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Salmonella Infantis is frequently associated with human infections worldwide and is
transmitted by consumption of contaminated foods, particularly those of animal origin, especially
the chicken meat. We aimed to evaluate virulence characteristics, antimicrobial resistance
and the genetic similarity of 51 strains of S. Infantis isolated from samples of poultry origin.
The strains were isolated from 2009 to 2010 in a company with full cycle of broiler’s production
in the state of Sdo Paulo, Brazil. The antimicrobial susceptibility test was performed and, by
PCR, we evaluated the presence of the genes IpfA (hem-adhesion), agfA (hem-biofilm) and
sefA (hem-adhesion) and resistance genes to beta-lactams (bla,,, blag,,, bla.., ,, and bla Ampc).
The phylogenetic relationship was determined by RAPD-PCR method. Among the drugs tested,
the highest percentages of resistance were to amoxicillin (35.3%) and to sulfonamide (15.7%).
Eleven antimicrobial resistance patterns were identified (A1 to A11), none of them presented a
multiresistance profile (> 3 antimicrobials classes). There was 100% of positivity for the agfA
gene, 92.2% for the IpfA gene, and no strain presented the sefA gene. Most of the isolates showed
similarities in virulence potential, since they were simultaneously positive for two studied
genes, agfA and IpfA (92.2%, 47/51). Of the 18 (35.3%) strains resistant to antimicrobials
of the B-lactam class, 10 (55.5%) were positive to bla, . gene, five (27.8%) for bla,, , two
(11.1%) to blag,, and no strain presented the bla ., gene. The phylogenetic evaluation has
shown the presence of five clusters (A, B, C, D and E) with similarity greater than 80%, and
three distinct strains which were not grouped in any cluster. Cluster B grouped 33 strains, all
positive for IpfA and agfA genes, from both, the broiler farming facility and the slaughterhouse,
persistent throughout all the study period. This cluster also grouped 18 strains clones with
genetic similarity greater than 99%, all isolated in the slaughterhouse. The presence of virulence
genes associated with persistent strains clones for a long period, warns to the possibility of
S. Infantis to form biofilm, and should be constantly monitored in broilers’ production chain,
in order to know the profile of the strains that may contaminate the final product and evaluate
the hazards that represents to public health.

INDEX TERMS: Virulence genes, resistance genes, genetic diversity, strains, Salmonella Infantis, broiler
chicken, Brazil, RAPD-PCR, antimicrobial resistance, Salmonella, genes, chickens.
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RESUMO.- [Caracteristicas de viruléncia, resisténcia e
diversidade genética de estirpes de Salmonella Infantis
isoladas de frangos de corte no Brasil.] Salmonella Infantis é
frequentemente associada a infec¢des humanas no mundo todo
sendo transmitida pelo consumo de alimentos contaminados,
principalmente aqueles de origem animal, com destaque
para a carne de frango. Objetivou-se avaliar caracteristicas
de viruléncia, resisténcia antimicrobiana e a similaridade
genética de 51 estirpes de S. Infantis isoladas em amostras
de origem avicola. As estirpes foram isoladas no periodo de
2009 a 2010 em uma empresa com ciclo completo de producio
de frango de corte, localizada no estado de Sdo Paulo, Brasil.
Foi realizado o teste de susceptibilidade antimicrobiana e
pela técnica de PCR, foi avaliada a presenca dos genes IpfA
(fimbria-adesdo), agfA (fimbria-biofilme) e sefA (fimbria-adesao)
e os genes de resisténcia aos beta-lactamicos (bla,,, bla,,
bla, ,.bla,  ).Arelacdo filogenética foi determinada pelo
método de RAPD-PCR. Dentre as drogas testadas, os maiores
percentuais de resisténcia foram para amoxacilina com
35,3% e sulfonamida com 15,7%. Onze perfis de resisténcia
aos antimicrobianos foram identificados (A1 a A11), sendo
que nenhum deles apresentou perfil de multirresisténcia
(>3 classes de antimicrobianos). Houve 100% de positividade
para o gene agfA, 92,2% para o gene IpfA e nenhuma estirpe
apresentou o gene sefA. A maioria dos isolados apresentaram
semelhancas no potencial de viruléncia, pois foram positivos
simultaneamente para dois genes estudados, agfA e IpfA
(92,2% - 47/51). Das 18 (35,3%) estirpes resistentes aos
antimicrobianos da classe dos B-lactamicos, 10 (55,5%) foram
positivas para o gene bla Ampe CINCO (27,8%) para bla,, ,,, duas
(11,1%) para bla,, e nenhuma estirpe apresentou o gene
bla_,, . A avaliacdo filogenética demonstrou a presenca de cinco
clusters (A, B, C, D e E) com similaridade superior a 80%, e trés
estirpes distintas que nao foram agrupadas em nenhum dos
clusters. O cluster B agrupou 33 estirpes, todas positivas para
os genes IpfA e agfA, provenientes tanto do aviario quanto do
matadouro frigorifico, persistentes durante todo o periodo
do estudo. Este cluster ainda agrupou 18 estirpes clones
com similaridade genética superior a 99%, todas isoladas no
matadouro frigorifico. A presenca dos genes de viruléncia,
associada a persisténcia das estirpes clones durante um longo
periodo do estudo, alertam para a possibilidade de S. Infantis
em formar biofilme, devendo ser constantemente monitorada
na cadeia de produgdo avicola, especialmente no ambiente de
abate, de forma a conhecer o perfil das estirpes que podem
contaminar o produto final e assim avaliar os perigos que
representam para a saude publica.

