
  Published Ahead of Print 9 October 2009. 
10.1128/AEM.01177-09. 

2009, 75(23):7350. DOI:Appl. Environ. Microbiol. 
Rosa M. Pintó, M. Isabel Costafreda and Albert Bosch
 
Outbreaks of Hepatitis A
Risk Assessment in Shellfish-Borne

http://aem.asm.org/content/75/23/7350
Updated information and services can be found at: 

These include:

REFERENCES
http://aem.asm.org/content/75/23/7350#ref-list-1at: 

This article cites 33 articles, 15 of which can be accessed free

CONTENT ALERTS
 more»articles cite this article), 

Receive: RSS Feeds, eTOCs, free email alerts (when new

http://journals.asm.org/site/misc/reprints.xhtmlInformation about commercial reprint orders: 
http://journals.asm.org/site/subscriptions/To subscribe to to another ASM Journal go to: 

 on A
pril 15, 2014 by guest

http://aem
.asm

.org/
D

ow
nloaded from

 
 on A

pril 15, 2014 by guest
http://aem

.asm
.org/

D
ow

nloaded from
 

http://aem.asm.org/content/75/23/7350
http://aem.asm.org/content/75/23/7350#ref-list-1
http://aem.asm.org/cgi/alerts
http://aem.asm.org/cgi/alerts
http://journals.asm.org/site/misc/reprints.xhtml
http://journals.asm.org/site/subscriptions/
http://aem.asm.org/
http://aem.asm.org/
http://aem.asm.org/
http://aem.asm.org/


APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Dec. 2009, p. 7350–7355 Vol. 75, No. 23
0099-2240/09/$12.00 doi:10.1128/AEM.01177-09
Copyright © 2009, American Society for Microbiology. All Rights Reserved.

Risk Assessment in Shellfish-Borne Outbreaks of Hepatitis A�
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In the present work, we aimed at determining the relationship between the hepatitis A virus (HAV) numbers
in imported frozen coquina clams involved in two hepatitis outbreaks, as well as the risk for human health. Due
to HAV unculturability, a standardized TaqMan real-time reverse transcription-PCR controlling the virus/
nucleic acid extraction and enzyme efficiencies was employed to figure the exposure dose for clams responsible
for hepatitis cases. HAV numbers were then employed to figure the risk of infection based on a dose-response
model for echovirus 12. The estimated risk of infection after consumption of lightly cooked clams matched
actual attack rates. Our data show that prospective monitoring of bivalve samples may fail to prevent the
occurrence of outbreaks, since HAV was detected in 44% of samples directly associated with cases but was
undetectable in samples that were randomly collected from the importers and belonged to the same batches.
A correlation was nevertheless observed between the prevalence of hepatitis A cases in the harvesting areas and
positive HAV isolation in clams, which points to the need to identify and prevent hazards rather than relying
on random sampling of finished products to ensure safety. However, when evidence shows that a critical limit
of viral contamination has been exceeded in the potential sources of contamination discharging into the
shellfish-growing beds, quantitative virological analysis addressing quality assurance and quality control
requirements should be performed with the bivalves. This work provides the first evidence of accurate HAV
levels in shellfish involved in outbreaks that could be of use for risk assessment purposes.

Epidemiological evidence suggests that human enteric vi-
ruses are the most common pathogens transmitted by bivalve
shellfish (22, 23, 31) and that hepatitis A virus (HAV) infection
is the most serious viral infection linked to shellfish consump-
tion, causing a debilitating disease and, occasionally, death. The
first documented shellfish-borne outbreak of “infectious hep-
atitis” occurred in Sweden in 1955, when 629 cases were asso-
ciated with raw oyster consumption (33). However, the most
significant outbreak of HAV infection occurred in Shanghai,
China, in 1988, in which almost 300,000 cases were caused by
consumption of clams harvested from a sewage-polluted area
(17). In fact, this is so far the largest virus-associated outbreak
of food poisoning ever reported. Smaller outbreaks have been
reported worldwide (10, 13, 24, 27, 29, 35, 37). Several issues,
such as the fact that fecal HAV excretion precedes the onset of
symptoms, together with the difficulties in completely remov-
ing and/or inactivating viruses through sewage treatment (6, 7),
make hepatitis shellfish-borne outbreaks hard to prevent if the
virus is circulating among the population.

