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Abstract
Serotypes and antimicrobial susceptibility of Salmonella’s isolates from broiler production chain were determined. A total of 239
isolated strains from chicken, carcasses, breeding environments, and slaughter was analyzed by disk diffusion test, in the period of
2009 to 2010. For antibiotics with a high number of resistant strains, the minimal inhibitory concentration (MIC) was performed.
We identified 24 serotypes, being the most frequent, Minnesota (31.4%) and Infantis (22.6%). The highest percentages of
resistance were obtained for sulfonamide (42.7%), followed by tetracycline with 37.6% and amoxicillin with 27.6%. From the
total, 32 resistance profiles were identified, being 60.7% of the strains were resistant to at least one antibiotic. Of these, 31.7% of
the isolates showedmultidrug resistance profiles belonging to serovarMinnesota, Saintpaul, and S. enterica. The highest resistance
was found in isolates from slaughterhouse (66.9%) and aviary (58.7%). A large number of strains showed MIC above the
maximum tested concentration for the antibiotics amoxicillin and sulfamethoxazole. The high number of Salmonella’s resistant
strains indicates the need for prudent use of these drugs in poultry production in order to reduce the occurrence and spread of
antibiotic resistance profiles, and the risk that multiresistant strains isolated from broilers may pose a risk to human health.
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Introduction

Salmonellosis is a public health problem because it is a com-
mon cause of human gastroenteritis and the major cause of
foodborne hospitalizations worldwide [1, 2]. It is estimated
that Salmonella causes 93.8 million human infections and
155,000 deaths annually worldwide [3].

In Brazil, from 1999 to 2008, 6602 outbreaks of foodborne
illness were reported, and Salmonella spp. were responsible
for 43% of outbreaks where the etiologic agent was identified
[4]. Although the genus is composed of multiple serotypes,
some predominates in the epidemiology of human disease,
such as, Typhimurium, Enteritidis, Newport, Heidelberg, and
Infantis [5]. Salmonella is typically found in poultry products,
and chicken meat has been an important vehicle for foodborne
illnesses [6].

The indiscriminate use of antibiotics, inserted in the pro-
duction process of food of animal origin, can act as a selection
pressure for some Salmonella serovars and their antimicrobial
resistance. Thus, in addition to constant monitoring and the
identification of the serovars of this pathogen along the pro-
duction chain, it is important to evaluate the resistance to
antibiotics, in order to verify the occurrence and dissemination
of resistant strains in the environment and in the animal, es-
pecially those with a multiresistant profile [7].

The progressive increase of Salmonella strains isolated
from humans that are resistant to multiple antimicrobials has
been associated with the widespread use of these agents in the
production of animals for human consumption [8]. Thus,
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resistant Salmonella can be transmitted from animals to
humans via food chain, associated mainly to the consumption
of chicken meat and eggs [9, 10].

It is known that poultry farm widely uses antibiotics as a
prophylactic measure and/or growth promoter. Therefore, it is
suspected that multiresistant bacteria found in human is at
least in part, of animal origin, and their genes may have ac-
quired resistance during production, before being transmitted
to humans through food consumption [11]. Although
Salmonella infections are often asymptomatic in chickens,
the colonization of these pathogens in poultry poses a signif-
icant risk to human health by eating contaminated meat, espe-
cially when it comes to contamination with microorganisms
that exhibit resistance profiles to antibiotics [12].

The production and distribution of food in a globalized form
rapidly spreads pathogens. This situation combined to the
challenge of multidrug resistance creates new barriers for control
and prevention of Salmonella infection in human and veterinary
medicines with serious implications for public health. With this,
we aimed to evaluate the spread of the serotypes of Salmonella
spp. at various stages of an industrial poultry production chain,
from the farm to the slaughter stage, and also to check the
antibiotic resistance profiles of the obtained isolates.

