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Abstract: Listeria innocua 18 a closely related nonpathogenic species of Listeria, which has been suggested
as an appropriate epidemiclogical marker for Listeria monocytogenes. Little information 1s available on the
comparative epidemiclogy and molecular biology of Listeria monocytogenes and Listeria innocua. Using
multilocus enzyme electrophoresis to analyse 168 strains collected mainly in poultry production environments,
1t was shown that Listeria innocua maimntains 1.9 alleles per polymorphic loci and a genetic diversity of 0.12
compared with 2.9 alleles and a genetic diversity of 0.48 in Listeria monocvtogenes. The number of
Electrophortic Type (ET) found in isolates obtained from two poultry production plants in Sydney, Australia
also varied, with 54 ETs in 73 isolates of Listeria monocytogenes and 10 ETs in 95 isolates of Listeria innocua.
There was one common ET (67%) in Listeria inrocua but no common ET 1 Listeria monocytogenes, where
79% of ETs were represented by a single 1solates. Nine isolates obtamned from episodic human cases of
listeriosis in Australia represented nine different ETs and there was no evidence of a disease specific strain.
The marked difference in the level and distribution of genetic variation in Listeria innocua compared to
Listeria monocytogenes raises serious doubts as to the validity of using it as a marker swrogate for
Listeria monocytogenes.

Key words: Listeria monocytogenes, Listeria innocua, multilocus electrophoresis, genetic comparison,

poultry, food

INTRODUCTION

The ubiquitous nature of Listeria sp. results mn
contamination of numerous food products (Farber and
Peterkin, 1991; Dhanashree et ai., 2003; Vitas and Garcia-
Talon, 2004; Yucel et al., 2004). Tt has been also shown by
epidemiological studies that listeriosis is a foodborne
disease (Schlech et al., 1983, Baek et af., 2000; Finaly,
2001, Basti et al, 2006) and a number of foodbome
outbreaks and sporadic cases of listeriosis have been
reported, mostly in North America and FEurope
(Cox et al, 1989; Lovett, 1989). Food implicated in
outbreaks of listeriosis have mcluded various types of
products such as dairy, meat, vegetable and sea food
(Bell and Kyriakides, 2005; Schlech, 2000).

The pathogen L. monocyvtogenes and closely related
species L. immocua occur at high mcidence rates in
poultry products (Jalali et al., 1996; Gibbons et al., 2006,
Gudbjornsdottir et al., 2004; Mena et al., 2004). Though

little 1 known about the epidemiology of these species in
poultry production environments, it has been suggested
that the presence of L. immocua 13 a convement
surrogate that can be used to detect the presence of
L. monocytogenes (Baily et al., 1989, Genigegorgis et al.,
1989, Varabioff, 1990; Lawrence and Gilmour, 1994;
Franco et al, 1995). This suggestion has been made
because of the difficulty of detecting L. monocytogenes
in the presence of L. inmmocua, due to the competitive
advantage of the latter during enrichment of food sample
(Curiale and Lewus, 1994). Tt is important, as a
consequence, to identify the relationships between
populations of the two species found m different parts of
the food production system and the origins of the Listeria
in the system.

In a previous study of the distribution of Listeria sp.
in the broiler production environment the widespread
presence of the bacterium was observed (Talali et al,
1996). Therefore it is important to identify the
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relationships between isolates from different parts of the
system and the route of transmission of Listeria in the
system. A powerful discriminatory typing method
therefore 1s needed that would provide mformation on the
distribution and therefore movement of Listeria through
the poultry environment from broiler farm to the end of the
processing plant and consumer.

Multilocus Enzyme Electrophoresis (MEE) has been
used successfully as a typing method to study genetic
diversity in a natural population of L. monocytogenes
(Piffaretts et al., 1989, Buncic et al., 2001; Harvey et al.,
2004) and to document the link between clinical cases
and contaminated food products as well as to rule out a
single common source as the cause of an outbreak
(Bibb et al., 1989, Norrung, 1992).

The purposes of the present study were to employ
MEE: (1) To determine the genetic diversity amongst
poultry isolates of L. innocua and L. monocytogenes from
a number of Australian souwrces. (2) To employ
mformation on that diversity to: (a) evaluate the use of
L. innocua as an industrial marker for L. meonocytogenes,
(b) increase understanding of the origins of and means
of transmission of Listeria in poultty preduction
environment and (¢) compare poultry 1solates with those
from clinical and other sources.

MATERIALS AND METHODS

Bacterial strains: A total of 168 isolates of Listeria sp.
were examined. These isolates included of 95 strains of
L. innocua and 73 strains of L. monocytogenes isolated
from two poultry processing plants (A and B) located in
Sydney, Australia and their supplier farms as described
elsewhere (Jalali et al., 1996).

