gallina)
gue son explotades pel sector de la pesca
local. Els abocaments d'aigua dolca no estan
tant caracteritzats com els de les badies. Rep
les aigues de la badia dels Alfacs i de les
poblacions costaneres del voltant, aixi com
també d'una fabrica de ciment.

El tercer punt de mostreig es froba al nord-
oest de la Peninsula lberica, a la costa
atlantica. Es tracta d’'una zona de classificacio
desconeguda on es cultiven amb objectius
comercials ostres (Osfrea edulis) i musclos (M.
galloprovincialis).

Figura 1.1. Zones de produccidé de marisc al Delta
de I'Ebre (Tarragona, Espanya). S'assenyalen les
zones A'i B on es van fer els mostreigs.
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Grécia— Es seleccionaren diversos punts de
mostreig de manera que es cobrissin totes
les drees de produccid gregues. S'assignd un
codi numeric a cada punt per tal de protegir
la confidencialitat dels resultats.

Els punts 1 a 5 es troben a la costa central
grega i principalment, es fracta de platges de
sorra amb poques pedres, separades d’aigues
recreatives enfre 500 i 1000 m i allunyades
de qualsevol punt de descarrega d'aigUes
residuals. Els punts 1 i 2 estan classificats com

a zones B i s'hi cultiven ostres (Ostrea edulis).
El punt 3 esta classificat com a zona A i s'hi
cultiven musclos (M. galloprovincialis) com als
punts 4i 5, també classificats com a zones A.

Els punts 6 a 8 es troben al nord de Greciaisén
platges amb sorra i capes de fangs d’entre
11 7 metres. Aquestes zones de produccid
estan allunyades de descdrregues d'aigUes
residuals i zones recreatives. Aquestes zones
de produccidé de musclos estan classificades
com a zones A.

ol
&

Figura 1.2. Zones de produccié de marisc a Grécia. Amb una estrella

s'indiquen els punts de mostreig.

Regne Unit— Es seleccionaren zones
pertanyents a les 3 categories descrites a la
normativa europea. També s'inclogué una
zona “prohibida” per tal d’obtenir dades de
bivalves amb alts nivells de contaminacié.

La zona A consisteix en un parc de cultiv
comercial d'ostres (Ostrea edulis) localitzat
en un gran estuari al sud-est del Regne
Unit. L'estuari esta obert al mar i presenta
poblacions naturals d’ostres i musclos (M.
edulis). Rep afluéncies de diferents rius
pel nord i per I'est i I'impacte de petites
descarregues secundaries d'aigUes residuals.

En la zona A/B hi ha poblacions naturals
d'escopinyes i es cultiven musclos i osfres
amb fins comercials. No rep aportacions
d’aigUes residuals encara que a la regid hi ha
diverses ciutats.

La zona B1 es froba també a un estuari del
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sud d’Anglaterra i s'hi cultiven ostres. L'entorn
esta altament poblat, amb petites poblacions
properes als parcs de cultiu. Es tracta d'un
punt que rep descarregues d'aigUes residuals
crues, primaries i secundadries. També es veu
afectat pel sistema de desguds en cas de
tempestes locals. Malgrat la seva classificacio
com a zona B, aquesta drea s'ha vist
associada diverses vegades amb brotfs de
gastroenteritis.

La zona B2 estd localitzada en un gran port
natural a la costa sud d'Anglaterra, on es
culfiven ostres i musclos amb fins comercials.
Rep les aigles de rius per l'est i es veu
fortament influenciat per les marees. Es una
area fortament poblada i el port s'usa per a
nombroses activitats recreatives i esportives.
Al nord i a I'est hi ha fres grans emissors
secundaris d'aigua residual, a més d'altres
descarregues menors, pero intermitents. No
obstant, degut en part a la influencia de



les marees, aquestes aportacions d’aigues
residuals queden diluides i en general, es
tfracta d'una zona neta.

