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ABSTRACT

Salmonella is one of the most important agents of foodborne disease in Brazil and in other countries, with
meat and meat products being identified as important vehicles of salmonelosis. A total of 54 Salmonella
strainsisolated from acommercial salami processing linewerefirst serotyped and then their antibiotic resistance
and macro restriction profileswere determined. 11.1% of the strains showed resistanceto 3 or more antibiotics
with profile AmpCStxTe being the most frequent. PFGE generated 9 and 12 profiles with enzymes Xbal and
Spel, respectively. It was observed that different serotypes of Salmonella could be found in the different
steps of the processing line. The genetic profile of the strains had low relationship indicating the genetic

diversity of the tested strains.
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INTRODUCTION

Salmonellais one of the most important cause of foodborne
disease in Brazil, being responsible for several outbreaks in
recent years (14). Poultry, eggs and their products are the main
vehiclesof the pathogen. However, red meat and meat products,
such as salami, have aso been involved (21).

In order to produce safer products companies ought to
identify the pathogen sources in the different steps of the
production chain. Subtyping bacteriumisolates using serotyping,
phagetyping (19) and antimicrobial resistance profile are good
toolsfor that (7). The epidemiological relationship amongst the
isolates allowsthe identification of placesin the processing line
where one lineage appears or disappears, revealing stages that
contributes to final contamination of the product (6).

Methods that allow evaluating genotypic differences
amongst strains have gained importance in the 80's. Pulsed-
field gel electrophoresis (PFGE) (16) is one of the most used
genetic methods to subtype microorganisms, such as

Salmonella. The main advantages of PFGE are the high
discriminatory power, reproducibility and profilestability (8, 13).
PFGE databases can be generated and store submitted genetic
profiles, allowing epidemiological surveillance not only in
regional scale, but also national or international levels. In this
context it was created, for example, the PulseNet data base (18).

This study aimed to evaluate the serological and genetic
diversity of Salmonella strainsisolated in acommercial salami
processing line.

MATERIALAND METHODS

Bacterial isolates

All Salmonellaisolates (n = 54) wereisolated from samples
collected in a commercia salami processing line located in
Paran& (Brazil) during 2002 and 2003. Samples were obtained
from five points along the processing line including ground
meat, seasonings, raw salami after stuffing, salami after curing
and salami after smoking.
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All the isolates were serotyped at the Enterobacteriaceae
Laboratory of Fundagdo Oswaldo Cruz (FIOCRUZ), Rio de
Janeiro, Brazil. One Salmonella Enteritidisstrain (ATCC 13076)
was used as PFGE control.

Antimicrobial resistanceprofile

The disc diffusion assay was conducted using commercial
disks (Oxoid, UK) and according to the US CLSI (11). The
following agents were tested: amikacin (Ak), 30 pg; ampicillin
(Amp), 10 ug; cefotaxime (Ctx), 30 ug; cefoxitin (Fox), 30 ug;
ceftazidime (Caz), 30 ug; ciprofloxacin (Cip), 5 ug;
chloramphenicol (C), 30 ug; enrofloxacin (Enr), 5 ug; imipenem
(Ipm), 10 pg; sulfamethoxazole/trimethoprim (Stx), 25 ug;
tetracycline(Te), 30 ug.

PFGE

PFGE was performed according to the US Pul seNet protocol
(3). A single colony of each isolate was streaked on tryptic soy
agar (TSA) (Oxoid, UK) andincubated overnight at 37°C. A portion
of the growth was transferred to Cell Suspension Buffer (CSB;
100 mM Tris-HCI, 50mM EDTA, pH 8) and the concentration of
cells adjusted to 1,3-1,4 (Aew) in a Ultrospec 2000 (Amersham
Biosciences, UK). Immediately, 200 ul of the adjusted cell
suspension wastransferred to 1.5 ml micro-centrifugetubes, 200
g of proteinase K (New England Biolabs, USA) were added and
subsequently mixed with 1% Seakem Gold Agarose (Amersham
Biosciences, Swveden) in TE Buffer (10mM TrisHCI, 1mM EDTA,
pH 8) and 1% SDS. The mix was pipetted into disposable plug
moulds. The plugs were transferred to polypropylene screw-
tubes with 5 ml of Cell Lysis Buffer (50 mM Tris-HCI, 50 mM
EDTA, pH 8, 1% sarcosyl) and 25 l of proteinase K (20 mg/ml)
and incubated at 54°C in a shaker for 2
hours with agitation (175 rpm).
Thereafter, the plugs were washed

