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ABSTRACT

Background. The production and sale of tilapia (Oreochromis niloticus) is fundamentally important to the
semi-arid region of northeastern Brazil. In this region, one of the main forms of sale occurs in street markets
(fairs). A high incidence of methicillin-resistant Staphylococcus aureus (MRSA) strains was previously de-
tected in different food-related environments in Brazil. However, limited data is available about the presence
of MRSA in street markets commercializing tilapias. In this study, we identified Staphylococcus aureus from
tilapia and utensils used in the sale of tilapia in the street markets of a semi-arid Brazilian municipality and
characterized the virulence potential of the isolates by analyzing their B-lactam resistance, intercellular adhe-
sion and enterotoxin genes.

Materials and methods. The study used samples from the 5 main markets in the city. Phenotypic tests to
determine antimicrobial resistance, exopolysaccharide (EPS) production, the potential for biofilm formation
and cell surface hydrophobicity were conducted on S. aureus isolates. The presence of antimicrobial resist-
ance genes (mecA and blaZ), potential biofilm production genes (icaA and icaD) and enterotoxin (se) genes
was investigated.

Results. Coagulase-positive staphylococci (CoPS) were detected in samples from all markets in discordance
with the legal limits in force. Twelve isolates were confirmed to be S. aureus. Ten isolates demonstrated mul-
tidrug resistance (MDR). All isolates were able to produce EPS and form biofilms. Eight isolates exhibited
strong hydrophobicity and six a high potential for biofilm formation. Twelve isolates were positive for mecA,
blaZ, icaD and sed.

Conclusion. Tilapia marketed in unsuitable conditions may be a vehicle for staphylococcal food poisoning
and for the dissemination of MRSA to consumers. Additionally, the ability of the isolates to produce biofilms
is an alert to the presence and persistence of these virulent microorganisms on utensils used for the commer-
cial distribution of tilapia.
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INTRODUCTION

The public fishing terminal of Sobradinho, Bahia,
which is in the San Francisco Valley within the semi-
arid region of Brazil, pioneered the commercial fishing
of tilapia using floating net cages and has the support
of “Bahia Pesca” (Bahia Fishing) and the “Companhia
de Desenvolvimento dos Vales do Sao Francisco e Par-
naiba” (San Francisco and Parnaiba Valley Develop-
ment Company) (CODEVASF). The cultivation and
sale of tilapia (Oreochromis niloticus) is fundamental
to the region and guarantees income for many families
in this semi-arid area (Bahia Pesca, 2014). One form
of tilapia sale occurs in street markets (fairs), such as
those in Petrolina in the state of Pernambuco, Brazil,

a city next to the fishing terminal of Sobradinho (50
km; Fig. 1).

Fish products are highly perishable, so extreme
care must be taken during their handling and sale Mis-
handling of fish can lead to cross-contamination from
various sources. One of the main sources of cross-
contamination is utensils, such as cutting tables and
knives. Cross-contamination with Staphylococcus au-
reus 1s a major issue (Gatti Junior et al., 2014). Thus,
whole and filleted tilapia may be a potential risk to
consumer health. In 2015, a total of 434 outbreaks
caused by staphylococcal toxins were reported by 16
member states of the European Union (EU) and fish
and fish products were associated with 18 outbreaks,
representing 4.15% of the total staphylococcal food

Fig. 1. Location: 1 — map of Brazil showing the locations of the states of Bahia and Pernambuco, with a circle
denoting the cities of Sobradinho and Petrolina; 2 — map showing Sobradinho and Petrolina, cities of the states of
Bahia and Pernambuco, respectively; 3 — map of Petrolina, highlighting the city districts with free fairs; 4 —the 5
city districts of the city of Petrolina where the fairs are located (IBGE, Census Sector, 2010)
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poisoning outbreaks reported in the EU (EFSA, 2016).
In the United States of America (USA), tilapia was
the implicated food vehicle in 2 outbreaks caused by
staphylococcal toxins in the states of Florida (in 2014)
and Pennsylvania (in 2006), which caused 2 and 17
cases of illness, respectively (CDC-NORS, 2019).

In addition to producing enterotoxins, S. aureus
has the inherent ability to form biofilms on biotic and
abiotic surfaces (Doulgeraki et al., 2017). Among the
pathways to form the biofilm matrix, the ica operon can
regulate the formation of biofilms by S. aureus through
the production of polysaccharide intercellular adhesin
(PIA), and the genes icaA and icaD play a role in this
process. Biofilms are aggregates of microbial cells that
accumulate in multiple layers within an organic poly-
mer matrix. This matrix, which is composed mainly of
exopolysaccharide (EPS) and proteins that provide co-
hesion and sustainability, confers resistance to various
stress conditions, sanitizers used in the food industry,
and the host’s immune system. Thus, biofilms contribute
to S. aureus dissemination and infection (Joyce et al.,
2003; Vazquez-Sanchez and Rodriguez-Lopez, 2018).