Material and methods

The study comprised 239 strains of Salmonella previously
isolated in two slaughter broiler plants, with full production
cycle and integration system in the states of São Paulo and
Mato Grosso do Sul, Brazil, during the period of 2009 to
2010. The slaughter plants were inspected by the federal in-
spection service, from the Brazilian Ministry of Agriculture,
and the chicken meat produced was destined to retail sale in
Brazil and other countries (mainly Europe and Asia). The
samples were collected during all the production cycle, since
broiler farms and breeder hens up to the industrialized final
product are ready to trade, including environmental samples.

Sampling was conducted in aviaries with the aid of swabs
and Prope drag when the chickens were approximately 30 days.

Samples were collected at the required points of the slaugh-
terhouse according to Pathogen Reduction Program—PRP
(Programa de Redução de Patógenos) [13]—added to other
points that presents a higher isolation frequency of Salmonella
during the routine of the studied industries.

The antigenic typifying was performed by the Fundação
Instituto Oswaldo Cruz in the state of Rio de Janeiro
(FIOCRUZ). This antigen characterization was done based
on serological classification of Kauffmann-White and Le
Minor, with representation in accordance with the criteria of
Grimont and Weill [14].

The antibiotic susceptibility test was performed at the
Laboratór io de Biotecnologia Animal Aplicada,

Universidade Federal de Uberlândia (LABIO/UFU). The an-
tibiotic susceptibility of the isolates was evaluated by the disk
diffusion technique using the protocol recommended by the
Clinical and Laboratory Standards Institute (CLSI) [15].

The criterion of antibiotic choice was based on the use of
these drugs in human and veterinary medicines and the resis-
tance occurrence in both areas. Antibiotics and concentrations
in micrograms tested were amoxicillin (10 μg) (β-lactam/pen-
icillin), norfloxacin (10 μg) (fluoroquinolone), neomycin
(30 μg) (aminoglycoside), gentamicin (10 μg) (aminoglyco-
side), trimethoprim (5 μg) (pyrimidine), ceftazidime (30 μg)
(β-lactam/cephalosporin), chloramphenicol (30 μg) (fenicol),
imipenem (10 μg) (β-lactam/carbapenem), tetracycline
(30 μg) (tetracycline), and sulfonamide (300 μg) (sulfon-
amide) (LaborClin®). The zones of inhibition were measured
and classified as intermediate, sensitive, or resistant according
to the CLSI recommendations [15]. Salmonella isolates that
were resistant to more than two antibiotic’s classes were de-
fined as multiresistant [16].

Salmonella isolates that presented resistance or inter-
mediate resistance to sulfonamide, tetracycline, and
amoxicillin were submitted to the minimum inhibitory
concen t ra t ion (MIC) tes t by the use of Ɛ t e s t
(BioMérieux Brazil®) antibiotic gradient strips, following
the manufacturer’s recommendations to perform the tech-
nique and interpret the results. In this study, the MIC
technique for antibiotics sulfamethoxazole (SX, 8–
1024 μg/mL) (equivalent to sulfonamide), tetracycline
(TC, 1–256 μg/mL), and amoxicillin (AC, from 0.75 to
256 μg/mL) was performed. The interpretation criteria of
MIC were tetracycline (≤ 4 μg/mL: susceptible; ≥ 16 μg/mL:
resistant), sulfamethoxazole (≤ 256 μg/mL: susceptible; ≥
512 μg/mL: resistant), and amoxicillin (≤ 8 μg/mL:
susceptible; ≥ 32 μg/mL: resistant). Escherichia coli ATCC
25922 was used as a control strain in both techniques.

Results

Twenty-four serovars were identified among the 239 isolates
of Salmonella originated from industrial plants, with S.
Minnesota (31.4%) and S. Infantis (22.6%) being the most
frequent (Table 1), presenting a higher prevalence in the
slaughter environment, compared to the other serovars. The
frequency and distribution of the serovars at the slaughter-
house did not differ according to the source of isolation of
the strains, being carcass, meat cuts, or the environment of
slaughter.