The strains of L. monocytogenes examined consisted
of two litter (farm), 51 poultry tissue and poultry
processing environment isolates, nine human clinical
isolates, 11 dairy environment isolates and two food
1solates one from each of NSW Health Department,
Division of Analytical Laboratory (DAL) and a stock
culture of University of Western Sydney Hawksbury
(UWSH). The poultry isolates from processing plant A
consisted of six neck skin 1solates and 11 environmental
1solates. The environmental strains consisted of one
surface swab isolated from the receiving area, six swface
swab isolates from the chilling area, three ice isolates and
one glove isolate. Poultry 1solates from processing plant
B consisted of 22 isolates from neck skin obtained after
chilling and one isolate from each of caeca and feathers.
Three whole carcass rinse sample isolates, one feather
1solate and four cloacal 1solates obtained from processing
plant B was also typed.

Multilocus Enzyme Electrophoresis (MEE): The main
disadvantages of MEE raised by some researchers when
typing large numbers of strains is that the method 1s time
consuming and labour mtensive. This observation may
result from the fact that all previous MEE work for typing
Listeria has been carried out using starch gel
electrophoresis. This limitation was overcome in this
study by cellulose acetate as the support medium.
Richardson et al. (1986) has demonstrated the advantage
and convenience of cellulose acetate over other
electrophoresis media such as starch, polyacrylamide and
agarose. Cellulose acetate has the great advantage over
polyacrylamide of being nontoxic and it 13 the only
medium using low voltages that gives results in less than
an hour. Other major advantages are that this medium 1s
easy to handle and requires only a small amount of sample
(0.5 -2 pL) and stain (2-3 mL).

Many enzyme loci have proven useful in the
epidemiological study on L.  monocytogenes
(Piffaretti et al., 1989; Bibb et 2l., 1990, Sutherland and
Porritt, 1995; Avery et al., 1996, Buncic et al., 2001,
Harvey et al, 2004). The seven enzymes used in this
study, were chosen because they have been reported to
be polymorphic for L. monocytogenes in previous studies
and showed well defined, easy to read profiles on
cellulose acetate gel using a single buffer system, thereby
making the method more convement in practice.
Obviously, more ETs might have been defined by
investigating a larger number of enzymes and by using
other buffer systems, but if a more laborious and time
consuming typing method had been used, fewer 1solates
could have been typed and, thus, the
epidemiological information might have been less.

overall

Preparation of enzyme extracts: Single colonies of the
organisms were first cultuwred in 10 ml. of Brain Heart
Infusion Broth (BHIB, Amyl media) which was then
incubated at 37°C for 24 h. The culture was transferred
aseptically to 50 mL of BHIB and incubated for a further
24h at 37°C on a shaker. The broth was tested for purity
by overmght culture at 37°C on 5% blood agar (Oxoid).
Each culture was harvested by centrifugation at 1000 g for
10 mm and then resuspended m 0.5 mL of lysmg buffer
(100 pl. B-mercaptoetanol, 10 mg NADP and 100 mL
distilled water) (Richardson et al., 1986). Cells were broken
up by applying three, 1 min cycles of sonication with a
100W Cole-Parmer sonicator microtip in an ice-water bath.
The sonicated suspensions were centrifuged at 13000
RPM at 4°C for 20 min and the supernatant aliquoted into
three eppendorf tubes and stored at -70°C until used for
electrophoresis.
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Sample application and gel electrophoresis: Aliquots of
each isolate were applied to 1017 cm cellulose acetate
gels (Cellogel: Chemetron, Milan) and subjected to
electrophoresis as described by Richardson et al. (1986)
and Pupo and Richardson (1995). After preliminary
investigation, 0.1 M tris-maleate buffer (100 mM tris,
4 mM maleic acid pH 7.8) was selected as the runming
buffer. Electrophoresis was performed in a cool room. A
constant voltage of 10 V em and a run time of 45 min were
used.

Staining for enzymes: The enzymes detected were as
follows: 6- phosphogluconate dehydrogenase (EC 1, 1,1,
44, 6PGD), glucose 6-phosphate dehydrogenase (EC 1, 1,
1, 49, G6PD), alamne dehydrogenase (EC 1,4, 1,1, ALA),
mannose phosphate 1somerase (EC 5, 3, 1, 8, MPI),
phosphoglucose isomerase (EC 5, 3, 1, 9, PGI),
phosphoglucomutase (EC 2, 7, 5, 1, PGM), purine
nucleoside phosphorylase (EC 2, 4, 2, 1, NP), peptidase-
leucyl-leucylglyce (EC 3, 4, 11 or 13 LGQG). Most of the
enzymes assayed in the present study had been reported
to be polymorphic for L. monocytogenes (Sutherland and
Porritt, 1995, Bibb et ai., 1989, 1990, Boerlin et af., 1991,
1992; Boerlin and Piffaretti, 1991). Stains were made up as
given in Richardson et al. (1986). Relative mobilities were
determined visually against two standard samples run on
each gel. The relative mobility was established by scoring
the relative anodal migration distance, ie., enzymes
nearest to the anode were given the highest score. All
gels were scored by two individuals to avoid misscoring.

