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Abstract

The aim of this work was to verify the occurrence, quantification, pulse types, and antimicrobial susceptibility profiles of
Salmonella sp. isolated from chicken meat produced and marketed in the state of Parand, considered to be the state with
the highest production of poultry meat in Brazil. Ninety-five of 300 (31.5%) frozen cuts of chicken were found to
contain Salmonella sp., and 98 different isolates of Salmonella sp. were cultured from the positive samples.
Quantification showed low Salmonella sp. loading, ranging from 0.12 to 6.4 MPN/g. The antimicrobial resistance test
was performed against 16 agents from 6 different classes. All isolates were sensitive to meropenem, imipenem, chlor-
amphenicol, and amikacin. The highest resistance rates were observed for nalidixic acid (95%), tetracycline (94%),
doxycycline (94%), ampicillin (87%), amoxicillin with clavulanic acid (84%), ceftriaxone (79%), and ciprofloxacin
(76%). A total of 84 (85.7%) of the isolates were identified with a multidrug resistant profile, 13 of which were found
to have encoding genes extended-spectrum beta-lactamase (ESBL), especially blacry.ar.2 € blargy,.;. The major serovars
identified were S. Typhimurium (43%) and S. Heidelberg (39%). The third most isolated serovar was S. Ndolo (6%),
without previous reports of its presence in poultry meat in Brazil. Molecular characterization of S. Typhimurium and S.
Heidelberg isolates by pulsed field gel electrophoresis (PFGE) showed a clonal relationship between all isolates of the
same serovar (genetic similarity greater than 80%). Isolates of S. Typhimurium and S. Heidelberg with 100% similarity
were found in up to five different geographic regions of the state, showing the potential for the spread of this pathogen
in the Parana poultry chain. Epidemiological surveys like this are important to understand the dynamics of dissemination
and to monitor the prevalence of pathogens in the final products of poultry chains. In addition, to know the resistance
profile of strains of Salmonella sp. present in food that contributes to the adoption of faster and more effective thera-
peutic measures, when necessary.
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Introduction

Salmonella sp. is one of the main agents involved in outbreaks
Responsible Editor: Mara Correa Lelles Nogueira. of foodborne illnesses in Brazil, Europe, and USA [1-3], with
non-typhoid Salmonella accounting for about 94 million of
cases of gastroenteritis, causing 155,000 deaths per year,
worldwide [4]. The intensity of clinical symptoms depends
on factors related to the microorganism, such as the serovar
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salmonellosis, spontaneous resolution of the disease occurs
without clinical or drug intervention. However, in some indi-
viduals, there may be clinical worsening, with evolution to
bacteremia, meningitis, or severe diarrhea, which requires an-
tibiotic therapy [7]. The list of therapeutic options for these
patients is becoming increasingly reduced, since the expres-
sion of ESBL enzymes associated with other mechanisms is
responsible for the resistance of Salmonella sp. to certain
drugs [8].

Between 2000 and 2017, 12,503 foodborne outbreaks were
reported in Brazil, resulting in 182 deaths. Among the micro-
organisms that were characterized, Sa/monella sp. appeared as
the main agent, reported in approximately 30% of the out-
breaks [1]. Chicken meat is one of the main foods involved
in the propagation of Salmonella to humans and plays an
important role in the distribution of several serovars, since
the production chain, ranging from raising of poultry to culi-
nary preparation, allows the meat to be contaminated at all
stages [9-15].

Brazil is the largest exporter and the second largest produc-
er of chicken meat in the world. The state of Parana, located in
the south of the country, is considered to be the largest
Brazilian chicken producer, accounting for just over a third
of the national production and exporting its products to more
than 150 countries [16, 17]. Despite the productive promi-
nence of the state of Parand and the relevance of Salmonella
sp. to the poultry production chain and the food industry, there
are no studies reporting epidemiological data on Salmonella
covering all the slaughtering industries in Parana.

Considering that continuous monitoring of the occurrence
and antimicrobial resistance of Salmonella in food is neces-
sary due to the implications of this pathogen for public health
and the potential for dissemination of antimicrobial resistant
isolates, the aim of the present study was to evaluate the oc-
currence of Salmonella in chicken cuts produced throughout
the territory of Parand and characterize isolated strains of
Salmonella sp. to determine the distribution of serovars, pulse
types, and resistance to antimicrobials.