The fact that biofilms disseminate antimicrobial
resistance across cells is noteworthy; the extracellular
DNA present in the matrix can contribute to horizon-
tal gene transfer (Vazquez-Sanchez and Rodriguez-
-Lopez, 2018). With regards to antimicrobial resist-
ance, methicillin-resistant Staphylococcus aureus
(MRSA) is one of the most important antibiotic-resist-
ant pathogens in humans and various animal species.
MRSA presents cross-resistance to almost all f-lactam
antibiotics, which constitute an antibiotic class of
great clinical importance. MRSA is the main cause
of nosocomial infections in Latin America. In fact,
MRSA is an emergent pathogen in Brazil (Carvalho
et al., 2019; Ossa et al., 2018). Thus, the aim of this
study was to isolate and identify S. aureus in tilapia
and utensils used in street markets located in Petrolina,
and determine their virulence potential by investigat-
ing their resistance to B-lactam, intercellular adhesion
and enterotoxin genes.

MATERIALS AND METHODS
Sample collection

A total of 100 freshly eviscerated tilapia (20 from
each street market), 25 table swabs (5 from each street
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market) and 25 knife swabs (5 from each street mar-
ket) were collected from the five main street markets
in Petrolina (Fig. 1). The samples were collected dur-
ing the period from August to December 2016 with
the support of the Municipal Sanitary Surveillance
Agency of Petrolina, Pernambuco state, Brazil. This
agency can randomly collect 4 products per fair for
free and can obtain 1 sample from utensils used for
sale monthly. Thus, based on the collection permission
of the agency, the sample size (for tilapia and utensils)
was determined during the study period.

Each freshly eviscerated tilapia was stored in an
individual sterile plastic bag (Gatti Junior et al., 2014)
and refrigerated. For analysis of table and knife sur-
faces (25 of each), the areas were limited to 10 cm x
10 cm with the aid of a sterile square mold. Areas (100
cm? surface) were swabbed in both vertical and hori-
zontal positions. At each position, the surface within
the mold was rubbed from top to bottom and left to
right, as described by Martinon et al. (2012), with
a swab that was previously moistened in sterile trypti-
case soy broth (HiMedia, Mumbai, India) supplement-
ed with 7.5% NaCl (TSBS) (Xing et al., 2016).

Isolation of coagulase-positive staphylococci
(CoPS) and identification of S. aureus

Isolation of CoPS and biochemical confirmation of
CoPS and S. aureus were conducted using the meth-
odology described by Brasil (2003). To obtain 25 g of
samples, the procedures of Gatti Junior et al. (2014)
were used. Briefly, 25 g of muscle was removed from
the antero-dorsal region of a freshly eviscerated tila-
pia (gloves were used, and the knives were sterilized
before being used to manipulate each fish sample) and
homogenized in 225 mL of peptone water (0.1%) (Hi-
Media). For samples from table and knife surfaces, af-
ter sampling the area, each swab was immersed in 30
mL of TSBS in a 50 mL sterile tube and incubated at
35°C for 24 h (Xing et al., 2016). Serial dilutions were
made (107! to 107®) in sterile peptone water (HiMedia).
Baird Parker agar (Sigma-Aldrich, St. Louis, MO,
USA) was used. To each 950 mL of base medium, 50
mL of sterile egg yolk emulsion (50%, HiMedia) and
3 mL of potassium tellurite solution (Sigma-Aldrich,
3.5%) were added. Aliquots of 0.1 mL of each sample
were spread onto Baird-Parker agar in duplicate and
incubated at 37°C for 24-48 h. For CoPS detection,
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20-200 typical colonies on plates (colonies with black
centers surrounded by clear halos) were counted. The
microbiological counts were expressed as the loga-
rithm of the number of colony-forming units per unit
weight or per unit area (CFU/g or CFU/cm?). Accord-
ing to the methods of Xing et al. (2016), two colonies
per sample were selected from each plate and sub-
jected to further analysis. For phenotypic confirmation
from the typical colonies, Gram staining (Gram Stain-
ing Kit, Laborclin, Pinhais, PR, Brazil), enzyme activ-
ity assays (for coagulase and catalase; Laborclin), and
glucose and mannitol (Synth, Diadema, SP, Brazil)
fermentation assays were performed. For phenotypic
confirmation of S. aureus, thermonuclease enzyme ac-
tivity was verified.

