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Examination of Listeria monocytogenes prevalence among ready-to-eat foods in Japan revealed frequent (5.7
to 12.1%) contamination of minced tuna and fish roe products, and the isolates had the same virulence levels
as clinical isolates in terms of invasion efficiency and infectivity in cell cultures and a murine infection model,
respectively. Premature stop codons in inl4 were infrequent (1 out of 39 isolates). Cell numbers of L.
monocytogenes in minced tuna and salmon roe increased rapidly under inappropriate storage temperatures
(from a most probable number [MPN] of 10° to 101/g to an MPN of 10° to 104/g over the course of 2 days at
10°C). Thus, regulatory guidelines are needed for acceptable levels of L. monocytogenes in these foods.

Listeria monocytogenes causes listeriosis in humans mainly
through consumption of ready-to-eat (RTE) foods. In Japan,
the first reported food-borne listeriosis outbreak occurred in
2001, caused by contaminated cheese (16). Interestingly, this
outbreak was detected from routine monitoring in the cheese
manufacturing plant. Since this cheese was contaminated with
L. monocytogenes at a most probable number (MPN) of 107/g
(16), individuals who had consumed cheese made in the plant
were retrospectively examined and were found to have been
infected. This was the first and only reported food-borne out-
break in Japan; however, we are unsure if previous or subse-
quent listeriosis outbreaks have occurred, as there are no of-
ficial statistics on the incidence of listeriosis, due to the lack of
a mandatory notification system (20). On the other hand, a
questionnaire-based nationwide surveillance of hospitals esti-
mated that an average of 83 listeriosis cases occur every year,
which is equivalent to 0.65 per million inhabitants in Japan
(20). Moreover, the pathogen has been detected in surveys of
RTE foods at rates similar to those of other industrialized
countries (21).

Japan has a unique diet, comprising large quantities of raw
RTE seafood, such as sashimi and sushi. Our previous study on
L. monocytogenes contamination in such foods (11) revealed
that minced tuna and fish roe products had high contamination
rates (14.3% for minced tuna and 10.0 to 11.4% for fish roe
products). In this- study, we investigated L. monocytogenes
prevalence in such RTE foods further, using a larger number
of raw RTE seafood and other RTE food products. We also
investigated the virulence potential of isolates in invasion ef-
ficiency and in a mouse model and determined whether each
product type could support the growth of the pathogen. These
results can provide baseline data for regulatory guidelines nec-
essary for the safety of such products.

Seafood products and other RTE foods were purchased
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from 229 different grocery stores and delicatessens located
around Tokyo, Japan, between October 2004 and July 2008. By
following a two-step enrichment procedure (11), five colonies
on Palcam agars (Merck, Darmstadt, Germany) from each
enrichment were randomly picked. Serotype was determined
by the agglutination method using commercial Listeria anti-
serum (Denka Seiken, Tokyo, Japan). Each isolate was con-
sidered to be a different strain if it had a different serotype or
multilocus sequence type (MLST), based on six virulence genes

TABLE 1. Prevalence of L. monocytogenes in RTE foods available
at retail outlets in Japan®

No. of positive

No. of samples samples by
Sample type tested mini-VIDAS
LMO (%)
Seafood
Tuna
Minced tuna 116 14 (12.1)
Tuna block 38 1(2.6)
Fish roe
Salmon roe 123 7(5.7)
Cod roe 164 15(9.1)
Sushi 36 0 (0.0)
Smoked salmon® 33 1(3.0)
Dried seafood 16 0(0.0)
Other RTE food
Natural cheese® 65 0 (0.0
Salad 61 0(0.0)
Deli sandwich 32 0(0.0)
Ham® 17 0 (0.0)
Total 701 38(5.4)

“ Food samples were purchased from 229 different grocery stores and delica-
tessens located in and around Tokyo, Japan, from October 2004 to July 2008.
Screening of L. monocytogenes in foods was performed by mini-VIDAS LMO.

& Previously, 2.4% (33/1,387 samples) of imported natural cheese, 0% (0/15
samples) of ham, and 5.4% (5/92 samples) of smoked salmon retailed in Japan
were reported to be contaminated (21).
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TABLE 2. Serotype distribution of L. monocytogenes isolates from
minced tuna and fish roe samples®

No. of isolates

Sample type By serotype
Total
1/2a 3a 1/2b 3b 4b
Minced tuna 15 12 2 1
Salmon roe 6 4 2
Cod roe 18 5 7 3 1 2
Total 39 21 7 7 1 3

“ From 36 L. monocytogenes-positive samples (14 minced tuna, 7 salmon roe,
and 15 cod roe samples) determined by mini-VIDAS LMO (Table 1), 39 isolates
were obtained, with 3 food samples producing no isolates. Two isolates with
different subtypes (serotypes and/or MLSTSs) were obtained from six food sam-
ples.

