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Salmonellosis is a foodborne disease caused by bacteria of the genus Salmonella, being
pigs and pork-products potentially important for its occurrence. In recent decades, some
serovars of Salmonella have shown increase of resistance to conventional antimicrobials
used in human and animal therapy, with serious risks for public health. The aim of this
study was to evaluate feces (n=50), mediastinal (n=50), mesenteric (n=50) and mandibular
(n=50) lymph nodes obtained from slaughter houses for Salmonella spp. Positive samples
were serotyped and subjected to an in vitro antimicrobial susceptibility test, including the
extended-spectrum beta-lactamase (ESBL) production. Salmonella species were identi-
fied in 10% (20/200) of total samples. From these, 20% (10/50) were identified in the
submandibular lymph nodes, 18% (9/50) in the mesenteric lymph nodes, 2% (1/50) in
feces and 0% (0/50) in the mediastinal lymph nodes. The serotypes found were Salonella
Typhimurium (55%), S. enterica subsp. enterica 4,5,12: i: - (35%), S. Brandenburg and S.
Derby with 5% (5% each). All strains showed resistance to at least one antimicrobial; 90%
were resistant to four or more antimicrobials, and 15% were multidrug-resistant. Resis-
tance to ciprofloxacin, tetracycline and nalidixic acid was particularly prevalent amongst
the tested serovars. Here, we highlighted the impact of pigs in the epidemiological chain of
salmonellosis in domestic animals and humans, as well as the high antimicrobial resistance
rates of Salmonella strains, reinforcing the necessity for responsible use of antimicrobials
for animals as an emergent One Health issue, and to keep these drugs for human therapy
approaches.

INDEX TERMS: Serotyping, antimicrobial resistance, Salmonella, feces, lymph nodes, pigs, pork, mul-
tidrug-resistant, epidemiology, serovars.

RESUMO.- [Isolamento, sorotipagem e padroes de re-
sisténcia a antimicrobianos de Salmonella em fezes e
linfonodos de suinos.] Nas ultimas décadas, o aumen-
to de cepas circulante de Salmonella concomitantemente

1 Received on November 20, 2015.
Accepted for publication on June 16, 2016.

2Departamento de Higiene Veterinaria e Satide Pubica, Faculda de Me-
dicina Veterindria e Zootecnia, Universidade Estadual Paulista (Unesp),
Distrito de Rubido Janior s/n, Botucatu, SP 18618-970, Brazil. *Corres-
ponding author: josepaes@fmvz.unesp.br

3 Instituto Adolfo Lutz, Av. Doutor Arnaldo 351, Sdo Paulo, SP 01246-
902, Brazil.

1165

a resisténcia microbiana tem despertado a preocupagio
dos o6rgdos de Saude Publica. Deste modo, o objetivo do
presente trabalho foi pesquisar a presenca de Salmonella
a partir de fezes (n=50), linfonodos mediastinos (n=50),
mesentéricos (n=50) e submandibular (n=50) oriundos de
um abatedouro suino. As cepas isoladas foram sorotipadas
e testadas quanto a resisténcia antimicrobiana. A presen-
¢a de Salmonella isolada foram em 10% (20/200) do total
de amostras, sendo 20% dos linfonodos submandibulares,
18% dos linfonodos mesentéricos e 2% das fezes. Os soro-
tipos encontrados foram S. Typhimurium (55%), S. enterica
subsp. enterica 4,5,12: i: - (35%), S. Brandenburg (5%) e S.
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Derby (5%). Todas a cepas apresentaram resisténcia a pelo
menos um antimicrobiano testado, sendo 90% resistente
pelo menos quatro antimicrobianos. Destes, 15% foram
classificadas como multidrogas resistentes. Os antimicro-
bianos mais resistentes entre os sorovares isolados foram a
ciprofloxacina, tetraciclina e o acido nalidixico. A presenca
de cepas de Salmonella resistente a antimicrobianos na es-
pécie suina tem gerado um grande impacto epidemiolégico
entre homem e animal, refor¢ando cada vez mais a necessi-
dade do uso adequado de drogas principalmente relaciona-
do com o tema “One Health”.