Material and methods
Sample collection and bacterial isolation

Between August 2015 and February 2016, a total of 300 samples
of frozen chicken cuts (wing, breast, leg, and fried chicken) were
collected from the retail trade of the state of Parana and the 35
facilities under federal inspection that operate in that state. The
total sampling was distributed among all slaughterhouses,
resulting in approximately nine samples from each one. The
presence of Salmonella was assessed by the ISO 6579:2007
methodology, and pathogen quantification was made by the
ISO 6579-2:2012 methodology [18, 19]. As a result of low
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quantification efficiency observed in the first samples, modifica-
tions were made to increase the detection power of the test.
Briefly, after weighing the sample (32.5 g) and dilution in
292.5 mL of buffered peptone water BPW, three aliquots of 25
mL were transferred to a series of three tubes, and 7.5 mL was
divided into three wells in a 24-well cell culture dish. The re-
mainder of the sample volume was used for determination of the
presence/absence of Salmonella sp. Then, 500 uL of each of the
first wells were transferred to subsequent wells, which contained
2 mL of BPW. The procedure was repeated in three further
seeding sequences until four dilutions were obtained. Each 24-
well plate was divided into two, making it possible to perform the
mMPN simultaneously from two different samples. The tubes
and the 24-well plate were incubated along with the remainder of
the sample volume. Selective enrichment was carried out on
Rappaport-Vassiliadis semi-solid agar (MRSV) and selective
plating on xylose lysine deoxycholate agar (XLD) from each
well and the tubes, with typical colonies being tested biochemi-
cally. Characteristic Salmonella isolates were purified and stored
at — 20 °C in duplicate for further testing.

The numerical results of the mMPN technique were obtain-
ed with the aid of the MPN calculation program [20], version
3 and expressed in MPN/g of the sample.

Confirmation of the Salmonella genus

The suspected Salmonella isolates were confirmed by PCR
through the identification of the invA gene. Extraction of bac-
terial DNA from the isolates was carried out with the Wizard®
Genomic DNA Purification kit (Promega Madison,
Wisconsin, USA), starting from cultures resuspended in BHI
broth (brain heart infusion), after 24 hours of incubation at 35—
37 °C. Amplification followed the protocol described by
Swamy et al. [21], using a strain of Salmonella
Typhimurium ATTCC® 14028 as positive control and a sam-
ple of ultrapure water as a negative control.

Serotyping

Confirmed Salmonella isolates were serotyped based on the
somatic (O) and flagellar (H) antigens by the enterobacteria
laboratory of the Oswaldo Cruz Foundation, located in the
state of Rio de Janeiro, Brazil.

Antimicrobial susceptibility test and ESBL production

Antimicrobial susceptibility testing and interpretation were
performed according to the M31-A3 [22] and M100-S23
[23] standards of the Clinical Laboratory Standards Institute
by the agar-diffusion method using the strain Escherichia coli
ATCC® 25922 as a control.

The following antimicrobial agents were tested: ampicillin (10
ng), cefepime (30 pg), ceftriaxone (30 pg), meropenem (10 pg),
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imipenem (10 pg), aztreonam (30 png), amoxicillin with
clavulanic acid (30 png), doxycycline (30 pg), nalidixic acid (30
ug), ciprofloxacin (5 pg), sulfamethoxazole with trimethoprim
(10 pg), gentamicin (10 pg), amikacin (30 pg), tobramycin
(23.75/1.25 ug), and chloramphenicol (30 pg).

The isolates that showed resistance to at least one beta-
lactam agent were tested for production of ESBL enzymes
by the dual disc diffusion method [24]. Escherichia coli
ATCC® 25922 was used as a control. Presence of blacryasn
blapxs, blasims ampC, and blargy,, genes in positive isolates
was determined by PCR according to protocols described by
Belaaouaj et al. [25], M’zali et al. [26], Féria [27], and
Edelstein et al. [28], respectively.

The amplified genes were purified with the QIAquick®
PCR Purification Kit (Qiagen Inc., Valencia, CA, USA) and
sent to the Human Genome and Stem Cell Research Center of
the Institute of Biosciences of the University of Sdo Paulo
(USP), Brazil, for sequencing. The sequences obtained were
concatenated using Mega 7 software and then analyzed on
GenBank, using the online BLAST tools.