twice with 15 ml of sterile water and ~ Processing line.
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genetic profiles. Gel images were digitally captured using a
KODAK EDASI120 system (Eastman Kodak Co., Rochester,
N.Y.). Profile correlations were evaluated with NTSY Spc ver.
2.0, using Dice similarity coefficient (5) and Unweighted Pair
Group Method using Arithmetic Average (UPGMA) cluster
analysis(17).

RESULTSAND DISCUSSION

Salmonella Panama was the most frequent serotype found
(16/54), followed by O:4:5 (10/54), Newport (8/54) and
Typhimurium (6/54) (Table 1). S Panamais the most invasive
serotype for children, if compared to others serotypes (22).
During the serological identification it was not possibleto detect
theflagellar characteristics of serotypesO:4:5and 0:9:12, likely
due to the low level of expressed antigen. Serotypes Newport
and Typhimurium are considered amongst the top five
Salmonella serotypes causing foodborne diseases in USA (4).

The comparison of these results with others conducted in
Brazil was not possible since no reports of these serotypes in
meat products were found in the literature.

Themagjority of the strains (46/54) (85.2%) were sensibleto
all the tested antimicrobials (Table 2) two out of the 54 (3.7%)
strains showed resistance to one agent and six strains (11.1%),
all belonging to Panama serotype, presented multipleresistance
tothreeor more agents. ProfileAmpCStxTewasthe most frequent
(Table 2). Other authors have reported the isolation of
Salmonella strainsfrom food and clinical sampleswith thesame
profile(l).

The importance of antibiotics used in animal feed as agent
of induction to the resistance to antimicrobials is questionable

Table 1. Sources and serotypes of the 54 Salmonella strains isolated in a salami

three more times with TE Buffer at

50°C for 15 minutes. Chromosomal Step Strains Serotype
DNA wasdigestedwith50 U of Xbal or P2 — ground meat 21,22,23 S Newport
Spel (Amersham Bioscience, USA), 50,51 S. Panama
according to manufacture instruction. P3 — seasonings 4,5,6,7,11,12,13, 14,15 S (O:45)
Restriction fragments of DNA were 8,9,10 S. Brandenburg
separated using the CHEF DRI (Bio- P4 —raw salami after stuffing 24 S (O:45)
Rad, Hercules, CA). Electrophoresis 5 S Newport
was conducted for 18 hours (initial 35, 46,47 S Panama
switch time: 2.20s; final switch time: PS5 —salami after curing 12 S Brandenburg
63.8s) at 6V/cmand 14°Cin 0,5X TBE 3,16,17,18, 19, 27,28, 39,52,53,54 S Panama
buffer with 50 UM of thioureato prevent % S Newport
degradation of the DNA (15). 29,30,31,32,33,34 S Typhimurium
38,43,44 S (rough)
Dataanalysis 40,45,48,49 S Ohio
PFGE profiles were visually 41,42 S (0912
compared and strains grouped by P6 - salami after smoking 20, 36,37 S Newport
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and it still needs further explanations. However, an efficient
way for acquisition and dissemination of resistance factorsis
through mobile elements, including plasmids, transposons and
genes cassettes located in integrons that can be transmitted
through the process of bacterial conjugation. These events
can be occurring as consequence of selective pressures in the
processing environment of the salami (2).

PFGE divided the 54 strainsin nine and 12 profiles using
enzymes Xbal and Spel, respectively (Fig.1). Thenine profiles
generated with the enzyme Xbal showed seven to 13 DNA
fragments, with molecular weightsvarying from 13Kbto 760K b
(Fig. 1). With Spel, 12 PFGE profileswere obtained, with 11 to

Table2. Resistance profileto antimicrobial agentsof Salmonella
sp. strainsisolated in a salami processing line

