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ABSTRACT

Staphylococcus aureus is not only a common cause 
of bovine mastitis, but also an agent of food poison-
ing in humans. In an attempt to determine whether 
staphylococci causing bovine mastitis could also cause 
food poisoning, 60 isolates of presumed S. aureus were 
isolated in the period between March and August 2017 
from 3,384 routine, composite, quarter milk samples of 
individual cows raised on 12 dairy farms in central Italy. 
Seventeen out of 60 isolates were confirmed as S. aureus 
after coagulase, thermonuclease, and biochemical tests. 
These isolates were analyzed by PCR for the presence 
of the nuc, sea, seb, sec, sed, and see genes. The positive 
isolates were nuc, 100% (17); sea, 35.29% (6); seb, 5.88% 
(1); sec, 5.88% (1); sed, 29.41% (5); and see, 47.06% (8). 
The isolates were also tested with 2 enzyme immunoas-
say diagnostic kits, one for the screening detection of 
the production of staphylococcal enterotoxins (SEA, 
SEB, SEC, SED, SEE) and one for the detection of 
specific enterotoxin produced by each isolate. Seven out 
of 17 (41.18%) were enterotoxin producers: 7 produced 
SEA (41.18%), 1 SEB (5.88%), 1 SEC (5.88%), 5 SED 
(29.41%), and 6 SEE (35.29%). To further characterize 
the isolates, they were analyzed by the Kirby Bauer 
test for susceptibility to 13 antimicrobials (ampicillin, 
ciprofloxacin, kanamycin, tetracycline, gentamicin, 
methicillin, nalidixic acid, erythromycin, amoxicillin/
clavulanic acid, streptomycin, vancomycin, neomycin, 
and enrofloxacin), and we detected resistance to ampi-
cillin (52.94%), nalidixic acid (70.59%), erythromycin 
(5.88%), and amoxicillin/clavulanic acid (17.65%). The 
isolates were sensitive to the main classes of antimi-

crobials used for the treatment of bovine subclinical 
mastitis. The presence of enterotoxin-producing isolates 
of S. aureus in bovine milk means that a temperature 
abuse or a breakdown in the thermal treatment of the 
milk could present a food safety risk, particularly if all 
enterotoxigenic isolates could potentially produce SEA 
in milk.
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mastitis, enterotoxin, food poisoning

Short Communication

Staphylococcus aureus is an opportunistic pathogen 
and is a common bacterial cause of mastitis in cows and 
a cause of food-borne disease in humans. The European 
Food Safety Authority registered 434 reported staphy-
lococcal food poisoning outbreaks in 2015, which equals 
over half of all food-borne outbreaks associated with 
bacterial toxins (European Food Safety Agency and 
European Centre for Disease Prevention and Control, 
2016). In the United States, the Centers for Disease 
Control estimate that 240,000 cases of staphylococcal 
food poisoning occur each year, leading to 1,000 hospi-
talizations and 6 fatalities (Schelin et al., 2017). Food 
poisoning caused by S. aureus is related to the produc-
tion of staphylococcal enterotoxins (SE), which act on 
specific, emetic receptors located in the intestinal wall. 
Enterotoxins are short, water-soluble, extracellular 
proteins. To date, 23 distinct SE have been identified 
based on their antigenicity (SEA to SElY; Denayer et 
al., 2017). Only one subset of SE possess emetic ac-
tivities (Ono et al., 2015). Of the 23 SE identified and 
reported in literature, only 5 (SEA, SEB, SEC, SED, 
and SEE) have been well defined and are detectable 
using commercially available assays or in-house devel-
oped methods (Nia et al., 2016). In addition to emetic 
SE, multiple SE-like toxins (SEl) have been reported, 
which lack the ability to cause emesis or for which the 
emetic potential remains to be tested (Hait et al., 2014). 
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Therefore, their role in staphylococcal food poisoning 
remains unclear. Due to their stability at high tempera-
tures (for instance, crude enterotoxin A remains active 
at 100°C for 2 h in broth and at 121°C for 28 min in 
mushrooms), SE are not completely destroyed during 
pasteurization (15 s at 72°C) and are considered to be 
a potential biological hazard (Hennekinne et al., 2012). 
In addition, SE are resistant to many environmental 
conditions (low pH, freezing, drying) in which S. aureus 
strains do not survive. They are also resistant to hu-
man proteolytic enzymes and retain their activity in 
the digestive tract after ingestion (Hennekinne et al., 
2012). The amount of enterotoxin required to cause the 
illness in susceptible subjects can be as little as 20 to 
100 ng (Asao et al., 2003). 