Pulsed field gel electrophoresis

Isolates of Salmonella sp. were identified by using the pulsed
field gel electrophoresis (PFGE), according to the protocol
described by Ribot et al. [29]. Briefly, proteinase K was used
for cell lysis and the Xbal enzyme for DNA digestion. The
DNA fragments were separated in a CHEF-DRIII apparatus
(Bio-Rad Laboratories, Hercules, CA, USA) and standardized
with a strain of Salmonella enterica subsp. enterica serovar
Braenderup ATCC® BAA-664™.

The images obtained were analyzed using the BioNumerics
software version 7.6 (Applied-Maths, Kortrijk, Belgium) and
the band patterns were compared using the Dice similarity
coefficient with a tolerance of 1.5% and UPGMA (unweighed
pair group method using arithmetic average), considering
clonally related isolates with similarity greater than 80%.

Statistical analysis

A 4 by 2 contingency table and the chi-square test were used
to determine if there was a difference between the occurrences
of Salmonella sp. in different types of chicken cuts. Values of
p < 0.05 were considered significant. The analysis was per-
formed using the BioEstat 5.3 program.

Results

Quantification and identification de Salmonella sp.

The most probable number test of Salmonella sp. per gram of
product presented quantifiable results in only 7.7% (23/300)

of the samples analyzed. The values of Sa/monella sp. counts
ranged from 0.12 to 6.4 MPN/g of analyzed product, with
most of the samples having values lower than 3 MPN/g
(Table 1). The two samples with higher counts had values of
3.1 and 6.4 MPN/g.

Salmonella sp. were present in 30% (90/300) of the sam-
ples analyzed. Five other samples were negative in the quali-
tative analysis but showed Salmonella sp. by mMPN. Thus,
95 (31.7%) samples of chicken cuts produced in the state of
Parana were considered positive for Salmonella sp. (Table 2).
Of these 95 samples, 98 isolates were selected, and all were
confirmed as Sal/monella sp. by PCR detection of the invA
gene.

ND, not detectable by the mMPN technique (< 1 MPN/g)

The chi-square test showed that the occurrence of
Salmonella sp. did not differ between the different chicken
cuts (p > 0.05) (Table 3).

Nine different serovars were identified among the 98 iso-
lates of Salmonella sp. (Table 4). In the three samples where
more than one serovar was identified, associations of
Salmonella Heidelberg with Salmonella Ndolo, Salmonella
Typhimurium with Salmonella Ndolo, and Salmonella
Heidelberg with Sa/monella Typhimurium were found.

Antimicrobial resistance profile

All isolates were sensitive to meropenem, imipenem, chlor-
amphenicol, and amikacin. Only 5.1% (5/98) of the isolates
were sensitive to all antimicrobials tested. The remaining iso-
lates were resistant to two or more classes of antimicrobials
(Table 5). The highest resistance rates were observed for
nalidixic acid (95%), tetracycline (94%), doxycycline (94%),
ampicillin (87%), amoxicillin with clavulanic acid (84%), cef-
triaxone (79%), and ciprofloxacin (76%). In 85.7% (84/98) of
the isolates, multi-resistance was observed, that is, resistance
to three or more classes of antimicrobials. The most prevalent
profile among the multi-resistant isolates was resistance to
ampicillin, amoxicillin with clavulanic acid, doxycycline, tet-
racycline, nalidixic acid, and ceftriaxone, which was observed
in 37 isolates (37.8%).

Resistance to at least one of the beta-lactam agents, ceftri-
axone or cefepime, was observed in 77 isolates, and these
isolates were subjected to phenotypic screening for production
of ESBL enzymes. After this screening, 13 isolates with phe-
notypic patterns compatible with production of these enzymes

Table 1 Distribution of

chicken cut samples that MPN/g Number of samples %

showed quantifiable

mMPN values of 0.030-0.30 12 52

Salmonella sp. 0.301-3.00 9 39
3.01-30.00 2 9
TOTAL 23 100
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Table 2 Occurrence and