(prfA, iniB, inlC, dal, clpP, and lisR) as described previously (30)
(data not shown). Similar to what was found in our previous
study, minced tuna and fish roe products were highly contami-
nated with L. monocytogenes, as determined by a mini-VIDAS
LMO screening test (bioMérieux Vitek, Marcy 'Etoile, France)
(Table 1).

Food processing plants have been found to be the most
frequent source of L. monocytogenes contamination in many
types of foods, including RTE seafood (1, 3, 18, 19, 26, 28). As

ApPL. ENVIRON. MICROBIOL.

minced tuna and fish roe products require more processing
than other raw seafood products, there is a greater possibility
of cross-contamination in such food processing plants. In fact,
the contamination rates of minced tuna and fish roe products
in Japan were relatively high compared to rates determined in
the United States and Europe for other products, such as dairy
products (14), vegetables (4), smoked seafood, and meat prod-
ucts (10).

Virulence potential, which differs among L. monocytogenes
isolates (2, 23, 24), is another important factor in listeriosis
risk. Out of 13 known serotypes, three (1/2a, 1/2b, and 4b) are
known to be responsible for >90% of human listeriosis cases
(17). In this study, approximately 79% (31/39) of the isolates
from 36 RTE seafood products comprised these three sero-
types (Table 2). The serotypes of the remaining isolates in-
cluded 3a (7 isolates that were obtained from 7 different cod
roe samples purchased from 6 different stores) and 3b (1 iso-
late obtained from cod roe), which are rarely isolated from
human clinical cases (6, 15). Furthermore, almost all (38/39) of
the raw RTE seafood isolates were found to encode full-length
InlA, a protein required in invasion of host cells (12) (DNA
Data Bank of Japan accession numbers AB276379 to
AB276437 and AB522784 to ABS522794); one serotype 1/2a
isolate had a truncated InlA. Even though the number of
isolates sequenced was relatively small (n = 39), the scarcity of

TABLE 3. L. monocytogenes isolates used in the mouse assay

Strain Serotype Sampling date Origin Reference or source
Food isolates
29 1/2a 19 November 2002 Salmon roe 13
25-8-1 ' 1/2a 9 December 2004 Minced tuna 13
36-25-1 1/2a 2 June 2005 Cod roe 13
40-6-1 1/2a 26 July 2005 Minced tuna 13
22-19-2 3a 16 November 2004 Cod roe 13
34-9-1 3a 28 April 2005 Cod roe 13
29-10-1 1/2b 17 February 2005 Minced tuna 13
40-5-1 1/2b 26 July 2005 Salmon roe 13
50-18-1 1/2b 13 April 2006 Cod roe This study
9-17 3b 2 February 2003 Salmon roe 13
39-8-1 3b 21 July 2005 Salmon roe 13
50-18-4 3b 13 April 2006 Cod roe This study
20-5-1 4b 28 October 2004 Cod roe 13
34-18-2 4b 28 April 2005 Cod roe 13
57-2-1 4b 20 July 2006 Minced tuna This study
Clinical isolates
C1-117 1/2a Human Pathogen Tracker?
F2-563 1/2b Human Pathogen Tracker
J1-177 1/2b Human Pathogen Tracker
J1-169 3b Human Pathogen Tracker
J1-094 1/2¢ Human Pathogen Tracker
J1-049 ) 3¢ Human Pathogen Tracker
ATCC 19114 4a Animal
ATCC 19115 4b Human
CIP103575 4b Milk
F2-525 4b Human Pathogen Tracker
ATCC 19116 4c Animal
ATCC 19118 de Animal
Controls
ATCC 51782 3a Cheese
ATCC 33090 (L. innocua) 6a Animal

@ Available at http://www.pathogentracker.net/.
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FIG. 1. Virulence of L. monocytogenes isolates from RTE seafood in the mouse model. Seven-week-old female BALB/cCrSlc mice were
infected via intravenous inoculation at 10° to 10* CFU. Bacteria were enumerated from the liver (black columns) and spleen (white columns) 3
days after infection. The rate of recovery was determined using the following formula: log (number of cells recovered)/log (number of cells
inoculated) X 100. L. monocytogenes ATCC 51782, which has attenuated virulence due to the K220T substitution in PrfA (25), and L. innocua

ATCC 33090 were used as negative controls.

inl4 with premature stop codons was in marked contrast to
results from other studies (13, 22, 23, 27). This indicates that
raw RTE seafood isolates have been through environments
where full-length InlA may be required, unlike the other food
isolates.