Considering all serotypes, the highest percentages of resis-
tance were to sulfonamide antimicrobials with 102 strains
(42.7%), followed by tetracycline with 90 (37.6%) and amox-
icillin with 66 (27.6%) (Table 2) belonging, respectively, to
the classes of sulfonamides, tetracyclines, and beta lactam
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Table 2 Antibiotic resistance (%)
in the Salmonella isolates in
broiler production chain

Antibioticsa Isolates
n = 239b

Aviary Slaughterhouse
n = 127

Feed factory
n = 30

Broiler
n = 80

Breeder hens
n = 2

SUL 102 (42.7) 34 (42.5) 0 (0.0) 62 (48.8) 6 (20.0)

TET 90 (37.6) 29 (36.2) 0 (0.0) 58 (45.7) 3 (10.0)

AMO 66 (27.6) 17 (21.2) 0 (0.0) 39 (30.7) 10 (33.3)

NEO 23 (9.6) 10 (12.5) 0 (0.0) 13 (10.2) 0 (0.0)

TRI 14 (5.9) 6 (7.5) 0 (0.0) 8 (6.3) 0 (0.0)

CAZ 5 (2.1) 1 (1.2) 0 (0.0) 4 (3.1) 0 (0.0)

GEN 3 (1.2) 3 (3.7) 0 (0.0) 0 (0.0) 0 (0.0)

NOR 1 (0.4) 0 (0.0) 0 (0.0) 1 (0.8) 0 (0.0)

CLO 1 (0.4) 0 (0.0) 0 (0.0) 1 (0.8) 0 (0.0)

IPM 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

aAMO, amoxicillin (10 μg); NOR, norfloxacin (10 μg); NEO, neomycin (30 μg);GEN, gentamicin (10 μg); TRI,
trimethoprim (5 μg); CAZ, ceftazidime (30 μg); CLO, chloramphenicol (30 μg); IPM, imipenem (10 μg); TET,
tetracycline (30 μg); SUL, sulfonamide (300 μg). b Total number of isolates classified as resistant or intermediate
sensitivity to the antibiotic-tested

Table 1 Frequency and
distribution of serovars of
Salmonella isolated along the
broiler production chain

Serovar Number of isolates (%)

Aviary Slaughterhousea Feed factory Total

Broiler Breeder hens

Minnesota 25 (10.5) – 49 (20.5) 1 (0.4) 75 (31.4)

Infantis 14 (5.9) – 40 (16.7) – 54 (22.6)

Schwarzengrund 7 (2.9) – 11 (4.6) 1 (0.4) 19 (7.9)

S. enterica nontypeable 9 (3.8) – 3 (1.3) 2 (0.8) 14 (5.9)

Cubana 5 (2.1) – – 8 (3.3) 13 (5.4)

Agona 6 (2.5) 2 (0.8) 1 (0.4) 1 (0.4) 10 (4.2)

Typhimurium 2 (0.8) – 6 (2.5) – 8 (3.3)

Newport 1 (0.4) – 5 (2.1) – 6 (2.5)

Mbandaka 2 (0.8) – 2 (0.8) 1 (0.4) 5 (2.1)

Livingstone – – – 4 (1.7) 4 (1.7)

Saintpaul 3 (1.3) – 1 (0.4) – 4 (1.7)

Seftenberg – – 1 (0.4) 3 (1.3) 4 (1.7)

Worthington – – 3 (1.3) – 3 (1.3)

Cerro – – 2 (0.8) 1 (0.4) 3 (1.3)

Orion – – – 3 (1.3) 3 (1.3)

Tennessee 3 (1.3) – – – 3 (1.3)

Montivideo – – – 2 (0.8) 2 (0.8)

Hadar – – 2 (0.8) – 2 (0.8)

Panama 1 (0.4) – – 1 (0.4) 2 (0.8)

Freundii – – 1 (0.4) – 1 (0.4)

Anatum – – – 1 (0.4) 1 (0.4)

Gafsa – – – 1 (0.4) 1 (0.4)

Havana 1 (0.4) – – – 1 (0.4)

Oranienburg 1 (0.4) – – – 1 (0.4)

Total 80 (33.5) 2 (0.8) 127 (53.1) 30 (12.5) 239 (100.0)

a Samples from slaughterhouse were isolated from carcasses, meat cuts, and the slaughter room
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benzylpenicillanic, which was banned in Brazil as growth
promoters [17]. All isolates were susceptible to imipenem.

