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Abstract
A total of 28 isolates of Salmonella enteritidis isolated from Tilapia (Tilapia mossambica)
were investigated through arbitrarily primed polymerase chain reaction (AP-PCR) fingerprinting
using three primers, plasmid profiling and their antibiotic resistance patterns. All 28 isolates
carried at least one plasmid ranging in size from 1.4 to 38 megadalton that enabled the S. enteritidis to be grouped into nine plasmid profiles. Isolates were resistant to nalidixic acid (21.1%),
penicillin (39.3%) and streptomycin (71.4%), and were susceptible to carbenicillin, cephalothin,
kanamycin, rifampicin and tetracycline. Seventeen isolates (60.7%) were resistant to a single
antibiotic and eleven (39.3%) were resistant to two antibiotics; thus separating the isolates into
six antibiotic resistance patterns. The AP-PCR results showed that the collection of isolates were
genetically very heterogenous. AP-PCR enab led us to differentiate the isolates into 28 AP-PCR
types. Analysis derived from these data in combination (AP-PCR, plasmid profiling and antibiotic
resistance patterns) showed that all 28 isolates were distinct and were grouped into 28 individual
groups. Our results demonstrate that AP-PCR fingerprinting method is more sensitive than plasmid profiling and antibiotic resistance patterns with respect to the individualization of the isolates used in this study.

Introduction
Salmonella enteritidis is one of the most common causes of
nontyphoidal salmonellosis after S. typhimurium and has now become the
predominant serotype in many countries (Rodrigue et al. 1992). To determine
the health risk associated with exposure to S. enteritidis, epidemiological
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tracking is required. This may be achieved by using highly discriminatory molecular typing methodologies which allow rapid and sensitive differentiation between strains within a single serotype. Among these are plasmid analysis,
ribotyping, IS200 profile, pulsed field gel electrophoresis and arbitrarily primed
polymerase chain reaction (AP-PCR). These approaches are very helpful and
have been applied by many researchers to investigate the evolutionary and epidemiological relationships of several Salmonella serotypes (Rodrigue et al.
1992; Olsen et al. 1994; Baquar et al. 1994; Fadl et al. 1995; Lin et al. 1996;
Burr et al. 1998). In the present study, epidemiological typing was performed
on 28 strains of S. enteritidis isolated from fish (Tilapia mossambica) using
three different but complementary typing methods: arbitrarily primed PCR,
plasmid typing and antibiotyping. The discriminatory powers of these typing
methods for the same group of S. enteritidis isolates were compared.