Risk analysis may provide a sensible approach to increase
the safety of shellfish consumption. Quantitative microbial risk
assessment (QMRA) is a powerful statistical tool for estimat-
ing the probability of an event, e.g., virus infection, taking place,
based on exposure and dose-response models (15, 16, 18, 34).
Exposure assessment requires the quantitative determination
of viruses present in the transmission vehicle. Due to the lack
of a reliable cell system for the recovery of wild-type HAV,
standardized quantitative molecular approaches, including ap-

propriate quality assurance and quality control measures to
assess the efficiency of critical steps in virus analysis, open the
possibility of producing consistent and accurate exposure data
(11). Additionally, the lack of an actual dose-response model
for HAV makes it necessary to apply models developed for
other enteric viruses (21, 25, 36, 39).

In the present work, we aimed at determining the relation-
ship between the HAV numbers in imported coquina clams
directly involved in two hepatitis outbreaks and the derived
likelihood of acquiring hepatitis A infection from consumption
of the contaminated product. To our knowledge, no quantita-
tive analysis of the health risk of HAV-contaminated bivalve
mollusks has previously been reported. The information gen-
erated in this work may be used to formulate cost-effective risk
management measures in shellfish-borne outbreak situations.

MATERIALS AND METHODS

Cells and viruses. The cytopathogenic pHM175 43c strain of HAV (courtesy
of T. Cromeans, Centers for Disease Control and Prevention, Atlanta, GA) has
been used throughout this study as a positive control of the detection technique.
Virus replication in FRhK-4 cells was performed as previously described (4).

Infectious mengovirus strain MC0 (ATCC VR-1957) was obtained after trans-
fection of a cDNA clone, pMC0 (kindly provided by Ann Palmenberg, University
of Wisconsin), into HeLa cells as previously described (28). The MC0 mutant
strain, which lacks the poly(C) tract in comparison to the wild-type mengovirus,
shows growth properties identical to those of the wild-type virus but with a
completely avirulent phenotype (28). Mengovirus stocks were thereafter pro-
duced in the same cells and used as controls for procedures in each virus/nucleic
acid extraction from shellfish as described elsewhere (11).

Shellfish-borne hepatitis A outbreaks. In a period of 10 years, two hepatitis A
outbreaks occurred in Valencia (Spain) that were associated with the same
source: frozen coquina clams imported from Peru. These molluscan bivalves
complied with the European Union (EU) standards, based on the numbers of
Escherichia coli in shellfish meat, which must be below 230 most probable num-
bers per 100 g of flesh to allow their market distribution (2). It is, however, well
documented that bacterial microorganisms fail to give a reliable indication of the
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virological quality of bivalve molluscan shellfish or their waters (1, 23, 32). The
first outbreak (9) occurred in 1999, lasted 3 months, and affected 184 patients.
The amount of clams involved in the outbreak was 189 tons. In this outbreak, the
transmission vehicle was ascertained through the detection of the same HAV
sequences in patient and coquina samples (35). The second outbreak occurred in
2008, lasted 7 months, and affected 100 patients. The amount of clams involved
in this outbreak was 3,766 tons. Again the same sequences, closely related to
those of the 1999 outbreak, were detected in clinical and bivalve samples (un-
published data).

Frozen samples of clams directly associated with the outbreaks were tested for
the presence of HAV. In the 1999 outbreak, 20 samples from households with
cases were analyzed by standard reverse transcription-PCR (RT-PCR) (35). In
the 2008 outbreak, nine package samples from households, seven from retail
stores, and seven from importers were assayed by real-time RT-PCR (11). De-
tails of the procedures are provided below.

Virus and nucleic acid extraction. Processing of shellfish samples from the
1999 outbreak was performed essentially by the method described by Atmar and
coworkers (5). Briefly, the stomachs and digestive diverticula were dissected
from the clams and subjected to high-speed homogenization (Sorval OCI Omni
mixer; Omni Intl., Waterbury, CT). Viruses were extracted from the homoge-
nates (corresponding to 1.5 g of shellfish tissue) by sequential extractions with
chloroform-butanol and Cat-Floc T (Calgon Corp., Elwood, PA), and concen-
trated by polyethylene glycol precipitation. Nucleic acids from these concentrates
were extracted with the RNeasy plant mini kit (Qiagen) following the manufac-
turer’s instructions.