Analysis of data: Each combination of electromorphs over
the set of loci studied was assigned to an Electrophretic
Type (ET).

Genetic diversity (h) was determined using the
formula;

h:(lf > xm

n-1

where:

x;, = The frequency of the

i = Allele and n is the number of strains (Selander et al.,
1986).

RESULTS

Genetic diversity: The number of alleles and genetic
diversity at seven enzyme loci among Ets of
L. monocytogenes are shown in Table 1. On average three
alleles were found per locus. In contrast, only five of the
nine enzymes assayed for L. innocua were polymorphic,

Table 1: No. of alleles and genetic diversity (h) at enzymes loci of
L. monocylogenes

Enzvmes No of alleles Frequency Genetic diversity (h)
MPIL 3.00 0.3169 0.6935
ALA 4.00 0.5368 0.4704
GOoPD 3.00 0.3767 0.6319
oPGD 3.00 04165 0.5916
LGGF 2.00 0.7995 0.2032
LGGS 4.00 0.3451 0.6639
PGM 3.00 0.4240 0.5840
Mean 314 - 0.5483

Table 2: No. of alleles and genetic diversity ¢(h) at enzyme loci of L innocua

Enzymes No. of alleles  Frequency Genetic diversity (h)
MPIL 3.00 0.6079 0.3962
ALA 3.00 0.8606 0.1408
GOoPD 1.00 1.0000 0.0000
OGPGD 1.00 1.0000 0.0000
PGM 2.00 0.9591 0.0413
PGI 2.00 0.7060 0.2971
LGGF 1.00 1.0000 0.0000
LGGS 2.00 0.9790 0.0212
NP 1.00 1.0000 0.0000
Mean 1.78 - 0.0996

with between two and three alleles per locus (Table 1).
The number of alleles and genetic diversity at nine
enzyme loci among ETs of .. innocua are shown in Table
2. It 18 clear that there 1s greater genetic diversity in the
L. monocytogenes strains than in the L. inrocua strains
studied.

Genetic relationships among strains: Fifty four ETswere
identified among the 73 L. monocytogenes isolates
studied. The ET designation and the enzyme profile of
each ET are indicated in Table 3. In marked contrast, only
ten ETs of L. innocua were detected among 95 isolates.
The ET designation and the enzyme profile of each ET are
shown in Table 4.

The genetic relationships among strains in relation to
sources: The source of 1solates of L. innocua and the
distribution of different ETs in the two processing plants
(A and B) at the three major stages of processing (post
defeathering, post eviscerating, post chilling) and in the
plant environment are shown in Table 5. ET 1 was the
common form found in all situations with 64% of all the
strains examined of this type. Within the L. inrocua
clones isolated from processing plant A, ET 1 constituted
59% of the strains, compared to 75% amongst strains
1solated from the processing plant B. ET 1 was also the
most frequent type m all three major stages of both
processing plants as well as in the environmental isolates
from processing plant A. The second most common type,
ET 7, was found in 14% of all of the strains examined
(15 and 12% of isolates from processing plants A and B,
respectively). The frequency of these common ETs were
found to be significantly different (p = 0.05) in the two
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Table 3: ET and enzyme profile of I. monocytogenes isolates
Enzyme relative mobility
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processing plants. The remaimng ETs were found rarely. Most of the ETs (80%) among the 73
ET 4, 5, 6 and 9 were found in processing plant B, while L. monocytogenes clones isolated from poultry, dairy and
ET 10, was isolated only from processing plant A. The humans were represented by only one isolate. Six ETs

remaming ETs (ETs 1, 2, 3, 7 and &) were present in both (11%) were represented by two 1solates while four (7%)
processing plants (most of the strams of ET 8 was found  ETs were represented by three 1solates. Only one (2%) ET
in processing plant A). (ET number 20) was represented five isolates. The two

1317



J. Biol. Sci., 7 (8): 1314-1322, 2007

Table 4: ET and enzyme profile of I inmocua isolates

Enzyme relative mobility
ET MPI ALA G6PD 6PGD PGI LGGF LGGS PGM NP
1 4 4 4 4 4 4 4 4 4
2 4 3 4 4 4 4 4 3 4
3 3 4 4 4 4 4 4 4 4
4 4 3 4 4 4 4 4 4 4
5 4 4 4 4 3 4 4 4 4
6 4 1* 4 4 4 4 4 4 4
7 3 4 4 4 3 4 4 4 4
8 5% 4 4 4 4 4 4 4 4
9 4 3 4 4 3 4 4 4 4
10 4 4 4 4 4 4 3 4 4

*The relative mobility was established by scoring the relative anodal migration distance, i.e., enzymes nearest and farthest to the anode were given the highest
(5) and lowest (1) score

Table 5: The distribution of the ETs within subpopulation of L. innocua isolates from different sources
ETs No. (%)