The DNA of isolates that were biochemically
identified as S. aureus was extracted using a Pure-
Link Genomic DNA Mini Kit (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s instruc-
tions. PCR was used to detect the expression of the
thermonuclease gene (nuc) according to the protocol
described by Xing et al. (2016). The 16S rRNA gene
was amplified as described by Lange et al. (2011). All
PCRs were carried out using an Applied Biosystems
2720 thermocycler (Applied Biosystems, Carlsbad,
CA, USA). The primers used, PCR conditions, prod-
uct sizes (bp) and protocols used for each gene are
given in Table 1. The PCR products were separated
on 0.8% agarose gels and visualized by staining with
Safer® dye (Kasvi, Sdo Jos¢ dos Pinhais, PR, Brazil)
using an LED transilluminator (470 nm) (Kasvi). Se-
quencing of the generated amplicons was performed
by Helixxa (Paulinia, SP, Brazil), and the sequences
were compared for similarity with sequences from the
GenBank public database.

Detection of mecA and blaZ genes

and antimicrobial resistance testing

The genes encoding penicillin resistance (blaZ) and
methicillin resistance (mecA) were detected accord-
ing to the methodology of Sawant et al. (2009), with
modifications. PCR was carried out using a premixed,
ready-to-use GoTaq® Green Master Mix 2X solution
(Promega, Madison, WI, USA) in a total volume of
25 puL, which included 12.5 pL of Master Mix, 8.5 uL
of nuclease-free water, 2 uL of DNA (50 ng/uL)
and 1 pL of each primer (10 pmol/pL; Table 1).
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The primers, PCR conditions, fragment sizes (bp) and
protocols used for each gene are described in Table 1.
S. aureus American Type Culture Collection (ATCC)
strain 29213 and S. aureus ATCC 33591 provided by
the Fundagdo Oswaldo Cruz (FIOCRUZ) (Rio de Ja-
neiro, RJ, Brazil) were used as negative and positive
controls, respectively. The PCR products were visual-
ized as previously mentioned.

The antibiotic resistance of the S. aureus isolates
was tested using the disc diffusion method of the Clin-
ical and Laboratory Standards Institute (CLSI) (2018).
Twelve antimicrobials (Interlab, Sdo Paulo, SP, Bra-
zil) were used, including clindamycin (2 pg/disc),
erythromycin (15 pg/disc), penicillin (10 pg/disc),
oxacillin (1 pg/disc), cefoxitin (30 pg/disc), rifampicin
(5 pg/disc), chloramphenicol (30 pg/disc), vancomy-
cin (30 pg/disc), gentamicin (10 pg/disc), ciprofloxa-
cin (5 pg/disc), sulfamethoxazole + trimethoprim (25
pg/disc), and tetracycline (30 pg/disc). The diameters
of the inhibition zones were then measured. S. aureus
ATCC 25923 was used as a positive control. The test
was performed in triplicate.

Quantification of exopolysaccharide (EPS)
production

Exopolysaccharide — EPS production was quantified
as described by Van Geel-Schuttens et al. (1998),
with minor modifications. After each S. aureus iso-
late was cultured in a tube containing 20 mL of brain
heart infusion (BHI, HiMedia) broth for 3 days at
37°C, the cells were collected by centrifugation
(6000 x g) for 20 min. 99.8% ethanol (Vetec, Duque
de Caxias, RJ, Brazil) was added in a ratio of 2 parts
to 1 part supernatant to precipitate EPS. Vacuum fil-
tration was performed using paper filters (Unifil®,
Alvorada, RS, Brazil) that had previously been la-
beled and weighed. After filtration, the filters were
placed in trays and incubated at 60°C for 3 h, and the
weight of each filter was again measured to quantify
the EPS produced.

Cell surface hydrophobicity assay

Cell surface hydrophobicity was evaluated according
to the methods of Rodrigues et al. (2009). Each isolate
was inoculated into two tubes containing BHI. One
tube was incubated for 4 h at 37°C, while the other
was incubated for 24 h at 37°C. For both time points,
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Table 1. Oligonucleotide sequences and PCR protocols for identification of S. aureus isolates and detection of B-lactam
resistance, intercellular adhesion and enterotoxin genes