A high prevalence of sulfonamide-resistant isolates was
found in the poultry broiler aviary (42.5%) and slaughterhouse
(48.8%), the same occurring for tetracycline with 36.2% and
45.7%, respectively. As for amoxicillin, a high prevalence of
resistant isolates from slaughterhouse (30.7%) and feed facto-
ry (33.3%) was found (Table 2).

Just one Salmonella isolate (0.4%) presented resis-
tance to chloramphenicol (anfenicol). A total of 32 re-
sistance profiles among the Salmonella isolates was
identified, being 94 (39.3%) isolates susceptible to all
tested antibiotics, while 145 (60.7%) presented resis-
tance to at least one antibiotic. Considering only the
145 isolates that presented resistance, 46 (31.7%) were
resistant to three or more classes of antibiotics and they
were identified as belonging to serovars S. Minnesota,
S. Saintpaul, and S. enterica nontypeable. The profiles
had predominant resistance to tetracycline and sulfon-
amide (33 isolates), followed by intermediate resistance
only for amoxicillin (25 isolates) (Table 3).

Comparing the resistance profiles and serotypes, the
serovar Minnesota had the highest percentage of resistant
strains (92.0%) (≥ 1 class of antibiotics), and 57.3% of isolates
were multiresistant, highlighting a strain which showed resis-
tance to six antibiotics (Tables 3 and 4).

Considering the origin of the samples, we observed that the
slaughterhouse’s isolates had high resistance rate to at least
one antibiotic (66.9%), followed by broiler aviary (58.7%),
and feed factory (40.0%). Most of the multiresistant isolates
was originated from the slaughterhouse (22.8%), followed by
the broiler aviary (20.0%), and the feed factory (3.3%)
(Table 5).

In order to check the MIC, the antibiotics selected were
sulfamethoxazole (equivalent to sulfonamide), tetracycline,
and amoxicillin, for which the highest percentages of isolates
classified as resistant or intermediate resistance by disk diffu-
sion test.

In this study, several isolates previously classified as
resistant or with intermediate resistance by the diffusion
test with disks were reclassified as sensitive by the MIC
technique. For tetracycline, from the 90 Salmonella iso-
lates previously classified as resistant in the disk diffu-
sion test, eight were reclassified as sensitive. Among the
76 isolates that were resistant in both tests, most had a
MIC of 96 μg/mL.

Considering the results of MICs for sulfamethoxazole,
24 of the 102 isolates were susceptible, while the remain-
ing 78 strains showed MIC greater than the maximum
concentration of the antibiotic tested (> 1024 μg/mL).
As for amoxicillin, of the 66 isolates evaluated, 40 were
classified as sensitive, with a large number of isolates
with an MIC > 256 μg/mL.

Discussion

S. Enteritidis and S. Typhimurium were, for many years, the
most frequently isolated serovars in poultry’s origin products
[18]; however, in this study, the Minnesota and Infantis
serovars were the most isolated along the production chain
(Table 1). Probably, the intense control in poultry production
focused in Enteritidis and Typhimurium [19] turned out to
select other serotypes by a mechanism of competitive exclu-
sion, which could explain the high frequency found for S.
Infantis and S. Minnesota.

The high number of S. Infantis isolates resembles a study
conducted in the EU, which proved that this serovar was more
common in the environment of broiler chickens and in car-
casses [20, 21]. Moreover, S. Infantis is among the serovars
most involved in cases of human salmonellosis in Brazil [22]
being considered important in human health as well in Japan
[23]. This serovar is recognized for its pathogenic potential,
which triggers gastroenteric disease, which can lead to septi-
cemic infection in humans, especially in cases of severe infec-
tions in children [24]. A study conducted in Japan by Noda
et al. [24] revealed that the genotypes of S. Infantis isolated
from humans were similar to isolates from chicken meat, sug-
gesting that cases of human infection with this serovar origi-
nated from the consumption and handling of chicken meat.

