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Summary
This study, conducted in the State of Rio de Janeiro, aimed to genetically distinguish 
29  isolates of S. Typhimurium isolated from 344  samples of swine carcasses by PFGE 
(pulse‑field gel electrophoresis) and to evaluate their antimicrobial resistance profile. Out 
of the 29 isolates, 26 (90%) were resistant to at least one antimicrobial. Sulfonamides (66%), 
nalidixic acid (66%), trimethoprim (66%) and tetracycline (52%) were the most frequent 
resistant drugs. Multidrug‑resistance (MDR) profile was frequent (60% of isolates). The profile 
Eno‑Na‑Nxn‑Fc‑C‑S‑Gm‑G‑T‑Te (14%), Cp‑Eno‑Na‑Fc‑C‑S‑G‑T‑Te (10%) and Na‑G‑T (7%) were 
the most frequent. Five isolates within the predominant PFGE pulsetype came from lymph 
nodes of distinct animals from multiple slaughterhouses indicating that this particular clone 
might be widespread in the Rio de Janeiro State. This paper reveals a threat to the population 
in the entire State and highlights the necessity of the strict control in the use of antimicrobials 
in swine production in the entire country. 
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production center with slaughterhouses producing 
meat that supplies the local consume within the 
municipality or inside the State borders. However, 
evaluation of the microbiological quality of pork 
production in the Rio de Janeiro State is out of 
date (Lázaro et  al. 1997, Zebral et  al. 1974) and 
new studies need to be performed. Recently, we 
reported 36 out of 344 (10.5%) samples from swine 
slaughterhouses contaminated with Salmonella 
including carcasses, lymph nodes, ham, jowl, knives 
and even the cleaning water (Cabral et  al. 2017). 
These results evidence how high is the consumer 
potential exposure to Salmonella causing concern 
to public health authorities.

A serious concern about Salmonella strains regards 
their antimicrobial susceptibility profile. In severe 
cases of human salmonellosis, it is expected 
that the first‑choice antimicrobial therapy will 
be able to control systemic infection. Because 
antimicrobial resistance has been increasingly 

Introduction 
The foodborne pathogen Salmonella is responsible 
for human salmonellosis, an infection that has the 
potential to become life‑threatening. In the United 
States, Salmonella is the second most prevalent 
foodborne pathogen, and is responsible for the 
highest number of hospitalizations (CDC 2018). 
In Brazil, this pathogen is the most frequent cause 
of foodborne diseases, and responsible for 39% 
of the notified and confirmed cases (Finger et  al.  
2019). Although chicken is considered as the main 
reservoir of Salmonella , swine is also crucial in the 
transmission of this pathogen and is capable of 
periodically shedding this bacterium through feces 
(Mataragas et al. 2011). 

In Brazil, several studies already revealed 
contamination of pork and pork‑based products 
with Salmonella (Cabral et al. 2014, Silva et al. 2009, 
Teixeira 2007). The Rio de Janeiro State has a pork 
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Broth (BHI) (Himedia®) with 25% glycerol. These 
isolates were reactivated by transferring 100  µL to 
a sterilized BHI broth, followed by incubation at 
37 °C for 20 hours. Newly grown isolates were then 
transferred to Mueller‑Hinton Broth (MH broth) and 
incubated at 37 °C for 20 hours. 

