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Abstract

Listeria monocytogenes represents an important ficazahuman health because it is capable of caus-
ing listeriosis, an atypical foodborne disease watlhigh fatality rate.The aim of this study wasd&tect and
serotype Listeria monocytogenes in some food ptedié animal and vegetable origin), collected dgrithe
2011 period. The detection of Listeria monocytogemas performed by ISO 11290- 1-A1/2004 standattiode
and verified by real-time PCR. Numerous subtypitigtegies have been developed to characterize riaste
monocytogenes isolates. Serotyping, the traditionathod for the subtype characterization of Listarionocy-
togenes is not very discriminatory, but it is awamsal method which gives important informationpsevalence
of specific serotypes. The confirmation of Listerianocytogenes isolated strains was performed Bggian
real-time PCR assay, using TagMan Pathogen Deteddds (Applied Biosystems). The assay use specific
primers and a probe for Listeria monocytogeneghla study on a total number of 260 samples, 251(%) gave
positive results for Listeria monocytogenes by eotional method and only 22 (8.46%) of them werdicned
by real-time PCR. These results indicate a higitieficy of the real-time PCR method in a short ticeempared
with classical methods which can provide false fpasiresults. Four different Listeria monocytogesesotypes
were found in nine varieties of food products: 1/2@b, 1/2c and 4b.
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Rezumat

Listeria monocytogenes reprezinin pericol important pentruasatatea omului, producand listerioza,
o toxiinfegie alimentati atipici, cu o rati de mortalitate ridicai. Scopul acestui studiu a fost deiacsi
serotipizarea tulpinilor de Listeria monocytogerieslate din unele produse alimentare (de originémaald si
vegetad), in perioada 2011. Detda tulpinilor de Listeria monocytogenes s-a realipgin metoda orizontal
ISO 11290- 1-A1/2004, iar confirmarea s-a realizain tehnica PCR real-time. Pentru caracterizarea
serotipurilor de Listeria monocytogenes, s-au d#avaumeroase tehnici de subtipizare. Serotipiaapgin
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metoda tradionald nu permite caracterizarea subtipurilor, theste metoda universalce ofeti informaii
privind prevalema serotipurilor. Confirmarea tulpinilor de Listerianonocytogenes s-a realizat prin tehnica
TagMan real-time PCR, utilizdndu-se kit-ul TagMaathibgen Detection Kits (Applied Biosystems). Aceast

metodi folosate primeri specificisi 0 sondi nucleotidici pentru Listeria monocytogenes. In urma studiudin,
260 de probe, 25 (9,61%) au fost pozitive pentaidria monocytogenes prin metoda clasicdoar 22 (8,46%)
au fost confirmate prin PCR real-time. Rezultaténute indiez o eficiena mai mare a metodei PCR real-time,
intr-un timp mult mai scurt, comparativ cu metodasi, care poate furniza rezultate fals pozitive. Patru
serotipuri diferite de Listeria monocytogenes ast identificate in na@tipuri de produse alimentare: 1/2a, 1/2b,

1/2csi 4b.

Cuvinte cheie: detegie, serotipizare, Listeria monocytogenes, produseentare
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I ntroduction

Listeria monocytogenes a foodborne

pathogen that can cause human listeriosis, a rare

but severe iliness that may lead to death (1). Nu-

selective agents to reduce the number of con-
taminating microorganisms and allow multipli-
cation ofListeria monocytogendd).

The potential of PCR methods for cul-
ture confirmation is interesting in light of the

merous sporadic cases and outbreaks of listeriosis possibilities for performing automatic PCR.

have been linked to a wide variety of foods of ani-
mal and vegetable origihisteria monocytogenes
infections are particularly dangerous to certain
risk groups, including, pregnant women, the el-
derly, newborns and immunocompromised pa-
tients. Manifestations of listeriosis range from
self-limited febrile gastroenteritis to severe inva
sive forms such as meningoencephalitis, sep-
ticemia, abortion or perinatal infections with a
high fatality rate 30% (2).