TERMOS DE INDEXACAO: Isolamento, sorotipagem, resisténcia,
antimicrobianos, Salmonella, fezes, linfonodos, suinos, multidro-
gas resistentes, epidemiologia, sorovares.

INTRODUCTION

Foodborne diseases always offer great risks, despite the at-
tention given for their control. The increased production in
a global scale has contributed to foodborne cases and out-
breaks, resulting on serious public health concern (Carras-
co et al. 2012). Today, salmonellosis is the most frequent
foodborne disease in the world (Bollaerts et al. 2008), re-
aching 131,468 annual human cases reported in the Euro-
pean Union (Carrasco et al. 2012), and 45,828 in the United
State (CDC 2013), even when the occurrence of mild symp-
toms leads to an underestimated notification (Santos et al.
2002).

Brazil is considered the 4th largest producer of pork in
the world, second only to China, European Union and Uni-
ted States, respectively, reaching an annual production over
3 million tons and exports over 600 thousand tons in 2013
(ABIPECS 2013). In this country, from 2000 to 2013, were
reported 8,871 foodborne diseases outbreaks, being Sal-
monella the causative agent in 1,522 of them. Among these
total outbreaks, 277 (4.26%) were associated with pork
products.

Salmonella is closely related to the swine production
chain, being isolated in several production steps, including
primary production, transport of animals, the pre-slaughter
and pre-evisceration steps, especially during scalding, ope-
ning of the abdomen and withdrawing of colon (Letellier et
al. 2009, Duggan et al. 2010, Carascvo et al. 2012, Gomes-
-Neves et al. 2012). Salmonella infections in pigs occurs
through oral infection, and later spreads to the lymphatic
system, which acts as barrier at the first moment, but can
become reservoirs posteriorly allowing environmental-eli-
mination of the agent and its dissemination through other
animals (Straw et al. 2012). Therefore, the isolation of Sal-
monella from pigs’ lymph nodes indicates its carrier status
and the analysis of intestinal contents is related to its ex-
cretory potential (Davies et al. 1998, Bahnson et al. 2006).

In recent decades, S. Enteritidis and S. Typhimurium se-
rovars have caused great concern (Bollaerts et al. 2008).
In most cases where humans have contracted one of these
serovars, the pathogen infection is self-limiting, characteri-
zed by gastroenteritis. However, in some cases the manifes-
tations are more severe, especially in immunocompromi-
sed patients (EFSA 2010). In these cases, the conventional
treatment for salmonellosis is based on fluoroquinolones
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and quinolones antimicrobials for adults, third-generation
cephalosporins for children, and chloramphenicol in pa-
tients with endocarditis or endovascular infection (Lesser
& Miller 2005, EFSA 2010). Nevertheless, several studies
have pointed out the isolation of multidrug-resistant Sal-
monella strains, including to the main drugs of choice in the
therapeutic practices for veterinary and human protocols
(EFSA 2010).

In the European Union is recorded occurrence of mul-
tidrug-resistant strains in 16 countries for pigs, and 14
countries for pork samples (EFSA 2010). In Spain, studies
report Salmonella resistance to streptomycin (46% of tes-
ted serovars), tetracycline (30%), sulfonamides (25%) and
ampicillin (23%), with 36% of serovars multidrug-resis-
tant (Gomez-Laguna etal. 2011). In a similar study conduc-
ted in Vietnam, from poultry and pork meat strains, resis-
tance of Salmonella to at least one antimicrobial was found
in 78.4% of samples, with 23.2% MDR (Thai etal. 2012). In
a study carried out in Brazil, different serotypes of Salmo-
nella isolated from pigs showed resistance to sulfonamides
(83.9%), tetracycline (37.4%), cotrimoxazole (25.2%), am-
picillin (20.2%), chloramphenicol (16.1%), streptromycin
(14.1%), and nalidixic acid (10.1%), and 24.2% were for-
mally multidrug-resistant (Castagna et al. 2001).

