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ABSTRACT

The clonal relationships and antimicrobial resistan@&&phylococcus aureisolates from three fresh
Minas cheese production lines were investigated. Putatigsareusvere confirmed by 16S rRNA gene
sequencing and were characterised by multilocus sequence typing (MLS htiamdrabial
susceptibility. Overall, 33 out of 64 samples were contaminatedSvelireug51.6%). The
contamination rates of the dairies were 60.8%, 21% and 68.2%. Thirty representédies were
selected to be typed by MLST and five sequence types (&E)found (ST1, 97, 126, 3531), including
the new ST 3816. The clonal complex 1 (CC1) was dominant. Resistance to commonly used
antimicrobials was observed but only one strain was resistanthdciti@. This methicillin resistans.
aureusstrain belonged to the CC126 that is commonly associated with mastitis in rismiffaat
dissemination of zoonotic bacteria through the food chain is not a frequent event beintspaes

concern to public health.




1. I ntroduction

Foodborne diseases represent a major issue for public health worldwide and tlyeosvie@
number of outbreaks and sporadic cases of disease associated especialy aitth minimally
processed food (Jung, Jang, & Matthews, 2014; Klein, Tian, Witmer, & DeWaal, 2009; WHO, 2015).

Staphylococcal food poisoning (SFP) is among the most prevalent foodborne diseasiss and
caused by the ingestion of staphylococcal enterotoxins (SE), which arestable and resistant to
gastrointestinal proteases (Kadariya et al., 20843aureusan enter the food chain through
contaminated raw material and also by inappropriate handling of processed foddjlwié to
maintain the cold chain (Argudin, Mendoza, & Rodicio, 2010; Gomes, Franco, & De Matrtinis, 2013;
Kadariya et al., 2014). Moreoves, aureushas the ability to form biofilms on different types of
surfaces commonly found in the dairy industry. In biofil®saureusan survive in hostile
environments and contaminate the final products. Indeed, there are reports afyre€8vaureus
from industrial facilities even after standard cleaning and disinfectionguoe® (Gutiérrez et al.,

2012).

Soft cheeses are considered high-risk products for SFP, as they providengxugtitional
substrate for growth of enterotoxigeidcaureusstrains (Carmo et al., 2002; Kimmel et al., 2016;
Nunes & Caldas, 2017). Fresh Minas cheese (FMC) is a soft white cheeseaff@table and
appreciated in Brazil. It is characterised by low acidity §oH-5.6), high moisture content (over 55%)
and it is lightly salted (1.4—1.6% sodium chloride). FMC is traditionally obtained lyyretic
coagulation of milk with enzymes (rennet) and addition of laciit la&cteria is optional (Dantas et al.,
2016; Teusink & Molenaar, 2017; DOU, 1997). For FMC, Brazilian legislation sets the upper
contamination limits at 5 x @&nd 5 x 18 ¢fu of coagulase-positive staphylococci per gram of cheese
for FMC produced with commercial rennet or added lactic acid tiastarters, respectively; however,
no limit for staphylococcal toxin concentration is specified, which is only irgadsti if a foodborne
disease outbreak is suspected (DORFB, 2001; Nunes & Caldas, 2017). Studies have shown, however,

that over 70% o8. aureussolates from FMC were enterotoxigenic, which corroborates with



epidemiological data showing the high prevalence of SFP among foedtiseases reported in Brazil
(Carmo et al., 2002; Nunes & Caldas, 2017; Rodrigues et al., 2017; Sabrooka&]i& Souza, 1988).
Ideally, FMC should be produced solely with pasteurised milk and starter cuturesbe used to
increase the microbiological safety of the product (Santos et al., 2009). Hobetethe
pasteurisation process and the presence of starter cultures, could inflvEheemsory quality and
consumers greatly appreciate the unique flavours of artisanal productsraradaw curd using
commercial rennet. In fact, this kind of product is regarded as a traditioitagken some Brazilian
regions (Almeida Filho & Nader Filho 2000; Bulhdes & Rossi Junior, 2002; SAPI, 2002).

The “One Health Initiative” (http://www.onehealthinitiative.com/) renties the concept that
animal, environmental, and human isolates of bacterial pathogens are atstely and that
epidemiological surveys are crucial to monitor bacterial diseases woddimithis sense, it is
noticeable that there are limited studies on the molecular patterns and momit@nignicrobial
susceptibility of foodborne pathogens found in dairies and dairy products in Braziigbit et al.,
2017), which is a country with continental dimensions and one of the largest suppliers of food and
commodities in the world (Gomes et al., 2013). In this paper, we report on the clomahsbips and
antimicrobial resistance profiles 8f aureussolates from some Brazilian artisanal dairy processing

lines.

2. Materials and methods

2.1. Dairy plants, sampling procedures and bacterial isolations

In Brazil, the production of milk and its derivatives is mainly concentrated in thevési,
Southeast and South regions of the country that stand out in the agribaimé& and dairy products.
From November 2014 to May 2015, three small artisanal dairy plants located in thesMiGa&s
state) were sampled (A, B and C). Those dairies produced between 20 and 50 pibtepefday,

processing about 150 to 250 litres of cows’ milk a day, fromaingtds raised in situ. All cheeses were



produced from unpasteurised milk with commercial rennet.

S. aureugontamination was investigated in the processing environments, raw matadals, a
food products. The samples were collected along the cheese produatioardhincluded, in total: raw
material (e.g., milk, curd, whey, brine, n = 16), food contact surfaces (e.g.ranport gallons,
buckets, ladle, processing tanks, jar, freezer, hand handler, cloth mould, n = 26), non-food contact
surfaces (e.qg., floor, sinks, n = 5) and individual ready-to-eat cheese (n = 17).