Products such as raw milk, soft cheese
produced from raw milk, raw meat products and
salads are frequently implicated in foodborne
with Listeria monocytogene# this context, hy-
giene weak points during the slaughtering and
milking process are the main critical points for
Listeria contamination (3).Currently, nosocomial
infections with this pathogen are known, but
they are rarely, just like direct infections, trans
mitted due human-animal relationship.

A variety of conventional and rapid
methods are available for the detection and
identification ofListeria monocytogenés food
samples and specimens from animal listeriosis.
Traditional culture based methods remain the
‘gold standard’ with which other methods are
compared. They are usually very sensitive.

That PCR method may be at least as sensitive
as and often more sensitive than morphological
and biochemical identification of isolates have
been documented on several occasions (5).

Materials and methods

Food samples

The study was performed on 260 sam-
ples, randomly collected from different food
manufacturers. The analyzed food categories in-
cluded unpasteurized milk (n=22), pasteurized
milk (n=10), fresh soft bovine cheese (n=15),
fresh soft sheep cheese (n=15), fresh cream
(n=18), raw sheep meat (n=25), raw poultry
meat (n=20), raw pork meat (n=23), raw pork
sausages (n=10), raw bovine meat (n=20), snail
meat- foot region (n=30), fresh salad (n=15),
fresh onion (n=10), raw fish (n=10) and smoked
fish (n=17). Each sample was placed in an indi-
vidual sterile polyethylene bag and transported
to laboratory The samples were first processed
by classical microbiological methods, and veri-
fied by real-time PCR.

Culture enrichment

The detection ofListeria monocyto-
geneswas performed according to the ISO

These methods use enrichment procedures with 11290 1-A1/2004. For pre-enrichment step 25 g
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or 25 ml of each food sample were added to
225 ml of half-Fraser broth (Oxoid) and ho-
mogenized in a sterile stomacher bags for 1
minute. For snail meatHglix pomatig, we
used samples of 10 g, collected from the foot
region. After 24 hours of incubation at 30°C, an
aliquot of 0.1 ml was used for the enrichment
step in 10 ml of Fraser broth (Oxoid) and incu-
bated 24 hours at 37°C. The content (10 ml)
was transferred on selective Palcam medium
(Oxoid) and incubated at 37°C for 48 hours.

Isolation and identification on chro-
mogenic media

The presumptive colonies from Palcam
medium (five for each plate) were subcultured on
ALOA media (Oxoid) for typicaListeria mono-
cytogenes morphology. The inoculated plates
were incubated at 37° for 24 hours. Characteristic
colonies, blue-turquoise surrounded by an opaque
halo, were considered histeria monocytogenes

DNA extraction

The extraction of bacterial DNA was
performed using the PrepMan Ultra kit (Applied
Biosystems).

Five presumed colonies from Palcam me-
dia were transferred to Fraser enrichment broth
and incubated for 24 hours at 37°C. One ml of
Fraser broth was transferred into 2 ml microcen-
trifuge tubes and centrifuged (140009X for 3
minutes at room temperature for cell sedimenta-
tion. After, the removing of supernatant, the cell
pellets were suspended in 100 pl Prepman Ultra
reagent and placed in a 100°C heating block for
10 minutes. The cooling was done at room tem-
perature for 2 minute. The tubes were centrifuged
at 14000 Xg for 3 minutes and the supernatant
were transferred in other tubes. For each PCR re-
action 2.5 pl of extracted DNA were used.

Real-time PCR reactions

For real-time PCR, we used TagMan®
Listeria monocytogend3etection Kit (Applied
Biosystems). The kit contains: specific primers
and a TagMan probe fokisteria monocyto-
genes(TAM) with an IPC detected by a differ-
ent fluorophore, TagMan Environmental Master
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Mix (EMM), which contains the polymerase
enzyme that initiates PCR and a RNA/DNA
free water as a NC. The specific TagMan probe
for Listeria monocytogenes labelled at the 5’
end with the reporter dye 6- FAM and at the
3'with the NFQ-MGB quencher.