Many outbreaks of S. aureus food poisoning have 
been related to the consumption of dairy products, 
such as cheese from unpasteurized milk (Ostyn et al., 
2010), semihard cheese (Kérouanton et al., 2007), or 
milk powder (Ikeda et al., 2005). Symptoms in humans 
vary and their severity depends on the amount of food 
ingested, the amount of toxin in the ingested food, and 
the patient’s general state of health. The disease is 
characterized mainly by vomiting, diarrhea, abdominal 
pain, and nausea, with an onset within 2 to 6 h after 
the consumption of contaminated food (Cenci-Goga 
et al., 2003). Ingested bacteria do not produce toxins 
and, therefore, the symptoms normally wear off within 
24 h. The ability of S. aureus strains to cause food 
poisoning has mainly been investigated by techniques 
of molecular biology. Numerous studies indicated that 
stress conditions, such as milk pH and temperature, 
might influence the expression of genes that code for 
the production of enterotoxins (Schelin et al., 2017). 
Therefore, despite the large number of works describing 
the prevalence of enterotoxin gene profiles from clinical 
and environmental S. aureus (Ono et al., 2015; Denayer 
et al., 2017), information on the actual ability of strains 
responsible for mastitis to produce SE is scarce. In the 
present study, we tested 60 isolates of presumed S. 
aureus isolated from mastitic cows for the production 
of enterotoxins SEA, SEB, SEC, SED, and SEE in an 
attempt to explore their potential to cause food poison-
ing in humans.

Milk sampling was carried out between March and 
August 2017 in dairy farms pertaining to Unità Sani-
taria Locale 2 Foligno, in central Italy. A total of 1,232 
heads of cattle were hosted on the 12 farms examined, 
564 of which were in lactation at the time of sampling. 
A total of 128 samples were taken from 87 cows with 
a high number of somatic cells in milk. These subjects 
were chosen based on data from the provincial breed-
ers’ association (APA, Corciano, Perugia, Italy), which 

monitors the farms and reports the data. The composite 
quarter milk of individual mastitic cows were collected 
in sterile tubes and transported to the laboratory in a 
refrigerated container.

We carried out the culture and identification of S. 
aureus according to the methods described by the ISO 
standard 6888–1:1999 (ISO, 1999). First, 1 mL of each 
milk sample was diluted in a sterile tube containing 9 
mL of Maximum Recovery Diluent (Oxoid, Basingstoke, 
UK) to obtain a 10-fold dilution. Subsequently, 0.1 mL 
of raw milk and the 10-fold dilutions were inoculated 
in triplicate on the surface of plates containing Baird 
Parker agar (Liofilchem, Roseto degli Abruzzi, Italy) 
prepared with the addition of egg yolk tellurite emul-
sion (Liofilchem) and spread with a sterile spatula. All 
the plates were incubated at 37°C for 48 h. Grey-black 
shiny convex colonies of 1 to 1.5 mm in diameter (up 
to 3 mm) with narrow white margins surrounded by a 
zone of clearing (2–5mm) were identified as S. aureus 
and confirmed by hemolysis on blood agar (blood agar 
base added with defibrinated horse blood, Oxoid), co-
agulase, thermonuclease (TNase), and complementary 
biochemical tests with API 20 STAPH (BioMérieux, 
Marcy-l’Etoile, France). All gram-positive, catalase-
positive, coagulase-positive, cocci that produced 
β-hemolysis on blood agar and TNase were identified 
as S. aureus and then tested with API 20 STAPH for 
confirmation. Selected colonies were subcultured into 
brain heart infusion (BHI) broth with 15% of glycerol 
(Bio-Rad, Hercules, CA) for 24 h at 37°C and then 
frozen at −80°C for storage.

