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1 Introduction
Due the recent worldwide trend of consumption of 

unpasteurized (raw) milk and milk products such as raw milk 
cheese, current information regarding their risks and benefits come 
into discussion, especially regarding food safety policy. In this 
regard, Staphylococcal food poisoning is the result of consuming 
foods containing sufficient amounts of its enterotoxins, with food 
borne outbreaks of S. aureus intoxication’s been associated with the 
consumption of contaminated milk and dairy products in many 
countries ((Saka & Terzi Gulel, 2018). In addition, microbiological 
analysis of raw milk cheese revealed varying degrees of quality 
and safety, with Staphylococcus aureus considered a potential 
food enterotoxin-producing species (Samelis et al., 2019). Also, it 
has been shown that coagulase negative staphylococcus (CNS) 
may be involved in food poisoning because they can also carry 
enterotoxin encoding genes (se genes) in their genomes that they 
are thermoresistant (Samelis et al., 2019). The Staphylococcus spp 
enterotoxin (SE) genes are encoded in mobile genetic elements, 
such as plasmids, prophages, and pathogenic islands that are 
able to be transmitted though S. aureus strains even during food 

processing (Cardoso & Marin, 2017). The Shiga toxin–producing 
E. coli (STEC) is characterized as a group of highly pathogenic 
strains that produce one or more Shiga toxins that can cause 
infections ranging from/uncomplicated diarrhea to severe 
diseases as hemorrhagic colitis and life-threatening hemolytic 
uremic syndrome (HUS). Ruminants have been identified as 
a major reservoir of STEC and as reported in the literature, 
contaminated raw milk and raw milk products are among the 
main risk factors considered STEC vectors (Nobili et al., 2016) . 
The influx of multidrug and/or virulent enterococcal strains from 
cheese to the human digestive tract has been assessed in some 
countries all over the world as a serious public health concern 
when associated with the increasing production and consumption 
of raw milk cheeses (Cunha-Neto et al., 2020). Raw milk cheeses 
have a good presence in the total cheese production of the EU, 
Canada and especially Switzerland which it correspond of 59.5% 
of the total cheese produced (Hammad et al., 2015)., also it is 
present in Brazil, as it is considered one of the most popular 
and recognized as Minas frescal cheese (Kamimura et al., 2019).
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Abstract
The consumption of raw milk cheese has been growing worldwide with S. aureus and E. coli been the leading agents in food 
poisoning. The present work aims to evaluate the microbiological quality of raw milk cheeses commercialized in Brazil, regarding 
microbiology safety and enterotoxin gene presence. Forty-three raw milk cheeses samples from five different suppliers were 
analyzed. Counting and identification of S. aureus, E. coli and Salmonella spp were performed according to BAM from the 
FDA. Further S. aureus identification was performed by the cydB and Salmonella spp by the invA gene. S. aureus toxin genes 
(sea, seb, sec, see, ses, seh and sei) and E. coli gene LT, STa, Stb, stx1, stx2, eae, rmpA, wabG, mrkD, kfu, mcgA, fimH and uge were 
analysed. From the 43 samples analyzed, 18 presented S. aureus with two isolates positive for the tst gene, two for the sec gene, 
two for the seh gene and four for the sei gene. Thirty-five E. coli and seven. Salmonella spp isolates were obtained. E. coli isolates 
harbored sta and stx2 genes. The results revealed that raw milk cheeses sold can cause harm consumer’s health and highlights 
the importance of adoption good hygienic-sanitary practices and consumers awareness.

Keywords: epidemiology; virulence genes; food safety; pathogens.