quantification of Salmonella sp. Region Number of Samples with ~ Samples Number of MPN of Salmonella
in frozen chicken cuts produced poultry Salmonella with samples with sp./gram of product
in the region and state of Paran slaughterhouses  sp./analyzed ~ Salmonella  Salmonella
samples sp. (%) spp. Average  Minimum—
quantifiable maximum
Central 12 28/102 27.5 10 0.85 0.12-6.4
north
West 7 24/60 40 1 2 2-2
Northwest 5 21/43 48.8 7 0.74 0.14-3.1
Southwest 5 8/43 18.6 1 0.14 0.14-0.14
Pioneer 2 317 17.6 0 ND ND
north
Western 2 Ay 41.2 1 0.58 0.58-0.58
center
Eastern 1 4/9 44.4 3 0.7 0.14-1.8
center
Metropolitan 1 0/9 0 0 - -
Total 35 95/300 317 23

were submitted to PCR to investigate genes responsible for
ESBL expression. The blacyy.ys gene was found in all 13
isolates and association of the blacry.y, gene with the blarg,
gene was found in three isolates. Sequencing showed these
genes to be blacry.y.> and blargy,; in all cases (Table 6).

PFGE

To evaluate genetic similarity, two images were obtained,
the first using only Salmonella Typhimurium (42 strains)
and the second using only Salmonella Heidelberg (38
strains), considering the predominance of these two
serovars among the isolates. The others serovars were
not used to the PFGE analysis.

All S. Typhimurium isolates were clonally related (genetic
similarity greater than 80%). Isolates from up to five

Table 3  Distribution of chicken samples positive for Salmonella sp.,
considering the type of cut analyzed

Type of cut Samples with Salmonella Samples with
sp./analyzed samples Salmonella sp. (%)

Wing” 28/71 39.4%

Fried chicken 17/54 31.5%

Breast 33/103 32%

Leg® 17/72 23.6%*

Total 300 -

#Middle of wing, drumstick, and whole wing
® Breast filet, filet, and whole breast
¢ Chicken thigh, chicken upper leg, and whole leg

*Indicates that there was no statistical difference in the comparison be-
tween the number of positive samples by the chi-square test at 5%
probability
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geographic regions (southwest, west, northwest, north central,
eastern center) demonstrated 100% genetic similarity (Fig. 1).

Similarly, all S. Heidelberg isolates showed are clonally
related. Isolates with identical genetic profiles were also iden-
tified in five distinct geographic regions (north central, west,
southwest, northwest and western center) (Fig. 2).

Discussion

The occurrence of Salmonella sp. determined in the pres-
ent study can be considered elevated and resembles that
determined in other national studies [30, 31]. On the other
hand, the contaminant load in these samples was low,
based on levels described by Yamatogi et al. [32] and
by the American microbiological program for data collec-
tion on chicken cuts (RCPBS) [33]. However, human sal-
monellosis due to the consumption of these chicken cuts
should not be neglected, since even this small number of
cells could persist and multiply in food when there are
temperature abuses during storage or due to incorrect han-
dling and heat treatment [34-36]. Inadequate safety dur-
ing handling, besides facilitating multiplication of
Salmonella sp. initially present in poultry meat, can also
transfer these cells to other foods when they are prepared
together, mainly in the domestic environment [37]. This
cross-contamination becomes more important when the
food involved will not be subjected to heat treatment be-
fore consumption, representing a great risk in the devel-
opment of salmonellosis [38].

Samples positive for Sa/monella sp. in the mMPN assay
but negative in the presence/absence assay indicated hetero-
geneity in the distribution of Sa/monella cells in the evaluated
sections, causing pathogen cells to be transferred to the cell
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Table 4 Serovars of Salmonella

sp. found in chicken cuts Serovar Number of isolates/total of isolates %

produced in the state of Parana

between 2015 and 2016 Salmonella Typhimurium 42/98 43
Salmonella Heidelberg 38/98 39
Salmonella Ndolo 6/98 6
Salmonella Minnesota 4/98 4
Salmonella enterica subsp. enterica (0:4,5) 2/98 2
Salmonella Thompson 2/98 2
Salmonella Schwarzengrund 2/98 2
Salmonella enterica subsp. enterica (0:3,10:¢,h) 1/98 1
Salmonella Abony 1/98 1

culture plate where the counting technique was performed
which cannot be detected by the presence/absence technique
[39, 40].

Samples positive in the qualitative analysis but negative in
the quantitative analysis probably have a number of
Salmonella cells below the detection limit of the mMPN test
(1 MPN/g), which is lower than the detection limit in the
presence/absence technique (0.04 CFU/g) [19]. After addition
of more sample volume to the mMPN assay, the samples were
able to be quantified, demonstrating that the methodology
described by ISO/TS 6579-2 does not present satisfactory re-
sults for quantification of Sa/monella sp. in poultry meat when
the contaminant load is low, as in the present study [33].