TERMOS DE INDEXA(;AO: Viruléncia, genes de resisténcia, diversidade
genética, estirpes, Salmonella Infantis, frangos de corte, Brasil,
Salmonella, RAPD-PCR, resisténcia antimicrobiana.

INTRODUCTION

Salmonellosis is one of the most common food-borne diseases,
considered a complex zoonosis that affects global public health.
In Brazil, it is the primary cause of outbreaks in which the
etiological agentis identified (Brasil 2008a). The intestinal tract
of awide variety of animals is the reservoir of this bacterium,
which can still survive in diverse environments, explaining its
high potential for dissemination. The broiler chicken is one of
the main reservoirs of this pathogen, with a high frequency
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of contamination of the final product in the slaughterhouse
(EFSA 2014, 2015). Thus, the consumption of chicken meat
is considered arisk factor for human infection by Salmonella
(FAO-WHO 2009). In order to reduce the prevalence of this
agent and establish an adequate level of consumer protection,
the Ministry of Agriculture recently implemented a controlling
and monitoring program for Salmonella sp. both in commercial
establishments of broiler chickens and turkeys, as in slaughter
and breeding environments (Brasil 2016).

More than 2,600 serotypes of Salmonella are known, but
a limited number are associated with most human diseases,
and the prevalence of different serovars may change over
time (EFSA 2014). Since the late 1970s, serovar Infantis has
been increasingly registered in countries such as Argentina,
Australia, Brazil, the Netherlands, Finland, Canada, Hungary,
Japan, New Zealand and Russia (Miller et al. 2010). Along
with S. Enteritidis and S. Typhimurium, S. Infantis has been
reported for involvement in human cases of the disease, and
is the most frequently isolated in the live bird as well as in
the chicken meat (EFSA 2015). In Brazil, this serovar is also
among those mostisolated from broiler samples of producing
farms (Medeiros et al. 2011, Voss-Rech et al. 2015).

The long-term use of antimicrobials in animal husbandry
exerts selection pressure on bacteria population, thus
favoring the survival of resistant strains of Salmonella, which
can be transferred to humans through the consumption of
contaminated food and can lead to antibiotic therapy failure
(Laietal.2014). The dynamics of resistance transmission and
the evolution of populations of resistant bacteria are difficult
to elucidate and are associated with the genetic transfer of
so-called resistance genes (Alekshun & Levy 2007). Several
international health authorities consider the occurrence of
antimicrobial resistance in zoonotic micro-organisms as one
of the major emerging problems of importance to public
health (Moore et al. 2006).

The extended-spectrum (3-lactamase (ESBL) is an enzyme
that allows bacteria to become resistant to a wide variety of
penicillins and cephalosporins, and the bacteria that contain this
enzyme are resistant to the 3-lactam penicillins, cephalosporins
of 3rd and 4th generations and monobactams, remaining
sensitive to carbapenems, cephamycins (2nd generation of
cephalosporins) and (-lactamase inhibitors. In the United
States an estimated 26,000 infections occur annually due to
ESBL-producing bacteria, resulting in about 1,700 deaths,
generating large hospital costs in the country (CDC 2014).

The molecular mechanisms involved in the pathogenicity
of Salmonella spp. are also complex, and investigations
on virulence factors have shown that pathogenic strains
are differentiated from those that are not by the presence
of pathogenicity specific genes, which are located in the
Pathogenicity Islands (PI) (Kaur & Jain 2012). Furthermore,
it is known that there is a genetic differentiation in isolates
of the same serotype, determining variations for virulence
in different strains (Borges etal. 2013). These genes provide
the microorganism with adhesion, invasion, colonization,
survival and multiplication in the host cells, determining
a series of events that trigger the disease (Suzuki 1994,
Vieira 2009). There are many types of fimbriae that help
Salmonella in the intestinal adhesion including long polar
fimbriae (Lpf), aggregative fimbriae (Agf), whose operon is
highly conserved among the isolates of this pathogen, and the
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S. Enteritidis (Sef) fimbria, identified in serotypes of group
D (Baumler et al. 1997).

The evaluation of the spread of pathogens along the
food chain is of great importance for industries to act in the
prevention and implementation of more effective control
programs. Molecular typing methods for Salmonella have
been widely used in order to establish the phylogenetic
relationship between bacterial isolates and provide important
data for the understanding of epidemiology. In this sense,
Random Amplified Polymorphic DNA (RAPD-PCR) is a tool
widely used for epidemiological studies in several countries
because of its high discriminatory power (Turki et al. 2014,
Vazquez-Garcidueinas et al. 2014).