Source Total No. 1 2 3 4 5 5] 7 8 9 10
nsl B 9 9 0 0 0 0 0 0 0 0 0
ns2 B 10 10 0 0 0 0 0 0 0 0 0
ns3 B 13 9 0 1 0 0 0 3 0 0 0
nsl A 2 2 0 0 0 0 0 0 0 0 0
ns2 A 3 1 0 0 1 0 1 0 0 0 0
ns3 A 9 7 0 0 0 2 0 0 0 0 0
f3A 1 0 0 0 0 0 1 0 0 0 0
swl A 4 2 0 0 0 1 0 1 0 0 0
sW2 A 1 1 0 0 0 0 0 0 0 0 0
sW3 A 9 3] 1 0 0 0 0 2 0 0 0
weg A 5 3 0 0 0 0 1 0 1 0 0
cwo A 8 4 0 0 0 0 0 1 3 0 0
gloveA 4 1 0 0 0 0 0 3 0 0 0
ice A 5 1 0 0 0 0 0 1 2 1 0
ce B 3 1 1 1 0 0 0 0 0 0 0
cl93 B 2 1 0 0 0 0 0 0 1 0 0
93 B 3 2 0 0 0 0 0 0 0 0 1
re3iB 3 1 0 1 0 0 0 2 0 0 0
Plant A 51 28(59.0 1220 1(2.0) 1(2) 36 36 8(15) 6(12.0) 1(2) 0.0
Plant B 44 33(75.00  1(2.3) 2(4.6) 0 0 0 5(12) 1(2.0) 0 1(2.3)
Total 95 G140 2(2.0) 3(3.0) 1(D) 3(3) 3(3) 13¢14) 7(7.0) 1¢1) 1(1.0)

A: Processing plant AB: Processing plant B; ns: Neck skin samples; ce: Caeca samples; cl: Cloacal samples; f: Feather samples; poultry isolates in 1993;
r93: Rinse sample from preliminary study; swl;2 and 3: Surface swabs from area one, two and three nweg: Recycling water for cleaning gutters; 1, 2 and 3:
Stage one, two and three

Table 6: Distribution of L. inrocua isolates ETs in different sampling occasion

Visit No strain ET1 ET2 ET3 ET4 ETS ET6 ET7 ET8 ETS ET10
V1, A 4 4 0 0 0 0 0 0 0 0 0
V2, A 4 2 0 0 1 1 0 0 0 0 0
V3, A 8 5 0 0 0 1 2 0 0 0 0
V1,B 14 12 1 1 0 0 0 0 0 0 0
V2,B 9 8 0 0 0 0 0 1 0 0 0
V3, B 11 8 0 1 0 0 0 2 0 0 0
V1,Env A 20 12 0 0 0 1 1 2 3 1 0
V2,Env A 16 6 1 0 0 0 0 6 3 0 0
93B 8 4 0 1 0 0 0 1 1 0 1
94 B 1 0 0 0 0 0 0 1 0 0 0
total 95 61 2 3 1 3 3 13 7 1 1

A: Processing plant A; B: Processing plant B; Enl: Environmental sampling trip one; En2: Environmental sampling trip two; V1: Visit one; V2: Visit two;
V3: Visit three; 93 B and 94 B, Poultry isolates from processing plant B in 1993 and 1994

farm isolates grouped in one ET (ET 12). No particular Distribution of ETs on different sampling occasions:
relationship was found between ETs and sources of — Table 6 summarises the distribution of the Ets from
L. monocytogenes strains as the majority of ETs consisted L. irmocua based upon sampling occasion ET 1 was
of only one strain. found to be present on all sampling occasions m both
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processing plants. Four of the seven isolates from the
preliminary study were also ET 1. The remaining ETs
occurred only sporadically throughout the sampling
period. In a marked contrast, all of the ETs from
L. monocytogenes occurred only sporadically throughout
the sampling period. Only one ET (ET number three)
appeared more than once, on two sampling occasions in
processing plant B.

DISCUSSION

In this study, the mean genetic diversity over the
seven enzyme loci was found to be 0.5483 (Table 1).
However, as loci known to be pelymorphic were chosen,
average diversity 1s of doubtful significance. Differences
in number and source of isolates examined and the
methods used, including the electrophoresis media,
buffers and the kind and number of enzymes used make it
difficult to compare this study directly with other studies.
The finding of the present study, however 1s comparable
to some of the previous studies. Bibb et al (1989)
examined 310 strains of L. monocytogenes and defined
56 ETs. Piffaretti et al. (1989) analysed 175 1solates and
recovered 45 ETs. Some investigations (Piffaretti et al.,
1989; Bibb et al., 1990) were of isolates from foodborne
disease outbreaks. As these isolates are likely to be from
the same clones, few ETsmight be expected. (Norrung and
Gerner-Smith (1993) and Avery et al. (1996) have studied
straing that were not isolated during known outbreaks of
listeriosis and so would be expected to include a greater
number of ETs. Most of the ETs (79%) in this study were
represented by only one isolate. This figure 13 comparable
with that obtained in previous studies by Avery et al.
(1996), Piffaretti et af (1989), Norrung and Skovgaard
(1993) and Boerlin and Piffaretti (1991 ) who reported 67,
75, 72 and 66% of ETs to be represented by only one
isolate, respectively.