It is well recognized that the Enterobacteriaceae fa-
mily includes many species that produce enzymes that
hydrolyze beta lactam antibiotics. One of the predominant
enzymes, Extended Spectrum Beta Lactamase (ESBL), inac-
tivates penicillins, cephalosporins and monobactams (Sou-
sa Junior et al. 2004).

Here, we investigated the frequency of Salmonella spp.
in feces, mesenteric, mediastinal and submandibular lym-
ph nodes from pigs, as well as serotype characterization
and in vitro resistance profile of strains to several antimi-
crobials, choosen based on Clinical Laboratory Standards
Institute guidelines (CSLI 2013).

MATERIALS AND METHODS

Animals and sample collection. Two hundred specimens
from pigs were sampled. Of these, 50 fecal samples were collected
in the evisceration and inspection tables, using sterile plastic bags
and 150 lymph nodes without apparent abnormalities (without
lymphadenitis) of pigs were removed from carcasses and placed
in sterile plastic bags (being 50 mediastinal, 50 mesentericand 50
submandibular), taken randomly from different animals. The ani-
mals were slaughtered in the finishing phase (150-180 days) in
slaughterhouses under Brazilian Federal Inspection Service. Sam-
pled pigs came from up 20 piggeries of 10 different cities located
in Sao Paulo and Santa Catarina States, Brazil. The animals were
from medium scale farms housing between 350-950 animals kept
in intensive indoors system, with concrete-floored, and fed exclu-
sively with commercial feed. Immediately after collection, the
samples were kept refrigerated (4-8°C) and stored at -20°C until
the diagnostic procedures.

Salmonella identification. For the isolation of Salmonella
spp., the samples defrost under refrigeration for 24 hours. Feces
samples were fractionated in 1g aliquots and packed in sterile
plastic bags. Samples of lymph nodes were externally disinfected
with alcohol 70% and then fractionated to obtain a 1g aliquot,
which was also transferred to sterile plastic bag. For each bag
was added 9mL of buffered peptone water 1% (BPW) (Oxoid®,
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Hampshire - England), homogenized and incubated for 24h at 35
° C. Subsequently the enrichment step, were transferred 0.1mL of
pre-enrichment to 10mL of Rappaport-Vassiliadis broth (RV) and
1mL to 10ml of Tetrathionate broth (TT). TT tubes were incuba-
ted at 35°C for 18 to 24 hours and RV incubated 42°C for 18 to
24 hours. Each broth was then streak on plates containing xylo-
se lysine desoxycholate (XLD - Oxo0id®), bismuth sulfite agar (BS
- Ox0id®) and incubated for 24 hours at 35°C. The colonies com-
patible with Salmonella spp. were transferred to triple sugar iron
agar (TSI - Oxoid®) and lysine iron agar (LIA - Oxo0id®) for preli-
minary biochemical tests, incubated for 18 to 24 h at 35°C. Sal-
monella suspected colonies were subjected to follow conventional
phenotypic tests: indole, motility, phenylalanine desaminase and
urease production, Methyl Red and Voges-Proskauer reactions,
citrate, glucose and lactose utilization. The samples with typical
biochemical characteristics were confirmed by agglutination test
in polyvalent antiserum specific for Salmonella spp (Probac®, Sdo
Paulo, Brazil).

Microbiological identification of Salmonella spp. was perfor-
med according to Andrews et al. (2014). The strains were sero-
typed using the somatic O, phase 1 and phase 2 of the H flagellar
antigens by agglutination tests with antisera prepared in the La-
boratory of Enteric Pathogens, Institute Adolfo Lutz, Sdo Paulo as
specified in the White-Kauffmann-LeMinor protocol for Salmo-
nella serotyping (Grimont & Weil 2007).