Environmental sampling was performed according to Oxaran (@0dl7) using sponges or
swabs, depending on the accessibility of the site, and transfestatitised bags. Ready-to-eat cheese
and raw material samples (100 g or 100 mL) were collected depending on awa#aiaijito improve
pathogen detection rates, samples from the lateral and upper surfaces of FViswebtained
(Barancelli et al., 2011). Samples were stored on ice and analysed immadatelyrrival at the
laboratory. Isolation of putativ@. aureusvas done by surface plating on Baird Parker agar as
described by Dittmann et al. (2017). Three to five presumftivaireusolonies were purified on
tryptic soy agar supplemented with 0.6% yeast extract and subjected to Grangsind catalase
testing. At least one colony from each sample was further investigatedaigulase (Coagu-plasma;
Laborclin, Marabd, Brazil) and/or for clumping test (Staphiclin; Labaycfollowing the
manufacturers’ recommendations. Selected put&iaireussolates were stored at -20 °C in brain
heart infusion (BHI) broth containing 20% glycerol (Fluka Analytical, Signadrigh, St. Louis, MO,
USA). All culture media used in this study were from Oxoid (Basingstoke, WHgss otherwise

noted. 116

2.2. Molecular identification of bacterial isolates

All putative S. aureussolates were confirmed by PCR amplification followed by DNA
sequencing of the 16S rRNA gene, using primers 27_F (5"-AGAGTTTGATCMTGGGFE A, and
1492R (5"-GCTTACCTTGTTACGACTT-3") according to Devereux and Wikmg&004). Genomic

DNA was extracted with the Illustra Bacteria GenomigRvini Spin Kit (GE Life Sciences, Sweden).



Amplicons were purified with lllustra™ GFX™ PCR DNA (GE HealthcareAY&nd sequenced on
an ABI 3500xL Genetic Analyzer (Applied Biosystems, Waltham, MA, USA).Iéaitle sequences
were compared with those available in GenBank using the BLAST algorithm 126

(http://blast.ncbi.nim.nih.gov/Blast.cgi).

2.3.  Multilocus sequence typing

Multilocus sequence typing (MLST) was performed based on the DNA sequencesrof se
conserved housekeeping gereasC (carbamate kinasegroE (shikimate dehydrogenasejpF
(glycerol kinase)gmk(guanylate kinasejta (phosphate acetyltransferadp),(triosephosphate
isomerase) angqi (acetyl coenzyme A acetyltransferase) which were amplifsaty specific primers
as described by Enright, Day, Davies, Peacock, and Spratt (2000ar®R@iRcation was performed in
50 uL final volumeper reaction using JumpStart™ Taq DNA Polymerase (Sigma-Aldrich), aogprdi
to the manufacturer's instructions with approximately 100 ng of genomic DNAefacmbacterial
isolate and 1 pmoltof each primer. The PCR assay was conducted following the conditions
suggested by the MLST website (http://saureus.mist.net/) except to ttadimgbemperature, as
follows: initial denaturation 94 °C for 7 min, 30 cycles at 94 °C foiiri, annealing temperature 56 °C
(aroE), 57 °C @lpF) or 55 °C (remaining genes) for 1 min, 72 °C for 1 min and an additom&hsion
at 72 °C for 5 min. The detailed methodology (including the descriptipriraérs used) is available at
the MLST database site f&: aureus

The PCR products were purified with the Illustra GFX PCR Cadd Gel Band Purification Kit
(GE Life Sciences, Lund, Sweden) and the purified products were sequesiicg an ABI 3730 DNA
Analyzer (Life Technologies, Carlsbad, CA, USA). Sequencing reactiersdone using the
BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Walthaf,WEA),
according to the manufacturer's recommendations, using the same prietefsrike PCR reactions,
at the Centre for Studies on Human Genome, Biomedical Sciences Institwiersityiof Sdo Paulo,

Brazil.



The sequences obtained were analysed by Chromas Pro software (Techn@&yisiane,

QLD, Australia). For each locus, the sequences from all isoletee compared and each sequence was
assigned with an allele number. For each isolate, the allelesloiéthe seven loci defined the allelic
profile to which each sequence type (ST) corresponds. The alleles and STsiebkzie were
determined using the platform available on the website.

The determination of the clonal and epidemiological relationships, as well fasrttaion of
clonal complexes (CC), were performed by analysing a gesietilarity diagram constructed using the
program eBURSTV3 (Feil, Li, Aanensen, Hanage & Spratt, 2004; http:Agbistsnet/). This diagram
of genetic similarity allows demonstration of the genetic relationshgmgrthe bacteria, through the
analysis of their respective ST, which can be grouped in single locust{&iiaf), double locus
variant (DLV) and triple locus variant (TLV) or present in isolation (singletoftse diagram also

allows to verify the grouping of STs, representing CC, when they exist.