In the present study, the isolates from nine sporadic
human cases of listeriosis were from nine Ets and were no
more closely related to one other than they were to other
isolates. This is in contrast to other study Piffaretti et al.,
(1989) and Norrung and Skovgaard (1993) where the
majority of strains from cases of sporadic human
listeriosis were classified mto only two ETs. This may
reflect the fact that only a small number of human ¢linical
isolates from sporadic cases of listeriosis in Australia
have been examined. This may also mdicate that
there 1s great diversity among clinical isolates of
L. monocytogenes in Australia. In this study, eleven
isolates from dairy factory environments represented
sevenn ET. No relationship was observed between poultry,
human and dairy 1solates, except two ETs (ET 19 and 20)

were represented by isolates from poultry and dairy
environment and strains were not clustered by sowce
(not shown). Although there 18 i general no
epidemiological link between these sowurces, the presence
of ET 19 and 20 in isolates from poultry and dairy sources
may indicate that the possibility of cross contamination.
Further epidemiological data would be necessary to test
this possibility.

Neither of the litter isolates (ET 12) and nor the one
caecumn 1solate (ET 11) matched ETs collected from other
sources. This suggests that 1. monocytogenes in the
processing plant 1s unlikely to have arisen from the farm
studied. These observations are in agreement with the
findings of Boerlin and Piffaretti (1991) in a meat
slaughterhouse that animal strains do not easily
contaminate or swvive and multiply in a processing
environment. They are replaced by other strains which are
presumably better adapted for swrvival and multiplication
in such environments. However there is still the
possibility that the very low percentage of incoming birds
which are Listeria carriers might play a role in the
dissemination of Listeria in processing plants. Because of
the low level of incidence of Listeria sp. found on the
farms (Talali et al, 1996), the number of farm isolates
available for typing, were limited. Consequently it is not
possible to rule out sporadic conmtamination of the
processing plant from incoming poultry though it seems
very unlikely to be the major source.

The 51 carcass isolates of L. monocytogenes
analysed by MEE mcluded 39 ETs. Most of the ETs (80%)
were represented by only one isolate ndicating that there
1s great diversity amongst L. monocytogenes isolates from
Australian processing plants. From the epidemiological
point of view, sporadic occurrence of large mumbers of
genotypes within the processing plants and changing
throughout the sampling period, suggests that
contamination 1s from a wide range of external sources. No
particular relatonship was found between Ets of
L. monocytogenes strains and different sites within the
poultty processing plants as the majorty of ETs
consisted of only one clone. However n both processing
plants, many different ETs were detected at the same site
on the same sampling occasion. For mstance five, seven
and five different ETs were detected in neck skin samples
taken after chilling from processing plant B on visit one,
two and three, respectively. The fact that genetically
distinet strams can survive in this enviromment suggests
that different strains can co-exist in the same site or that
there 1s continual massive recontamination of the
plant. It seems likely that many different strains of
L. monocytogenes can survive in such an environment.

The collection of 95 poultry strains of L. innocua
1solated during the course of the present study was
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examined using MEE at nine enzyme loci. Four of the nine
enzymes tested (G6PD, 6GPD, LGG,F and NP) were
monomorphic, whereas two enzymes (MPT and AT A) each
had three alleles and three enzymes (PGM, PGI and 1.GG,s)
each had two alleles. Some other authors have also
found that NP were monomorphic for L. monocytogenes.
In contrast, GEPD and 6GPD were polymorphic for
L. monocytogenes (Table 1) and appear to be
monomorphic for L. inrocua. PGI which has usually
been reported as monomorphic for L. monrocytogenes
(Kolstad et al., 1992; Norrung 1992; Norrung and
Skovgaard, 1993; Sutherland and Porritt, 1995,
Averyet al, 1996) was found to have two alleles for
L. innocua. These results indicate that for epidemiological
or population genetic studies of L. inrnocua it is necessary
to use a different set of enzymes compared to those used
with L. monocytogenes.

In contrast to I. monocytogenes, which has large
amounts of penetic diversity appearing in many
combinations, the 95 L. inrocua 1solates separated into
only 10 ETs (Table 4) and the mean genetic diversity over
the nine enzyme loci was found to be 0.0996 (Table 2). A
single common genotype (ET 1) was found in both
processing plants though at different frequencies. This
ET constituted 59 and 77% of the strains isolated from the
processing plants A and B respectively. Most of the
isolates from the preliminary study (five out of eight)
isolated a year earlier were also classified in this type. ET
1 was also found to be the most frequent type in all three
major stages in both processing plants as well as in the
environmental isolates taken from processing plant A.
The remaimmng ETs (2-10) occurred only sporadically
throughout the sampling period with strains specific to
each of the processing plant being identified. Most of
these types were found on no more than one sampling
occasion suggesting continuing contamination from a
wide range of sources.