The aim of this study was to evaluate the resistance
characteristics of §-lactams by evaluating the presence of the
bla,,blag , bla.. andbla, . genesand also toinvestigate
the virulence genes agfA, sefA and IpfA that are involved in
the adhesion and the process of biofilm formation, in strains
of S. infants isolated from samples of poultry origin, from the
broiler breeding environment to the slaughterhouse. It was
also evaluated their dissemination within the production chain,
in order to estimate the danger they pose to human health.

MATERIALS AND METHODS

Origin of the strains. Salmonella Infantis strains were derived
from a previous study that monitored Salmonella spp. in two units of
the same company, with a complete cycle of broiler chicken production
and integration system, located in the state of Sdo Paulo (SP) and
Mato Grosso do Sul (MS), during the period from 2009 to 2010.
The slaughterhouse was inspected by the federal inspection service
and the chicken meat produced was marketed throughout the
national territory and exported. Samples were collected atall stages
of the production cycle, from the poultry rearing environment to
the ready-to-trade industrialized final product, including samples
from the slaughter environment.

Considering the total of 239 strains, 187 were isolated in SP
and 52 in MS. S. Infantis was not identified in the MS unit, butin SP,
it was the most prevalent serovar, representing 27.27% (51/187)
of the isolates.

Among the 51 strains of S. Infantis used in this study, 14 were
isolated in the environment of broiler poultry (samples of disposable
foot socks and sampling of drag swabs of the shed were taken when

the chickens were with approximately 30 days). Thirty-seven samples
were obtained from the slaughterhouse and collected at the points
required by the Pathogen Reduction Program - PRP (Brasil 2003)
and, in addition, other points with a higher frequency of isolation of
Salmonella in the routine of the industries studied, including samples
of meat cuts (1), mechanically separated meat (MSM) (10), scalding
water (1) and water from the pre-cooling tanks (1).

The antigenic typing was carried out by the “Fundacdo Instituto
Oswaldo Cruz” (Fiocruz) in the state of Rio de Janeiro.

Antimicrobial sensitivity test. The susceptibility of the strains
to the antimicrobial agents was evaluated by the disc diffusion
technique, using a protocol recommended by the Clinical and
Laboratory Standards Institute (CLSI 2013). The antimicrobials
choices were based on the use of these drugs in veterinary and
human medicine and the occurrence of resistance in both areas.
The antimicrobials and microgram concentrations tested were:
amoxicillin (10pg) (B-lactam/penicillin), norfloxacin (10pug)
(fluorquinolone), neomycin (30ug) (aminoglycoside), gentamicin
(10pg) (aminoglycoside), trimetropin (5ug) (pyrimidine), ceftazidime
(30pg) (B-lactam/cephalosporin), chloramphenicol (30ug) (phenicol),
imipenem (10pg) (B-lactam/carbapenem), tetracycline (30ug)
(tetracycline), sulfonamide (300ug) (sulfonamide) (LABORCLIN®).
Inhibition zones were measured and the results were classified
as sensitive, intermediate or resistant according to CLSI (2013)
recommendations. Salmonella isolates that were resistant to three
or more classes of antimicrobials were defined as multiresistant
(Brasil 2008b). The strain Escherichia coli ATCC 25922 was used
as a quality control of the sensitivity tests.

Research on virulence genes and antimicrobial resistance.
Three virulence genes were investigated in S. infantis, related to the
phases of adhesion and consequent lesion in intestinal cells (Table 1).

Extraction of the bacterial DNA was performed using the commercial
DNA Purification Kit (Promega) according to the manufacturer’s
instructions. DNA quantification was done in a spectrophotometer
(Femto 750®) with a wavelength of 260nm.

For the polymerase chain reaction (PCR) analyzes of the
virulence genes, the strain S. Enteritidis ATCC 13076 was used as
the positive control. PCR reactions were performed from a final
volume of 25uL containing 1uL of the DNA sample, 2.5ul of 10X
buffer, 0.75ul of 50mM MgCl,, 1.25ul of 10pmol/ul of the forward
and reverse sequence of each primer (Invitrogen®), 0.25ul of
20mM of the mix of dNTPs (Invitrogen®), 0.25uL of Taq (5U/uL)

Table 1. Virulence and resistance genes, primer sequences and amplicon sizes (bp)

Gene Primers Molecular weight® Reference
sefA F:5’GATACTGCTGAACGTAGAAGG3’ 488 bp Oliveira et al. (2003)
R:5'GCGTAAATCAGGATCTGCAGTAGC3’
agfA F:5'TCCACAATGGGGCGGCGGCG3’ 350 bp Collinson et al. (1993)
R:5'CCTGACGCACCATTACGCTG3’
IpfA F:5’CTTTCGCTGCTGAATCTGGT3’ 250 bp Baumler & Heffron (1995)
R:5'CAGTGTTAACAGAAACCAGT3’
bla,, F: 5’°CAGCGGTAAGATCCTTGAGA3’ 643 bp Chen et al. (2004)
R: 5’ACTCCCCGTCGTGTAGATAA3’
blag,, F: 5’GGCCGCGTAGGCATGATAGA3’ 714 bp Chen etal. (2004)
R: 5’CCCGGCGATTTGCTGATTTC3’
bla, F: 5ATGTGCAGYACCAGTAARGTKATGGC3’ 593 bp Monstein et al. (2007)
R: 5’'TGGGTRAARTARGTSACCAGAAYCAGCGG3’
bla F: 5’CCCCGCTTATAGAGCAACAA3’ 634 bp Shahid (2010)

AmpC

R: 5’TCAATGGTCGACTTCACACC3’

2bp = base pairs.
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(Invitrogen®) and 17.75uL of ultrapure H,0. The samples were
submitted to the following amplification cycles: initial denaturation
at 94°C for 5 minutes, amplified in 35 denaturation cycles at 94°C
for 45 seconds, annealing at 50°C for 30 seconds (sefA and IpfA),
66°C for 30 seconds (agfA), extension at 72°C for 90 seconds, final
extension at 72°C for 10 minutes.