In vitro antimicrobial susceptibility test. For the antimi-
crobial resistance investigation, the strains were subjected to the
Bauer-Kirby disk diffusion method, according to the guidelines
recommended by Clinical and Laboratory Standards Institute
(CLSI, 2013). The antimicrobial agents were: nalidixic acid - 30 g
(NAL), amikacin - 30ug (AMI), ampicillin - 10pg (AMP), aztreonam
- 30pg (AZT), cefepime - 30pg (CPM), cefotaxime - 30pug (CTX), ce-
foxitin - 30ug (CFO), ceftazidime - 30pg (CAZ), ceftriaxone - 30ug
(CRO), ciprofloxacin - 5pg (CIP), chloramphenicol - 30ug (CLO),
streptomycin - 10pg (EST), gentamicin - 10pg (GEN), meropenem
(MER), sulfonamides - 300pg (SUL), trimethoprim-sulfametoxa-
zole - 1.25/23.75ug (SUT), and tetracyclin - 30pg (TET). In the
current study, the intermediate resistant strains were considered
resistant (CDC 2014).

ESBL production. Ciprofloxacin resistant strains were tested
for ESBL enzyme presence by the method of double disk diffu-
sion to check synergism between clavulanic acid and aztreonam,
ceftazidime, ceftriaxone and cefotaxime. Resistant strains were
identified by the formation of a secondary inhibition halo by a sy-
nergism of the tested antimicrobials with the initial intersection
of the inhibition zones of each antimicrobial (CSLI 2013).

Statistical analysis. Logistic regression analysis was used in
the binomial dependent variable, using the PROC LOGISTIC of the
Statistical Analysis Software (SAS® 9.4, Inst. Inc., Cary, NC, USA).
The results are shown as a percentage. For all analyzes, were
adopted the significance level of 5% (P<0.05).

RESULTS

Salmonella strains were identified in 10% (n=20/200) of
samples. The highest rates were found in the submandibu-
lar lymph nodes (n=10/50, 20%), followed by mesenteric
lymph nodes (n=9/50, 18%). In contrast, the lowest preva-
lence were found in fecal samples (n=1/50, 2%). No strain
of the pathogen was isolated in mediastinal lymph nodes.
Mesenteric and submandibular lymph nodes showed sta-
tistical similarity (p> 0.05) but differed when compared
to samples of feces and mediastinal lymph nodes (p<0.05)
(Table 1).

1167

The serotyping of the 20 isolated strains identified the
following serotypes: S. Typhimurium (n=11/20, 55%), S.
enterica subsp. enterica 4,5,12: i: - (n=7/20, 35%), and S.
Brandenburg and S. Derby (n=1/20, 5% each).

The highest antimicrobial resistance rates of isolates
were found for ciprofloxacin (CIP) and tetracycline (TET)
(n=18/20, 90% each), followed by nalidixic acid (NAL)
(n=16/20, 80%).

S. Typhimurium strains showed resistance to seve-
ral antimicrobials, especially in relation to tetracycline
(n=11/11), followed by ciprofloxacin (n=10/11), nalidi-
xic acid, sulfonamides and chloramphenicol (n=8/11),
streptomycin (n=7/11), trimethoprim-sulfamethoxazole
(n=6/11), ampicillin (n=4/11), and gentamicin and cefota-
xime (n=1/11) (Fig.1).

A total of S. enterica subsp. enterica 4,5,12: i: - strains
(n=7/7) showed resistance to nalidixic acid, sulfametho-
xazole trimethoprim-sulfonamides, tetracycline and strep-
tomycin. For the other antimicrobials the resistant values
of isolates were n=6/7 for ciprofloxacin, n=5/7 for chlo-
ramphenicol and n=1/7 to ampicillin, gentamicin and ce-
fotaxime (Table 2).