The occurrence of Salmonella spp. between the different
regions of the state was not statistically compared due to the
large variation in the number of samples, determined by the
collection methodology. Even so, there is a large variation in
the percentage of pathogen occurrence. Salmonella spp. was
not identified in any sample of the metropolitan region, sug-
gesting that there may be some effect of environmental tem-
perature on this data, since this region is among the coldest
regions of the state [41].

Oscar et al. [42], when evaluating the distribution of con-
tamination by Salmonella spp. in chicken carcasses, they

observed that the wings were the most contaminated parts.
In this work, no significant difference was observed in the
occurrence of Salmonella spp. between the different types of
cuts evaluated. Percentages very similar to those found in this
study were demonstrated by the RCPBS. This program does
not perform the evaluation of fried chicken, but for leg, breast,
and wing, the positivity percentages for Salmonella sp. were
24.2%, 27.1%, and 33.3%, respectively, in 2012 [33].

In Brazil, specific sanitary programs to control Salmonella
sp. have been in existence since 2003. One of these is the
National Program on Poultry Health, which aims to immunize
broiler breeders with vaccines against Salmonella Enteritidis,
reducing the vertical transmission of the pathogen [43, 44]. It
was possible to verify that this serovar was not isolated in any
region of the state of Parana, demonstrating the success of the
control measures adopted by the country against serovar
Enteritidis; the occurrence of which has been reduced from
84% in the early 2000s to zero, as observed in this study and
others [45].

With Salmonella Enteritidis under control, other serovars
found a less competitive and more favorable environment to
develop, as was likely the case for Salmonella Typhimurium
and Salmonella Heidelberg, the main circulating serovars in
the state of Parand, according to the data presented here. In

Table 5 Resistance phenotypes

of Salmonella sp. isolates with Number of classes with Classes of antimicrobials Number of %
regard to tested antimicrobial resistance isolates
classes
0 Sensitive to all classes of antimicrobials 05 5.1
2 Quinolones/tetracyclines 07 7.1
Beta-lactams/quinolones 02 2.0
3 Beta-lactams/quinolones/tetracyclines 67 68.5
Quinolones/aminoglycosides/tetracyclines 02 2.0
4 Beta-lactams/aminoglycosides/tetracyclines/quinolones 13 133
Beta-lactams/folate inhibitors/tetracyclines/quinolones 01 1.0
Beta-lactams/aminoglycosides/tetracyclines/folate 01 1.0
inhibitors
Total 98 100
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Table 6 ESBL enzyme

production characteristics of Serovar Phenotype of resistance MR Type of ESBL
Salmonella sp. isolates obtained
from chicken cuts produced in the ~ Typhimurium AMP, GEN, DOX, TET, NAL, CRO, CPM, ATM Yes CTX-M-2
state of Parana Heidelberga AMP, AMC, DOX, TET, NAL, TOB, CRO, CPM, ATM Yes CTX-M-2
Ndoloa AMP, GEN, DOX, TET, CRO, CPM, ATM Yes CTX-M-2
Heidelberg AMP, GEN, DOX, TET, NAL, CRO, CPM, ATM Yes CTX-M-2
TEM-1
Heidelberg AMP, GEN, DOX, TET, NAL, CRO, CPM, ATM Yes CTX-M-2
Ndolo AMP, GEN, DOX, TET, NAL, CRO, CPM, ATM Yes CTX-M-2
Typhimurium AMP, DOX, TET, NAL, CRO, CPM, ATM Yes CTX-M-2
TEM-1
Typhimurium AMP, DOX, TET, NAL, CRO, CPM, ATM Yes CTX-M-2
TEM-1
Heidelberg AMP, GEN, DOX, TET, NAL, CRO, CPM, ATM Yes CTX-M-2
Typhimurium AMP, GEN, DOX,TET, NAL, CRO, CPM, ATM Yes CTX-M-2
Typhimurium AMP, GEN, DOX,TET, NAL, CRO, CPM, ATM Yes CTX-M-2
Ndolo AMP, GEN, DOX, TET, NAL, CRO, CPM, ATM Yes CTX-M-2
Typhimurium AMP, GEN, DOX, TET, NAL, CRO, CPM, ATM Yes CTX-M-2

MR, multi-resistance; AMP, ampicillin; GEN, gentamicin; DOX, doxycycline; TET, tetracycline; NAL: nalidixic
acid; CRO, ceftriaxone; CPM, cefepime; ATM, aztreonam; AMC, amoxicillin with clavulanic acid; 70OB,

tobramycin

*Isolates from the same sample

addition to the large percentage of occurrence, the geograph-
ical distribution of clonally related isolates (with genetic sim-
ilarity above 80%) and 100% identical isolates belonging to
these two serovars is also notable.