Materials and Methods
Fish
Bacteria were isolated from the gills of Tilapia (Tilapia mossambica) retailed at several wet markets in Selangor, Malaysia.
Isolation and identification of bacterial strains
Fish gills (20 g) were cut off using sterile scissors and put into a bottle
containing alkaline peptone water and incubated overnight at 37oC. Then,
0.1 ml of the appropriate dilution was plated onto Salmonella-Shigella (SS)
agar (Oxoid, Maryland). Plates were incubated for 18-24 hours at 37oC. Suspect colonies were picked and maintained on tryptone soy agar (Oxoid).
Identification of isolated bacteria was carried out using Gram reaction and
the API 20E test kit (BioMerieux, France).
Antibiotic susceptibility testing
Susceptibility to antimicrobial agents was tested using the standard disc
diffusion method (National Committee for Clinical Laboratory Standards 1993).
Discs containing the following antibiotics were spotted with a 3 cm interval:
carbenicillin at 100 µg, cephalothin at 30 µg, nalidixic acid at 30 µg, kanamycin
at 30 µg, rifampicin at 5 µg, streptomycin at 10 µg and tetracycline at 30 µg
(BBL Sensi-Disc, Becton Dickinson). The plates were incubated for 24 h at
37oC. The sensitivity or resistance of each tested isolate to these antibiotics was
measured by the diameter of the inhibition zones around the antibiotic disc.
Bacterial growth and DNA preparation
All isolates were grown in Luria-Bertani (LB) broth at 37oC with shaking at 200 rpm overnight. Prior to amplification by AP-PCR, total genomic
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DNA of the S. enteritidis strains were extracted using the method described
by Wilson et al. (1989). Small scale preparation of plasmid DNA from the S.
enteritidis strains were obtained using the rapid alkaline extraction procedure described by Sambrook et al. (1989). The approximate molecular mass
of each plasmid was determined by comparing it with a plasmid of known
molecular mass of E. coli V517 (Macrina et al. 1978).
Primers
A randomly designed 10-mer oligonucleotide set, designated as GEN150-01 to GEN1-50-10 was obtained from the Genosys Biotechnologies Inc.
(TX, USA). The GEN1-50-01 (5’-GTGCAATGAG-3’), GEN1-50-08 (5’GGAAGACAAC-3’) and GEN1-50-09 (5’-AGAAGCGATG-3’) were chosen for
AP-PCR analysis because they yielded clear patterns.
AP-PCR fingerprinting
PCR assays were routinely performed in a 25 µl reaction mixture containing 20-30 ng of template DNA, 2.5 ml 10x buffer, 1 unit Taq DNA polymerase, 0.2 mM primer, 2.5 mM MgCl2 and 1 mM each of dCTP, dGTP,
dATP and dTTP. AP-PCR was carried out using a thermal cycler (Perkin
Elmer 2400). The cycling parameters were 1 min at 94oC, 1 min at 36oC and
2 min at 72oC for a total of 45 cycles, with a final cycle extending amplification conditions to 72oC for 5 min. The PCR amplification products were visualized by running 10 µl of the reaction on a 1.0% agarose gel and detected
by staining with ethidium bromide. DNA ladder (Promega, USA) was used
as DNA size marker.

Results and Discussion
Fish (Tilapia mossambica) from several wet markets in Selangor, Malaysia were analysed in this study. During the five-month period, 28 Salmonella enteritidis strains were isolated from 10 of 23 samples. S. enteritidis
has been associated with many outbreaks of human gastroenteritis and
foodborne transmission has been implicated as one route of infection, especially by cross-contamination of precooked or raw foods (Hadfield et al. 1985;
Threlfall et al. 1989; Rivera et al. 1991; Dorn et al. 1992). This underlines
the need for consumer protection against infection by potential pathogenic
strains of bacteria in fish, and as in other parts of East Asia, tilapia is
popularly served in restaurants as well as at food stalls. The results of this
study show that tilapia (Tilapia mossambica) is a potential vector for S. enteritidis in the study area.
All isolates were resistant to one or more of the antimicrobial agents
tested. Their antibiotic resistance allow a clear distinction among the 28 isolates which made it possible to differentiate the S. enteritidis into six antibiotic resistance patterns on the basis of their susceptibility to nalidixic acid,
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penicillin and streptomycin; and therefore found to be an acceptable marker
for this set of isolates. The majority of isolates displayed resistance towards
streptomycin (71.4%), penicillin (39.3%) and nalidixic acid (21.1%); but none
is resistant to carbenicillin, cephalothin, kanamycin, rifampicin and tetracycline (Table 1). Our results confirm data reported by other authors indicating that the frequency of antibiotic resistance in S. enteritidis has been
found to be low and stable (Cohen and Tauxe 1986; Lorian, 1986; Ward et
al. 1990; Threlfall and Chart 1993). For epidemiological purposes, antibiotic
resistance patterns provided only a limited degree of discrimination since
60.7% were resistant to a single antibiotic and 39.3% were resistant to two
antibiotics. In addition, the limited degree of strain discrimination observed
in antibiotyping could be due to the small number of antibiotics used in this
study.
Determination of the plasmid profile using agarose gel electrophoresis
reveal that all (100%) of the isolates carried at least one plasmid ranging in
Table 1. Salmonella enteritidis strains isolated from fish and their plasmid patterns, antimicrobial resistance and AP-PCR profiles.
Strains