Samples from the 2008 outbreak were processed as described by Lowther and
colleagues (26) with minor modifications. Briefly, for each sample, 2.0 g of
digestive glands was finely chopped using a razor blade. Homogenates were then
prepared by treating the chopped digestive glands with 2 ml of a 100-�g/ml
proteinase K solution (30 U/mg; Promega). Samples were incubated at 37°C with
shaking for 60 min, followed by an additional incubation at 60°C for 15 min.
After a low-speed centrifugation at 3,000 � g for 5 min, supernatants were
recovered and employed for RNA extraction using the NucliSens miniMAG
magnetic system (BioMérieux), following the manufacturer’s instructions.

The high variability inherent to the procedures for virus recovery from shellfish
calls for the use of process controls. Mengovirus MC0 (ATCC VR-1957) was
used to control the efficiency of the extraction procedures described above. Ten
microliters of a virus stock, containing 107 50% tissue culture infective doses per
ml, was added to the homogenates prior to the extraction processes. The effi-
ciency of the nucleic acid extraction was calculated by comparing the detected
and added mengovirus genomes. Differences in the extraction efficiencies be-
tween the employed methods and also within repeated extractions using a given
method were monitored through the use of the mengovirus. Appropriate cor-
rective factors were subsequently applied to the raw figures obtained in the
real-time assay. The final virus numbers for a given sample were of the same
order of magnitude regardless of the extraction procedure employed.

Primers, probes, and molecular assays. HAV quantification was performed
through a standardized real-time TaqMan RT-PCR with primers HAV240 and
HAV68, probe HAV150(�) labeled at the 5� end with 6-carboxyfluorescein

(FAM) and modified at the 3� end with the addition of a minor groove binder
(MGB), and assay conditions described elsewhere (11). This method includes the
use of mengovirus as a process control for virus/nucleic acid extraction from
shellfish tissues, as mentioned above. Quantification of mengovirus was carried
out through a real-time procedure following the same conditions as for HAV
with the reverse primer Mengo209 (5�-GAAGTAACATATAGACAGACGCA
CAC-3�), the forward primer Mengo110 (5�-GCGGGTCCTGCCGAAAGT-3�),
and the FAM-MGB probe Mengo147 (5�-ATCACATTACTGGCCGAAGC-3�).
The target region for the quantification of mengovirus was selected to be as
similar as possible to that of HAV in terms of structure, length, and base
composition (11). Additionally the efficiencies of the RT-PCR enzymes were
monitored by spiking an RNA control, as specified elsewhere (11).

Estimation of accurate virus genome copy numbers in bivalve tissue. The
accurate number of genome copies in bivalve shellfish may be estimated by
applying the corrective factors derived from the virus/nucleic acid extraction
efficiency on the one hand and the efficiency of the RT-PCR amplification on the
other (11). However, extraction efficiencies in shellfish samples usually range
from 0.1% to 10%, while RT-PCR efficiencies range from 50% to 100%. Only in
those cases in which the extraction efficiencies are �10% are both corrective
factors considered, since the corrective factors are in the same log magnitude.
This is usually observed when analyzing clinical samples. When extraction effi-
ciencies are �10% and RT-PCR efficiencies are �50%, as occurred in the
present study, it is not necessary to sum up both corrective factors, since they are
not in the same log magnitude, the actual bottleneck being the extraction pro-
cedure.