El punt C, també al sud, rep I'afluéncia de
rius i d'emissors d'aigles residuals, crues i

Annexes

secunddries.

Finalment, el punt D és una zona prohibida
localitzada en una badia tfancada i que no
estd sotmesa a la influencia de les marees.

oo

I -— "
\ & 7oNna B *
o, zona D
zona C

* zona B

zZzona A/B
[

o T

Figura 1.3. Zones de produccid de marisc al Regne Unit

Suécia— Es seleccionaren fres arees al sud de
Suecia, a la costa del mar de Skagerrak. La
classificacié de dues de les zones estudiades
es basa en estudis previs d'enumeracié d’'E.
coli, sense tenir valor oficial ja que en cap de
les zones es dona explotaci® comercial de
mol -luscs bivalves.

El punt 1 correspondria a una drea B; és una
costa amb sorra i roques i hi desemboca un
riu que travessa zones agricoles, ramaderes
i estacions depuradores. Es troba a la part
interna d'un petit fiord amb connexid¢ oberta
al mar de Skagerrak. A la zona hi ha diverses
cases amb sistemes particulars d’'aigUes
residuals de tal forma que es déna un cert
grau de filtracio.

El punt 2 és una drea no classificada. La
costa és rocosa i amb molts corrents. Les
cases particulars  estan  connectades a
I'estacié depuradora local que abasta 3 000
persones. Els efluents d'aquesta depuradora
sén a dos quildmetres i mig al sud del punt de
mostreig, tot i que els corrents connecten tofs
dos punfts.

El punt 3 correspondriac a una darea A,
localitzada a un fiord i envoltat de cases
d’estiveig i iots recreatius. Estd en contacte
estret amb diferents activitats agricoles i
urbanes. A 13 quildbmetres al nord-est, trobem
una planta depuradora que déna servei a
aproximadament 40 000 persones.

Momegic SIS i
Skorapemak
tarheEgait
Dincinciroo

Figura 1.4. Zones de produccié de marisc a Suécia. Amb
un recuadre s'assenyala I'area de mostreig.
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ANNEX Il. Iniciadors utilitzats

Taula II.1. Iniciadors utilitzats en I'amplificacié per reaccié en cadena de la polimerasa imbricada d'adenovirus,
enterovirus i virus de I'hepatitis A

Adenovirus®

Ad40 (hexd)  19136-19158 Primera  hexAA1913 CAGCACGCCGCGGATGTCAAAGT

Ad40 (hexd)  19051-19079 Imbricada  nehexAA19591 TTGTACGAGTACGCGGTATCCTCGCGGTC
CV B4 (5'NTR)  64-83 Primera  Ent1 CGGTACCTTIGTACGCCTGT

Polol (SNR) 576597 pimera  En2 " ATIGICACCATAAGCAGCCA
Polio 1 (5'NTR)  430-450 Imbricada  neEnt 1 - TCCGGCCCCIGAATGCGGCTA

Virus hepatitis A9

VHA (5'NTR)  680-700 Primera  HAV 2 CTGAGTACCTCAGAGGCAAAC
VHA(SNIR] 371391 Imbricada neHAV1 . AICICIIGAICTICCACAAG
VHA (5'NTR)  641-661 Imbricada  neHAV 2 GAACAGTCCAGCTGTCAATGG

9Posicid dels inciadors segons la regid de I'hexd d'Ad2

PPosicié dels inciadors segons la regid 5' no traduida (5'NTR) de coxsackievirus B4
“Modificat de Gow i col., 1991

dPinai col., 1998b

Taula I1.2. Iniciadors utilitzats en I'amplificacié per reaccié en cadena de la polimerasa imbricada de la
regid ORF1 dels norovirus