Coagulase determination was performed according to 
ISO standard 6888–1:1999 (ISO, 1999) using lyophi-
lized rabbit plasma with EDTA (BBL Microbiology 
Systems, Cockeysville, MD) reconstituted with sterile 
water. Briefly, 0.1 mL of a BHI broth culture of pre-
sumed S. aureus colonies were inoculated into 5-mL test 
tubes containing 0.3 mL of the reconstituted plasma. 
Complete clotting after incubation at 37°C within 4 to 
24 h was regarded as a positive result.

The TNase production was determined according to 
the method described by Ibrahim et al. (1981). The 
isolates of S. aureus were thawed and cultivated in BHI 
broth (Bio-Rad) at 37°C for 48 h. Cultures were placed 
into a water bath at 100°C for 15 min to eliminate 
any nonspecific, heat-labile, nuclease activity; they 
were then centrifuged at 3,000 × g for 30 min at room 
temperature. Before testing, wells of 5 mm in diameter 
were prepared on plates containing TNase agar with 
toluidine blue, and then 90 µL of supernatant was then 
transferred into each well and the plates were incubated 
at 45°C for 4 h. The presence of a pink ring around the 
well was considered a positive result.
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The isolates of S. aureus were thawed and aerobi-
cally cultivated in BHI broth (Bio-Rad) at 37°C for 
48 h. Extraction of the DNA was then carried out us-
ing the DNeasy Blood and Tissue kit (Qiagen, Hiden, 
Germany). The DNA amplification was conducted 
on a volume of 25 μL using 12.5 μL of RED Taq (10 
mM Tris HCl pH 8.3, 50 mM KCl, 1.5 mM MgCl2, 
0.001% of gelatin, 0.2 mM each deoxyribonucleoside 
triphosphate), 0.5 µL (1 µM) of each primer, 5 μL of 
extracted DNA, and 6.5 μL of H2O. The presence of the 
nuc, sea, seb, sec, sed, and see genes was investigated. 
The primers and the amplification conditions used are 
given in Table 1. The PCR reaction was carried out in 
a Thermocycler Gene Amp, PCR System, 9700 Gold 
(Applied Biosystem, Foster City, CA). The amplifica-
tions were analyzed by electrophoretic run on 1.5% 
agarose gel containing ethidium bromide (0.5 μg/mL); 
10 μL of each PCR sample was loaded with 2 μL of 6× 
loading buffer (Fermentas, Thermo Fisher Scientific, 
Waltham, MA) and 5 μL of marker PCR as reference 
DNA (Fermentas). The run was carried out at a voltage 
of 100 V for about 1 h in TBE 10× (Trizma base, boric 
acid, EDTA, Euroclone, Siziano, Italy; 0.5 M pH 8). 
At the end of the run, the bands were viewed with the 
UV transilluminator (Fotodine 3–3102 Celbio, Milan, 
Italy).

The determination of enterotoxin production was 
made with the Ridascreen SET Total (R-Biopharm, 
Melegnano, Milan, Italy), an enzyme immunoassay for 
the combined detection of S. aureus enterotoxins A, B, 
C, D, and E not only in fluid and solid foods, but also 
in bacterial cultures. Staphylococcus aureus isolates and 
3 internal control (strain 239 SEA and SEE producer, 
strain 27R SEB, SEC, and SED, and strain 38 SE-neg-
ative) were cultivated in BHI broth (Bio-Rad) at 37°C 
for 48 h. Cultures were centrifuged at 3,500 × g for 5 
min at room temperature. One hundred microliters of 
the supernatant was transferred into each well. After 
the test procedure, a color change of the liquid in the 
well to yellow indicated the presence of enterotoxins. 
The positive isolates were tested using the Ridascreen 
SET A, B, C, D, and E (R-Biopharm) to identify the 
individual toxin.