The strains that showed resistance to the antimicrobials of the
(3-lactam group were also evaluated for the presence of resistance genes
described in Table 1. A Klebsiella pneumoniae field strain previously
tested was used as the positive control for the presence of the four
studied genes, provided by the “Laboratério de Microbiologia Molecular”
of the “Universidade Federal de Uberlandia”. The preparation of the
mix for the PCR reactions was the same as for the virulence genes.

The amplification conditions followed the steps: initial
denaturation at 94°C for 5 minutes, 30 denaturation cycles at 94°C
for 45 seconds, annealing at 50°C for 45 seconds (blaTEM), 56°C
for 45 seconds (blaSHV), 58°C for 1 minute (blaCTX-M) and 54°C
for 1 minute (blaAmpC), extension at 72°C for 90 seconds, followed
by a final extension of 72°C for 10 minutes.

Evaluation of genetic similarity between the strains.
The isolates were submitted to gene analysis by RAPD-PCR using
the protocol described by Oliveira et al. (2007). As a positive control,
the S. Enteritidis strain ATCC 13076 was used.

RAPD-PCR reactions were performed with two primers, individually,
which were described by Lin et al. (1996): 23L (5’-CCGAAGCTGC-3 ‘)
and P1254 (5’-CCGCAGCCAA-3).

The RAPD-PCR technique was performed from a final volume of
25puL containing 1pL of DNA sample at 50ng/pL, 2.5uL of 10X buffer,
0.75pL of 50mM MgCl,, 0.25uL of 20mM dNTP mix (Invitrogen®),
0.25pL of Tag (5U/uL) (Invitrogen®) and 17.75uL of ultrapure H,0.
The concentration of the primers was 50pmole for P1254 and
30pmole for 23L (Invitrogen®). The PCR reaction was conducted
under the following conditions: one cycle of 94°C for 4 minutes,
followed by 35 cycles of 94°C for 1 minute, 35°C for 1 minute, 72°C
for 2 minutes, and final extension at 72°C for 5 minutes.

All PCR reactions were performed on the thermal cycler
(Eppendorf®) and the amplified products separated in 1.5% agarose
gel electrophoresis for 120 minutes. The gel was stained with
Syber Safe (Invitrogen®) and visualized in UV translucent (Loccus
Biotechnology®).

Data analysis. The results were tabulated and submitted to
analysis through descriptive statistics, calculating the percentages of
antimicrobial resistance and the presence of virulence genes. For the
analysis of genetic similarity between the strains, computational
analysis was used by the GelCompar II Program (Comparative
Analysis of Electrophoresis Patterns), version 1.5, Applied Maths
Korthrijk, Belgium. The profiles obtained in the gel captured by the
program were considered in the analysis and the similarity matrix
was obtained by comparing pairs of strains using the Dice similarity
coefficient, adopting 1% of tolerance for each primer separately.
The final analysis was based on the average of experiments. For the
analysis of all the studied strains, the UPGMA (Unweighted Pair Group
Method with Arighmetic Mean) method was used to construct the
dendogram, in which the isolates were grouped in clusters when
they presented homology equal or higher than 80% or in different
genotypes when they had less than 80% of homology. The strains
were compared considering the local of isolation, date of collection,
profile of antimicrobial resistance and presence of virulence genes
and resistance to 3-lactams. Groups with homology greater than
99% were classified as clones.
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RESULTS AND DISCUSSION

The occurrence of Salmonella Infantis only in the industrial
unit of Sdo Paulo, and not in the unit of Mato Grosso do Sul, is
possibly due to the fact that the birds acquired by these units
have different origins and come from different hatcheries.

Figure 1 presents the results of the resistance percentages
for the antimicrobials tested in the 51 strains of S. Infantis, being
these percentages the sum of the isolates classified as resistant
and intermediate by the disc diffusion test. The highest resistance
indexes were for amoxicillin (class of 3-lactams/penicillin),
with 35.3% (18/51), and for sulfonamide (sulfonamide class),
with 15.7% (8/51). The lower percentages of resistance were
found for tetracycline (9.8%, 5/51) (tetracycline class) and
ceftazidime (5.9%, 3/51) (B-lactam/cephalosporin of 3rd
generation). All these antimicrobials belong to the exclusive
veterinary classes in therapeutics, being prohibited their use
as zootechnical additives of performance enhancers or as
preservatives in animal feed, according to Normative Instruction
no. 26 (Brasil 2009). All isolates were sensitive to norfloxacin,
neomycin, gentamicin, trimethoprim, chloramphenicol and
imipenem, thus suggesting an adequate use of these drugs
in poultry production.