The high frequency of isolates resistant to sulfonamide and
tetracycline (Table 2) can be explained by the fact that these
antibiotics are usually administered in the Brazilian poultry
industry as therapeutic agents for bacterial infections [25]. In
another study, in Thailand and Cambodia, the majority of the
Thai isolates were resistant to ampicillin (72.4%), whereas
most Cambodian isolates were resistant to sulfamethoxazole
(71.0%) [26]. The only resistant isolate to chloramphenicol
was due, probably, to the fact that in Brazil, Normative
Instruction no. 9 [27] predicts the ban of manufacturing, han-
dling, fractionation, marketing, import, and use of the chlor-
amphenicol’s active ingredient for veterinary use. The higher
number of resistant strains isolated from slaughterhouse and
feed factory may be indicative of uncontrolled or unattended
use of these antibiotics in poultry production, leading to the
emergence of resistant strains, which hinders its control
(Table 5).

At a conference held by FAO/WHO/OIE in Rome, Italy, in
late of 2007, WHO and OIE presented two lists for antimicro-
bials of critical use for human and animal health, respectively
[28, 29]. This meeting sought to identify the antimicrobials
belonging to the two lists and, as much as possible, analyze
the risk of them for human health. According to this study,
three classes of antimicrobials were considered priorities for
the development of measures and strategies for the manage-
ment of bacterial resistance since appearance on both lists,
which were cephalosporins of third and fourth generation,
quinolones (including fluoroquinolones), and macrolides. In
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this study, it was observed that for ceftazidime (third genera-
tion of cephalosporin), there were five (2.1%) resistant iso-
lates, while for norfloxacin (fluoroquinolone), only one strain
(0.4%) was resistant, suggesting a good application of these
drugs in veterinary therapy (Table 2). Data provided by
PREBAF [16] showed higher rates of resistance found in this
study, with 59.2% of isolates resistant to the amphenicols’s

group, 44% for quinolones, and 22.8% to cephalosporins of
third generation.

There are cases of human salmonellosis in which the infec-
tion may be severe leading to the compulsory use of antibi-
otics agents [20]. Amoxicillin and sulfonamide drugs are used
in the treatment of human Salmonella infection [30]. Thus, the
high percentages of isolates resistant to these drugs serve as a

Table 3 Antibiotic resistance profiles in Salmonella isolates from the broiler production chain

Resistance profilesa Nb Serovars

(AMO) 25 Infantis (11), Agona (1), Typhimurium (2), Schwarzengrund (2), Cubana (2),
S. enterica (3), Mbandaka (1), Cerro (1), Orion (1), Montivideo (1)

(SUL) 03 Infantis (2), Schwarzengrund (1)

(TET) 02 Infantis (1), Schwarzengrund (1)

AMO 07 Infantis (4), Schwarzengrund (1), Mbandaka (1), Freundii (1)

SUL 06 Infantis (2), Schwarzengrund (1), Newport (2), Tennessee (1)

TET 04 Infantis (1), Worthington (2), Havana (1)

TRI 01 S. enterica (1)

AMO (CAZ) 01 Infantis (1)

(SUL) (AMO) 03 Gafsa (1), Cubana (1), Tennessee (1)

SUL (AMO) 02 Infantis (1), Cubana (1)

SULTET 33 Minnesota (26), Infantis (3), Schwarzengrund (2), Hadar (1), Anatum (1)

SUL (TET) 04 Schwarzengrund (2), Cubana (1), S. enterica (1)

SUL AMO 01 Hadar (1)

AMO CAZ 02 Infantis (2)

GEN (TET) 01 Cubana (1)

SULTRI 02 Saintpaul (2)

(NOR) (SUL) 01 Mbandaka (1)

TET SUL 01 Worthington (1)