Sequence, 5’3’ Product
Gene (F: Forward / R: Reverse) PCR protocol size (bp) Reference
nuc F: GCGATTGATGGTGATACGGTT Initial denaturation for 5 min at 94°C; 279  Xing
R: AGCCAAGCCTTGACGAACTAAAGC 1 min at 94°C, annealing for 0.5 min et al.
at 52.7°C and extension for 1.5 min (2016)
at 72°C for 37 cycles; final extension
for 3.5 min at 72°C.
16S-rRNA F: AGAGTTTGATCCTGGCTCAG Initial denaturation for 5 min at 95°C; 536  Lange
R: GTATTACCGCGGCTGCTG 0.5 min at 95°C, annealing for 0.5 min et al.
at 55°C and extension for 2 min at 74°C (2011)
for 35 cycles; final extension for 5 min
at 74°C.
mecA F: AAAATCGATGGTAAAGGTTGGC Initial denaturation for 4 min at 95°C; 533  Sawant
R: AGTTCTGCAGTACCGGATTTGC 0.5 min at 95°C, annealing for 0.5 min et al.
at 52°C and extension for 0.5 min at 72°C (2009)
for 30 cycles; final extension for 5 min
at 72°C.
blaZ F: AAGAGATTTGCCTATGCTTC Initial denaturation for 4 min at 95°C; 517 Sawant
R: GCTTGACCACTTTTATCAGC 0.5 min at 95°C, annealing for 0.5 min et al.
at 50°C and extension for 0.5 min at 72°C (2009)
for 30 cycles; final extension for 5 min
at 72°C.
sea F: ACGATCAATTTTTACAGC Initial denaturation for 5 min at 95°C; 544  Kroning
R: TGCATGTTTTCAGAGTTAATC 1 min at 95°C, annealing for 1 min et al.
at 44.5°C and extension for 1 min (2016)
seb F:ATTCTATTAAGGACACTAAGTTAGGGGA i 750¢ for 37 cycles; final extension 404
R: ATCCCGTTTCATAAGGCGAGT for 10 min at 72°C.
sed F: CAAATATATTGATATAATGA 330
R: AGTAAAAAAGAGTAATGCAA
see F: CAAAGAAATGCTTTAAGCAATCTTAGGC 482
R: CACCTTACCGCCAAAGCTG
sec F: GACATAAAAGCTAGGAATTT Initial denaturation for 5 min at 95°C; 257  Kroning
R: AAATCGGATTAACATTATCCA 45 s at 95°C, annealing for 45 s at 46.2°C et al.
and extension for 45 s at 72°C for 35 (2016)
cycles; final extension for 10 min at 72°C.
icaA F: CCTAACTAACGAAAGGTAG Initial denaturation for 5 min at 92°C; 1315 Kroning
R: AAGATATAGCGATAAGTGC 45 s at 92°C, annealing for 45 s at 49°C et al.
. and extension for 1 min at 72°C for 30 (2016)
icaD F: AAACGTAAGAGAGGTGG 381

R: GGCAATATGATCAAGATAC

cycles; final extension for 10 min at 72°C.

4 mL of bacterial suspension was standardized with
PBS buffer (0.01M, pH 7.2) to an optical density (OD)
of 1.0 at 550 nm. Subsequently, 3.6 mL of each bacte-
rial suspension was added to 0.4 mL of xylol (Vetec).
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Each mixture was vortexed for 5 min and then al-
lowed to rest for 20 min. Once the organic/aqueous
phases reached equilibrium, the lower layer was re-
moved, and the absorbance was measured at 400 nm.
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Table 2. Detection and indicated count interval of coagulase-positive staphylococci (CoPS) in samples of tilapia (log CFU/g)
and associated utensils (log CFU/cm?) from 5 street markets in the municipality of Petrolina

Total number Detection and count interval

Samples

Street markets (fairs)

Total

of samples number of samples A B C D E

Freshly evis- 100 no detection 11 13 1 0 7 32
cerated tilapia (20 per fair) ;

detection 9 7 19 20 13 68

count interval, log CFU/g  3-4.9 4 5 7 0 10 26

5-6.9 5 2 11 9 3 30

7-8.9 0 0 1 11 0 12

Table 25 no detection 3 2 2 3 3 13
(swab) (5 per fair) .

detection 2 3 3 2 2 12

count interval, log CFU/cm? 3-4.9 2 2 3 1 2 10

5-6.9 0 1 0 1 0 2

Knife 25 no detection 5 3 5 3 4 20

b 5 fai
(swab) (5 per fair) 0 2 0 2 1 5
count interval, log CFU/cm? 3-4.9 0 2 0 2 1 5

The cells highlighted in gray demonstrate the number of samples in which CoPS was detected and the number of samples with

counts in the indicated intervals, log CFU/g or CFU/cm?.

BHI without inoculum was treated as described above
and used as the blank. The hydrophobicity index (HI)
was determined using the following formula: HI =
100 x (V,— V) / V, where ¥, is the initial absorbance
and v, is the final absorbance. Bacteria with an HI >
70% were considered to be highly hydrophobic, those
with an HI < 30% were considered to be highly hydro-
philic, and those with an HI of 30% < HI < 70% were
considered to be moderately hydrophobic.