Antimicrobial susceptibility test 
Isolates were grown in MH broth to prepare 
the inoculum for the Kirby‑Bauer antimicrobial 
susceptibility test (AST), which was performed as 
described at the Clinical and Laboratory Standards 
Institute ‑ CLSI (CLSI 2017). Eighteen antimicrobials 
from eight classes were tested, including the 
most commonly used veterinary drugs in swine 
production and the first‑choice drugs for the 
treatment of human enteric infections. The 
diffusion disks (Oxoid, Basingstoke, UK) with the 
following drugs were used: amoxycillin/clavulanic 
acid (Amc, 30 µg), cephalothin (Cf, 30 µg), cefoxitin 
(Cfx, 30  µg), ceftazidime (Caz, 30  µg), ceftriaxone 
(Cax, 30  µg), ciprofloxacin (Cp, 5  µg), enrofloxacin 
(Eno, 5  µg), nalidixic acid (Na, 30  µg), norfloxacin 
(Nxn, 10 µg), florfenicol (Fc, 30 µg), chloramphenicol 
(C, 30 µg), streptomycin (S, 10 µg), gentamicin (Gm, 
10  µg), tobramycin (To, 10  µg), imipenem (Imp, 
10 µg), sulfonamides (G, 300 µg), trimethoprim (T, 
5  µg), tetracycline (Te, 30  µg). E. coli ATCC 25922, 
S.  aureus ATCC 25923, P. aeruginosa 10536 were 
tested in parallel and served as control strains 
according to CLSI.

Pulsed‑field gel electrophoresis (PFGE) 
PFGE was performed at the National Reference 
Laboratory for Enteroinfections at Oswaldo Cruz 
Institute (FIOCRUZ) according to the Standard 
Operating Procedure for PulseNet PFGE of 
Escherichia coli O157:H7, Escherichia coli non‑157 
(STEC), Salmonella serovars, Shigella sonnei and 
Shigella flexneri, established by the Centers for 
Disease Control and Prevention (CDC 2013). The DNA 
fingerprints were generated by macrorestriction 
with 40 U of enzyme XbaI (New England Biolabs, 
Beverly, MA, USA). Restriction fragments were 
separated in certificated 1.2% PFGE agarose gels 
(Bio‑Rad, Hercules, CA, USA) in tris‑borate buffer (TBE; 
tris‑borate 0.045 M, EDTA 0.001M) at 140 °C, using the 
CHEF DR III system (Bio‑Rad). Electrophoresis runs 
with an initial switch time of 2.2 s and a final switch 
of 63.8 s at 6V/s for 18 h. Salmonella Braenderup 
was used as standard and similarity was calculated 
by the Dice coefficient with 1.5 to 2.0% tolerance. 
The generated profile assembly and dendrogram 
analysis were performed with BioNumerics Software 
7.5 (Biomerieux®).

detected in Salmonella, public health has been 
continually threatened (CDC 2005). Another hazard 
is related to the possibility of the multidrug‑resistant 
(MDR) strains to disseminate resistance genes to 
non‑resistant bacteria transferring those genes 
between human and animal populations, mostly 
in the gut environment (Trobos et  al. 2009). It is 
now well established that the selective pressure 
created by the inappropriate antimicrobial use in 
human and veterinary medicine is one of the main 
reasons for the increase of antimicrobial resistance 
(Tenover 2006).

Within more than 2,600 Salmonella enterica serovars, 
Salmonella Typhimurium is the most surveyed 
and frequent serovar transmitted from animals 
to humans worldwide (Hendriksen et  al. 2011). In 
Brazil, several studies provide evidence that this 
serovar has been the most frequently isolated in 
swine and pork‑based products (Bandeira et  al. 
2007, Castagna et al. 2004, Kich et al. 2011, Michael 
et  al. 2002, Pissetti et  al. 2012, Seixas et  al. 2009, 
Viott et al. 2013). Previously, we have demonstrated 
that Salmonella Typhimurium is prevalent (55% of 
isolates) in the State of Rio de Janeiro (Cabral et al. 
2017). Now, the understanding of the diversity level 
of these isolates is indispensable to monitoring 
interventions strategies if outbreaks investigations 
are necessary (Kich et  al. 2011). In this context, 
Pulsed‑field gel electrophoresis (PFGE) is eligible 
due to the rapid standardized protocol, parameters 
analysis and nomenclature, and the ability to 
exchange information in real‑time through internet 
by the center of PulseNet’s (Ribot et  al. 2006). 
Also, it is routinely used for foodborne outbreaks 
investigation and studies regarding animal 
infections and food pathogens (Kich et  al. 2011, 
Vigo et al. 2009).