Table 1. Number, frequency and serovars of Salmonella
positive lymph nodes and feces from slaughtered pigs

Sample N Positives (%) Serovars
Submandibular 50 10 (20%)*  -S. enterica subsp. enterica
lymph nodes 4,5,12:i:-

-S. Typhimurium

Mesenteric lymph 50 9 (18%)* -S. Typhimurium
nodes -S. Derby

-S. Brandenburg
Feces 50 1(2%)° -S. enterica subsp. enterica

4,5,12:i:-

Mediastinal lymph 50 0 (0%)°® -
nodes
TOTAL 200 20 (10%) 4 serovars

ab Different letters indicates statistical difference (p<0.05) in the percenta-
ge of positives for each sample type.
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Fig.1. Percentage of resistant Salmonella strains isolated from
swine feces and lymph nodes for the tested antimicrobial
compounds. Ciprofloxacin (CIP), Tetracycline (TET), Nalidi-
xic Acid (NAL), Sulfonamides (SUL), Chloramphenicol (CLO),
Streptomycin (EST), Sulfamethoxazole-trimethoprim (SUT),
Ampicillin (AMP), Cefotaxime (CTX), Ceftriaxone (CRO), Gen-
tamicin (GEN) Amikacin (AMI), Aztreonam (AZT), Cefepime
(CPM), Cefoxitin(CFO), Ceftazidime (CAZ) Meropenem (MER).
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Table 2. Antimicrobial resistance profile of different
serotypes of Salmonella isolated from slaughtered pigs

Serovar Antimicrobial

S. Typhimurium CIP

S. Brandenburg CIP, CRO
S.Typhimurium NAL, CIP, CLO, TET

S. Typhimurium CIP, SUT, SUL, TET

S. Typhimurium NAL, CIP, CLO, EST, TET

S. Typhimurium NAL, CTX, CIP, CLO, TET

S. Typhimurium NAL, AMP, CIP, SUL, TET

S. enterica subsp. enterica 4,5,12:i:- NAL, CIP, SUT, SUL, EST, TET

S. Typhimurium AMP, CLO, SUT, SUL, EST, TET

S. Typhimurium AMP,CIP, CLO, SUL, SUT, EST, TET
S. Derby AMPCIP, CLO, EST,SUL, SUT, TET
S. Typhimurium NAL, CIP, CLO, SUT, SUL, EST, TET
S. enterica subsp. enterica 4,5,12:i:- NAL, CIP, CLO, SUT, SUL, EST, TET
S. enterica subsp. enterica 4,5,12:i:- NAL, CIP, CLO, SUT, SUL, EST, TET
S. Typhimurium NAL, CIP, CLO, SUT, SUL, EST, TET
S. enterica subsp. enterica 4,5,12:i:- NAL, CIP, CLO, SUT, SUL, EST, TET
S. enterica subsp. enterica 4,5,12:i:- NAL, CIP, CLO, SUT, SUL, EST, TET
S. Typhimurium NAL, CIP, CLO, SUT, SUL, EST, TET
S. enterica subsp. enterica 4,5,12:i:-  NAL, AMP, SUT, GEN, SUL, EST, TET
S. enterica subsp. enterica 4,5,12:i:- NAL, CTX, CIP, CLO, SUT, SUL, EST, TET

Ciprofloxacin (CIP), Tetracycline (TET), Nalidixic acid (NAL), sulfonami-
des (SUL), chloramphenicol (CLO), streptomycin (EST), Trimethoprim-
-sulfamethoxazole (SUT), ampicillin (AMP), cefotaxime (CTX), ceftriaxone
(CRO), Gentamicin (GEN).

The only one S. Brandenburg strain shows resistan-
ce exclusively to ciprofloxacin and ceftriaxone. The other
single isolate of S. Derby was resistant against ampicillin,
trimethoprim-sulfamethoxazole, sulfonamides, strep-
tomycin, tetracycline, chloramphenicol and ciprofloxacin
(Table 2).