. : Total of
Resistance profile? Serotypes Strains
Ak S Brandenburg 1
AmpCSixTe S Panama 3
AmpCStxTeEnr S Panama 1
Enr S enterica subsp enterica (0:4:5) 1
AmpStxTe S Panama 2
Susceptible? Others® 46

aAntibiotics: amikacin (Ak), ampicillin (Amp), cloranphenical (C),
tetracycline (Te), enrofloxacin (Enr), sulfamethoxazol e+trimethoprim
(Stx); PSusceptible to all the previous ones and cefotaxime (Ctx),
cefoxitin (Fox), ceftazidime (Caz), imipenem (Ipm), ciprofloxacin (Cip),
¢S Brandenburg, S. Panama, S. Newport, S. Thyphimurium, S Ohio,
S enterica ssp. enterica (rough), S. enterica ssp. enterica serotype
0:4:5; S enterica ssp. enterica serotype 0:9:12.
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Genetic typing of Salmonella sp. has proved to be a useful
tool inthe characterization of different serotypes of Salmonella.
It is also useful to access the distribution of the pathogens
along afood production line (10).

Combining the results obtained with the two enzymes, the
54 strains could be alocated in 12 profiles that were used in
generating the dendogram (Fig. 2) wheretwo clonal groupscan
beidentified (A, B).

Although this study have allowed the differentiation
interserogroups and intraserogroups, in some clusters this did
not occur, for exampleinclustersAland B1 (Fig. 2). Thislimitation
also was observed by NAYAK et al. (12) that using PFGE had
found in the same genetic profile strains belonging to different
serogroups.

It isinteresting to note that isolates from the same serotype
can belong to different PFGE profiles. For example, strains of
SalmonellaPanamawere allocated in combined profilesC2, C7,
C10and C12 (Fig. 2) withthelatter showinglow genetic similarity
with the formers. These differences can indicate the occurrence
of chromosomal rearrangements, loss or acquisition of plasmids
or even the occurrence of punctual mutations. PFGE can be
important to detect genetic events responsible for the genetic
variability (9, 20). Those fragments of DNA that allowed the
differentiation of strains C2 and C12, for example, could be
carrying resistance genes to antibiotics since the two profiles
showed different multiresistance (Fig. 2).

It can be seen in the dendrogram that, in general, there was
low genetic similarity amongst the strains indicating that they
could be from different sources, even belonging to the same
serotype.
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Figure 1. PFGE profiles obtained with restriction enzyme Xbal (a) and Spel (b) for the 54 strains of Salmonella sp. M= Marker
(Lambdaladder PFGE Marker). C = Salmonella EnteritidisATCC 13076.
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Figure2. Genetic relationship amongst the 12 combined PFGE
profiles obtained for the Salmonella sp. strains.

Our findingsindicate that eliminating Salmonella from this
processing plant will beadifficult task sinceit camefrom different
sources. The company needs to implement effective sanitary
actionsand al so take preventive measuresto avoid the presence
of the pathogens in the final product. On top of that, the
occurrence of multi-resistant strainsisanother cause of concern
for public hedlth.
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RESUMO

Diversidade sor oldgica e genética de cepasde
salmonella sp. Isoladas em umalinhade producéo
industrial desalame

Salmonella é um dos principais agentes de enfermidades
transmitidas por alimentos (ETA) no Brasil e em outros paises,
sendo os derivados carneos frequentemente associados como
veiculos de surtos de saimonelose. Um total de 54 cepas de
Salmonella sp., isoladas apartir de amostras de salame col etadas
nas diferentes etapas de umalinhade producéo industrial, foram
sorotipadas e posteriormente caracterizadas quanto a sua
sensibilidade a antimicrobianos e perfil PFGE. Entre as cepas
avaliadas, 11,1% apresentaram resisténcia a trés ou mais dos
antimicrobianos, sendo o perfil AmpCStxTe mais freqlente.
Foram obtidos 9 e 12 perfis PFGE, empregando-se as enzimas
Xbal e Spel, respectivamente. Os perfis de ambas as enzimas
foram agrupados, obtendo-se 12 perfis PFGE combinados que
puderam ser separados em dois grupos empregando-seaandise
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de UPGMA. A linhade producéo industrial de salame avaliada
apresentou etapas em que ha contaminacdo por diferentes
sorotipos de Salmonella sp. Os perfis genéticos encontrados
indicam origens distintas para muitas cepas estudadas, uma
vez que estes foram pouco relacionados entre Si.

Palavras-chave: Salmonella sp., sdlame, PFGE
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