Qualitative and quantitative determination

of biofilm production

Qualitative determination of biofilm production was
performed as described by Rodrigues et al. (2017).
The isolates were streaked onto plates containing
Congo red agar (CRA, HiMedia), and the plates were
incubated for 24 h at 35°C before being left at room
temperature for another 48 h. Colony color was used
to classify each isolate in terms of biofilm production.
Completely black colonies indicated isolates capable
of producing biofilms; nearly black colonies indicated
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isolates with weaker biofilm production; and red and
purple colonies indicated isolates that did not produce
biofilms.

Quantification of biofilm production by isolates
was performed through measurement of adhesion to
microplates (Merino et al., 2009). The isolates were
inoculated in TSB broth enriched with glucose and in-
cubated at 37°C for 24 h. A volume of 200 pL from
each culture was then added to each well and incu-
bated at 37°C for 24 h. The culture present in each
microplate was discarded and three washes were per-
formed with 200 pL of autoclaved distilled water. Af-
ter air drying, 100 pL of 0.25% crystal violet (Labor-
clin) solution was added, and each microplate was
incubated for 3 min at room temperature. Then, three
more washes were performed with autoclaved distilled
water. After drying, 200 pL of alcohol:acetone (80:20)
(Vetec) was added, and the OD was measured at 595
nm. This test was performed in triplicate. S. aureus
ATCC 25923 was used as the positive control (PC).
Biofilm production was classified as follows: poor
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(< PC OD/2), intermediate (= PC OD/2, but < PC OD)
and strong biofilm formers (= PC OD).

Detection of S. aureus genes related to biofilm
and staphylococcal enterotoxin production

The ability of S. aureus strains to produce biofilms and
enterotoxins was verified according to the methodol-
ogy proposed by Kroning et al. (2016) (Table 1). PCR
targeting of biofilm-related genes (icaA and icaD)
and classic enterotoxin-related genes (sea, seb, sec,
sed and see) was carried out using premixed, ready-
to-use GoTaq® Green Master Mix 2X (Promega),
as described for the detection of the mecA and blaZ
genes. S. aureus ATCC 25923 was used as a positive
control for biofilm production, whereas the strains
ATCC 13565 (sea and sed), ATCC 14458 (seb), ATCC
19095 (sec) and ATCC 27664 (see), provided by the
FIOCRUZ, were used as positive controls for the en-
terotoxin genes.

Statistical analysis

For the hydrophobicity and EPS tests, statistical analy-
sis was performed using ANOVA, and the means were
compared with Scott-Knott tests (P < 0.05) (Sisvar®,
Lavras, Brazil).

RESULTS AND DISCUSSION

Detection of CoPS and identification of S. aureus

Among the samples obtained from the freshly eviscer-
ated tilapia (muscle), table swabs and knife swabs, 68
(68%), 12 (48%) and 5 (20%) CoPS-positive samples
were observed, respectively (Table 2). The current
legislation in Brazil for the microbiological criteria of
fresh fish allows that 2 out of 5 samples may contain
between 2.7 and 3.0 log CFU/g CoPS (Brasil, 2001).
All positive samples were in disagreement with the le-
gal limits in force, with a CoPS count above that stipu-
lated by the law. A greater number of positive samples
were observed among the tilapia samples from street
markets D and C than among those from the other
markets. In addition, a greater number of positive
samples were observed among the table samples from
street markets B and C and among the knife samples
from markets B and D than among the corresponding
sample types from the other markets. Market D also
stood out as having the largest enumerated population
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of CoPS in the tilapia samples (counts between 7 and
8.9 log CFU/g). In the municipality, the markets repre-
sented as A and B are older than the other ones. How-
ever, fair D serves the low-income population and is,
therefore, the most popular; it is currently the largest
fair in the city.

Contamination by CoPS was higher in the tables
than in the knives, because the tables are made of
wood — a porous surface with abrasions and crevices
that can facilitate the formation of biofilms, and vis-
ibly displayed questionable levels of hygiene. In con-
trast, stainless steel knives were used at all the fairs.
S. aureus strains isolated from tilapia-processing facil-
ities located in the southeast of Brazil showed a high
biofilm-forming ability on stainless steel and polysty-
rene (Vazquez-Sanchez et al., 2018). Coughenour et
al. (2011) reported that MRSA persists for long peri-
ods on wood and stainless surfaces. Additionally, the
utensils can serve as reservoirs for transmission of the
pathogen to humans.