The high prevalence of one or a small munber of
genotypes within both processing plants may be due to
a number of factors. Firstly contamination within the plant
may be a result of one or two strains occupying a niche in
the processing chain. As a result of this, repeated
contamination of poultrty and subsequently of the
processing environment occurs. Although 1. irrocua
was not found at the farm level, it is possible that a limited
mumber of farms may be supplying contaminated birds,
with the Listeria subsequently being spread by cross-
contamination from equipment within the plant. This view
is supported by the isolation of ET 1 in ¢loacal, caeca and
feather samples. This kind of contammation durng
processing has been shown with Campylobacter fefuni
(Oosterom et al, 1983, Genigegorgis et al, 1986).
Although the result of the previous study (Jalali et ai.,
1996) and ancther study (Husu et al., 1990) have shown

that chickens are not likely to be a common reservoir for
Listeria, sporadic Listeria carrier chickens faeces may still
be the source of Listeria on the surface of the carcasses
as well as in the processing plant environments.
Ineffective samtary operations at the processing plants
may then turn this into a Listeria source.

The sporadic cccwrrence of most of the L. inrocua
ETs throughout the sampling peried (Table 5) suggests
that contamination is repeated and from a wide range of
sources or selection of a particular ET. For instance ET 4
was found only at visit two of processing plant A and ET
2 was found on the first and second visits to processing
plants B and A respectively (Table 5). There are a number
of stages dwring processing where selective pressures
may result in selection of a particular ET, then specific
ETs may be selected during the various stages of
processing prior to packaging e. g. scalding, defeathering,
evisceration and chilling.

Alternatively the high prevalence of some genotypes
may be maintained due to the ability of some strains to
persist on environmental surfaces by means of swface
attachment, or biofilm formation as it suggested by Archer
(1990). In this study 1t was found that some
strains of L. innocua persist longer than strains of
L. monocytogenes in poultry processing environments
and this may be due more to thewr ability for biofilm
formation.

ET 7 and ET 8 were predominantly detected from
envirormental samples of processing plant A (Table 4 and
5). Neither of these ETs were found in poultry tissue
samples 1 processing plant A. This suggests that
environmental contamination i1s not the origin of the
carcasses contamination by these ETs however, ET 7 was
isolated from poultry samples in processing plant B. As
envirommental samples were not taken from this
processing plant, it is difficult to substantiate any links
between the two. However it is clear that these two ETs
are adapted to such environmental niches.

Although L. innocua ET 1 was found to be common
in both processing plants, there is a potential sowrce of
error which should mentioned. The fact that ET 1 occurs
more frequently than other ETs suggests that this may be
a very common genotype within poultry processing
enviromments. Also the fact that this genotype was
present throughout the peried of the study, even in the
preliminary study which had been carried out two years
earlier, suggests that there 13 a common source of
contamination or that it 1s a particularly persistent type
within this environment. The other possibility 1s that the
selective enrichment procedure which was used to isolate
isteria sp. may lead to the suppression of certain clones
and the selection of others thereby giving a false picture
of the clonal distribution of the organisms.
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The marked difference in the genetic structures of
L. monocytogenes (1e., different numbers of ETs and
different rates of ET twnover) indicates that the
two species either need different miches or, more likely
L. innocua out compete L. monocytogenes at high
temperatures but L. monocytogenes 1s able to compete
with L. innocua at low temperatures (chilling stage). It
would be of great mterest to examine the competition
abilities of the two species and of strains of the two
species taken from different environments. It 1s also clear
from the present study that there are marked difference in
the biology of the two species and any attempt to use
L. innocua as a swrogate for L. monocytogenes would
need to demonstrate the validity of the assumed
equivalence of two species.

ACKNOWLEDGMENTS

The authors would like to thank P. Sutherland, NSW
Dawy Corporation, T. Almo, Westmead Hospital and
Arnold NSW Dept of Health for provision of colons and
J. Bavor for advice and support throughout this project.

REFERENCES

Archer, D.L., 1990. Listeria monocytogenes: What 1s
its Ecological WNich? In: Foodborne Listeriosis.
Miller, A L., I.L. Smith and G.A. Somkuti (Eds.),
Elsevier, Soc. Industrial Microbiol, New York, pp: 5-8.

Avery, SM., I.A. Hudson and S. Buncic, 1996. Multilocus
enzyme electrophoresis of New Zealand Listeria
monocytogenes 1solates. Int. J. Food Microbiol,
28: 351-359.

Baek, SK.,S5.Y. Lim, D.H. Lee, K.H. Min and CM. Kim,
2000. Incidence and characterization of Listeria
monocytogenes from domestic and imported foods in
Korea. I. Food Prot., 63: 186-189.