2.4.  Antimicrobial susceptibility tests

ConfirmedS. aureussolates submitted to MLST analysis were also screened for suscptibili
to penicillin 10 U (PEN); cefoxitin 30g (CFO); gentamicin 10 ug (GEN); erythromycin 15 pug (ERM);
tetracycline 30 ug (TET); ciprofloxacin 5 pg (CIP); clindamycin 2 pug (GiLthimethoprim—
sulfamethoxazole 1.25/23.75 pg (SXT) and chloramphenicol 30 ug (CLO}eshisas performed by
disk diffusion (Sensifar, Brazil) at 35 °C on Mueller Hinton agar strictlyfailhg CLSI (2015)
guidelines, which fully describe the level of each antimicrobial to be teBtedMinimal Inhibitory
Concentration (MIC) of vancomycin (VAN, Sigma-Aldrich) was detieed by macrodilution method
using Mueller Hinton broth at 35 °C (CLSI, 2015). Susceptibility patterns weredsasensitive,
resistant and intermediate (CLSI, 2015)aureuATCC 25923 andPseudomonas aeruginosd CC
27853 were used as controls for antimicrobial tests. These experiments were cbaslbobéogical

duplicates.



3. Results

3.1. Staphylococcus aureisolation

From 64 evaluated samples, 33 were contaminatedSvalireug51.6%, Table 1) of which 66
S. aureussolates were identified with phenotypic tests and confirmed by 16S rRNAsgguencing
(GenBank accession numbers from MF158055 to MF158084 and from MF423380 to MF423415).

S. aureusvas most frequently isolated from ready-to-eat cheese (82%), folloyweavb
material (50%), non-food contact surfaces (40%) and food contact suf82cé%), as shown in Table
1. At dairy plant A, the presence 8f aureusvas confirmed in 14 out of 23 samples (60.8%), namely
unpasteurised milk (1), curd (1), brine (1), processing tank (1), curd basket (1), cldth(i)pfresh
Minas cheese (4), and fresh Minas cheese surface (4). At dairy planteBydeeno final product
available for analysis, but the pathogen was confirmed in 4 out of 19 (21%) samplesdralys
follows: brine (1), curd (1), processing tank (1), and refrigeraiddstorage tank (1). At dairy plant C,
15 out of 22 samples (68.2%) were positiveSoaureusmilk transport gallon (1), unpasteurised milk
(1), unpasteurised milk strainer (1), curd with whey (1), whey (1), curd (&h Kénas cheese (3),

fresh Minas cheese surface (3), jar (1), freezer (1), and sink (1).

3.2. MLST analysis

Among the 66 confirmed identifiéd. aureusMLST analysis was done on 30 isolates, selected
to represent all sampling categories (food contact surfaces, noneotatt surfaces, raw material, and
ready-to-eat products) (Table 2). However, housekeeping genes from iSABRE 16, SABRC23
and SABRC28 were not amplified and these isolates were reported as non-typablel)T

Among the 27 typed isolates, five different STs were found, including four STs previously
described (1, 97, 126, 3531) and a novel allele combination (ST3816). ST1 accounted for thg majorit

of isolates (n = 13), seven isolates were assigned to ST97, four to ST126, two to ST3531, and one to



ST3816.

Subsequent eBURST analysis (Fig. 1) showed that, except for ST126, all othesisolat
presented STs with very close clonal relationships, SLV, DLV or TLV. Fourgbwetoci from each
other were found for ST97 and ST3531. The STs were distributed éndlbreal complexes, as follows:

CC1, CC97, and CC126.

3.3.  Antimicrobial susceptibility

The thirty strains analysed by MLST were subjected to antibiotic susciyptiésits (Table 2).
No resistance, or intermediate tolerance, to gentamicin, chloramphenicol andchyaimcwere
observed. Four strains showed intermediate tolerance to one antimicrob&d ¢gtofloxacin,
clindamycin or erythromycin), but were sensitive to the other antibiotitedteResistance towards
only one antibiotic was observed for penicillin (8 strains), tetracyclingdhs} and trimethoprim—
sulfamethoxazole (one strain). One strain was tolerant to penicillin and idiatenlerant to
ciprofloxacin and, another strain was tolerant to tetracyclinerdadnediate tolerant to erythromycin.
Simultaneous resistance towards two antibiotics was observed for one straiitliipand
tetracycline). One strain was intermediate tolerant to clindamycinirndtaneously resistant to
cefoxitin, trimethoprim— sulfamethoxazole and to penicillin, being a methicgistans. aureus

(MRSA). This strain was recovered from brine at dairy B.

4, Discussion

Dairy processing environments are particularly susceptible to the er@ryaafeusand
contamination rates ranging from 0 to 50% have been reported (André et al., 2008p&etrair,
2013; Rola, Czubkowska, Korpysa-Dzirba, & Osek, 2016). In Brazil, FMC is one of the most popular
dairy products an&. aureusas been isolated from both the product and environment of processing

plants, which is in agreement with the results obtained in this study (Freitas N#&ro, & Carvalho,



2013; Rodrigues et al., 2017).

In this research, the three evaluated processing lines prebagiigutevalence of contamination
by S. aureusfrom 21 to 68.2%S. aureusvas isolated from samples of all categories available in each
dairy (food contact surfaces, non-food contact surfaces, raw materialealyetoeeat product). Dairy
A was previously sampled (five months before) and analysed by Dittmann et al. (201 Higimd a
prevalence of contamination was also reported (63.3%). Milk contaminatios watlreuss usually
related to bovine mastitis or to human carriers (nasal cavities and handsy teacbntamination of
finished products if good animal husbandry and food handling practices are not in ptacelésa
Barchesi, Nader Filho, Ferreira, & Oliveira, 2010; Schmidt, Kock, & Ehlers, 2017).