Hence, the current study was designed to evaluate 
the antimicrobial susceptibility profile of 29 isolates 
of Salmonella Typhimurium, along with their 
molecular typing with PFGE in the purpose of 
epidemiologically differentiate and trace the sources 
of those bacteria. 

Materials and methods

Bacterial isolates
We selected the twenty‑nine isolates of 
S.  Typhimurium previously obtained from 
344  samples of swine carcasses (intestinal faeces, 
mesenteric and submandibular lymph nodes, jowl, 
ham) and from the water for cleaning the carcasses 
in swine slaughterhouses (S1, S2, and S3) in the 
Rio de Janeiro State (Cabral et  al. 2017). Isolates 
were kept frozen at ‑  18  °C in Brain Heart Infusion 
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Results
Twenty‑six out of the 29 selected isolates (90%) 
exhibited resistance to at least one antimicrobial. 
Also, two isolates had only intermediate resistance 
to at least one antibiotic and two isolates were 
pan‑susceptible. Seventeen isolates (60%) were 
MDR since they showed resistance to more than 
three different antimicrobial classes. Sixty‑six 
percent of the isolates were resistant to sulfonamide, 
nalidixic acid, and trimethoprim. Also, 97% of them 
were susceptible to tobramycin, ceftriaxone, and 
imipenem (Table I).

PFGE‑based sub‑typing was performed to determine 
the diversity of the isolates selected in this study, 
(Figure 1). This analysis revealed a total of 11 different 
pulsetypes wherein the three predominant types 
were formed by at least six isolates each (clusters 
A and B). Pulsetype 1 (cluster A) harbored eight 
isolates whereas pulsetype 2 (cluster B1) harbored 
six isolates and pulsetype 3 (cluster B2) also harbored 
six isolates. In the cluster C, the pulsetypes eight and 
nine were 92% similar. The cluster D harbored two 
isolates with the pulsetype 11. The use of the single 
XbaI enzyme was able to genetically distinguish 
7 out of 29 isolates (pulsetypes 4, 5, 6, 7, 8, 9 and 10) 
(Figure 1). However, the majority of the isolates which 
share identical PFGE profile (pulsetypes 1, 2, 3 and 11) 
showed different antimicrobial resistance profiles, 
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Figure 1. Pulsed‑field gel electrophoresis (PFGE) dendrogram and antimicrobial resistance profile showing the genetic and phenotypic diversity among 
29 isolates of Salmonella Typhimurium obtained from swine slaughterhouses in the Rio de Janeiro State. Antimicrobial resistance profile abbreviations: 
amoxycillin/clavulanic acid (Amc), cephalothin (Cf), cefoxitin (Cfx), ceftazidime (Caz), ceftriaxone (Cax), ciprofloxacin (Cp), enrofloxacin (Eno), nalidixic 
acid (Na), norfloxacin (Nxn), florfenicol (Fc), chloramphenicol (C), streptomycin (S), gentamicin (Gm), tobramycin (To), imipenem (Imp), sulfonamides 
(G), trimethoprim (T), tetracycline (Te). Grey boxes represent intermediate resistance.

Table I. Antimicrobial susceptibility profile of 
29 Salmonella Typhimurium isolates obtained from swine carcasses 
and slaughterhouses in Rio de Janeiro, Brazil.

Antimicrobial
Susceptibility profile [n (%)]

Sensitive Intermediate 
resistance Resistant

Streptomycin 14 (48%) 10 (35%) 5 (17%)

Gentamicin 19 (66%) 3 (10%) 7 (24%)

Tobramycin 28 (97%) - 1 (3%)
Amoxicillin + 
clavulanic acid 24 (83%) 4 (14%) 1 (3%)

Cephalothin 21 (72%) 2 (7%) 6 (21%

Cefoxitin 23 (79%) 2 (7%) 4 (14%)

Ceftazidime 27 (93%) 1 (7%) 1(3%)

Ceftriaxone 28 (97%) - 1 (3%)