Baily, S.M., D.T. Fletcher and N.A. Cox, 1989. Recovery
ana serotype distribution of Listeria monocytogenes
from broiler chiken in southeast United State. I. Food
Prot., 52: 148-150.

Basti, A A, A Misaghi, T.S. Zahraei and A. Kamkar,
2006. Bacterial pathogens in fresh, smoked and salted
Iranian fish. Food Control, 17: 183-188.

Bell, C. and A. Kyriakides, 2005. Listeria, A Practical
Approach to the Orgamism and its Control in Foods.
2nd Edn., Blackwell Pub., London.

Bibb, W.F., B. Schwartz, B.G. Gellin, B.D. Plikaytis and
R.E.  Weaver, 1989, Analysis of Listeria
monocytogenes by multilocus enzyme
electrophoresis and application of the method to
epidemiologic investigations. Int. J. Food Microbiol.,
8: 233-239.

Bibb, WF., B.G. Gellin, R.E. Weaver, B. Schwartz,
B.D. Plikaytis, M.W. Reeves, RW. Pinner and
C.V. Broome, 1990. Analysis of clinical and
food-borne isolates of Listeria monocytogenes in
the United States by enzyme
electrophoresis and application of the method to

Applied Environ.

multilocus

epidemiologic mvestigations.
Micrebiel.,, 56: 2133-2141.
Boerlin, P. and 1.C. Diffarett;, 1991. Typing of human,
ammal, food and environmental
Listeria monocytogenes by multilocus enzyme
Applied Environ. Microbiol,

1solates  of

electrophoresis.
57:1624-1629.

Boerlin, P., J. Rocowt and J. Piffaretti, 1991. Taxonomy of
the genus Listeria by using multilocus enzyme
electrophoresis. Int. I. Systematic Bacteriol., 41: 59-64.

Boerlin, P., J. Rocowrt, F. Grimont, PAD. Grimont,
C. Tacquet and T. Piffaretti, 1992. Listeria ivanovii
subsp. fondoniensis subsp. nov. Int. J. Systematic
Bacteriol., 42: 69-73.

Buncie, 3., SM. Avery, I. Rocourt and M. Dimitrijevic,
2001. Can food-related environmental factors induce
different behaviour in two key serovars, 4b and 1/2a,
of Listeria monocytogenes? Int. J. Food, 65: 201-212.

Cox, L.T., T. Kleiss, ].L.. Cordier, C. Cordellana, P. Konkel,
C. Pedrazzini, R. Beumer and A. Siebenga, 1989.
Listeria spp. in food processing, non-food and
domestic environments. Food Microbiol,, 6: 49-61.

Curiale, M.S. and CM. Lewus, 1994, Detection of
Listeria  monocytogenes in  sample containing
Listeria innocua. J. Food Prot., 57: 1048-1051.

Dhanashree, B., S.K. Otta, I. Karunasagar, W. Goebel and
I. Karunasagar, 2003. Incidence of Listeria sp. in
climical and food samples i Mangalore, India.
Food Micrebiol., 20 447-453.

Farber, TM. and PI DPeterkin 1991. Listeria
monocytogenes, a foodborme pathogen. Microbiol.
Rev., 55: 476-511.

Fmlay, B.B., 2001. Cracking listeria’s password. Science,
292: 1666-1667.

Franco, M., E.I. Quinto, F. Rodriguez-Otero, L. Dominguez
and A. Cepeda, 1995. Determination of the principal
of Listeria sp. Contamiation m poultry meat and a
poultry processing plant. J. Food Prot., 58: 1320-1325.

Genigegorgis, C.A., M. Hassuneh. and P. Coolins, 1986.
Campylobacter jefuni infection on poultry farms and
its effect on poultry meat contamination during
slaughtering. J. Food Prot., 49: 895-903.

Genigegorgis, C.A., D. Dutulescu and T.F. Garayzabal,
1989. Prevalence of Listeria sp. in poultry meat at the
supermarket and slaughterhouse level. J. Foed Prot.,
52: 618-624.

1321



J. Biol. Sci., 7 (8): 1314-1322, 2007

Gibbons, 1.5, A. Adesiyun, N. Seepersadsingh and
S. Rahaman, 2006. Investigation for possible
source(s) of contamination of ready-to-eat meat
products with Listeria sp. and other pathogens in a
meat processing plant in Trinidad. Food Microbiol.,
23: 359-366.

Gudbjornsdottir, B., MUL. Suihko, P. Gustavsson,
G. Thorkelsson, S. Salo, A.M. Sjoberg, O. Nicalssen
and S. Bredholt, 2004. The incidence of Listeria
monocytogenes n meat, poultty and seafood plant in
Nordic countries. Food Microbiol., 21: 217-225.