In the biochemical identification, all the typical
colonies were coagulase-positive and 12 were con-
firmed to be S. aureus after positive tests for thermo-
nuclease enzyme and amplification of the nuc gene
(Table 3). The 16S rRNA gene in these 12 isolates was
sequenced, and the sequences showed 99% similarity
to S. aureus (NR_113956.1) in a Basic Local Align-
ment Search Tool (BLAST) search. Regarding the
origins of these isolates, 7 corresponded to samples
obtained from tilapia, 3 to those from tables and 2 to
those from knives (Table 3). In general, the presence
of Staphylococcus in fish is indicative of poor han-
dling conditions during fish transport and processing
or of disease in the fish (Hammad et al., 2012). In our
study, the insufficient cooling and lack of hygiene both
during the evisceration of the tilapia as well as in the
utensils used for its sale are possible risks for the pres-
ence and growth of S. aureus, as the contamination of
the product by pathogens can result from a combina-
tion of inadequate storage and cross-contamination by
poor food-handling practices.

Detection of mecA and blaZ genes

and phenotyping of antimicrobial resistance

In this study, mecA and blaZ genes were detected in
all 12 of the isolates (Table 3). The mecA gene, con-
tained within the staphylococcal chromosomal cassette
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Table 3. Genotypic confirmation, origin, detection of related genes for B-lactam resistance, intercellular adhesion and en-
terotoxins and cell adhesion related phenotypic characteristics of S. aureus isolates from tilapia and associated utensils in 5
street markets in the municipality of Petrolina

Gene detection

Isolates ) Cell adhesion related phenotypic
con-  Street B-l‘actam 1ntercel}ular enterotoxins characteristics
Sample  resistance adhesion
firmed market L
. origin .
as S. (fair) Hydro-  Quali- Quan-
aureus mecA blaZ icaA icaD sea seb sec sed see e phobicity  tative titative
& o Biofilm Biofilm

P7 A tilapia + + — + - - - + = 13.00¢ 7477 + moderate
P21 B tilapia + + - + - - - + - 3.387  39.75 + weak
P22 B tilapia + + - + - - - 4+ - 10° 45.06" + weak
P44 C tilapia + + - + - - - + - 20° 86.87¢ + strong
P64 D tilapia + + - + - - - + - 20° 88.83¢ + strong
P79 D tilapia + + - + - - - 4+ = 13344 7922° + moderate
P83 E tilapia + + - + - - - 4+ - 20° 86.15¢ + strong
SM17 D table + + - + - - - 4+ = 3341 8895 + strong
SM20 D table + + - + - - - + - 20P 87.36° + strong
SM24 E table + + - + - - - + - 10° 46.92¢ + weak
SF10 B knife + + - + - - - + - 1666° 87.82° + strong
SF23 E knife + + - + - - - 4+ - 10° 39.451 + weak

For each column, mean values with different letters are significantly different (P < 0.05) according to the Scott-Knott test.

*Standard error (SE) = 0.14.
**SE =0.37.
+: positive, —: negative.

(SCCmec), encodes a variant of a penicillin-binding
protein (PBP2a). This variant impairs the ability of
penicillin to bind to the bacterial membrane and cause
cell lysis. The blaZ gene encodes a PB-lactamase that
confers penicillin resistance. Resistance to penicilli-
nase-stable penicillins is characterized as “methicillin
resistance” or “oxacillin resistance”. Oxacillin (or ce-
foxitin) results can be applied to the other penicillinase-
stable penicillins (cloxacillin, dicloxacillin, methicil-
lin, and nafcillin). MRSA strains are S. aureus strains
expressing mecA or utilizing another mechanism of
resistance, for example, alteration in the affinity of
penicillin-binding proteins for oxacillin (CLSI, 2018).

Phenotypically, 10 isolates showed resistance to
3 or more drug classes and, hence, were classified as
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having multidrug resistance (MDR). The highest re-
sistance rates of the isolates (Table 4) were for oxacil-
lin (100%), cefoxitin (100%) and penicillin (91.6%).
Susceptibility to B-lactams was observed in 1 isolate.
Based on the results of PCR, which is considered the
“gold standard” technique for detection of the mecA
gene (Sakoulas et al., 2001), the sensitivity of the disc
diffusion test was found to be 91.6%, given that 1 of
the isolates showed heteroresistance.

High rates of resistance were also observed in clin-
damycin (83.3%), vancomycin (58.3%) and erythro-
mycin (58.3%). A lower rate of resistance was verified
for rifampicin (8.33%). The strains were susceptible to
chloramphenicol, gentamicin, ciprofloxacin, sulfame-
thoxazole + trimethoprim and tetracycline (Table 4).
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Table 4. Antimicrobial resistance and resistance profiles of S. aureus strains for each antimicrobial tested, %