Practical Application: In this study, potential pathogenic and antibiotic resistant isolates of S. aureus and E. coli were isolated 
from raw milk cheese from markets in Jaboticabal, Sao Paolo and Aracaju, Sergipe. Although most samples could not be 
considered suitable for consumption, isolates harboring virulence and resistance genes were also obtained from samples that 
were within the accepted level of detection in food. Thus, revealing that raw milk cheeses sold can be of harm to consumer’s 
health, especially if they are not consistent evaluated.
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Nevertheless, the safety of raw milk cheese has been 
questioned due to its relation to large outbreaks of foodborne 
been reported (Cardoso & Marin, 2017), especially when 
considered that Shiga toxin–producing E. coli strains have been 
detected before Cardoso & Marin, 2017). To better determinate 
contamination and safety of raw milk cheese a characterization 
of E. coli strains and of S. aureus were evaluated in Raw milk 
cheese from various market to at Jaboticabal, Sao Paulo state 
and at Aracaju, Sergipe, Brazil.

2 Materials and methods

2.1 Sample collection

Cheese samples were collected, from locally artisan producers 
and farmers’ markets in Jaboticabal, Sao Paulo State and from 
Aracaju, Sergipe, Brazil. All samples were labeled as having 
been made from raw milk. Samples were stored at refrigeration 
temperature (2 to 8 °C) from the time of purchase to delivery to 
the lab. Once the samples were received, the cheese type, source 
of milk and purchase location were recorded, and each sample 
was coded and then repackaged using a clean washable cutting 
board, sterile knife, and plastic wrap.

2.2 Staphylococcus aureus count, DNA extraction and 
virulence gene detection

S. aureus count were performed as (Bennett & Lancette, 2017). 
After the addition of 25 g of sample to 225 mL of sterilized 
peptone water, 1 ml of the homogenized samples were serial 
diluted in sterilized peptone water until it reached 10-6 dilution 
and were further sown on Braid Parker Agar. Only typical 
S. aureus colonies were counted. After, isolates were tested for 
catalase and coagulase production and DNA were extracted 
for  future virulence gene detection. For DNA extraction, 
well-isolated colonies were inoculated into BHI broth, incubated 
at 37  °C for 18h and extracted according to the method of 
Kuramae-Izioka (1997) with minor modifications as described 
previously (Almeida et al., 2018). Virulence gene detection was 
performed for the Staphylococcus spp. enterotoxin producing 
genes sea, seb, sec, see, ses, seh and sei genes according to 
(Paniagua-Contreras et al., 2012).

2.3 Enumeration of coliform and E. coli, DNA extraction 
and virulence genes detection

Isolation and enumeration were performed according 
to (Feng et al., 2018). Presumptive test for coliforms, fecal 
coliforms and E. coli were done by the most probable number 
technique with EC Broth as suggested by (Feng et al., 2018). 
2018. Samples that were positive for E. coli were aliquoted for 
further virulence and toxin test. Bacterial DNA extraction 
was done according to (Keskimäki  et  al.,  2001), and the 
virulence gene detection by PCR was performed as described 
by (China et al., 1996). After the amplification, products were 
visualized by exposure of the gel to UV light and subsequently 
photographed. The following virulence genes were analyzed 
LT, STa, STb, stx1, stx2, eae, rmpA, wabG, mrkD, kfu, mcgA, 
fimH and uge

2.4 Salmonella spp detection and DNA extraction

Salmonella spp detection was performed according to 
(Andrews et al., 2018) with modifications, sample preparation 
and dilution followed the same as before, after 1  mL of the 
diluted samples were added to Selenite cystine and Rappaport 
Vassiliadis for a selective step. After 24 hours incubation period 
at 37 oC, samples were streaked into XLD selective medium, 
and samples with characteristic black colonies were considered 
positives. Further, Salmonella isolates were identified by the invA 
gene and performed as (Fratamico, 2003), DNA extraction were 
performed a according to (Keskimäki et al., 2001).