Quantitative risk assessment. The risk of infection is the probability of ac-
quiring the infection from a given exposure dose. The two main factors affecting
this probability after consumption of food are the level of exposure (i.e., the
number of infectious virus units per gram of clams and the ingested amount of
clams) and the interaction of HAV and the host (defined by the dose-response
curve). Table 1 depicts the parameters employed for the estimation of the HAV
exposure from consumption of clams from contaminated batches, employing an
adaptation of a general model for estimation of exposure of viruses in food
proposed by Havelaar and Rutjes (18) based on the formula developed by Teunis
et al. for estimation of exposure to protozoa in drinking water (38): dose �
P � C � 1/R � I � PR � W, where dose is the number of infectious virus parti-
cles ingested in a single meal, P is the prevalence (the percentage of units
contaminated by one or more infectious particles) at a specified step in the food
chain, C is the measured concentration in contaminated units at that step in the
food chain, R is the percent recovery of the detection method, I is the proportion
of infectious units in the total physical virus population, PR is the percent virus
titer reduction of downstream processes including preparation for consumption,
and W is the amount of food consumed (per serving). The HAV dose was
employed to estimate the risk of infection based on dose-response models ob-
tained in human volunteers with different enteric viruses reported to be isolated
in shellfish, assuming a single serving of 60 g of meat tissue (34). The beta-
Poisson formula, Pi � 1 � (1�N/	)�
, was applied in this work, with Pi being the
probability of infection, 
 and 	 the dose-response parameters, and N the
exposure expressed as the number of infectious units after cooking. Previously

TABLE 1. Parameters employed for the estimation of HAV exposurea from consumption of clams from contaminated batches

Parameter Description Reference(s)

P Prevalence or percentage of units contaminated. In our case, the unit was the batch package, and in
the 1999 outbreak, since all analyzed packages were associated with cases, P � 1.

This study

C Concn of viruses, in our case the no. of genome copies per g of clam meat as determined by real-time
RT-PCR.

11

R Percent recovery of the detection method. In our case, it is estimated from the percent of recovery of
a known concn of added mengovirus (as an extraction process control) and a known concn of an
added external RNA molecule (as an RT-PCR control).

11

I Proportion of infectivity of the detected viruses. In our case, the ratio of infectious/physical particle
has been determined to be 1/60.

12, 20

PR Percent virus titer reduction associated with clam cooking. The final concn of infectious virus after
cooking was estimated by applying a reduction of the initial infectious virus of 99.46% in lightly
cooked shellfish (until valves are opened) and 99.86% in well-cooked shellfish (5 min after opening
of the valves).

1, 8

W Amount of food consumed per serving. In our case, having in mind the culinary habits for
consumption of clams in the outbreak location, mostly as tapas or in paella, we chose a serving size
of 60 g of meat.

34

a Dose � P x C x 1/R x I x PR x W (18, 38).
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reported values of 
 and 	 for rotavirus (39), echovirus 12 (36), poliovirus 1 (25),
and poliovirus 3 (21) were employed.

The probability of infection was figured with or without applying corrective
factors derived by extraction and enzyme efficiencies (R in Table 1), and since the
vast majority of cases in both outbreaks occurred in the adult population (cor-
relating with the primary population consuming shellfish), we assumed that all
infections were symptomatic (risk of illness � risk of infection).

The actual attack rate could be determined only for the 1999 outbreak and was
figured from the number of cases and the number of consumers theoretically
associated with a given batch package, assuming a single serving of 60 g of
shellfish. The net weight of the analyzed packages was �2 kg. The numbers of
consumers who developed hepatitis A after consumption of clams from packages
of batches 20757, 49254, 53323, and 1054 were 9, 5, 4, and 18, respectively.

RESULTS AND DISCUSSION

QMRA requires an accurate estimation of the exposure
dose (14, 16, 18, 34). For unculturable viruses, such as HAV,
for which cell culture is not adequate for primary isolation,
standardized quantitative molecular procedures, including ad-
equate controls to ascertain the efficiency of critical steps in
food matrices, such as virus/nucleic acid extraction and enzyme
inhibition, must be used (30). In the present study, the num-
bers of HAV genome copies per gram of tissue in clams asso-
ciated with two outbreaks of hepatitis were figured by a stan-
dardized TaqMan real-time RT-PCR (11). Raw numbers of
genome copies were corrected, taking into consideration the
virus/nucleic acid extraction efficiencies and enzyme efficien-
cies.