The isolates were thawed and cultured in BHI broth 
(Bio-Rad) at 35 to 37°C for 24 h. Part of the culture 
broth was inoculated into 6 mL of 0.9% sterile physi-
ological saline solution until reaching a turbidity of 
2 McFarland. Using a sterile swab, the solution thus 
obtained was seeded on Muller-Hinton agar (Oxoid). 
Disks containing antimicrobials (Oxoid) were placed on 
the plates, which were then incubated at 35 to 37°C 
for 18 to 24 h on air. The antimicrobials tested were 
ampicillin 10 µg, ciprofloxacin 5 µg, kanamycin 30 µg, 
tetracycline 30 µg, gentamicin 10 µg, methicillin 5 µg, 

nalidixic acid 30 µg, erythromycin 5 µg, amoxicillin/
clavulanic acid 30 µg, streptomycin 10 µg, vancomy-
cin 30 µg, neomycin 30 µg, and enrofloxacin 5 µg. At 
the end of the incubation, the diameters of the growth 
inhibitory zones were measured and interpreted accord-
ing to the Clinical and Laboratory Standards Institute 
guidelines (CLSI, 2011).

Tables 2 and 3 show the results. Eighty-seven cows 
were diagnosed as mastitic according to their SCC and 
plate count. Sixty isolates were presumptively identi-
fied as S. aureus based on cultural characteristics, 17 of 
which were confirmed as S. aureus by API 20 STAPH, 
TNase, and coagulase. Seven isolates were enterotoxin 
producers; all produced SEA, 1 produced SEB, 1 pro-
duced SEC, 5 produced SED, and 6 produced SEE. 
Confirmed S. aureus isolates were isolated from 6 farms. 
The 7 enterotoxin-producing S. aureus isolates came 
from 3 farms. The percentage of enterotoxin-producing 
isolates among confirmed S. aureus was 41.18% (41.18% 
SEA, 5.88% SEB and SEC, 29.41% SED, and 35.26% 
SEE).

All the 17 S. aureus isolates were confirmed as ther-
mostable nuclease producers by PCR for nuc gene. The 
percentage of positive for the staphylococcal enterotox-
in genes were 35.29% (6) sea gene, 5.88% (1) seb gene, 
5.88% (1) sec gene, 29.41% (5) sed gene, and 47.06% 
(8) see gene. Six out of the 7 enterotoxin-producing 
isolates were capable of expressing the corresponding 
enterotoxin under the conditions tested. One isolate 
was positive for the production of SEA toxin, negative 
by PCR for the sea gene, and positive by PCR for the 
see gene. One isolate was positive at the PCR for the 
see gene and was negative at both the enzyme immuno-
assay diagnostic kit.

The antimicrobial susceptibility test data are shown 
in Table 4. All isolates were sensitive to ciprofloxacin, 
kanamycin, tetracycline, gentamicin, methicillin, vanco-
mycin, neomycin, and enrofloxacin. None of the isolates 
were sensitive to nalidixic acid (70.59% of the isolates 
were resistant, 29.41% were intermediate).

In the literature, despite the large number of works 
describing the prevalence of enterotoxin gene profiles 
from clinical and environmental S. aureus, information 
on the actual aptitude of strains associated with mastitic 
animals to produce SE is scarce. Few reports provide 
the actual enterotoxin production, such as the studies 
of Kenny et al. (1993), in which 72 out of 262 (28.6%) 
of bovine mammary isolates of S. aureus producing at 
least 1 toxin, Matsunaga et al. (1993), in which the 
prevalence of enterotoxin-producing S. aureus was 
34.5% (among 58 isolates), or Cenci-Goga et al. (2003), 
who found a prevalence of 13.8% (22 positives among 
160 isolates). The methods used to identify S. aureus, 
along with misdiagnosis, improper sample collection, 
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and laboratory examination, can reflect the different 
proportion of isolates that produce SE (Kadariya et 
al., 2014).

Some authors have reported that the most common 
enterotoxins produced by S. aureus isolated from dairy 
products of bovine or ovine origin are SEC and SED 
(Cenci-Goga et al., 2003; Vitale et al., 2015, 2018). 
However, a recent study of Fursova et al. (2018) re-
ported the production of SEA, SEC, SEE, and SEG in 
higher proportions by S. aureus isolated from subclini-
cal mastitis. On the contrary, the most common entero-
toxin produced by S. aureus involved in food poisoning 
outbreaks is SEA (Bastos et al., 2017). Many possible 
explanations exist for the different rates of enterotoxin 
production reported in the different studies (Cretenet et 
al., 2011). The fact that we found that 5 out of 7 of the 
enterotoxin-producing isolates produced SED, whereas 
only 1 out of 7 produced SEC, 6 out of 7 produced 
SEE, and all 7 produced SEA, is probably related to 
the differences in the ecological reservoir of S. aureus in 
different countries and regions of the world that could 

influence findings on the production of enterotoxin. The 
same variables can also influence the variability in the 
detection rates of the different types of staphylococcal 
enterotoxin (Birhanu et al., 2017). Lastly, the method 
used to detect the enterotoxin production could influ-
ence the results.