Particularly for raw milk products, literature reports tBatureusan occur at frequencies
varying from 5% to 100% (Almeida Filho & Nader Filho 2000; Leale2012; Verraes et al., 2015). In
this surveyS. aureusvas confirmed in 82% of final ready-to-eat-products (FMC). Quantitatitee da
and toxin testing o8. aureusre not available for the present study because it was focugathaning
inedit epidemiological data on this foodborne pathogen. Nonetheless, all straansoagulase
positive, which is a phenotypic marker of the potential for production of SE and, only s@agula
positive staphylococci strains have been evidenced in food poisoning incidents (Henne&inne, D
Buyser, & Dragacci, 2012).

The high contamination rates observed in the dairies evaluated shoakismthe awareness of
producers, consumers, and inspection agents to improve good manufacturing paciidesanal
FMC, especially at production stages that may be particularly vulngcabtetamination, such as
reception and storage of raw milk, heat treatment and storage of the finished fCocbato et al.,
2013). To types. aureussolated from the three dairy plants studied, multilocus sequence typing
(MLST) analysis was performed for selected strains, representative fafur samples categories.
MLST is a tool developed to overcome problems related to methodologies that, althoggh bein
successfully used to compaeaureussolates from outbreaks, do not always present interlaboratory
reproducibility, such as phage typing and pulsed-field gel electroph@é<&E) (Rabelo et al., 2007;

Smith et al., 2005; Zadoks et al., 2002).



MLST analyses relies on the sequencing of seven housekeepindayezaedS. aureussolate.

The sequences are compared using an online database (http://www.mlst @et)ilbodes the allelic
profile and performs the concatenation leading to the sequence type (ST).rBHUES are more
accurate and reproducible among laboratories and over time, givaigdéenformation on the overall
epidemiology of the organism (Rabelo et al., 2007; Xie et al., 2011). STs are grouped in clonal
complexes (CCs) of isolates that share five to seven alleles with anothretif@Tgroup (Smith et al.,
2005). In our study, four previously known STs (ST 1, 97, 126, 3531) and a novel ST (ST 3816) were
found and these were clustered in three CCs (1, 97, 126) (Fig. 1). At dairy A, the STs B58d, ST
both belonging to CC1, were identified. In a previous study conductied same dairy by Dittmann et

al. (2017), besides ST 3531, the STs 398 and 3540 (respectively from CC398 and CC1) were also
identified, but the ST1 was not detected. These results may be indicative th&1S% &fher

persistent or it re-entered dairy A, while ST1 was introduced later in thimement. At dairy B, two
different STs (1, 126), belonging to CC1 and CC126, co-existed. At dairy C, STs 97 and 3816, from
CC97 and CC1/CC97 respectively, were identified.

CCl1 is a majo6. aureusomplex that harbours several community-associated
methicillin-resistan. aureugca-MRSA) and it has been often implicated in animal disease and in
human clinical infections (Alba et al., 2015; Dabul & Camargo, 2014; Rediedl., 2007; Sobral et al.,
2012). The ST1 isolates, belonging to this lineage, have been incechingBFP cases in South Korea
and China (Yan et al., 2012). The ST3531 was first described in thedlsamn&actory (Dittmann et al.,
2017), and there are, to date, no other reports of this ST in food products or cases of disease.

The CC126 is the smallest clonal complex. Strains belonging to CC126 have been linked to
mastitis in ruminants and have a rather limited distribution, beeigly reported in Brazil (Rabello et
al., 2007; Silva et al., 2013). CC97 is an importnaureudineage whose strains, including several
MRSA, are mainly associated with animals, especially livestock (Budd @04b; Monecke et al.,
2011; Schmidt et al., 2017; Smith et al., 2005). Also, strains from CC97 have been previously
implicated in SFP (Sobral et al., 2012). Interestingly, the novel ST384&;lokd in this study, joined,

for the first time, the clonal complexes CC1 and CC97, indicating a linkage of thie ismboth CC



(Fig. 1).

Although some of th&. aureussolates evaluated from CC1 and CC97 showed resistance or
intermediate resistance towards one or even two antibioticsgdmugltesistance or MRSA strains were
not identified for these lineages (Table 2). However, one of thmstfrom CC126, isolated from brine
at dairy B, was a multidrug resistant MRSA.. Interestingly, anothenstralonging to CC1 and
resistant to tetracycline, was also found in the same sample of brine (TdbBla@)strating that the
same sample can carry strains with different antimicrobial profiles.

To our knowledge, it is the first time that a strain from CC126 is described BRSA MBeing
such a versatile pathoge®, aureusan rapidly adapt to a wide range of environmental conditions and
it has the ability to develop antibiotic resistance to practically all antibi@¥iccallum, Berger, Achi,

& Senn, 2010). Therefore, the presence of multidrug resiStaamireusstrains in cheese processing
lines is concerning given the strong evidence that handling and consumption of foodabfaaigim
contaminated with MRSA represent a potential vehicle for tressam to humans (Ogata et al, 2012).
Also, a high genetic similarity betwe&aureussolates, both methicillin-susceptible (MSSA) or
resistant (MRSA), from animals and humans has already been demonstratedn®bsiionging to
CC1 and CC97, among others, which is indicative that either human strains have adaptethtdsumi
(or vice versa) or that these strains share a common ancestor (Alba@tSl| F@anco et al., 2011,
Schmidt et al., 2017; Spoor et al., 2013).

Zoonotic spread of MRSA strains to humans, resulting in severe infections have foated;
clearly highlighting animals as potential reservoirs of MRSA (Girartiail., 2016; Harrison et al.,
2013; Juhasz-Kaszanyitzky et al., 2007; Silva et al., 2013). Furthermore, a recgbaskdi on a
high-resolution phylogenetic approach, reported the emergence of human epidbiRESAa
resulting from the adaptation of CC97 strains from bovine to human(kediisn et al., 2016; Spoor et
al., 2013). This reinforces that the knowledge of epidemiolo@y alireuss important to control the
spread of the bacterium throughout the food chain (Haveri, Taponen, Vuopio-VarkilenSaha, &
Pyorald, 2005; Haveri, Hovinen, Rosl6f, & Pyoérala, 2008) and encourages further crsaiamteof

this foodborne pathogen.