Among the serovars identified, all were resistant to at
least one of the antimicrobials tested, with 90% of them
(n=18) resistant to at least four antimicrobial simultaneou-
sly. Considering the standards determined by CLSI for MDR
samples, simultaneously resistant to ampicillin, chloram-
phenicol, streptomycin, trimethoprim-sulfamethoxazole
and tetracycline, 15% (n=3) of the samples showed this
pattern (Table 2). There was no strain positive for the ESBL
enzyme production.

DISCUSSION

The present study revealed 10% frequency of Salmonella
isolated from fecal and lymph nodes of pigs. This result is
relatively lower to similar studies described worldwide. In
Portugal, Vietnam and European Union were reported res-
pectively 17.6%, 34.8% and 33% of positive identification
of Salmonella in pigs (EFSA 2010, Ellerbroek et al. 2010,
Gomes-Neves et al. 2012). Particularly in Brazil, different
studies carried out in different regions revealed 16.6% and
67% of Salmonella from slaughtered pigs (Bessa et al. 2004,
Sanchez et al. 2007, Silva et al. 2009, Kich et al. 2011).
Salmonella was most prevalent in the submandibular
and mesenteric lymph nodes, then feces, and then medias-
tinal lymph nodes. It is known that the amount of feces
sampled is related to the chances of the pathogen isolation
(Davies et al. 1998), so the lower isolation rate in feces can
be related to the sample aliquot used (1g). Other factor
which can be associated to the lower frequency of Salmo-
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nella in the fecal samples is the intermittent excretion of
the pathogen. On the other hand, Salmonella is present in-
tracellularly in the lymph nodes, which acts as reservoirs of
the pathogen (Bahnson et al. 2006), being less exposed to
other factors that would difficult the pathogen detection by
the isolation technique, being the presence of Salmonella
in the lymph nodes an indicator of the carrier status of the
animal.

The differences observed in the isolation of Salmonella
from specific lymph nodes relates to the anatomical posi-
tion of them. The most prevalent occurrence of the patho-
gen was observed in the mesenteric and submandibular
lymph nodes. The high prevalence of Salmonella in mesen-
teric and submandibular lymph nodes is associated with
the proximity of them, respectively, to the gastrointestinal
fecal contents, taking these nodes as an initial barrier to the
pathogen. In many cases, the submandibular infection does
not develop enteric signs, turning the animals into reser-
voirs. In fact, the oral-fecal cycle of Salmonella infections in
pigs was investigated in other studies, showing that 70% of
the isolates were identified in the tonsils and submandibu-
lar lymph nodes (Bahnson et al. 2006, Straw et al. 2012).

The high occurrence of S. Typhimurium identified in
pigs sampled, agreed with increased prevalence of this se-
rotype in the global scenery (Carrasco etal. 2012).In 2011,
S. Typhimurium was also the predominant serovar repor-
ted in the United States, followed by S. Enteritidis (CDC
2013). The high prevalence of this serovar has been repor-
ted in European Union (EFSA 2010) and Brazil (Kich et al.
2011) as well.

Another relevant finding in the current study is 35%
(n=7/20) of positive isolation of S. enterica subsp. enterica
4,5,12: i-, a serotype considered similar to S. Typhimurium,
characterized by minor differences in the flagellar phase.
Currently, S. enterica subsp. enterica 4,5,12: i- is referred
as one of the main serotypes isolated from pigs worldwide,
particularly in Europe (EFSA 2010) and the United States,
since it notifications increased 351% between 2001 and
2011 (CDC 2013). This monophasic Typhimurium-like
strains are considered an emerging pathogen, being asso-
ciated to several outbreaks with high antibiotic resistance
rates, however Brazilian data about this serovar isolation
are still scarse.

The others serotypes also identified in the present stu-
dy, as S. Brandenburg and S. Derby, only one sample each,
have similar results to those observed in other countries
(Kich et al. 2011, Carrasco et al. 2012, Thai et al. 2012).