Plasmid size
(MDa)a

Antimicrobial resistance
patternsb,c

AP-PCR profiles
with primers:
GEN15001 GEN15008 GEN15009

FSE1
FSE2
FSE3
FSE4
FSE5
FSE6
FSE7
FSE8
FSE9
FSE10
FSE11
FSE12
FSE13
FSE14
FSE15
FSE16
FSE17
FSE18
FSE19
FSE20
FSE21
FSE22
FSE23
FSE24
FSE25
FSE26
FSE27
FSE28

37,
37,
37,
37,

37,

37 (1)
37 (1)
37 (1)
37 (1)
37 (1)
37 (1)
37 (1)
37 (1)
37 (1)
37, 1.4
37, 1.7
37, 3.0
3.0, 1.9
3.0, 1.9
3.0, 1.9
2.5, 1.5
37 (1)
37 (1)
37, 2.0
37 (1)
3.0, 1.7
37, 1.4
37, 1.4
37 (1)
37 (1)
37, 1.7
37, 1.4
37, 2.2

(2)
(4)
(6)
(9)
(9)
(9)
(7)
(3)
(8)
(2)
(2)
(4)
(2)
(5)

PSm
PSm
PSm
PSm
NaP
Na
P
PSm
PSm
PSm
P
Sm
PSm
Sm
Sm
Sm
Na
Na
Na
Na
Sm
NaSm
Sm
PSm
Sm
Sm
Sm
Sm

(6)
(6)
(6)
(6)
(4)
(1)
(2)
(6)
(6)
(6)
(2)
(3)
(6)
(3)
(3)
(3)
(1)
(1)
(1)
(1)
(3)
(5)
(3)
(6)
(3)
(3)
(3)
(3)

A1
A2
A3
A3
A4
A5
A6
A7
A8
A9
A10
A11
A12
A12
A12
A13
A14
A15
A15
A16
A17
A18
A19
A19
A19
A20
A21
A22

bTested

B1
UT
B2
B3
B4
B4
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
B16
B16
B16
B17
B18
B19
B20
B21
B22
B23