High levels of resistance to penicillin were also observed
by Medeiros etal. (2011), in a study with Salmonella isolated
from frozen carcasses in Brazil, where they found 44.8% of
ampicillin-resistant strains. The high number of penicillin
resistant strains, amoxicillin and ampicillin, warns of a major
public health problem, since these drugs are considered the
first choice for treatment of diseases in human medicine
(WHO 2011). The serious public health problem is due to the
possible transfer of resistant strains to man via contaminated
food, especially those of poultry origin, which could lead to
an ineffective therapy by the use of these drugs.

Lower percentage of resistance to sulfonamide, as found
in this study, was identified by Rowlands et al. (2014) when
evaluating strains of Salmonella spp. isolated from food in
Brazil, where they found 2.1% of strains resistant to this drug.
This result was not expected, since previous studies in Brazil
reported a high frequency of resistance to this antimicrobial in
Salmonella (Ghilardi etal. 2006, Bessa etal. 2007), suggesting
the judicious use of this drug currently.
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Fig.1.Frequency (%) of antimicrobial resistance in Salmonella Infantis
isolated in a poultry production chain located in the state of
Sdo Paulo, Brazil. AMO = amoxicillin (10pg), SUL = sulfonamide
(300pg), TET = tetracycline (30ug), CAZ = ceftazidime (30ug),
NOR =norfloxacin (10ug), NEO = neomycin (30pg), GEN = gentamicin
(10pg), TRI = trimethoprim (5pg), CLO = chloramphenicol (30pg),
IMP = imipenem (10pg).
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In Brazil, tetracycline have been banned as additives in animal
feed since 1998, however, they are still used therapeutically and
therefore may exert a selective pressure on microorganisms
(Brasil 2009, Voss-Rech et al. 2015). Although levels of
resistance to tetracycline, ceftazidime and sulfonamide are
not considered alarming, it is critical to constantly evaluate
the susceptibility of the isolates to these drugs, and thus to
verify the resistance characteristics of Salmonella, to infer if
the drugs administered in the birds are being properly used
in animal production. Careful administration of antimicrobial
agents and continuous surveillance are important initiatives
that help define the best treatment and inhibit or hinder the
selection and propagation of resistant strains between the
flocks (Voss-Rech et al. 2015).

A study developed by Asgharpour et al. (2014), with strains
of S. Infantis isolated from broiler chicken in Iran, found higher
levels of resistance than those found in this study, with 70%
for amoxicillin, 66% for trimethoprim-sulfamethoxazole,
100% for tetracycline, 28% for ceftazidime and 64% for
chloramphenicol. According to Lai et al. (2014), the increase
of resistance to sulfonamide and tetracycline is probably
due to the use of these antimicrobials in animal feed, at
subtherapeutic or therapeutic levels, to prevent diseases or
to promote the animal growth.

The emergence of antimicrobial resistant bacteria to the
classes of cephalosporins and fluoroquinolones is of great concern
because both are used to treat serious human infections, and
resistance to these drugs may cause serious complications in
treatment (Hur etal. 2012, Kilonzo-Nthenge etal. 2013, Lai et al.
2014). Positive results were found in the present study, with
only 5.9% of the strains showing resistance to ceftazidime, a
third generation cephalosporin, whereas all Salmonella strains
were sensitive to norfloxacin, a fluoroquinolone.

Eleven antimicrobial resistance profiles were identified
(Al to Al11), being 27 (53%) strains with resistance or
intermediate resistance to one or two drugs, and there were
no isolates with a multiresistant profile (Table 2). The most
frequent profiles were A11 (47%), with strains sensitive to

Table 2. Resistance profiles of 51 strains of Salmonella
Infantis isolated in a poultry production chain located in the
State of Sao Paulo, Brazil

Profiles Antimicrobial Number of Number of
resistance? classes® strains (%)
Al AMO 1 4(7.8)
A2 (AMO) 1 10 (19.6)
A3 SUL 1 2(3.9)
A4 (SUL) 1 2(39)
A5 TET 1 1(2.0)
A6 (TET) 1 1(2.0)
A7 AMO CAZ 2 2(3.9)
A8 AMO (CAZ) 2 1(2.0)
A9 (AMO) SUL 2 1(2.0)
A10 TET SUL 2 3(5.9)
All Multi sensitive - 24 (47.0)
TOTAL 51 (100.0)

2 Profiles in parentheses = strains with intermediate resistance to
antimicrobials, ® Number of classes of antimicrobials to which the
isolates showed resistance; AMO = amoxicillin, CAZ = ceftazidime,
TET = tetracycline, SUL = sulfonamide.

all antimicrobials tested, and A2 (19.6%), showing strains
with intermediate resistance for amoxicillin.