The clonal relationship between all S. Typhimurium
isolates and among all S. Heidelberg isolates, as well as
the presence of clones of each of these serovars in up to
five different regions, suggests that there is circulation of
Salmonella sp. strains within the state. This circulation
may occur from the purchase of genetic material, raw
materials, or other inputs containing Salmonella sp.,
which may originate from the state itself or from other
places. Due to the high production volume and the extent
of poultry circulation and inputs from this state, the con-
tamination sources and the dissemination routes of the
pathogen in the poultry chain merit more detailed studies.

The serovar Ndolo has only been reported rarely in
Brazil. Leal et al. [46] described the presence of this
serovar in human isolates from 1978 to 1980, and Hofer
et al. [47] reported it in horseflesh slaughtered between
1980 and 1982 in the state of Pernambuco. There have
been no previous reports of Salmonella Ndolo in poultry
meat in Brazil. In this study, the Ndolo serovar was the
third most isolated, demonstrating its emergence in the
state of Parana. Of concern is that half of Salmonella
Ndolo isolates had phenotypes related to antibiotic resis-
tance and genes encoding ESBL enzymes. These three
isolates were obtained from samples from the northwest
and north central regions of Parand, which are among the
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three regions with the highest number of slaughterhouses
in the state.

High percentages of Salmonella sp. resistant to antimicro-
bials from the quinolone, tetracycline, and beta-lactam classes
have already been reported in Brazil and other countries in
isolates of humans and food matrices, showing the global
spread of strains resistant to these agents [48—51].

Antimicrobial resistance to quinolones has been steadily
increasing. In 1996, resistance to nalidixic acid was reported
in 0.4% of Salmonella spp. isolates of poultry meat, in 2008
were already approximately 60% and currently 95% [51, 52].
This resistance has been mainly attributed to mutations in the
genes that encode DNA gyrase (gyrA and gyrB) or topoisom-
erase (parC and parkE), preventing the drug from acting on
these enzymes [53-55]. However, recently other resistance
mechanisms have also been reported, such as plasmid-
mediated quinolone resistance (PMQR), which enables chro-
mosomal mutations in target regions of quinolones and re-
duced susceptibility to this agent [56].

The mechanisms of resistance to tetracyclines undergo
constant improvements, as demonstrated by Almeida et al.
[57]. The authors identified isolates of Salmonella sp. pheno-
typically resistant to tetracycline, but without carrying any
known resistance gene so far, suggesting the existence of an
alternative mode of resistance. This demonstrates the constant
need for studies on the subject.

In Brazil, resistance to beta-lactam agents has been mainly
associated with CTX-M type ESBL production [58]. The pro-
duction of these enzymes is usually plasmid-mediated and
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93.8 I

Fig. 1 Pulse types (Xbal) and antimicrobial sensitivity profiles of the 42
Salmonella Typhimurium isolates obtained from chicken cuts produced
in the state of Parana between August 2015 and February 2016. BLT,

confers resistance to beta-lactams by hydrolyzing the beta-
lactam ring of penicillins, cephalosporins, and related

39 BLT, AMG, TET, QUI NW
87 BLT, AMG, TET, QUI NW
93  BLT, TET, QUI NC
95 TET, QUI EC
23 BLT, TET, QUI S
24 BLT, TET, QUI S