C1
C1
C1
C1
C2
C2
C2
C2
C3
C4
C5
C6
C7
C7
C8
C9
C10
C11
C12
C13
C14
C15
C15
C16
C16
C17
C18
C18

for carbenicillin, cephalothin, nalidixic acid (Na), kanamycin, penicillin (P), rifampicin,
streptomycin (Sm) and tetracycline.
a,cNumber in parenthesis indicates the plasmid pattern groups and antibiotic resistance groups,
respectively.
UT – could not be classified according to type.
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sizes from 1.4 to 38 megadalton (MDa). Generally, epidemiologically unrelated isolates expressed different plasmid profiles. In the present study, 14
(50%) of the plasmids containing S. enteritidis isolates were found to harbor
a single plasmid of 38 MDa, nine and five isolates harbor two and three
plasmid bands, respectively. The 38 MDa plasmid was present in all (100%)
of the isolates, alone or in combination with other plasmids. The high prevalence of S. enteritidis isolates carrying the 38 MDa plasmid, singularly or in
combination with other plasmids, has been reported previously (Helmuth et
al. 1985; Nakamura et al. 1985; Lujan et al. 1990). Comparatively, the diversity of plasmid profiles was greater than antibiotic resistance patterns
among the S. enteritidis isolated from fish. Using plasmid number and size
as a basis, we could separate the isolates into nine groups (Table 1). Elsewhere, Threlfall and Chart (1993) reported that 78% of S. enteritidis isolates
examined were characterized by a single plasmid of 38 MDa and that only
nine plasmid profile types were observed. Though plasmid analysis could
provide useful epidemiological information, the small number of plasmid
carriage among the S. enteritidis studied compromise our ability to draw any
conclusions.
Initially, ten primers were screened using a subsample of five isolates to
detect polymorphism within S. enteritidis. However, only three oligonucleotides showed DNA polymorphism within the isolates tested. These three
discriminating primers are GEN15001, GEN15008 and GEN15009. The G+C
contents of these primers are 50% where Salmonella spp. have an average
genome GC content of 50-52% (Marmur et al. 1963). They were chosen to
analyse all of the 28 S. enteritidis isolates. The remaining primers
(GEN15002, 03, 04, 05, 06, 07 and 10) gave bands with only some of the
isolates or had poor reproducibility and were not examined further. Such diversity among primers has been previously reported by Oakey et al. (1995).
Figures 1a and 1b, 2a and 2b, and 3a and 3b show the AP-PCR profiles of
the S. enteritidis isolates obtained using primers GEN15001, GEN15008 and
GEN15009, respectively. The possible number of AP-PCR patterns was estimated on the basis of changes in one or more clear bands or band sizes.
Hence, the amplification of genomic DNAs from S. enteritidis using three oligonucleotides resulted in AP-PCR profiles consisting of 22, 23 and 18 distinct
patterns of DNA fragments from primers GEN15001, GEN15008 and
GEN15009, respectively, with molecular sizes ranging from 250 to 9000 base
pairs (bp) (Table 1). All isolates could be classified according to types using
primers GEN15001 and GEN15009 except Strain FSE2 using primer
GEN15008. The combination of the results with the three primers showed
28 AP-PCR types among the 28 S. enteritidis isolates. Thus, the sensitivity
of the AP-PCR was higher than antibiotic resistance pattern and plasmid
profiling for fingerprinting, and that the high discriminating power of APPCR will undoubtedly be of great help in epidemiological studies.
A higher degree of discrimination was observed by combining the results of the three methods; the 28 S. enteritidis isolates could be grouped
into 28 individual groups, confirming that all 28 isolates were highly heterogenous and genotypically distinct. This information helps to confirm that
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Fig. 1a. AP-PCR fingerprints of Salmonella
enteritidis isolates FSE1 to FSE14 with
primer GEN15001. Lane M contains
molecular weight markers in base pairs (bp).

Fig. 1b. AP-PCR fingerprints of Salmonella
enteritidis isolates FSE15 to FSE28 with
primer
GEN15001.
Lane M
contains
molecular weight markers in base pairs (bp).

Fig. 2a. AP-PCR fingerprints of Salmonella
enteritidis isolates FSE1 to FSE14 with
primer GEN15008. Lane M contains
molecular weight markers in base pairs (bp).

Fig. 2b. AP-PCR fingerprints of Salmonella
enteritidis isolates FSE15 to FSE28 with
primer GEN15008. Lane M contains molecular
weight markers in base pairs (bp).

Fig. 3a. AP-PCR fingerprints of Salmonella
enteritidis isolates FSE1 to FSE14 with
primer GEN15009. Lane M contains
molecular weight markers in base pairs (bp).

Fig. 3b. AP-PCR fingerprints of Salmonella
enteritidis isolates FSE15 to FSE28 with
primer GEN15009. Lane M contains molecular
weight markers in base pairs (bp).

the isolates contained different genotypes which were genetically distinct,
and demonstrates the value of using more than one typing technique in epidemiological investigations. As none of the isolates studied had been examined for disease potential using an animal challenge model, it is not possible
to correlate genetic heterogeneity with virulence characteristic. However, it
can be safely assumed that each of the S. enteritidis isolates can be patho-
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genic as all of them carried the 38 MDa plasmid, which has been reported
to be associated with virulence for mice (Jones et al. 1982; Terakado et al.
1983; Nakamura et al. 1985). In conclusion, AP-PCR in combination with
plasmid profiles and antibiotic resistance patterns can provide substantial
epidemiological data about S. enteritidis activity. As our data indicated, a
variety of genetically diverse S. enteritidis strains were being spread among
the fish population.
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