STRAIN CLI ERY PEN

OXA

CEF  RIF
P7
P21
P22
P44
P64
P79
P83
SM17
SM20
SM24
SF10
SF23
% 833 583

91.66 100 100 8.33

CLO VAN GEN CIP

2]
c
—
—~
™
—

%

S S 50
41.66
41.66
41.66
41.66
58.33
25
41.66
50
50
16.66

41.66

S N v »v» r» N M ¥ M L Lrr L\ W
S »nn v v o nn NN YV 1 N Y 1L v wn
S »nn n »nn v o nn Y v nn 1 v »n wn

S S
S S
S S
S S
S S
S S
S S
S S
S S
S S
S S
0 0

583

S — susceptible, I — intermediate, R — resistant. CLI — clindamycin, ERY — erythromycin, PEN — penicillin, OXA — oxacillin,
CEF - cefoxitin, RIF — rifampicin, CLO — chloramphenicol, VAN — vancomycin, GEN — gentamicin, CIP — ciprofloxacin, SUT —

sulfamethoxazole + trimethoprim, TET — tetracycline.

Light gray highlighting — moderately susceptible (intermediate).

Dark gray highlighting — resistant.

The high resistance rates of the isolates to these anti-
microbials in this study are noteworthy, as these are
the drugs used as standard therapies against S. aureus
infections. Additionally, according to the CLSI (2018),
other B-lactam agents (penicillin/B-lactam inhibitor
combinations), carbapenems, and cephems (with the
exception of MRSA-active cephalosporins) can be ac-
tive in vitro against oxacillin-resistant S. aureus; how-
ever, these agents are not clinically effective.

MRSA strains have a high potential for pathogenic-
ity and MDR. Therefore, MRSA is of great concern to
human health. These strains have multiple mechanisms
of resistance to new antibiotics. They also have a com-
plex epidemiology and low host specificity; MRSA
can be easily transferred between various animal spe-
cies and humans. This transfer among species culmi-
nates in humans serving as potential reservoirs for new
virulent isolates (Doulgeraki et al., 2017; Hammad et
al., 2012). The emergence of MRSA negatively affects
the trade of animal products for consumption.

www.food.actapol.net/

Healthy aquaculture fish are reservoirs of MRSA
(Fri et al., 2018). In this study, the points of sale for
tilapia presented conditions encouraging the prolifera-
tion of MRSA, such as a lack of temperature control
during the handling, packaging and sale of the fish, as
specified by Othman et al. (2018). Additional factors
include direct contact of the tilapia with the hands of
those involved in processing and an absence of proper
hygiene for the utensils used in the sales outlets. This
lack of hygiene during handling is responsible for the
spread of MRSA to humans (Hammad et al., 2012).

Phenotypic features and detection

of biofilm-related genes

There was a significant difference (P < 0.05) in EPS
production among the different S. aureus strains. The
12 isolates showed EPS production levels ranging
from 3.38 to 33.41 mg (Table 3). The SM17 isolate,
which originated from a table swab, presented higher
EPS production than the other isolates. According to
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Schiavao-Souza et al. (2007), EPS production levels
can vary between 10 and 1000 mg/L, and production
below 10 mg/L is considered to be very low. All iso-
lates showed a low level of EPS production. However,
it is important to note that EPS production may vary
as a consequence of substrate availability, tempera-
ture and aeration. Therefore, in vitro quantification
may differ from in vivo quantification, since external
conditions have a significant effect on the production
and composition of EPS (Joyce et al., 2003; Vazquez-
-Sanchez and Rodriguez-Lopez, 2018).

The major EPS produced by Staphylococcus is
PIA, whose production is mediated by the icaADBC
locus. This EPS is responsible for cell aggregation.
There is a clear relationship between EPS production
and biofilm formation, and one of the most important
functions of EPS is the protection of the biofilm-pro-
ducing microorganisms against adverse environmen-
tal conditions. EPS also decreases drug permeability,
contributing to drug tolerance and the emergence of
colonies with MDR (Joyce et al., 2003).

Regarding hydrophobicity, 8 isolates showed high
hydrophobicity and 4 medium hydrophobicity (Table 3).
The isolate SM17 also presented high hydrophobicity
(P <0.05) and originated from a table swab from fair D,
where there were S. aureus-positive samples with high
counts (Table 2). One of the interaction forces respon-
sible for adhesion is hydrophobicity. Microbial strains
with higher hydrophobicity present a greater ability
to adhere to surfaces and to form biofilms (Vazquez-
-Sanchez and Rodriguez-Lopez, 2018).