Voss-Rech et al. (2015), in a study with strains of
Salmonella spp. isolated from broiler chicken in Brazil, also
did not find multiresistance profiles for S. Infantis, which was
the second most isolated serovar in the study, with 14.63%.
In another study performed in different Brazilian cities,
S. Infantis was also the second mostisolated serovar in chicken
carcasses with 7.6%. Of these, 57.8% were resistant to one
or two antimicrobials, while 42.1% showed multiresistance
profiles, with a higher resistance index for sulfonamide with
94.7% (Medeiros et al. 2011). On the other hand, a study
developed by Thai et al. (2012) in North Vietnam, found
that 78.2% of the strains of S. infants isolated from both,
chicken and pork meat, presented resistance from four to
13 antimicrobials, demonstrating the prevalence of the
multiresistance characteristic for this serovar in this country.

The occurrence of multidrug resistant strains may be
associated, in addition to inappropriate use of antimicrobials
in industrial poultry, to the spread of antimicrobial resistance
genes. The PREBAF, a monitoring program of prevalence and
antimicrobial susceptibility profile of Salmonella spp. isolated
from frozen chicken carcasses marketed in Brazil, emphasizes
the importance of characterizing multiresistant clones as to
their ability to host and disseminate antimicrobial resistance
genes (Brasil 2008b).

Among the resistance genes encoding ESBL are bla, .,
bIaCTX_M, bIaTEM and bIaSHV, which have been detected in
Salmonella isolates from animal products in several countries
(Rodriguez et al. 2009, Tamang et al. 2011). Of 18 (35.3%)
antimicrobial resistant strains of the f8-lactam class (amoxicillin
and ceftazidime), 11 (61.1%) harbored one or more resistance
genes, of which 10 (55.5%) were positive for the blaAmpC gene,
five (27.8%) for bla,,, ,, two (11.1%) for bla,, and no strain
showed the bla,,, gene. Two strains showed the genes bla
and bla_, ., and two other genes were positive for bla
bla,, . and bla,, , concomitantly (Table 3).

All 10 strains harboring the bla mpc 3ENE showed intermediate
resistance or sensitivity to amoxicillin. The presence of the
AmpC gene in S. infantis isolated from chicken meat is a concern
for Japanese public health agencies because this serovar is
a major cause of human salmonellosis, and chicken meat is

AmpC
AmpC’

Table 3. Relationship of resistance profiles and occurrence
of resistance genes in 18 strains of Salmonella Infantis
resistant to f-lactam antibiotics, isolated in a poultry

production chain located in the State of Sdo Paulo, Brazil

Resistance profiles® Resistance genes Number of strains (%)

AMO bla,, . 2 (11.1)
AMO bla, . bla.,, blag, 2(11.1)
(AMO) bla,, . 4(22.2)
(AMO) bla, . bla,,, 2(11.1)
(AMO) - 5(27.7)
AMO CAZ bla,,,,, 1(5.6)
AMO CAZ - 1(5.6)
AMO (CAZ) - 1(5.6)
TOTAL 18 (100.0)

2 Profiles in parentheses = strains with intermediate resistance to
antimicrobials, AMO = amoxicillin, CAZ = ceftazidime.
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the main source of human infection in the country (Aviv et al.
2014, Noda et al. 2015).

Although phenotypically resistant to the antimicrobial
agents of the B-lactam group, seven strains did not present
any of the investigated genes (Table 3). This result indicates
that resistance may be associated with the presence of other
[B-lactamases whose genes have not been evaluated in this study
and/or other mechanisms of resistance to these antimicrobials,
such as: efflux pumps, loss of porine expression, changes
in penicillin-binding proteins (PBPs), presence of multiple
or even new [-lactamases (Babic et al. 2006, Jacoby 2009).

The strains presented 100% of positivity for the agfA gene,
92.2% (47/51) for the IpfA and no strain showed the sefA gene.

The presence of the agfA in all studied strains suggests
its ability to bind during the infection process, in addition to
being associated with biofilm formation (Yoo et al. 2013).
The detection of this gene in isolates of chicken meat cuts,
carcasses, chiller and scalding water warns the danger of their
presence during processing due to their possible capacity to
produce biofilm, which can lead to contamination of the final
product in poultry slaughterhouses.

The absence of sefA gene is consistent with the literature.
The SefA fimbria encoded by this gene is described as being
restricted to group D of Salmonella, which includes Enteritidis,
Dublin, Moscow and Blegdon serotypes (Amini et al., 2010).
However, knowing the possibility of horizontal transfer of
fimbrial genes in serovars of the Salmonella genus, which
allows their adaptation to different colonization situations
(Rotger & Casadesus 1999), it was proposed to evaluate the
presence of this gene in S. infantilis. According to Baumler et al.
(1997), the acquisition of different fimbrial operons may have
been one of the mechanisms by which Salmonella serovars
succeeded in expanding their host range.

Most isolates of S. Infantis (92.2% - 47/51) showed
similarities in virulence potential, since they were positive
simultaneously for two genes studied agfA and IpfA. This
indicates that these strains may be efficient in the adhesion
process and in the formation of biofilms, which is associated
with the presence of both genes. The presence of fimbriae,
mediated by these genes, is extremely important in the
infection process. Itis possible that there are additive effects
of adhesives Lpfand Agf on colonization of the intestine and
expression of virulence in the host, indicating potential risk
after infection. These findings were similar to other data
obtained in previous studies that studied different serotypes of
Salmonella (Borsoi etal. 2009, Cesco 2010, Borges etal. 2013).