Harvey, J., D.E. Norwood and A. Gilmour, 2004.
Comparison of repetitive element sequence-based
PCR with multilocus enzyme electrophoresis and
pulsed field gel electrophoresis for typing Listeria
monocytogenes food isolates. Food Microbiol.,
21:305-312.

Husu, IR., J.T. Beery, E. Nurmi and M.P. Dovle, 1990. Fate
of Listeria monocytogenes m orally dosed chicks.
Int. J. Food Microbiol., 11: 259-269.

Jalali, M., A. Hazzard and V. Shanker, 1996. Distribution
pattern of Listeria species m broiler production and
processing. Proceeding of the International Meeting
of the Australian and New Zealand Societies for
Microbiology, AS6.

Kolstad, T, D.A. Caugand and L.M. Rorvik, 1992.
Differentiation of Listeria monocytogenes isolates by
using plasmid profiling and multilocus enzyme
electrophoresis. Int. J. Food Microbiol., 16: 247-260.

Lawrence, LM. and A. Gilmour, 1994. Incidence of
Listeria sp. and Listeria monocytogenes i a poultry
processing environment and in  poultry products
and their rapid confirmation by Multiplex PCR.
Applied Environ. Microbiol., 60: 4600-4604.

Lovett, I., 1989. Listeria monocytogenes. In: Foodbormne
Bacterial Pathogens. Doyle, M.P. (Eds.), Marcel
Dekker, New York, pp: 283-310.

Mena, C., G. Almeida, L. Carneiwro, P. Teixeira, T. Hogg

and P.A. Gibbs, 2004. Incidence of Listeria
monocytogenes in  different  food products
commercialized in Portugal. Food Microbiol.,
21: 213-216.

Norrung, B., 1992, Characterisation of Damsh isolates
of Listeria monocytogenes by multilocus enzyme
electrophoresis. Int. J. Food Microbiol., 15: 51-59.

Norrung, B. and N. Skovgaard, 1993. Application of
multilocus e nzyme electrophoresis m studies of the
epidermiology of Listeria monocytogenes in Denmark.
Applied Environ. Microbiol.,, 59: 2817-2822.

Norrung, B. and P. Gerner-Smidt, 1993. Comparison of
Multilocus  Enzyme  Electrophoresis  (MEE),
ribotyping, Restriction Enzyme Analysis (REA) and
phage typing for typing of Listeria monocytogenes.
Epidemiol. Infec., 111: 71-79.

Oosterom, J., S. Notermans, H. Karman and G.B. Engels,
1983. Origin and prevalence of Campylobacter jejuni
m poultry processing. I. Food Prot., 46: 339-344.

Piffaretti, J.C., H. Kressebuch, M. Aeschbacher, J. Bille,
E. Bannemman, JM. Musser, RK. Selander and
J. Rocourt, 1989. Genetic characterisation of clones
of the bacterium Listeria monocytogenes causing
epidemic disease. Proceeding of the National
Academy of Science, USA, 86: 291-297.

Pupo, G.M. and B.J. Richardson, 1995 Biochemical
genetics of a natural population of Escherichia coli:
Seasonal changes m alleles and haplotypes.
Microbiology, 141: 1037-1044.

Richardson, B.J., P.R. Baverstok and M. Adams, 1986.
Allozyme Electrophoresis. A Handbook for Animal
Systematics and Population Studies. Academic Press,

Sydeny.
Schlech, W.F. III, P.M. Lavigne, R.A. Bortolussi,
AC. Allen, EV. Haldane, A.J. Wort,

AW. Hightower, SE. Johnson, SH. King,
E.S. Nicholls and C.V. Broome, 1983. Epidemic
listeriosis-evidence for transmission by food.
New Eng. T. Med., 308: 203-206.

Schlech, W.F., 2000. Foedborne listeriosis. Clin. Infect.
Dis., 31: 770-775.

Selander, RK., D.A. Caugant, H. Ochman, I M. Musser,
MN. Gilmour and T.S. Whittam, 1986. Methods of
multilocus enzyme electrophoresis for bacteria
population genetics and systematics. Applied
Environ. Microbiol., 51: 873-884.

Sutherland, P.S. and R. Porritt, 1995. Dissemination and
ecology of Listeria monocytogenes in Australian
dairy factory environments. Proceeding of the of the
XIT International Symposium on Problems of
Listeriosis.

Varabioff, Y., 1990. Incidence and recovery of Listeria
from chicken with a pre-enrichment techmique.
I. Food Prot., 53: 555-557.

Vitas, Al and V.A. Garcia-Talon, 2004. Occurrence of
Listeria monocytogenes in fresh and processed
foods in Navarra (Spain). Int. J. Food Microbiol,
90: 349-356.

Yucel, N., S. Citak and M. Onder, 2004. Prevalence and
antibiotic resistance of Listeria species in meat
products in Ankara, Twkey. Food Microbiol,
22: 241-245.

1322



	JBS.pdf
	JBS.pdf
	JBS.pdf
	Page 1