3 Results and discussion
Among the 43 samples analyzed, coagulase positive 

Staphylococcus were isolated in 21 (48.83%) with 18 (41.86%) 
further identified as S. aureus by cydB PCR. Of the 18 isolates 
of S. aureus obtained, two isolates (11.1%) were positive for 
the tst gene, two (11.1%) for the sec gene, two (11.1%) for the 
seh gene and four (22.2%) for the sei gene. No positive isolates 
were observed for the seb, see and sea genes. Although 18 raw 
milk cheese evaluated had a S. aureus count within the standard 
(1x103CFU/g or ml) allowed by the Brazilian ANVISA RDC 
No. 12, 2001 (Brasil, 2001), it was observed that the tst positive 
and the sec positive isolates were obtained from products that 
presented S. aureus count within the accepted level (1 x 103 CFU/g). 
Also, it is important to highlight that in two samples, S. aureus 
count were above the 1 x 105 CFU/g that is considered the limit 
for toxin production (U. S. Department of Health and Human 
Services, 2011) and isolates from this samples were sec and seh 
positive. A high prevalence of S. aureus in Buffalo raw milk 
cheese have been reported (Saka & Terzi Gulel, 2018) 17/54 
(34%). An author (André et al., 2008) have reported a prevalence 
of 70.8% of Staphylococcus spp. in raw milk cheese from Brazil 
and, (Basanisi et al., 2016) found a 41.1% S. aureus in goat and 
sheep cheese samples in Italy. One reason for these differences 
may be due to the quality of the raw or unpasteurized milk in 
the dairy production, poor handler personnel hygiene, or cross 
contamination at the supermarket or at manufacture unit, it 
can also be related to the use of milk from unhealthy animals, 
inadequate pasteurization during homemade traditional cheese 
production, contaminated cheese-making equipment, and improper 
food handling (Saka & Terzi Gulel, 2018). The enterotoxigenic 
profile observed in this study (tst, sec seh sei), differs from those 
observed by (Saka & Terzi Gulel, 2018) which had isolates caring 
the sea, see and sed genes, these authors also had sec positive 
isolates from Buffalo raw milk cheese in Turkey. This seems to 
be in agreement with the fact that SEA, either alone or together 
with other SEs/SEls, is the most common cause of staphylococcal 
food poisoning worldwide and the SEA, SEC, and SED type 
toxins seems to be the the most commonly produced toxins in 
milk and dairy products (Neder et al., 2011). It is important to 
notice that the prevalence of enterotoxin-producing S. aureus 
isolates in milk and dairy products samples may differs among 
studies due to differences in the source of sampling, and 
geographical differences.

From the 43 samples analyzed E. coli was observed in 35 
(81.3%) and Salmonella spp in 7 (16.2%). When compared with 
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the safety parameters of (Brasil, 2001), E. coli contamination 
were above limit (5 x 103 CFU / g) in 19 (44.1%) samples and 
the presence of Salmonella spp in six (13,9%) samples makes 
them unsuitable for consumption according to this resolution. 
Also, sta positive E. coli were detected in two samples and stx2 in 
one sample. Cheese contamination can occur in various parts of 
the production chain and, although most cheeses (76.0%) comply 
with the legislation, detection of E. coli is a large indicator of fecal 
contamination associated with the presence of S. aureus, may 
indicate that these products have inadequate hygiene conditions 
during their manufacture. An aggravating fact is the detection of 
Salmonella spp in products that are being offered in the market 
and that can pose a great risk to public health, which could be the 
result of cross contamination in the establishment. The presence 
of non pathogenic E. coli, withing the limit, in dairy products 
are, in general, not harmful (Ombarak et al., 2016). However, the 
presence of pathogenic E. coli is problematic and among these 
virulence genes, the Stx2 is one of the most important virulence 
factors because it may cause a life-threatening outcomes such as 
hemolytic uremic syndrome or HUS and neurological disorder 
(Ombarak et al., 2016). The detection of STa positives isolates 
in raw milk cheese could be a problem due to the production of 
thermostable toxins that could still be viable even if the cheese 
was heat treated and, according to (Basanisi et al., 2016) STEC 
contaminating raw milk persisted through the processes of both 
the curd and the mozzarella cheese production.

4 Conclusion
The results reveal the cheeses sold can cause harm 

consumer’s health and highlights the importance of adoption 
good hygienic-sanitary practices in the production and 
commercialization of cheeses, as well the consumer awareness 
about the health risks and more effective surveillance. Therefore, 
a reevaluation of the cheese production, a properly inspection, 
distribution and marketing conditions is necessary and urgent.
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