5. Conclusions

Artisanal cheese dairy products in Brazil represent a high risk food pateigo regard tdS.
aureus especially considering the possibility of environmental contamination by bAR&A and
detection of bacterial clones previously associated with humammal diseases. This study reinforces
the need for a better characterisation of an important microbdaldghzard related to soft cheeses and
highlights that implementation of food safety practices are itapbto reduce the risk of transmission

of antimicrobial resistant bacteria throughout the food chain.

Acknowledgements

This work was supported by the Sdo Paulo Research Foundation (FAPESP, grant no.
2012/50507-1). LTC is grateful to CAPES (Brazilian Coordination for the ImprovemengbéiHi
Education Personnel) for a master fellowship. ECPDM is a fellow from therfdaCouncil for
Scientific and Technological Development (CNPq grant no. 306762/2006-4]. Aatleaggateful to Dr
Keith Jolley,Staphylococcus aureMLST database curator for his valuable help. We are also gjratef
to Vanessa M. de Souza - FCFRP-USP for her excellent technical agsistaample preparation for
identification of the isolates. This publication made use oftaphylococcus aureMLST website
(http://pubmist.org/saureus/) sited at the University of Oxford (Joll&a8den 2010BMC
Bioinformatics 11, 595). The development of that site has been funded by the Wellcome/Weusre
also grateful to Prof. L. K. Gram, Ph.D., from Technical Univemsitenmark, for helpful discussions

on ecology of foodborne pathogens.

References

Alba, P., Feltrin, F., Cordaro, G., Porrero, M. C., Kraushaar, B., Argudin, M. A., et al. (2015).



Livestock-associated methicillin resistant and methicillin susce@ilalghylococcus aureus
sequence type (CC)1 in European farmed animals: high genetic relateflisedstes from
Italian cattle herds and humaf$.oS One10:e0137143.

Almeida Filho, E. S., & Nader Filho, A. (2000). OcorréncigSti@phylococcus aurewsn queijo tipo
"frescal".Revista de Saude Publica4, 578-580.

André, M. C. D. P. B., Campos, M. R. H., Borges, L. J., Kipnis, A., Pimenta, F. C., & Serafini, A. B.
(2008). Comparison @taphylococcus aursusolates from food handlers, raw bovine milk and
Minas Frescal cheese by antibiogram and pulsed-field gel electrgghfoiéowingSmad
digestion.Food Contro] 19, 200-207.

Argudin, M. A., Mendoza, M. C., & Rodicio, M. R. (2010). Food poisoning3taghylococcus aureus
enterotoxinsToxins 2, 1751-1773.

Barancelli, G. V. T. M., Camargo, C. M. F., Reis, E., Porto, E., Hofer, E., & Oliveira, C. 20FL)
Incidence olisteria monocytogenas cheese manufacturing plants from the northeast region
of S&o Paulo, Brazillournal of Food Protectiorv4, 816—-819.

Budd, K. E., McCoy, F., Monecke, S., Cormican, P., Mitchell, J., & Keane, O. M. (2015). Extensive
genomic diversity among bovine-adapf&dphylococcus aureusvidence for a genomic
rearrangement within CC9PL0S Ongl10:e0134592.

Bulhbes, C. C. C., & Rossi Junior, O. D. (2002). Ocorréncia de bactérias do 4énammonasem
gueijo-de-minas frescal artesanatquivos Brasileiros de Medicina Veterinaria e Zootegnia
54, 320-324.

Carmo, L. S., Dias, R. S., Linardi, V. R., Sena, M. J., Santos, D. A,, Faria, M. E., et al. (2002). Food
poisoning due to enterotoxigenic strainsStdphylococcupresent in Minas cheese and raw
milk in Brazil. Food Microbiology 19, 9-14.

CLSI. (2015).Performance standards for antimicrobial susceptibility tes{Rsth edn.). Harrisburg,

PA, USA: Clinical and Laboratory Standards Institute.
Cusato, S., Gameiro, A. H., Corassin, C. H., Sant'‘Ana, A. S., Cruz, A. G., Faria, J. A. F., et al. (2013

Food safety systems in a small dairy factory: implementatiar challenges, and assessment



of systems’ performanceBoodborne Pathogens and Disea$@, Article 1286.

Dabul, A. N. G., & Camargo, I. L. B. C. (2014). Clonal complexeStaphylococcus aureuall mixed
and togethef=EMS Microbiology Letters351, 7-8.

Dantas, A. B., Jesus, V. F., Silva, R., Almada, C. N., Esmerino, E. A., Cappato, L. P., et al. (2016).
Manufacture of probiotic minas frescal cheese Wwibtobacillus casezhang.Journal of Dairy
Science99, 18-30.

Devereux, R., & Wilkinson, S. S. (2004). Amplification of ribosomal RNA sequences. In G. A.
Kowalchuk, F. J. de Bruijn, I. M. Head, A. D. Akkermans, & J. D. van Elsas (Bdslgécular
microbial ecology manugPnd edn., pp. 509-522). Dordrecht, Germany: Kluver Academic.