In the current study, up 80% of strains were found to be
resistant to ciprofloxacin, tetracycline and nalidixic acid.
Similar studies in Brazil have also found a prevalence of
resistance by Salmonella isolated from pigs to tetracycline
(96.5%) and nalidixic acid (95.5%) (Castagna et al. 2001),
as well as multidrug resistant strains particularly to sul-
fonamides (97.8%) and streptomycin (82.6%) (Weiss et
al. 2002). The high resistance rates of our isolates for ci-
profloxacin are similar to those found in pigs from Spain
(97.1%) (EFSA 2010). In contrast, studies in other coun-
tries revealed minor occurrence of resistant Salmonella
strains against tetracycline, sulfonamides and nalidixic
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acid (Gomez-Laguna et al. 2011, Thai et al. 2012). Interes-
tingly, ciprofloxacin, tetracycline and nalidixic acid that
showed low effectiveness in our Salmonella strains, are
considered antimicrobials of choice to humans and animal
therapy of salmonellosis (Lesser & Miller 2005, Radostits
etal. 2007).

The high prevalence antibiotic-resistant strains of Sal-
monella encountered in our study is similar to the reported
in other studies, such as investigations in pigs from Viet-
nam, Estonia, Ireland and Brazil. These studies reported
multidrug resistance frequencies of 23.2%, 13.6%, 59.4%
and 24.2%, respectively (EFSA 2010, Thai et al. 2012)

Multidrug resistant bacteria, including Salmonella spe-
cies from animal and human origin is an emergent public
health concern (Giguere et al. 2010). The high antimicrobial
resistance rates in pig production can be attributed, among
other reasons, to the improper use of antimicrobials for
treatment of diseases or growth promotion in pork produc-
tion (Gebreyes et al. 2004, Kich et al. 2011, Gomes-Neves et
al. 2012). However, some resistance mechanisms to some
antimicrobials are easily transferred between species, and
their prevalence may be in part be due to environmental
contamination. Another important resistance acquisition
route are the genes that promotes simultaneous resistance
to different compounds. In the light of this, ubiquitous and
opportunistic pathogenic bacteria as Salmonella with re-
sistance to conventional antimicrobials can survive in envi-
ronment of farms, and are able to transmit drug resistance
to other bacteria that infect wildlife and domestic animals,
including pigs (Thakur etal. 2007). Indeed, despite the pro-
hibition of the use of chloramphenicol in livestock 25 years
ago in United States (Thakur et al. 2007) and 18 years ago
in Brazil (Brasil 2003), a diverse range of bacteria remain
resistant to these drugs even today.

In our study were not detected Salmonella strains ESBL-
-enzyme positive. However, in Europe ESBL production was
referred in 0.6% of the strains isolated from pigs, when tes-
ted for cefotaxime and 0.5% for ceftazidime (EFSA 2014).
Despite absence of Salmonella strains positive for ESBL-
-production in pigs sampled, the emergence of this patho-
genic mechanism of antimicrobial resistance of Salmonella,
requires continuous epidemiological vigilance studies.

In this study, we found that Salmonella spp. isolated
from pigs exhibit high levels of resistance to antimicrobials.
These antibiotic-resistant strains may potentially cause
foodborne outbreaks of antibiotic-resistant salmonella in
humans. S. Typhimurium was the most common serovar,
even with the adoption of control measures implemented
over several decades in pig farms. In addition, there is an
increasing occurrence of S. enterica subsp. enterica 4,5,12:
i: -, considered an emergent human pathogen and with few
Brazilian data about this serovar available. The high resis-
tance rates found in our study reveals that despite regio-
nal differences for resistance to some antimicrobials, the
inappropriate use of antimicrobials increases the selection
rate of multidrug resistant bacteria, including Salmonella.
Thus, the selection of first-choice antimicrobial treatment
should be based on local in vitro resistance patterns. Inde-
ed, the responsible use of antimicrobials for animals is an

emergent One Health concern, to conserve these drugs for
human therapy approaches.
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