SULTET (AMO) 02 Minnesota (2)

SULTET (NEO) 13 Minnesota (12), S. enterica (1)

SULTRI (AMO) 01 Saintpaul (1)

SULTET (AMO) (NEO) 02 Minnesota (2)

SULTET GEN 02 Minnesota (2)

SULTETAMO 10 Minnesota (9), S. enterica (1)

SULTETAMO (NEO) 04 Minnesota (4)

SULTET TRI 03 Minnesota (3)

SULTETAMO (CAZ) 01 Minnesota (1)

SULTET TRI (AMO) 03 Minnesota (3)

SULTET TRI (NEO) 03 Minnesota (3)

SULTETAMO CAZ 01 Minnesota (1)

SULTET TRI CLO (AMO) (NEO) 01 Minnesota (1)

None resistancec 94 Infantis (26), Minnesota (6), Agona (9), Typhimurium (6), Schwarzengrund (9),
Cubana (7), S. enterica (7), Seftenberg (4), Newport (4), Mbandaka (2),
Livingstone (4), Cerro (2), Orion (2), Saintpaul (1), Tennessee (1), Montivideo (1),
Panama (2), Oranienburg (1)

Total 239

a Profiles in parentheses: strains with intermediate resistance(s) to antimicrobial(s); AMO, amoxicillin (10 μg); NOR, norfloxacin (10 μg); NEO,
neomycin (30 μg); GEN, gentamicin (10 μg); TRI, trimethoprim (5 μg); CAZ, ceftazidime (30 μg); CLO, chloramphenicol (30 μg); TET, tetracycline
(30 μg); SUL, sulfonamide (300 μg). bN, number of strains showing resistance profiles described. cMulti-sensitive, strains susceptible to all antimicro-
bials tested
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warning to the risk of resistance that may be transmitted to
humans via contaminated food, making the treatment more
difficult in cases of severe salmonellosis. Furthermore, there
is evidence that the use of antibiotics for growth promotion
agents, prophylaxis and treatment of production’s animals,
increases the prevalence of resistance among human patho-
gens, such as some Salmonella serovars [31]. Thus, reducing
the use of antimicrobials in veterinary area could contribute to
reducing this problem in human medicine.

The serovar Minnesota had the highest percentage of
multiresistant strains (Tables 3 and 4), probably due to improper
or illegal use of antimicrobials in poultry industry. This situation
could act by selecting certain serotypes of Salmonella that end
up spreading in the environment [32]. Another hypothesis is
that the spread may have occurred in genes of antimicrobial
resistance among isolates of this serovar.

The opposition to the use of antibiotics at low concentra-
tions in animal feed production originates from the concern
for the development of antibiotic resistance by bacteria in
animals and their possible transfer to human population
through the food chain. Therefore, the occurrence of
multiresistant isolates of Salmonella to antibiotics in animal
products warns a risk condition to public health due to the
increased of hospitalizations, mortality, and expenses incurred
when compared to susceptible strains [12, 16]. Thus, the mon-
itoring of Salmonella serotypes and resistance patterns

circulating in the country should be assessed continuously in
chicken, in order to protect the health of the population.

The feed and its raw materials have high contamination
rates for Salmonella, representing an important sources of
infection of poultry. In this context, the World Health
Organization warns that there is an estimate that half of the
total of antibiotics produced in the world is used in animal
feed [32]. Thus, while the percentage of multiresistant isolates
obtained from feed was low in this study, special attention
should be given to the periodic monitoring of this type of
sample, because of the possible spread of resistant
Salmonella for the living poultry, carcass, and then to the final
consumer product.

According to Thakur et al. [12], the prevalence of antimi-
crobial resistant Salmonella in broilers and in the authoring
environment has important implications from the point of
view of food safety, because the decrease of pathogen load
in the field can reduce carcass contamination at slaughter.
Thus, possibly, the high number of resistant isolates obtained
in the broiler poultry favored the spread of this pathogen and
residence within the slaughter room, justifying the high per-
centage of antibiotic resistance found in this study in both
environments.