Dittmann, K. K., Chaul, L., Lee, S. H., Corassin, C. H., Oliveira, C. A., De Martinis, E. C. P., eta
(2017).Staphylococcus aureurs some Brazilian dairy industries: changes of contamination
and diversityFrontiers in Microbiology, 8Article 02049.

DORFB. (2001).Resolucédo RDC n° 12, de 02 de Janeiro de 2001. Aprova o regulamento técnico sobre
padrdes microbiologicos para alimentos. Diario Oficial da Republica Federativa do Brasil,
Brasilia, DF, 10 Jan. 2001. SecaoBrasilia, Brasil: Ministério da Saude. Agéncia Nacional de
Vigilancia Sanitaria. (In Portuguese).

DOU. (1997).Portaria 352, Aprova o regulamento técnico para fixacao de identidade e qualidade de
gueijo Minas Frescal. September 4, 19Biario Oficial da Unido.Brasilia, Brasil: Ministério
da Agricultura, Pecuaria e Abastecimento (In Portuguese).

Enright, M. C., Day, N. P. J., Davies, C. E., Peacock, S. J., & Spr&it, 000). Multilocus sequence
typing for characterization of methicillin-resistant and methicsliusceptible clones of
Staphylococcus aureudournal of Clinical Microbiology38, 1008-1015.

Fagundes, H., Barchesi, L., Nader Filho, A., Ferreira, L. M., & Oliy€ira. F. (2010). Occurrence of
Staphylococcus aurewrs raw milk produced in dairy farms in S&o Paulo state, Biazlzilian
Journal of Microbiology41, 376—380.

Feil, E. J., Li, B. C., Aanensen, D. M., Hanage, W. P., & Spratt, B. G. (2004). eBURSInmferr

patterns of evolutionary descent among clusters of related bactemdyges from multilocus



sequence typing datdournal of Bacteriologyl186, 1518-1530.

Feltrin, F., Alba, P., Kraushaar, B., lanzano, A., Argudin, M. A., Di Matteo, P., et al. (2016). A
livestock-associated, multidrug-resistant, methicillin-resissaaphylococcus aurewsonal
complex 97 lineage spreading in dairy cattle and pigs in Wgdglied Environmental
Microbiology, 82, 816-821.

Franco, A., Hasman, H., lurescia, M., Lorenzetti, R., Tegger, M. S., Pantosti, A., et al. (2011)
Molecular characterization gpatype t127, sequence type 1 methicillin-resistant
Staphylococcus auretisom pigs.Journal of Antimicrobial Chemotherap§6, 1231-1235.

Freitas, R., Brito, M. A. V. P., Nero, L. A., & Carvalho, A. F. (2013). MicrobiologicaltgafEMinas
Frescal Cheese (MFC) and tracking the contaminati@scifierichia colandStaphylococcus
aureusin MFC processing-oodborne Pathogens and Disea$6, 951-955.

Girardini, L. K., Paim, D. S., Ausani, T. C., Lopes, G. V., Pellegrini, D. C. P., Brito, M. A. ¥t BL,
(2016). Antimicrobial resistance profiles $faphylococcus aurewtusters on small dairy
farms in southern BraziPesquisa Veterinaria Brasileir@6, 951-956.

Gomes, B. C., Franco, B. D. G. M., & De Matrtinis, E. C. P. (2013).ddiotogical food safety issues
in Brazil: bacterial pathogensoodborne Pathogens and Disea$6, 197-205.

Gutiérrez, D., Delgado, S., Vazquez-Sanchez, D., Martinez, B., Cabo, M. L., Rodriguez,.A., et al
(2012) Incidence oftaphylococcus aurewand analysis of associated bacterial communities
on food industry surfacefpplied and Environmental Microbiology8, 8547-8554.

Harrison, E. M., Paterson, G. K., Holden, M. T. G., Larsen, J., Steggdraiden, A. R., et al. (2013).
Whole genome sequencing identifies zoonotic transmission of MRSA isolatethevihovel
mecAhomologuemecC EMBO Molecular Medicings, 509-515.

Haveri, M., Taponen, S., Vuopio-Varkila, J., Salmenlinna, S., & Py6ralap85). Bacterial genotype
affects the manifestation and persistence of boStaphylococcus auretistramammary
infection.Journal of Clinical Microbiology43, 959-961.

Haveri, M., Hovinen, M., Rosl6f, A., & Pyorala, S. (2008). Molecular types and genetic praffile

Staphylococcus aurewsrains isolated from bovine intramammary infections and



extramammary sitegournal of Clinical Microbiology46, 3728-3735.

Hennekinne, J. -A., De Buyser, M. -L., & Dragacci, S. (2082 phylococcus aurewand its food
poisoning toxins: characterization and outbreak investigaieNS Microbiology Review86,
815-836.

Juhéasz-Kaszanyitzky, E., Janosi, S., Somogyi, P., Dan, A., Vandex@reBfoois, L., van Duijkeren,
E., etal. (2007). MRSA Transmission between cows and humaresging Infectious Disease
13, 630-632.

Jung, Y., Jang, H., & Matthews, K. R. (2014). Effect of the food production chain from farm gsactic
to vegetable processing on outbreak incideNterobial Biotechnology7, 517-527.

Kadariya, J., Smith, T. C., & Thapaliya, D. (2018)aphylococcus aurewsd staphylococcal
food-borne disease: an ongoing challenge in Public Hézttmed Research International
2014 Article 827965.

Klein, S., Witmer, J., Tian, A., & DeWaal, C. S. (200Bhe ten riskiest foods regulated by the U.S.
Food and Drug Administration. Center for Science in the Public Interest website
http://cspinet.org/new/pdf/cspi_top_10_fda.pdf. Accessed on February, 12th, 2018.