SM31b 4871-4853 | Primera 190 ob CGATITCATCATCACCATA
Gl 46794896 pimera | 0%° ICNGAAAIGGATGTIGG
SM31 b 4607 4588 Primera CGATITCATCATCACCATA
b 4868 4355 Imbricada ATCTCATCATCACCATA
4605 4588 Imbricada ATCTCATCATCACCATA

9La posicid és relativa respecte la regid ORF1 dels norovirus
PGreenicol., 1998
“Maguire i col., 1999
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Taula 11.3. Iniciadors emprats en la tipificacié de la regid hipervariable VP1 d'enterovirus (Casas i col., 2001)

vpl-1s 2764-2809  Primera Positiva 898 ob 58,1 GGITYGAYITGGARITIACITTYGT
Wpl-la 3612367 Pimera  Negafva -_
vpl-2s 2874-2898 Imbricada Positiva 0.8  ARWTWATGTAYRTICCICCIGGIG
vpl1-3a 3507-3531  Imbricada Negativa 61,3  CCIGTKKIRCAIYIRCAYCIGCIA

APosicions relatives a la soca Barty d'echovirus 9 (n° d’'acces: X92886)
PLa mida de I'amplicé pot variar depenent de la mida de la seqiéncia hipervariable
CPosicions degenerades: | (deoxiinosina); Y (T/C); S (C/g); R (A/g); M(A/C); W (T/A); K (T/9)
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ANNEX Ill. Desenvolupament de la metodologia aplicada en I'estudi

lllLA. Comparacié dels dos méetodes d’'elucié i concentracié de particules viriques a

partir d’homogenats de mol -luscs bivalves

En I'etapa inicial d’'aquest projecte, i amb
I'objectiu de seleccionar la metodologia
apropiada per a I'aillament i la deteccid de
virus en bivalves, es feren estudis comparatius

“Elution and concentration of viral particles
and nucleic acid extraction” dels Materials
i Méetodes de l'article. En la Taula lILA.1T es
mostren els resultafs obtinguts pels quatre

entre els metodes proposats pels laboratoris  laboratoris participants amib tots dos métodes
participants.  Aquests dos metodes es en l'andlisi d'ostres amb alts nivells de
descriven més detalladament a I'apartat contaminacié mencionat en I'article.

Taula lll.LA.1. Comparacié de dos metodes d‘andlisi de virus entérics en mol-luscs bivalves realitzada al novembre de
1999*

1 2 3 4

NV Il Positiu Negatiu Positiu Positiu
Positiu Positiu Negatiu Positiu
Positiu (debil) Negafiu Negatiu Positiu
3 _———_
[}
:g_ No testat Positiu Positiu Negativ
D
: _———_
Positiu No testat Positiu Negatiu

* Métode 1: metode basat en I'elucié dels virions en tampd glicina; metode 2: basat en la utilitzacié directa de
I'extraccié d'acids nucleics.

*NV: norovirus, Ad: adenovirus, Ev: enterovirus; VHA: virus de I'hepatitis A

* Laboratori 1: Barcelona (Espanya); laboratori 2: Patras (Grecia); laboratori 3: Weymouth (Regne Unit); laboratori 4:
Umed (Suecia)
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lll.B. Modificacions introduides en el processament de les mostres de mol -luscs

bivalves

lll.B.1. Seleccié de la velocitat d'ultracentrifugacio

Es va introduir una modificacié al métode
descrit per Pina (1998b) i Municin-Mujika
(2000) per a la concentfracié de particules
viriques de mostres de bivalves. La velocitat
d'ultracentrifugaci®é va reduirse fins @
81 584xg ja que va demostrar ser suficient

per a la sedimentacié de tots els virus humans
estudiats i, d'alfra banda, es reduia la
presencia d’altres molécules al sediment. A
la Taula lIl.B.1. es mostren els resultats de PCR
obtinguts després de processar dues mostres
de musclos a les dues velocitats assajades.