Reactions and data analysis were per-
formed in the Applied Biosystems 7500 Real-Time
PCR System (Applied Biosystems). PCR mix (25
pl) contains: 2.5 pl DNA template, 12.5 pl TagMan
Environmental Master Mix 2X, 0.5 pl of each F
and R primers (100 pM), 0.25 pl TagMan probe
(50 uM), 8.5 ul RNase/DNase-free water. The am-
plification conditions were as follow: 10 minutds a
95°C for DNA denaturation, followed by 40 cycles:
95°C 15 sec. and 60°C 1 min.

Serotyping of Listeria monocytogenes
strains

From thelListeria monocytogeneso-
lated and confirmed as such by real-time PCR,
22 strains were serotyped.

The isolates were serotyped using com-
merciallListeria antisera (Denka Seiken, Japan),
according to manufacturer's instructions. The
principle of measurement is based on mixing
the reagent withListeria monocytogenestrain
and the antigen antibody reaction occurs to pro-
duce agglutination.

Results

In our study, we tested a number of 260
samples from various sources, including animal
and vegetal food products by classical microbi-
ological method. Five presumptive colonies of
Listeria monocytogenesf each Palcam plate
were tested on chromogenic media, confirmed
by real-time PCR and serotyped.

Twenty five samples were positive for
L. monocytogeneby classical microbiological
method, but only 22 were confirmed by real-
time PCR Table J.

On Palcam media we obtained 1 false
positive sample in raw sheep meat and 2 false
positive samples in snail meat.
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Table 1. Detection ofListeria monocytogenes in food products by
ISO standard method and real-time PCR method

Food type ISO 11290- 1-A1/2004 Real-time PCR
standard method
Positive Negative Positive Negative

Unpasteurized milk 3 19 3 19
Pasteurized milk 0 10 0 10
Fresh soft bovine cheese 0 15 0 15
Fresh soft sheep cheese 2 13 2 13
Fresh cream 1 17 1 17
Raw sheep meat 4 21 3 22
Raw poultry meat 1 19 1 19
Raw pork meat 2 21 2 21
Raw pork sausages 0 10 0 10
Raw bovine meat 2 18 2 18
Snail meat (foot region) 6 24 4 26
Fresh salad 4 11 4 11
Fresh onion 0 10 0 10
Raw fish 0 10 0 10
Smoked fish 0 17 0 17
Total 25 235 22 238

Four serotypes were found in food iso-
lates Table 3. Six strains (27.3%) isolated from
milk and milk products belonged to serotype 1/2a,
eleven strains (50%) isolated from raw meat and
fresh salad belonged to serotype 1/2c. Five strains
isolated from snail meat and fresh salad belonged
to serotype 1/2b (13.6%) and 4b (9.1%).

Discussions

Listeria monocytogenekBas an impor-
tant impact on human health, especially on cer-
tain groups such as pregnant women, newborns
and immunocompromised individuals. For
these groups, unpasteurized milk and milk
products, uncooked meat and fresh vegetables
contaminated withListeria monocytogenesan
be a risk of illness. Even though the bacteria is
resistant to freezing and heating treatments, a
good sanitation and a proper cooking of the ali-

ments can minimize the risk of contamination
with this pathogen (6).

In 2010-2012 period, according to offi-
cial dates from National Institute of Public Health
(lasi Regional Center), in north-east of Romania,
the incidence rate of human confirmed listeriosis
was low: 0.02/100.000 in 2010, 0.08/100000 in
2011 and 0.04/100000 in 2012. The incidence by
counties of the north-east region was 0.14/100000
(1 case) in Suceava in 2010, 0.33/100000 (2
cases) in Galati in 2011, 0.12/1200000 (1 case) in
lasi in 2012. The highest incidence was observed
in Bacau county: 0.28/100000 (2 cases) in 2011
and 0.14/100000 (1 case) in 2012.