Kammel, J., Stessl, B., Gonano, M., Walcher, G., Bereuter, O., Fricker, M., et al. (2016).
Staphylococcus aure@ntrance into the dairy chain: trackiSgaureugrom dairy cow to
cheeseFrontiers in Microbiology 7, 1-11.

Lee, S. H., Camargo, C. H., Gongalves, J. L., Cruz, A. G., Sartori, Bathado, M. B., et al. (2012).
Characterization dbtaphylococcus aureusolates in milk and the milking environment from
small-scale dairy farms of Sado Paulo, Brazil, using pulsed-field gerephoresislournal of
Dairy Science, 957377—-7383.

Mccallum, N., Berger-Achi, B., & Senn, M. M. (2010). Regulation of antibiotic resistance
Staphylococcus aureusiternational Journal of Medical Microbiologg00, 118-29.

Medeiros, E. J. L., Queiroga, R. C. R. E., Medeiros, A. N. M., Bon&. D., Batista, A. S. M., Félex,
S. S. S, etal. (2013). Sensory profile and physicochemical parameters of ohaedairfy

goats fed vegetable oils in the semiarid region of Br8milall Ruminant Researchl3 211—-



218.

SAPI. (2002)Lei 14.185, January 31, 2002. Dispde sobre o processo de producéo de queijo Minas
artesanal e da outras providéncidrasilia, Brasil: Secrataria da Agricultura, Peuéria e
Irrigacdo. Available at
http://ns.ima.mg.gov.br/intranet/nova/gce/outros_documentos/42645.pdf. Accessed on August
7, 2017. (In Portuguese).

Monecke, S., Coombs, G., Shore, A. C., Coleman, D. C., Akpaka, P., Borg, M., et al. (2011). A field
guide to pandemic, epidemic and sporadic clones of methicillin-res&t#ptylococcus
aureus.PLoS One6, Article e17936.

Nunes, M. M., & Caldas, E. D. (2017), Preliminary quantitative microbial risk assas$or
Staphylococcusnterotoxins in fresh Minas cheese, a popular food in BFaaid Contro) 73,
524-531.

Ogata, K., Narimatsu, H., Suzuki, M., Higuchi, W., Yamamoto, T., Taniguchi, H. (2012).
Commercially distributed meat as a potential vehicle for community-acuire
methicillin-resistant Staphylococcus aurefipplied and Environmental Microbiology8,
2797-2802.

Oxaran, V., Lee, S. H., Chaul, L. T., Barancelli, G. V., Corassin, C. H., Neves, A. P., et al. (2017)
Listeria monocytogeneaacidence changes and diversity in the Brazilian dairy industry and
retail productsFood Microbiology 68, 16—23.

Rabello, R. F., Moreira, B. M., Lopes, R. M. M., Teixeira, L. M., Riley, L. W., & Castre; /D.

(2007). Multilocus sequence typing $faphylococcus aureusolates recovered from cows
with mastitis in Brazilian dairy herddournal of Medical Microbiology56, 1505-1511.

Rodrigues, M. X., Silva, N. C. C., Trevilin, J. H., Cruzado, M. M. B., MuiST Duarte, F. R. S., et al.
(2017). Molecular characterization and antibiotic resistan&tagfhylococcuspp. isolated
from cheese processing planisurnal of Dairy Science,00, 5167-5175.

Rola, J., Czubkowska, A., Korpysa-Dzirba, W., & Osek, J. (2016). Occurre&taepifylococcus

aureuson farms with small scale production of raw milk cheeses in Polanihs,8, Article



30062.

Sabioni, J. G., Hirooka, E. Y., & Souza, M. L. R. (1998) Intoxicacao alimentar por queijo Minas
contaminado corstaphylococcus aureuRevista de Saude Public22, 458—461.

SAPI. (2002)Lei 14.185, January 31, 2002. Dispde sobre o processo de producéo de queijo Minas
artesanal e da outras providénciasSecrataria da Agricultura, Peuaria e Irrigacédo. Available
http://ns.ima.mg.gov.br/intranet/nova/gce/outros_documentos/42645.pdf. Accessed on August
7, 2017. (In Portuguese).

Schmidt, T., Kock, M. M., & Ehlers, M. M. (2017). Molecular characterizatioBtaphylococcus
aureusisolated from bovine mastitis and close human contacts in South African dairy herds:
genetic diversity and inter-species host transmissimmntiers in Microbiology 8, Article
00511.

Silva, N. C. C, Guimaraes, F. F., Manzi, M. P., Budri, P. E., Gbmez-Sanz, E., Benito, D2@13). (
Molecular characterization and clonal diversity of methicillin-suscep8tdphylococcus
aureusin milk of cows with mastitis in Brazillournal of Dairy Scienc&6, 6856—6862.

Smith, E. M., Green, L. E., Medley, G. F., Bird, H. E., Fox, L. K., Schukken, Y. H., et al. (2005).
Multilocus sequence typing of intercontinental bovétaphylococcus aureusolatesJournal
of Clinical Microbiology 43, 4737-4743.

Sobral, D., Schwarz, S., Bergonier, D., Brisabois, A., Fel3ler, A. T., Gilbert, F. B.,20X).(High
throughput Multiple Locus variable number of tandem repeat analysis (MLVA) of
Staphylococcus auretisom human, animal and food sourcBkoS Ong7, Article e33967.