The characteristics of resistance and virulence in S. Infantis
shows that this serovar can be considered as potentially
pathogenic and that genes related to these characteristics
should be constantly monitored to understand and follow
the process of adaptation of these strains throughout the
productive process of the broiler and, consequently, in the
human host. These strains can acquire and lose virulence
genes over time, thus determining the spread of different
genetic profiles (Moussa et al. 2013, Suez et al. 2013).

The genetic similarity analysis of S. Infantis showed a high
proximity between the strains (Fig. 2), indicating that there
are probably common sources of contamination.

Five clusters and three isolates with distinct profiles were
identified, which could not be grouped with the other strains
due to the genetic proximity being less than 80%.
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Cluster A grouped seven strains with homology of 80.4%,
all from the aviary, from environmental swab samples. This
profile was present for a period of five months in the aviary
environment. The common identification of the IpfA and agf4
genes suggests the potential of these strains to fix themselves
on surfaces and to produce biofilms in the environment of
the aviary, allowing their maintenance in the place for long
periods. The identification of the three resistance genes
studied (SHV, CTX-M and AmpC) indicates the risk of the
horizontal spread of resistance genes among the strains
that can thus present multiresistant profiles. Therefore, it is
necessary to establish more efficient and rigorous hygiene
and biosafety measures to guarantee the control of this agent
in the aviary’s environment. According to Moura etal. (2014)
the neglecting of biosecurity standards within the industry is
a decisive factor for the maintenance of the microorganism
in the environment.

The cluster with the highest number of isolates was B,
composed of 33 strains with homology of 83.7% and
therefore considered the main problem of this industry.
This profile was isolated from the environmental swab of
the aviary and the meat matrixes in the slaughterhouse.
This genotype was identified over the two years of samples
collection (2009 and 2010). The long period of permanence
suggests that there was infection in successive animal flocks,
associated to the maintenance of the microorganism in the
aviary environment, and consequent contamination of the
product in the slaughterhouse, which indicates that the cross
contamination seems to be important in the dissemination
of this genotype along the production chain. The presence of
this profile in samples of swabs and disposable foot socks of
the aviary, besides the scald and chiller water, suggests the
negligence to the biosafety norms in the production unit that
contributed to the contamination of the samples of carcasses
and chicken meat cuts

Some authors state that there is influence of the environment
on the contamination of the final product (Von Ruckert et al.
2009, Colla etal. 2012). Chiller and scald water are considered
important factors in the dissemination of Salmonella in the
slaughterhouse, since a large number of carcasses pass in the
same water tank, increasing the chances of cross contamination
(Mead et al. 2000).

The IpfA and agfA genes were also common in group B,
suggesting the ability of the strains to produce biofilms, making
it difficult to eliminate them within the industry.

Six clonal subgroups (>99% similarity) were identified in
Cluster B (B1 to B6) composed of 18 strains. The B1 subgroup
has isolates of chicken thigh, cartilage and disposable foot socks
of the aviary. In B2 the strains are all of breast clipping. The B3
subgroup was detected in carcasses and neck. B4 contains
isolated strains of chiller and scald water and cartilage. In B5,
strains from thigh and chicken breast were grouped. Finally, B6
is composed of strains isolated from mechanically separated
meat (MSM). According to Chu et al. (2009) the detection of
clones in different samples demonstrates the propagation of
Salmonella in the productive chain and the risk of transmission
to humans.

The profile C showed similarity of 94.1% composed of four
strains, all of these samples from chicken’s breast and skin
in the slaughterhouse. Three of these strains were isolated
in the same period (August of 2009), indicating that their
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# | 5 Swab Aviary 06/24/2009 AMO blaSHV blaCTX-M blaAMPc invA aglA IpfA
|9 swab Aviary 08/18/2009 (SUL) invA agth lpfA
| 6 Swab Aviary 06/24/2009 AMO blaSHV blaCTX-M blaAMPc invA agfA IpfA