Imipenem 28 (97%) 1(3%) -

Chloramphenicol 14 (48%) - 15 (52%)

Florfenicol 14 (48%) - 15 (52%)

Nalidixic acid 6 (21%) 4 (14%) 19 (66%)

Ciprofloxacin 12 (41%) 5 (18%) 12 (41%)

Enrofloxacin 15 (52%) - 14 (48%)

Norfloxacin 23 (79%) 4 (14%) 2 (7%)

Sulfonamide 9 (31%) 1 (3%) 19 (66%)

Trimethoprim 9 (34%) - 20 (66%)

Tetracycline 14 (48%) - 15 (52%)
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2016) reported high resistance to tetracycline 
(44%) and nalidixic acid (25%) in Salmonella 
isolates obtained from pigs and multiple pork 
by‑products. Interestingly, high frequency of isolates 
with resistance to tetracycline is not unexpected in 
Brazil since this antibiotic was routinely used as a 
growth promoter in swine breeding. The Ministry of 
Agriculture, Livestock and Supply has forbidden its 
use as growth promoter since 1998, although it is still 
allowed for infection therapy. Sulfonamide resistance 
along with gentamycin and fluoroquinolones 
resistance also are routinely detected among 
Salmonella isolates, and this can be explained by 
their widespread use in swine breeding (Silva et al. 
2009). In our study, sulfonamide and trimethoprim 
resistance were separately evaluated, but nowadays 
they are commonly used in combination due to their 
synergism (cotrimoxazole). Trimethoprim resistance 
is also common, however resistance is lower when 
it is associated with sulfamethoxazole (Lima et  al. 
2016). In this study, 22/29 (76%) isolates were 
nalidixic acid resistant, 13/29 (44%) to ciprofloxacin 
and 16/29 (55%) to enrofloxacin. This last finding 
could be a matter of great concern to public health 
because, in human medicine, ciprofloxacin is the 
first choice drug for cases of salmonellosis, especially 
when dealing with septicemic strains (Souza et  al. 
2010). The implications of the indiscriminate use 
of antimicrobials in animal production on bacterial 
resistance have been continually reviewed (Landers 
et  al. 2012). The uncorrect use by animal breeders 
and the little control by the authorities contribute to 
the increase of bacterial resistance.

Multidrug‑resistant (MDR) strains are defined 
as isolates resistant to three or more different 
antimicrobials classes (CLSI 2017). Despite few 
isolates studied here, the high frequency of MDR 
isolates (60%) remains alarming. In Brazil, most of the 
studies have shown frequency of S. Typhimurium in 
swine with MDR profile below fifty percent: Almeida 
and colleagues (Almeida et  al. 2016) 37%, Lopes 
and colleagues (Lopes et  al. 2015) 40.4%, Kich and 
colleagues (Kich et  al. 2011) 43%. MDR isolates are 
dangerous anywhere since they are commonly 
more virulent than susceptible ones, and this is a 
constant threat to human health (DiMarzio et  al. 
2013). A high variety of MDR profiles were found 
in our isolates even in that obtained from the same 
slaughterhouses. Although the antimicrobial use 
records from the swine breeding were not available, 
it is possible to speculate that the breeders might 
have adopted different protocols and these 
variations may have resulted in the selection and 
widespread of many different multi‑resistant profiles 
within the isolates.

Pulsed‑field gel electrophoresis identified 
11  distinct pulsetypes among the twenty‑nine 
samples. Pulsetype 1 (cluster A) is the biggest one 

suggesting that they might be genetically different 
although not distinguished by the use of the single 
XbaI enzyme. Overall, AMR profile was quite diverse, 
but four isolates (14%) shared the common profile 
Cp‑Eno‑Na‑Nxn‑Fc‑C‑S‑Gm‑G‑T‑Te, three isolates 
(10%) shared the profile Cp‑Eno‑Na‑Fc‑C‑S‑G‑T‑Te, 
and two isolates (7%) shared the profile Na‑G‑T. No 
association between the antimicrobial resistance 
profile and pulsetype were found. However, isolates 
with resistance to four or more classes were in 
cluster B (Figure 1).