The enzyme immunoassay detection kit we used has 
a limit of detection for bacterial cultures of 0.25 ng/mL 
of toxin. Therefore, it seems very unlikely that some 
of the isolates analyzed produced undetectable levels 
of SE.

We noted two inconsistencies in our study. First, 1 
isolate positive for the production of SEA toxin was 
negative by PCR for the sea gene but positive by PCR 
for the see gene; second, 1 isolate positive by PCR for 
the see gene was negative at the enzyme immunoassay 
diagnostic kit, confirming the fact that the presence 
of genes does not guarantee their expression under all 
conditions.

Although we characterized a limited number of iso-
lates, very little antibiotic resistance was identified. 
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Table 2. Enterotoxin production by Staphylococcus aureus isolated at various dairy farms1

Farm

Cows S. aureus

EnterotoxinTotal Lactating Mastitic Confirmed TNase Coag (4 h) Coag (24 h)

1 30 16 6 0 0 0 0 0
2 273 115 14 7 7 4 7 0
3 54 36 9 1 1 1 1 1
4 50 30 7 0 0 0 0 0
5 61 30 4 1 1 1 1 1
6 20 8 5 2 2 2 2 0
7 65 28 4 0 0 0 0 0
8 125 47 4 0 0 0 0 0
9 164 70 11 1 1 1 1 0
10 87 31 2 0 0 0 0 0
11 239 96 12 5 5 3 5 5
12 64 57 9 0 0 0 0 0
Total 1,232 564 87 17 17 10 17 7
1Confirmed = strains confirmed as S. aureus by hemolysis on blood agar, coagulase, TNase, and complementary biochemical tests with API 
20 STAPH (BioMérieux, Marcy-l’Etoile, France); TNase = thermonuclease measured by enzyme activity; coag = coagulase measured by 

enzyme activity at 4 and 24 h; enterotoxin = detectable enterotoxin produced in brain heart infusion broth (Bio-Rad, Hercules, CA) after 48 h 
at 37°C.

Table 3. Specific enterotoxins produced in brain heart infusion broth (Bio-Rad, Hercules, CA) after 48 h at 37°C (presence of the indicated 
genes determined by PCR in parentheses)

Isolate

Enterotoxin (genes)

A B C D E

1 + (+) + (+) + (+) − (−) + (+)
2 + (−) − (−) − (−) − (−) − (+)
3 + (+) − (−) − (−) + (+) + (+)
4 + (+) − (−) − (−) + (+) + (+)
5 + (+) − (−) − (−) + (+) + (+)
6 + (+) − (−) − (−) + (+) + (+)
7 + (+) − (−) − (−) + (+) + (+)
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The antimicrobial susceptibility test data showed that 
the isolates were sensitive to the main classes of anti-
microbials used for the treatment of bovine mastitis, 
although none of the isolates was sensitive to nalidixic 
acid. With reference to antimicrobials used in humans, 
none of the isolates showed resistance to vancomycin 
and methicillin, which have been described in dairies 
(Bhattacharyya et al., 2016; Klibi et al., 2018).

The presence of enterotoxin-producing isolates of S. 
aureus in bovine milk means that a temperature abuse 
or a breakdown in the thermal treatment of the milk 
could present a food safety risk, particularly as all en-
terotoxigenic isolates could potentially produce SEA in 
milk. Moreover, the presence of SEA-producing isolates 
indicates that, to prevent potential food-borne staphy-
lococcal intoxication, veterinary clinicians should make 
a greater effort to detect and prevent mastitis in dairy 
cattle in the interest of enhancing the control of poten-
tial food-borne staphylococcal intoxication.
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