This low incidence is well below the
European average (7) and can be explained by
atypical evolution of listeriosis, an insufficient
clinical awareness or a lack of a national proto-
col for laboratory diagnostic so that this disease
is eventually unreported.
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Table 2.Listeria monocytogenes serotypes isolated from food products

Positive samples Serotype

Food type (no.) 1/2a 1/2b 1/2¢ 4b
Unpasteurized milk 3 3 - - -
Fresh soft sheep cheese 2 2 - - -
Fresh cream 1 1 - - -
Raw sheep meat 3 - 3 -
Raw poultry meat 1 - 1 -
Raw pork meat 2 - 2 -
Raw bovine meat 2 - 2 -
Snail meat 4 2 1 1
Fresh salad 4 1 2 1
Total (%) 22 6 (27.3%) 3 (13.6%) 11 (50%) 2 (9.1%)

Rapid methods are required to detect
Listeria monocytogeneas food. Still, no single
assay can be credited to be sensitive enough to
detectListeria monocytogendsom all types of
food. We identified 25 samples with presumptive
Listeria monocytogeneby classical microbio-
logical method, but it is known that all théste-
ria selective media contains esculin. Alsteria
spp. hydrolyze esculin and the inclusion of es-
culin and ferric iron in enrichment or plating me-
dia results in the formation of an intense black
color. We also know that the pathogenic species
Listeria monocytogenemndListeria ivanoviiap-
pear surrounded with an opaque halo zone on
Ottaviani-Agosti media (8). Scotter and al., 2001
(9) showed that using only the standard method,
a significant number of false negative results can
be obtained when a large number_gteria in-
nocuawas present in the samples.

Therefore, it is absolutely necessary to
confirm suspect colonies dfisteria monocyto-
genesby biochemical and molecular methods.
Recently conventional and real-time PCR assays
have been developed for the detectiohisteria
monocytogenes foods with very good results
(10-14). These methods are rapid and specific
compared with classical microbiological method
which requires four to five days.

In our study, five presumptive colonies
of Listeria monocytogenes each plate was
verified by real-time PCR and serotyped. From
25 presumptivelisteria monocytogenesonly
22 samples were confirmed by PCR real-time
and serotyped. The other 3 false positive sam-
ples were identified as othkrsteria spp.Liste-
ria monocytogenesvas present in unpasteur-
ized milk and milk products, raw meat and
fresh salad.

Listeria spp.is shed in the feces of
asymptomatic animal carriers. Therefore, the
presence oListeria monocytogenda milk and
meat is normally due to fecal contamination
during the milking or slaughtering process (3).
The raw milk contamination could be due to the
inappropriate sanitary management practices,
the feed provided to the cows in which the bac-
terium can multiply or to the water supply (2).

In other study in 2010 (15), we also iso-
lated 12 strains dfisteria monocytogenen 77
samples of milk, milk products and raw meat.
We have observed that the prevalenckisteria
monocytogenes 2010 was higher (12.6% in
milk and milk products and 22.7% in raw meat)
compared to 2011 (7.5% in milk and milk prod-
ucts and 9.3% in raw meat). We tested a smaller
number of samples from other manufacturers.
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Presence ot.isteria monocytogeneis
fresh snail samples indicates a primary contam-
ination from the soil, water, or plants, due the
fact that this bacterium is ubiquitous and wide-
spread in the environment. Kirkan et al., 2006
(16) found a prevalence of 60% dbisteria
monocytogeneis fresh and cooked snails meat,
higher than we found in our study.

Also, the detection ofisteria monocyto-
genesin fresh salad is probably caused by irriga-
tion with water contaminated with feces. Berrada
and al., 2006 (17) detected and quantifiestieria
monocytogenes salad by real-time PCR.