3 BLT, TET, QUI w
37 BLT, TET, QUI NW
91 BLT, TET, QUI NwW
94 BLT, AMG, TET, QUI NC
96 BLT, TET, QUI EC
86  BLT, TET, QUI NW
98  BLT, TET, QUI EC
20 BLT, TET, QUI NC
21 BLT, TET, QUI w
41 BLT, TET, QUI NW
68  BLT, TET, QUI S
72 BLT, TET, QUI NwW
beta-lactams; TET, tetracyclines; QUI, quinolones; AMG, aminoglyco-

sides; W, west; WC, western center; NW, northwest; S, southwest; NC,
north central; EC, eastern center

compounds before they reach target binding proteins,
inactivating the antibiotic and rendering the therapeutic
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o] 9 BLT, TET, QUI w
10 BLT, TET, QUI NC
1 AMG, TET, QUI w
25 BLT, TET, QUI S
%7 28 BLT, TET, QUI w
34 BLT, TET, QUI NW
44 BLT, TET, QUI w
047 61 BLT, QUI NW
B 7 BLT, TET, QUI w
E— 57 BLT, TET, QUI we
2 —— 66 BLT, TET, QUI NC
I 77 BLT, TET, QUI NC
19 BLT, TET, QUI w
4' 43 BLT, TET, QUI w
o2t | 63 BLT, TET, QUI S
4| | 74 BLT, TET, QUI NC
%5 85 BLT, AMG, TET, QUI NC
Y 35 BLT, AMG, TET, QUI NC
15 TET, QUI w
s e 73 BLT, TET, QUI NC
40 BLT, TET, QUI NW
71 BLT, TET, QUI NW
vs2 e 32 BLT, TET, QUI NW
s 33 BLT, TET, QUI NW
11 BLT, TET, QUI NC
31 BLT, TET, QUI NC
70 TET, QUI we

Fig. 2 Pulse types (Xbal) and antimicrobial sensitivity profiles of the 38
Salmonella Heidelberg isolates obtained from chicken cuts produced in
the state of Parana between August 2015 and February 2016. BLT, beta-

treatment ineffectively [50, 59-61]. These enzymes are also
related to multi-resistant phenotypes, which have already been
shown in isolates of Salmonella spp. from poultry slaughter
environments in the state of Parana [62]. The high number of

@ Springer

lactams; TET, tetracyclines; QUI, quinolones; AMG, aminoglycosides;
NC, north central; W, west; S, southwest; WC, western center; NW,
northwest

MR isolates shows the need for more rigorous control of the
use of antimicrobial agents in animal production in Parana.
Despite the high MR rate, it is necessary to highlight that all
isolates were sensitive to carbapenems, since these agents are
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the first choice to combat microorganisms producing ESBL
enzymes [8]. The sensitivity of all isolates to chloramphenicol
is a reflection of the ban on the use of this drug in the produc-
tion of animals in Brazil since 1998 [63]. Since then, the
resistance of Salmonella sp. to this antimicrobial has been
reported less frequently. In 2003, 27.6% of Salmonella sp.
isolates were resistant to chloramphenicol, a percentage which
was gradually reduced to zero, as observed in the present
study [62, 64, 65]. The lack of chloramphenicol resistance
can be explained by the absence of selective pressure, induc-
ing the bacteria to evolve without the need for a resistance
gene.

With the increasing development of antimicrobial resis-
tance mechanisms already known, veterinary and human
medicine must constantly seek new alternatives for the pre-
vention and treatment of human Sa/monella sp. infections.
One of the promising novelties in the medical field is the
development of mono and divalent vaccines against
Salmonella Typhimurium and Sal/monella Enteritidis [66].
Tools such as these become fundamental, primarily for pa-
tients in at-risk groups for whom failure of antimicrobial pro-
tocols can determine the mortality.

The data obtained through this active epidemiological sur-
veillance can contribute to early clinical and microbiological
diagnoses and help guide appropriate treatment in patients
with salmonellosis. In addition, these data also help to reduce
the time required for the adoption of preventive measures in
the food industry, making it possible to target actions on the
most prevalent serovars in the state. These measures are nec-
essary to achieve more stringent sanitary standards in order to
reduce the impact of this pathogen on public health.

Conclusions

Despite all the sanitary measures adopted by the Brazilian
poultry system for the control of Salmonella sp. and the low
microbial load observed, the occurrence of Salmonella and of
antimicrobial resistance in chicken meat marketed in the state
of Parana can still be considered high. The distribution of the
100% identical multi-resistant isolates in several regions dem-
onstrates the movement of the pathogen in the state, indicates
an increased risk to food safety, and reinforces the need for
constant surveillance of this pathogen. It is necessary to be
more prudent in the use of antimicrobials in the poultry pro-
duction system of Parana and to adopt more effective
Salmonella sp. control measures in poultry breeding and
slaughtering establishments, especially those based on risk
analyses.
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