Spoor, L. E., McAdam, P. R., Weinert, L. A., Rambaut, A., Hasmann, H., Aarestrup, F. M., et al.
(2013). Livestock origin for a human pandemic clone of community-associated
methicillin-resistanStaphylococcus aureus. mBIQ Atticle e00356-13.

Teusink, B., & Molenaar, D. (2017). Systems biology of lactic acid bacteria: For footdarght.
Current Opinion in Systems Biolqdy, 7-13.

Verraes, C., Vlaemynck, G., Van Weyenberg, S., De Zutter, L., Daube, G., Sindic, M(261.8). A

review of the microbiological hazards of dairy products made from raw mitenational



Dairy Journal,50, 32—44.

WHO. (2015). Estimates of the global burden of food borne diseases; Foodborne Disdase Bur
Epidemiology Reference Group (2007-2015). Geneva, Switzerland: World Health
Organization.

Yan, X., Wang, B., Tao, X., Hu, Q., Cui, Z., Zhang, J., et al. (2012). Charatien ofStaphylococcus
aureusstrains associated with food poisoning in Shenzhen, Chppied and Environmental
Microbiology, 78, 6637—6642.

Xie, Y., He, Y., Gehring, A., Hu, Y., Li, Q., Tu, S. -1,, et al, (2011). Genotypes and toxin gene profiles
of Staphylococcus aurewsinical isolates from Chin&LoS Ong6, Article e28276.

Zadoks, R. N., van Leeuwen, W. B., Kreft, D., Fox, L. K., Barkema, H. W., Schukken, Y. H., et al.
(2002). Comparison ddtaphylococcus aureusolates from bovine and human skin, milking
equipment, and bovine milk by phage typing, pulsed-field gel electrophoresis, and binary

typing. Journal of Clinical Microbiology40, 3894—3902.



Figure legend

Fig. 1. eBURST diagram generated with the MLST data, representing the five different sequence
types (STs) obtained in this study (indicated by red arrows). Clonal complexes 1 (CC1) and 97
(CC97) are linked by the novel ST3816, described for the first timein this study. Blue dotted
lines separate CC1 and CC97. CC126 isthe smaller clonal complex; the six STsrelativeto it are
visible. STsrelated to CC1 and CC97 were omitted to facilitate their visualisation. Each dot
represents an ST. In pink, STsfound in the S. aureusisolates of this study; in blue, primary ST
founder of clonal complexes; yellow, STs subgroup founders of the clonal complexes; in black,

other STs.



Tablel
Distribution of positive samples per sample catggontaminated witl&taphyl ococcus
aureus collected along fresh Minas cheese artisanal gsiceg linedocated in the State of

Goias, Brazif

Sample category Positive samples/total numberrmapges in dairy and total

A B C Total (%)
Raw material 2/5 2/6 4/5 8/16 (50)
Ready-to-eat product 8/11 0/0 6/6 14/17 (82)
Food contact surface 3/5 2/13 4/8 9/26 (34.6)
Non-food contact surfacel/2 0/0 1/3 2/5 (40)
Total (%) 14/23 (60.8) 4/19 (21) 15/22 (68.2) 3/&31 (51.6)

& Raw materials are milk, curd, whey, brine; reagheat product is fresh Minas cheese.



Table2
Characteristics of the 38 aureus isolates from three fresh Minas Cheese artisama&gssing

lines located in the State of Goias, BraZil.

Dairy factory Source S aureus strain _ Antibiotic resistance profile Sequence type Clonal complex
Resistance Intermediate Sensitive (ST) (CC)

A FMC SABRC1 S 3531 1
raw milk SABRC2 PEN CIP 3531 1
cloth mould SABRC3 S 1 1
cloth mould SABRC4 S 1 1
sink SABRCS5 S 1 1
sink SABRC6 S 1 1
sink SABRC7 S 1 1
processing tank SABRC8 CIP 1 1
curd basket SABRC9 S
curd basket SABRC10 S 1
FMC SABRC11 SXT 1 1
FMC SABRC12 S 1 1

B brine SABRC13 CFO*/PEN/SXT CLIN 126 126
brine SABRC14 ERM 1 1
brine SABRC15 TET 1
curd SABRC16 PEN NT -
curd SABRC17 PEN 126 126
curd SABRC18 PEN 126 126
processing tank SABRC19 PEN 1 1
milk storage tank SABRC20 PEN 126 126

C FMC SABRC21 TET 97 97
FMC SABRC22 TET 3816** CC1/CCO7***
FMC SABRC23 PEN/TET NT -
FMCS SABRC24 TET 97 97
whey SABRC25 TET 97 97
FMC SABRC26 TET 97 97
milk transport gallon SABRC27 TET 97 97
curd SABRC28 TET NT -
whey+ curd SABRC29 TET 97 97
FMCS SABRC30 TET 97 97

& Multilocus sequence types (ST) and clonal com@€&C) are described as well as the
antibiotic susceptibility profile classified as igance/intermediate/sensitive for each isolate.
Abbreviations are: FMC, fresh Minas cheese; FM@&H Minas cheese surface; PEN,
penicillin; CFO, cefoxitin; ERM, erythromycin; TETetracycline; CIP, ciprofloxacin; CLIN,
clindamycin; SXT, trimethoprim— sulfamethoxazole;s8nsitive to all tested antimicrobials
according to CLSI (2015); NT, non typeable. Asksigdicate: *, MRSA strain; **, new ST
with alleles unpublished combination; ***, new STi¥Blinked the clonal complexes CC1 and
CC97 - therefore, it could not be related to a gjgedonal complex (isolated).
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