Taula I11.B.1. Comparacié dels resultats d'amplificacié per PCR després d'ultracentrifugar dues mostres de musclos a

dues velocitats diferents*

Adenovirus

Enterovirus Virus de I'hepatitis A

Mostra 1 N

P N P N N
* N: negatiu per PCR; P: positiu per PCR; dP: positiu débil per PCR
* Les velocitats d'ultracentrifugacid estan calculades segons el radi mig del rotor 70.1 Ti de Beckman. Pel radi maxim,
les velocitats correspondrien a 229 600 x g i 100 000 x g respectivament.

1ll.B.2. Extraccié amb cloroform

La resuspensid del sediment obtingut en
la ultracentrifugacid es veu dificultada pel
greix present en certes espéecies de bivalves,
especialment ostres, ostrons i cloisses. Per
eliminar aquest greix es feu una extraccié de
cloroform del sobrenedant obtingut després
de la centrifugacio a 39 800 x g.

El protocol seguit fou el seglent: es reparteix
el sobrenedant en tubs de 50 ml i s'afegeix
cloroform en una relacié 1:7 v/v i es barreja
energicament en un vortex. Posteriorment,
es centrifuga a 2000 x g durant 15 minuts
a temperatura ambient en una centrifuga
Beckman TJ-6 (rotor basculant TH4). El
sobrenedant obtingutja espotultracentrifugar
(Figura B.1).

Aquest sobrenedant és més clar que el
no fractat amb cloroform i a més, no
presenta impureses. Els pél-lets obtinguts a
I'ultracentrifugar sén més petits i fransparents,
no presenfen el tipic doble botd fosc al
cenfre i transparent (corresponent al greix)
als voltants. Finalment, la sensibilitat a nivell
d’amplificacié d'ADN no es veu reduida.
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Figura B.1. Resultat de I'extraccid de cloroform



111.B.3 Ultrofiltracid

S'intentd substituir el pas d'ultracentrifugacio
per un d'ulfrafiltracié que ja havia estat
aplicat amb éxit pel nostre grup de recerca
per a I'elucié i concentracié de particules
viriques a partir d'aigua residual (Pina i col.,
2001a).

Amb aquest objectiu, s'usaren unitafs
d'ultrafiltracio per centrifugacié Ultrafree®-15
(Millipore), les quals contenen una membrana
Biomax™ d'alt cabal de polietersulfona
de pes molecular nominal limit (NMWL)
de 100000 Da. Aguesta membrana reté
les particules majors de 100 000 Da (virus) i
permet el pas de particules menors.

Annexes

Aquestes unitats presentaren problemes de
colmatacié que intentarem resoldre seguint
diferents estrategies. Aixi doncs, s'Taugmentd
el temps de centrifugacié a 2170x g de 15
a 30 minuts per intentar netejar I'homogenat
d'impureses. Amb aquest objectiu també
s'augmentd la velocitat del segon pas de
centrifugacié de 39 800xg durant 45 min
a 48 400 xg 1h. Finalment, s'afegi un pas
d'extraccié amb cloroform descrit al punt
antferior. En la Figura B.2 es resumeixen els
canvis respecte el processament habitual de
les mostres de mol-lusc bivalve. No obstant,
malgrat els canvis intfroduits no s'aconsegui
eliminar el problema de colmatacié dels
filtres.

Figura B.2. Modificacions intfroduides en el processament dels mol -luscs bivalves de cara a aplicar ulfro-
filtracid. En negreta, es resalten els passos on s’han introduit canvis.

1

) processament de mol-luscs bivalves vius
2) elucid i homogenitzacid amb tampd glicina pH 10 1:5 p/v
)

3) agitacié magnética durant 15 min

4) ajustar pH 7

5) centrifugacié a 2 170 x g durant 30 min a 4°C
6) centrifugacié a 48 400 x g durant 1 h a 4°C

7) exiraccié amb cloroform
8) pre-filtracio
9) ULTRAFILTRACIO
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