The virulence potential of the seafood isolates was assessed
based on in vivo bioassays using a mouse model (Table 3 and
Fig. 1). Three days after intravenous inoculation with 10° to
10* CFU, recovery of L. monocytogenes from livers and spleens
was detected for all the isolates tested, except for one serotype
4e strain (Fig. 1). No recovery was detected in some isolates
when homogenized livers were directly plated, but colonies
were recovered after enrichment from these liver samples.
Statistical analysis (Student’s ¢ test) revealed no significant
differences in infectivity in liver (P = 0.691), spleen (P =
0.274), or both (P = 0.882) between raw RTE seafood and
clinical isolates. These data suggest similar levels of virulence
between raw RTE seafood isolates and clinical isolates in this
animal model. The one raw RTE seafood isolate with trun-
cated InlA was highly infective in liver and spleen, indicating
that full-length InlA is not essential in infecting these organs.

We also investigated the possibility that large amounts of L.
monocytogenes could be ingested through the consumption of
contaminated RTE seafood products. To investigate whether
raw RTE seafood supports pathogenic growth, we inoculated
foods with L. monocytogenes (2 strains of serotype 1/2a and 4b,
both isolated from fish roe products) and examined them un-
der temperature conditions that could exist during distribution
and prior to consumption. A portion (25 g) of each minced
tuna and salmon roe sample was inoculated with L. monocy-
togenes at an MPN of 10° to 10'/g and then incubated at 22°C
for 6 h and at 5°C or 10°C for 7 days. Although most minced
tuna and fish roe products in Japan have a shelf life of less than

3 days, it is possible that they may be consumed after the
expiration date. Moreover, certain fish roe products have a
7-day shelf life. Results at room temperature (22°C) were ex-
amined to reflect situations such as those in sushi restaurants
or small home parties, in which food might remain unrefrig-
erated for extended periods. Minced tuna and fish roe, which
are popular ingredients of sushi, allowed minimal growth of
the pathogen, with an increase in cell number to an MPN of
10%/g, even at room temperature for 6 h (data not shown),
while refrigeration (5°C) resulted in an MPN of 10%/g following
3 and 2 days of incubation in minced tuna and salmon roe,
respectively. After a 7-day incubation at 5°C, L. monocytogenes
cell numbers reached an MPN of 10° to 10%g. However, in-
creasing the temperature to 10°C resulted in increases of L.
monocytogenes to an MPN of 10° to 10%/g following only 2 days
of incubation and an MPN of 107/g after 7 days of incubation.
The appearance and odor of all samples were assessed by a
panel of five judges to determine the extent of spoilage. At day
2, all products were judged to be unspoiled and safe to eat.
These data raise the concern that raw RTE seafood products
available at retail outlets in Japan are at risk for food-borne
listeriosis and raise the possibility that these products have
already been the cause of illness in the past. Considering the
contamination level of RTE foods that have caused listeriosis
outbreaks in the past (mostly =10* CFU/g) (5), the level de-
termined in this study was quite low (Table 4), indicating that
the samples were relatively safe in terms of contamination level
at the time of purchase. However, this is the case only if they
are consumed immediately after purchase. In foods that sup-
port growth, cell number is expected to increase at the time of
consumption, especially when the food is not properly main-
tained under refrigeration. The United States also retains a
zero-tolerance policy for RTE foods that support growth (9).




3386 MIYA ET AL.

TABLE 4. Numbers of L. monocytogenes cells in minced tuna and
fish roe products purchased from retail stores in Japan, as
determined by the MPN method®

MPN/,
Sample type No. f[);izgxples £
<0.3 0.3-0.94 1.1-9.3 12-15
Minced tuna 14 10 3 1
Salmon roe 7 4 2 1
Cod roe 15 6 6 3
Total 36 20 9 6 1

“ See reference 7.

In the European Union (EU), regulatory guidelines set differ-
ent tolerance levels of L. monocytogenes contamination de-
pending on whether the food supports growth, with zero tol-
erance for foods that support growth “before the food has left
the immediate control of the food business operator, who has
produced it” and a tolerance level of 100 CFU/g for “products
placed on the market during their shelf-life” and for foods that
do not support growth throughout the shelf life (8). Although
most minced tuna and salmon roe products have a short shelf
life, they should be categorized as foods that support patho-
genic growth. In fact, the U.S. Food and Drug Administration
categorizes raw seafood as RTE foods that support L. mono-
cytogenes growth (9).

In conclusion, our data suggest that raw RTE seafood may
pose risks for food-borne listeriosis. In the United States, pre-
ventative regulatory guidelines have been effective in reducing
the listeriosis incidence (29), while in Japan, regulation of L.
monocytogenes is currently limited to dairy products and RTE
meat products. Our data will be useful for establishing regu-
lations for microbial food safety that include RTE seafood.
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