In the qualitative evaluation of biofilm production,
all of the isolates presented positive results (Table 3).
Qualitatively, 6 isolates were classified as strong, 2 as
moderate and 4 as weak biofilm producers. Upon gen-
otyping, the icaD gene was detected in all isolates, but
the icaA gene was not. The absence of the icaA gene
in icaD-positive strains has already been reported in
other studies (Basanisi et al., 2017; Carvalho et al.,
2019; Ciftci et al., 2009; Suvajdzi¢ et al., 2017). Ciftci
et al. (2009) and Suvajdzi¢ et al. (2017) suggested the
possibility of mutation in the icaA gene. It is notewor-
thy that the presence of a protein resulting from the
translation of the icaD gene is required for the activ-
ity of icaA. The icaA gene undergoes translation and
results in a protein which has a structure homolo-
gous to N-acetyl Glucosaminyltransferase. IcaD has
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been reported to play a critical role in the expression
of N-acetyl Glucosaminyltransferase (Gupta et al.,
2017). In addition, complex mechanisms that are inde-
pendent of the absence or presence of the ica gene are
involved in the production of biofilms by S. aureus.
Despite the strong relationship between the ica gene
and biofilm formation in S. aureus, strains that con-
tain ica will not necessarily form biofilms (Véazquez-
-Sanchez and Rodriguez-Lopez, 2018). Kroning et al.
(2016) observed no relationship between the degree of
biofilm formation and the presence of ica genes.

In our study, 6 isolates that were classified as
strong biofilm producers also showed a high cell
surface hydrophobicity and the presence of the icaD
gene. Table and knife swabs, as well as fish samples,
contained biofilm-producing isolates, particularly the
swabs from the wooden tables. In addition to enhanc-
ing the survival of staphylococci, biofilms increase the
pathogenicity of these bacteria, as they allow for the
exchange of virulence factors, such as multiple anti-
microbial resistance. Beyond the other described ways
in which EPS hinders antimicrobial function, it can
also act through direct cell-to-cell contact to facilitate
the transfer of plasmids which confer drug resistance
(Doulgeraki et al., 2017).

Detection of staphylococcal enterotoxin genes
The gene for enterotoxin D was detected in all isolates
(Table 3). As part of this study, the antimicrobial resist-
ance, biofilm-producing ability, and capability of the
isolates to produce enterotoxins were characterized.

High concentrations of se-carrying S. aureus were
found in several control points of tilapia-processing
facilities (Vazquez-Sanchez et al., 2018). According
to Burgos et al. (2018), during commercial tilapia pro-
duction, water, environmental factors and handling
provide favorable conditions for the growth of entero-
toxigenic pathogens. Generally, the contamination of
fish with enterotoxigenic S. aureus is due to improper
handling, and this contamination can lead to food poi-
soning in consumers.

Among the enterotoxins produced, the classic
staphylococcal enterotoxins (A, B, C, D, and E) are
responsible for 95% of staphylococcal food poisoning
(Kroning et al., 2016). Additionally, enterotoxin D is
the most common serotype in S. aureus strains associ-
ated with food poisoning (Sihto et al., 2016). Small
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amounts of enterotoxins (approximately 1 pg of toxin
per 100 g of food) are sufficient to produce clinical
manifestations. The symptomatology is dependent on
the quantity ingested and the susceptibility of the in-
dividual. The commonly described symptoms are nau-
sea, vomiting (in spurts), abdominal pain, dizziness,
diarrhea, shivering and general weakness, sometimes
associated with a moderate fever. In the majority of
cases, recovery occurs within 24-48 h without spe-
cific treatment (Hennekinne et al., 2012). Although
this food poisoning is often short-lived and causes
mild symptoms, many cases are neglected, and the ac-
tual number of affected patients has not been recorded
(Chaves et al., 2018).

The gene encoding enterotoxin D can be carried by
plasmids (Sihto et al., 2016). As previously reported,
the structure of the biofilm enhances the pathogenicity
of S. aureus strains, as it enables the sed gene to be
easily transferred between cells. Contamination of fish
by enterotoxigenic S. aureus can be avoided through
the adoption of good hygiene practices by those in-
volved in the handling and commercial production of
tilapia.

CONCLUSION

This study identified MRSA isolates with virulence
properties in all street markets in Petrolina, Brazil.
Thus, MRSA is in circulation, and tilapia may be a ve-
hicle for staphylococcal food poisoning and the dis-
semination of MDR strains to consumers. Additionally,
these MRSA strains have become constitutive micro-
biota, as they were present and persistent (as dem-
onstrated by their ability to produce biofilms) on the
utensils used for the commercial distribution of tilapia.

The detection of MRSA in tilapia and on utensils
used in the sale of tilapia in fairs necessitates the is-
suance of an alert to the consumers of this product.
This survey was conceived in conjunction with the
Municipal Sanitary Surveillance Agency, and educa-
tional measures for the prevention of foodborne dis-
eases have been proposed that involve education and
training for handlers in sanitary practices. Addition-
ally, improvements in the organization of markets in
the municipality have been proposed with the aim of
offering better-quality and safer animal products to the
population.
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