Table 2 depicts the HAV levels in package samples from
four batches of clams linked with the 1999 outbreak. The

numbers of infectious viruses were figured by applying a 1:60
factor to the number of physical particles (12, 20). In addition,
since clams were sold frozen, it was assumed that they were not
consumed raw but lightly cooked, following the local culinary
habits. In this scenario, the final numbers of infectious virus
after cooking were estimated by applying a reduction of
99.46% of the initial infectious virus, which is the reduction
experimentally observed for HAV after light cooking (1, 8).
From the data depicted in Table 2, the need to apply the
corrective coefficients is evident, since otherwise the exposure
dose for clams responsible for hepatitis cases would be far
below a single infectious unit, assuming a single serving of 60 g
of clam meat. The HAV infectious dose is unknown but ac-
cording to the U.S. Food and Drug Administration presumably
is around 10 to 100 virus particles (http://www.seafoodhaccp
.com/SeafoodData/BadBugBook/chap31.html).

The actual attack rate for these batches is shown in Table 3.
The number of HAV genome copies in tissues of lightly
cooked clams, with or without correction, was employed for
the estimation of the risk of infection using the beta-Poisson
parameters obtained for human volunteers after ingestion of
rotavirus (39), echovirus 12 (36), poliovirus 1 (25), and polio-
virus 3 (21). From these data we can conclude that overall the
fittest model after applying the required corrective factors is
the one corresponding to echovirus 12, as was also suggested
by Rose and Sobsey (34). This model was employed thereafter
for HAV QMRA. According to our data (Tables 2 and 3), an
infectious dose of 72 infectious particles may be associated

TABLE 2. HAV numbers in clams from batches linked to the 1999 hepatitis A outbreaka

Sample
batch

Genome copies/gb Infectious units/gc Infectious units/g after light cookingd

Without correction With correction Without correction With correction Without correction With correction

20757 8.0 � 101 8.0 � 104 1.3 � 100 1.3 � 103 7.0 � 10�3 7.0 � 100

49254 1.4 � 101 1.4 � 104 2.3 � 10�1 2.3 � 102 1.2 � 10�3 1.2 � 100

53323 1.3 � 101 1.3 � 104 2.2 � 10�1 2.2 � 102 1.2 � 10�3 1.2 � 100

1054 1.1 � 102 1.1 � 105 1.8 � 100 1.8 � 103 9.7 � 10�3 9.7 � 100

a Estimations are figured with or without applying corrective factors derived by extraction and enzyme efficiencies.
b Genome copy numbers per g of tissue were estimated by a TaqMan real-time RT-PCR (11).
c The numbers of infectious viruses per g of tissue were figured by applying a 1:60 factor to the number of physical particles (12, 20).
d The final numbers of infectious virus per gram of tissue after cooking were estimated by applying a reduction of 99.46% of the initial infectious virus, which is the

reduction experimentally observed after light cooking (1, 8).

TABLE 3. Actual attack rate of HAV present in different clam batches linked to the 1999 outbreak and estimated risk of illnessa

Sample
batch

Attack
rateb

Risk of illness based on dose-response curves for enteric virusesc

Rotavirus Echovirus 12 Poliovirus 1 Poliovirus 3

Without
correction

With
correction

Without
correction

With
correction

Without
correction

With
correction

Without
correction

With
correction

20757 0.27 0.17 0.83 0.0008 0.36 0.000030 0.026 0.16 0.92
49254 0.14 0.04 0.74 0.0001 0.11 0.000005 0.005 0.03 0.84
53323 0.12 0.04 0.74 0.0001 0.11 0.000005 0.005 0.03 0.84
1054 0.54 0.20 0.85 0.0012 0.41 0.000042 0.035 0.20 0.93

a The risk of illness after consumption of lightly cooked clams was figured with or without applying corrective factors derived by extraction and enzyme efficiencies
(11).

b The actual attack rate was calculated for each batch with the number of cases and the number of consumers associated with a batch package, assuming a single
serving of 60 g of shellfish. Analyzed packages contained around 2 kg (net weight) of clams.