7 Swab Aviary 05/08/2009 invA aglA IplA
4 Swab Aviary 06/09/2009 invA agfA ipflA
1 "Swab dfs Aviary 04/09/2009 (AMO) blaCTX-M blaAMPc invA agfA IplA
2  Swab Aviary 06/09/2009 imvA agiA IpfA
45 MsSM Slaughterhouse  08/31/2009 (AMO) imvA aglA iplA
50 MsM Slaughterhouse  04/26/2010 (AMO) invA agiA IpfA
46 Skin Slaughterhouse  09/01/2009 AMO CAZ invA agfA ipfA
47 MSM Slaughterhouse  09/12/2009 invA aglA IplA
48 Boneless thigh Slaughterhouse  11/14/2009 AMO (CA. imvA agfA IplA
43  Chicken breast Slaughterhouse  (08/28/2009 invA agiA IpfA
44 Carcass Slaughterhouse  08/29/2009 invA agiA IplA
16 Boneless thigh Slaughterhouse  04/18/2009 (AMO)  blaAMPc invA aglA IplA
17 ""Mini cd Slaughterhouse  04/18/2009 AMO blaAMPc invA aglA IpfA
18 Boneless thigh Slaughterhouse  04/24/2009 irvA aglA iplA
12 ""Footsocks d Aviary 01/06/2010 imvA aglA iplA
15 Cartilage Slaughterhouse  04/18/2009 (AMO)  blaAMPc imvA agiA iplA
10 Swab Aviary 08/14/2009 invA agiA iplA
11 "“Footsocks d Aviary 01/06/2010 invA agiA IplA
13 "Footsocks d Aviary 01/06/2010 (AMO) BlaCTX-M blaAMPe imvA aglA iplA
3 Swab Aviary 06/09/2009 imA aglA IplA
31 Chicken breast Slaughterhouse  06/23/2009 SUL invA aglA IplA
32 Chicken breast Slaughterhouse  06/23/2009 (TET) invA aglA IplA
37 Thighwithbones  Slaughterhouse 06/23/2009 TET invA agiA IplA
29 Carcass Slaughterhouse  05/16/2009 imeA agiA iptA
30 Carcass Slaughterhouse  06/23/2009 (AMO)S. blaAMPc invA agiA IplA
33 Neck Slaughterhouse  06/23/2009 (AMO) imvA agliA lplA
a4 Scalding water Slaughterhouse  06/23/2009 invA aglA lplA
35  Chiller water Slaughterhouse  06/23/2009 TET SUL imvA aglA iplA
a6 Cartilage Slaughterhouse  06/23/2009 invA aglA IplA
28 Boneless thigh Slaughterhouse  05/04/2009 invA aglA IplA
25 Thighwithbones Slaughterhouse 04/29/2009 invA agliA iplA
26 Chicken breast Slaughterhouse  04/29/2009 sSUL invA aglA iplA
24 MSM Slaughterhouse  04/29/2009 invA aglA IplA
20 MSM Slaughterhouse  04/29/2009 AMO blaAMPe invA agiA IpfA
21 MSM Slaughterhouse  04/29/2009 invA agfA IpfA
23 MSM Slaughterhouse  04/29/2009 invA agtA IplA
22 MSM Slaughterhouse  04/29/2009 invA agiA IpfA
39 Skin Slaughterhouse  06/23/2009 (SuL) invA aglA

41 Salty breast Slaughterhouse  08/07/2009 invA agfA

ap Salty breast Slaughterhouse  08/06/2009 TET SUL invA agia

42 Salty breast Slaughterhouse  08/08/2009 (AMO) invA aglA
Con.

49 Chicken breast Slaughterhouse (04/22/2010 imvA agtA iptA
14  Footsocksd Aviary 03/09/2010 (AMO)  blaAMPc invA aglA IpfA
19 MSM Slaughterhouse  04/25/2009 (AMO) invA agfA lpfA
g Swab Aviary 08/12/2009 AMO CAZ blaCTX-M imvA agfA IplA
51 Boneless thigh Slaughterhouse  05/11/2010 imvA agfA IpfA
27 MSM Slaughterhouse  04/30/2009 invA agfA IpfA
ag [Liver Slaughterhouse 06/23/2009 TET SUL invA aglA IplA

35

Fig.2. Comparative dendrogram of Salmonella Infantis using dice similarity coefficient with 1% of tolerance and UPGMA method with 0.80%
of optimization. Profiles A to E = different clusters, with homology higher than 80%; profiles B1 to B6 = clonal groups, with homology
greater than 99%. * Swab with disposable foot socks, ** mini chicken drumsticks, *** disposable foot socks.

Pesq. Vet. Bras. 40(1):29-38, January 2020



36 Eliane P. Mendonga et al.

permanence was temporary and that there is a possibility
of greater ease in their control. In addition, the presence of
the agfA gene alone in this profile may justify the shorter
residence time, different from that found in other clusters.
This fact does not eliminate the potential of biofilm formation
of the strains; however, the absence of the IpfA gene may be
the determining factor for its lesser ability to persist in the
environment. The IpfA gene is involved in the process of
adhesion to surfaces and epithelial cells that characterize
an essential stage and prior to the biofilm formation process
(Gibson et al. 2007).

Due to the fact that only two strains formed Clusters D and E,
a more in-depth analysis of the data found was not possible.

CONCLUSIONS

The high percentage of resistance to amoxicillin warns
of a risky condition, since this is a drug commonly used in
human and veterinary medicine.

The high positivity for virulence genes, associated with
the presence of 3-lactam resistance genes in some isolates,
suggests the pathogenic potential of Salmonella Infantis,
the possibility of causing clinical disease in humans and the
complications that can lead to the treatment of severe cases
of salmonellosis.

Phylogenetic evaluation showed that strains from the aviary
were fairly close to those isolated from the slaughterhouse,
and persisted throughout the study period.

The presence of the IpfA and agfA genes associated with
the persistence of strains in the environment warns of
the potential of S. Infantis to form biofilms and should be
constantly monitored in the poultry production chain and
rigorous cleaning and decontamination measures applied
in breeding environments, especially in the slaughterhouse,
in order to minimize the contamination of the final product
and the hazards to public health.
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