Cross-contamination, which can occur
within the environment of food-processing
equipment, is considered to be a possible source
of Listeria contamination in processed fodds-
teria monocytogends able to attach to and sur-
vive on various working contact surfaces. One
reason may be its ability to form biofilms (3).

Serotyping ofListeria monocytogenes
may be used to determine the prevalence of
serogroups, but this technique is less discrimi-
natory than molecular typing methodologies
and has limited practical value for investigating
the route of spread (18).

Strains ofListeriacan be assigned to 12
different serotypes, (1/2a, 1/2b, 1/2c, 3a, 3b, 3c,
4a, 4b, 4c, 4d, 4e, and 7) based on their combi-
nation of somatic (O) and flagellar (H) anti-
gens. All of them are considered to be poten-
tially pathogenic, most (>95%) human clinical
isolates belong to three serotypes 1/2a, 1/2b and
4b. The 4a and 4c serotypes of lineage are
rarely associated with outbreaks of disease de-
spite frequent isolation from a variety of food
and environmental samples (4). The majority of
food isolates ofL. monocytogenebelongs to
serotype 1/2a or 1/2b, while the mainly clinical
isolates belong to serotype 4 (19).

Our results are similar with other re-
searches. Several studies have shownLiigs-
ria monocytogenestrains isolated from meat
processing environments are frequently of
serotypes 1/2a, 1/2/b and 1/2c. This may be as-
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sociated with enhanced capacity kdsteria
monocytogenesserotype 1/2c to attach the
stainless steel surfaces and form biofilms, in
food-processing units (18, 20).

Currently, there are no studies on
serotyping Listeria monocytogenesisolated
from snail meat in Romania. We identified in
the North-East of Romania, one strainLidte-
ria monocytogenefrom snail meat which be-
longs to serotype 4b.

We also isolated 4 strains disteria
monocytogenefom fresh salad. Fresh salad is
consumed without cooking aridsteria mono-
cytogeneds able to survive ingestion because
of gastric acid neutralization and subsequently
to cause enteritis, bacteremia, and meningitis in
susceptible hosts. Lately, several listeriosis out-
breaks have been associated to the consumption
of raw vegetables, such as e raw celery, toma-
toes, lettuce, cabbage or melon.

All AOAC international (Association of
Analytical Chemists) approvedisteria mono-
cytogenesdetection tests, including microbio-
logical, immunological and molecular-based
tests, are required to detect 1CFU per 25 g food
sample, therefore, all approved tests require
culture enrichment (21).

Conclusions

Listeria monocytogene®mains one of
the most important hazards for human health
and it is very difficult to eradicate this pathogen
from food processing unit or environment. The
serotype 4b ofListeria monocytogenesvas
identified for the first time in snail meat in
North-East of Romania.

Conventional microbiological methods
for confirmation of listeria involving chro-
mogenic media are laborious and time consum-
ing and therefore, currently, rapid and highly
specific methods are required. PCR real-time
provides these requirements and can confirm
positive outcomes detected during standard cul-
tural protocols in only 2 hours. However the
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high cost of the real-time PCR method consti-
tutes a limiting factor for current utilization in
diagnostic laboratories.

Nevertheless, the isolation bf mono-
cytogeneds necessary for epidemiological in-
vestigations in case of outbreaks. Molecular bi-
ology methods such as DNA macrorestiction
analysis by pulsed field gel electrophoresis
(PFGE) presently is considered the gold stan-
dard for subtyping the food borne pathogens
like listeria and for that we need the isolates.
Even if there are not cheaper methods their uti-
lization is absolutely necessary in some epi-
demiological circumstances.
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Abbreviations

ALOA-Agar Listeria Ottaviani-Agosti

PCR-Polymerase chain reaction

TAM — Target Assay Mix

IPC — Internal Positive Control

EMM — Environmental Master Mix

NC — Negative Control

FAM - 6-carboxyfluorescein

NFQMGB — Non —Fluorescent Quencher;
Dihydrocyclopyrroloindoletripeptide Minor
Grove Binding.
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