c Estimation based on reported dose-response models for different enteric viruses (34) and determined for consumption of 60 g of shellfish. Beta-Poisson formula:
Pi � 1 � (1�N/	)�
, Pi being the probability of infection, 
 and 	 the dose-response parameters, and N the exposure expressed as the number of infectious units after
light cooking (see Tables 1 and 2). Values of 
 and 	, are, respectively, 0.26 and 0.42 for rotavirus (40), 0.374 and 186.69 for echovirus 12 (36), 0.1097 and 1,524 for
poliovirus 1 (25), and 0.409 and 0.788 for poliovirus 3 (21).
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with an 11% probability of infection (batches 49254 and
53323), while a dose of 420 infectious units may be associated
with a 36% likelihood of infection (batch 20757) and 582
infectious units may be associated with a 41% probability of
infection (batch 1054). From these data, it may be suggested
that the likelihood of infection of HAV may be proportional to
the dose. However, further studies are required with other
outbreaks once the tools for quantitative molecular detection
of the virus are implemented.

The 2008 hepatitis outbreak was long lasting (7 months) due
to the involvement of nearly 4,000 tons of clams harvested in
the Piura and Sechura provinces, Peru. When the outbreak was
declared, risk management measures implemented by the
Spanish Ministry of Health were (i) activating the national
system of epidemiological surveillance to prevent the distribu-
tion of any further coquina shipments and (ii) reporting to
officials at border checkpoints and the European Community
Rapid Alert System for Foodstuffs. All Peruvian shellfish
imports were banned in the EU, and around 1,000 tons of
shellfish were immobilized. Besides the sanitary impact, the
commercial economical burden of this hepatitis outbreak was
overwhelming; the loss due only to the immobilized product was
US$4 million, and the losses derived from the EU ban were of
enough magnitude to bankrupt the Peruvian fishery sector.

The actual attack rates associated with different clam
batches could be figured for the 1999 outbreak due to the high
number of cases occurring in a relatively narrow time period
(184 cases in 3 months). However, the wide period in which
hepatitis cases were reported in the 2008 outbreak (100 cases
in 7 months) made the same quality level of case control
studies unattainable. These 100 hepatitis A cases were associ-
ated with around 3,000 tons (gross weight equivalent to 1,500
tons of meat) of clams that were already consumed when the
alert measures were implemented. From these data, an overall
attack rate of 0.000004, assuming a single serving of 60 g, could
be roughly figured, which is far below the estimated attack rate
for specific HAV-positive batches (Table 4), pointing to a

small proportion of contaminated clams within the huge
amount of involved mollusks.

One major issue in the monitoring of food products for virus
occurrence is the representativity of the assayed sample, par-
ticularly in situations of a low proportion of contaminated
samples, as occurred in the 2008 outbreak. Coquina samples
from households (n � 9) as well as from retail stores (n � 7)
directly associated with cases in the 2008 outbreak were sam-
pled, and HAV genome copies were determined in our labo-
ratory. Additionally, samples belonging to the same batches
but obtained from import companies (n � 7) were also ana-
lyzed. While HAV was detected in five (56%) home and two
(30%) retail store samples, no virus was detected in samples
from import companies (0%). Overall, HAV was detected in
44% of samples directly associated with cases but was unde-
tectable in samples belonging to the same batches but ran-
domly collected from the importers. Additionally, 50 samples
from immobilized batches with no associated cases were also
analyzed with negative results, altogether showing the difficulty
of preventing outbreaks through the prospective monitoring of
samples prior to the occurrence of cases in this kind of sce-
nario. Prospective virological analysis of food is envisaged to
ensure the safety of the foodstuff before public consumption.
However, it is such a highly complex and costly process that
obviously it cannot be universally applicable to a huge produc-
tion of bivalves. The need to analyze representative samples is
even more critical when the screening procedures are based on
molecular analysis of minute amounts of a sample whose virus
contamination, if present, is very low. Obviously any error at
this step is critically carried over and impossible to correct even
when highly sophisticated detection procedures are subse-
quently applied.

The genome copy numbers of HAV per gram of clams in
positive samples from the 2008 outbreak are given in Table 4.
QMRA for consumption of raw, lightly cooked, or well-cooked
coquinas is also shown in Table 4. As expected, the level of
heat treatment applied to the bivalves greatly influences the
estimated attack rate. This has raised the possibility of includ-
ing on the product label the recommendation to consume the
clams well cooked, an option which is under discussion among
shellfish producers and importers.