Discussion
Slaughterhouses in the Rio de Janeiro State plays a 
crucial role in the economics of local municipalities 
as a provider of quality protein to those consumers. 
In 2017, we published the first study reporting 
that those slaughterhouses were producing 
Salmonella‑contaminated pork (Cabral et  al. 
2017). Here, we selected all the 29 S. Typhimurium 
isolated from that study to profile a phenotypically 
and genetically characterization by accessing 
the antimicrobial susceptibility profile and PFGE, 
respectively. 

In Brazil, few studies have evaluated the antimicrobial 
susceptibility profile of Salmonella isolates 
from swine carcasses, pork or slaughterhouse 
environment, although those performed reported 
a high prevalence of isolates resistant to at least 
one antimicrobial. Lopes and colleagues (Lopes 
et al. 2015) reported that 76% of Salmonella enterica 
serovars isolated from pigs and carcasses were 
resistant to at least one antimicrobial. Lima and 
colleagues (Lima et al. 2016) have evaluated 357 from 
pork and pork by‑products and found 257 isolates 
(72%) resistant to one or more drugs. Also, Almeida 
and colleagues (Almeida et  al. 2016) reported that 
17 out of 27 (63%) isolates had resistance to at 
least one drug. Here, we reported 90% of the tested 
isolates showing resistance to at least one drug. 
Although these studies did not reveal resistance 
patterns specifically from Typhimurium serovar, they 
reported that drug resistance is wide‑spreading 
across Brazilian foodborne Salmonella isolates.

In the present study, most of the Salmonella isolates 
were resistant to sulfonamides, nalidixic acid, 
trimethoprim, and tetracycline. Resistance to these 
four antibiotics is routinely reported in Salmonella. 
For instance, Bessa and colleagues (Bessa et  al. 
2007) reported high rates of Salmonella resistant 
to sulfonamide (91%), tetracycline (85%) and 
streptomycin (66%). This profile was also reported 
by Lopes and colleagues (Lopes et  al. 2015) with 
55%, 40%, 34% and 34% resistance to tetracycline, 
sulfonamide, streptomycin and nalidixic acid, 
respectively. Lima and colleagues (Lima et  al. 
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that isolates from the same serovar are worth to be 
typed since they may not belong to the same clone 
and consequently exhibit distinct epidemiological 
importance.

In conclusion, the results of PFGE typing along 
with the antimicrobial resistance profile revealed 
a high variety of S.  Typhimurium isolates among 
swine samples from slaughterhouses in Rio de 
Janeiro State. The high frequency of MDR profile 
among these isolates indicates that pigs in that 
region are reservoirs with potential risk to transmit 
multidrug‑resistant S.  Typhimurium. This paper 
reveals a threat to the population public health in 
the entire State and highlights the necessity of strict 
control in the use of antimicrobials in the swine 
production in Brazil.
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with eight isolates (Figure 1). Curiously, five clones 
in this cluster came from lymph nodes of different 
animals (swine  2,  6,  7) raised in the same breeder. 
Strains isolated from lymph nodes indicate that 
these animals are harboring Salmonella and can 
asymptomatically carry this pathogen since they are 
capable of periodically shed the bacteria through 
feces. According to Silva and colleagues (Silva et al. 
2006), infection at the farm level mainly at the 
finishing step is the most common event responsible 
for swine infection. Samples within pulsetype 
1 provide evidence that this particular clone is 
widespread in the same swine breeder. Because 
these isolates were obtained from three different 
slaughterhouses (S1, S2, and S3), it is possible to 
speculate that they are also circulating not only in 
the breeders but also among the slaughterhouses 
in the Rio de Janeiro State. Conversely, PFGE also 
revealed S.  Typhimurium isolates with distinct 
pulsetypes isolated from the same animal. For 
instance, we obtained isolates from different parts 
in swine number five belonging to the pulsetype 
2, 3, 4 and 11. This finding supports the evidence 
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