Despite the importance of monitoring the bacterial resis-
tance by diffusion test, whenever possible, it should be taken
to ensure the use of MIC technique, which is regarded as a

Table 4 Multidrug resistance
observed between Salmonella
serovars isolated in broiler
production chain

Serovars (no. of isolates) Number and % of resistance to the indicated number of antibiotics

1–2 3–4 5–6 Total resistance (≥ 1)

Minnesota (n = 75) 26 (34.7) 42 (56.0) 1 (1.3) 69 (92.0)

Infantis (n = 54) 28 (51.8) 0 (0.0) 0 (0.0) 28 (51.8)

Schwarzengrund (n = 19) 10 (52.6) 0 (0.0) 0 (0.0) 10 (52.6)

S. enterica (n = 14) 5 (35.7) 2 (14.3) 0 (0.0) 8 (57.1)

Cubana (n = 13) 6 (46.1) 0 (0.0) 0 (0.0) 6 (46.1)

Agona (n = 10) 1 (10.0) 0 (0.0) 0 (0.0) 1 (10.0)

Typhimurium (n = 8) 2 (25.0) 0 (0.0) 0 (0.0) 2 (25.0)

Newport (n = 6) 2 (33.3) 0 (0.0) 0 (0.0) 2 (33.3)

Mbandaka (n = 5) 3 (60.0) 0 (0.0) 0 (0.0) 3 (60.0)

Other serovars (n = 35) 18 (51.4) 1 (2.8) 0 (0.0) 19 (54.3)

Table 5 Multidrug resistance
observed in Salmonella strains as
their origin/place of isolation in
the broiler production chain

Origin (no. of isolates) Number and % of resistance to the indicated number of antibiotics

1–2 3–4 5–6 Total resistance (≥ 1)

Slaughterhouse (n = 127) 56 (44.1) 28 (22.0) 1 (0.8) 85 (66.9)

Broiler aviary (n = 80) 31 (38.7) 16 (20.0) 0 (0.0) 47 (58.7)

Feed factory (n = 30) 11 (36.7) 1 (3.3) 0 (0.0) 12 (40.0)

Aviary breeder hens (n = 2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
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more reliable way to establish the resistance or to calculate the
therapeutic dose.

The high number of isolates with MIC above the
maximum of the antibiotic concentration (> 256 μg/mL
for amoxicillin and > 1024 μg/mL for sulfamethoxazole)
indicates that primitive properties of these microorganisms
may have undergone changes with the emergence of
resistance acquired in these strains. According to Palermo
Neto [33], acquired resistance is one that arises in a
primitively sensitive bacteria to an antibiotic and that at any
given time shall no longer suffer the action of medications that
showed to be effective against the original population of this
bacteria.

The emergence of multiresistant Salmonella is a serious
problem because it limits the therapeutic possibilities in
cases of invasive infections in humans and animals and
increases danger of transfer by recombination of this resis-
tance to enteric pathogens. These findings reinforce the need
for continuous monitoring of antibiotic resistance among
bacterial pathogens present in food of animal origin and
the importance of conducting susceptibility tests as a basis
for clinical treatment decisions. The high number of resistant
isolates may be due to widespread use of antibiotics in the
world in different areas, which has led to enormous pressure
in the selection of resistance among bacterial pathogens [34].
Furthermore, the monitoring of prevalence and resistance to
Salmonella spread by food can target interventions for more
effective treatments, demonstrate the importance of these
zoonotic foodborne pathogens on public health, and also
assist in the implementation of policies for its control
[35].

These results emphasize the need for judicious use of
antibiotics in animal production, based on previous tests
to assess the strength and determination of appropriate
doses to be applied by analyzing the minimum inhibitory
concentration, thus avoiding the emergence of strains with
acquired resistance to other antibiotics, especially those of
common use in human medicine. For this, a continuous
effort and collaboration between several professionals,
especially the professionals of health and agricultural
areas, which should also act in the awareness of the whole
population, are necessary.
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