The harvesting dates of the positive samples expanded over
a 1-year period, suggesting that the harvesting area contami-
nation was a frequent event, although it likely occurred at a
very low level, as suggested by the low proportion of positive
isolations in the imported product. Data from the Red Bajo
Piura of the Peruvian Health Authority on the occurrence of
hepatitis A in the Piura and Sechura provinces reflect a mod-
erate endemicity of HAV infection, with some symptomatic
cases among a majority of asymptomatic cases. The number of
hepatitis A cases per 100,000 inhabitants in the area was fig-
ured for 6-month periods from January 2007 to June 2008 (Fig.
1). The number of hepatitis A cases increased from July 2007
on, correlating with an increase both in the distribution of
positive clam samples and in the number of HAV genome
copies. Of note, 50% of the positive samples were harvested
during the January–June 2008 period (cases per 100,000 in-
habitants: 13.3), 33% during July–December 2007 (cases per
100,000 inhabitants: 11.6), and the remaining 17% during Jan-
uary–June 2007 (cases per 100,000 inhabitants: 3.3). Addition-

TABLE 4. Genome copy numbers of HAV present in different
clam batches linked to the 2008 outbreak and estimated

risk of illness

Harvesting date Genome copies/g
shellfish

Estimated attack ratea

Uncooked Lightly
cooked

Well
cooked

March 2007 1.5 � 104 0.81 0.13 0.04

September 2007 5.1 � 103 0.71 0.05 0.01

December 2007 8.8 � 104 0.90 0.38 0.17
5.6 � 103 0.72 0.05 0.02

May 2008 1.3 � 104 0.80 0.11 0.03
3.2 � 103 0.66 0.03 0.01
1.2 � 105 0.91 0.43 0.21

a Estimation based on the echovirus 12 reported dose-response model (34, 36).
Exposure dose was figured by applying the formula and parameters described in
Table 1. Data were figured by applying corrective factors derived by extraction
and enzyme efficiencies. The final concentration of infectious virus after cooking
was estimated by applying a reduction of the initial infectious virus in cooked
shellfish as specified in Table 1 (1, 8).
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ally, the mean number of genome copies per gram of tissue of
positive samples in the July–December 2007 and January–June
2008 periods also tended to be higher than that for January–
June 2007 (Fig. 1), with some samples bearing a significantly
higher virus load (Table 4).

The correlation between the prevalence of symptomatic
hepatitis A cases among the population from the harvesting
areas and positive HAV isolation in clams points to the need to
identify and prevent hazards that could cause food-borne ill-
nesses, rather than relying on random sampling of finished
products to ensure safety. This constitutes the basis of the
hazard analysis and critical control point system (19). A cost-
effective hazard analysis and critical control point-based sys-
tem applied to the viral safety of bivalves should rely on as-
sessing hazard identification, critical limits, record keeping,
and corrective actions in order to control the virological quality
of harvesting areas through the continuous quantitative mon-
itoring of such potential sources of contamination as treated or
untreated wastewater or river water discharging into the shell-
fish-growing beds rather than the monitoring of shellfish for
viruses (30). However, when evidence shows that a critical limit
of viral contamination has been exceeded, quantitative viro-
logical analysis of bivalves should be performed before com-
mercial distribution. These molecular assays for virus determi-
nation in harvesting areas and final product should be performed
to address quality assurance and quality control requirements,
like the one herein employed, in order to be internationally
accepted in the future by regulatory agencies.

There is presently no internationally harmonized approach
to shellfish testing, although bacterial indicators are almost
universally employed to ensure the virological quality of bi-
valve mollusks. The United States and other countries require
monitoring shellfish-harvesting waters, while the EU and other
countries require testing the flesh of the animals (2, 3). In some
particular situations, guidelines to ensure the specific virolog-
ical safety of bivalve shellfish in the current situation of global
food trade may be formulated and cost-effective risk manage-
ment measures may be implemented. This work provides the
first evidence of accurate HAV levels in shellfish involved in

outbreaks that could be of use for these risk assessment pur-
poses.
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