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Abstract

Staphylococcus aureus is a well-known op-
portunistic pathogen that causes a wide range
of acute and chronic diseases in both humans
and animals. Staphylococcal food poisoning
is just one of many diseases caused by this
bacterium. The causative agents are entero-
toxins produced by enterotoxigenic strains
of S. aureus during its growth in favourable
conditions in food. Epidemiological data
show that S. aureus is often found in raw milk
cheeses and accordingly, cheeses are often
implicated in food poisoning outbreaks. Since
there are no data on the nature of S. aureus
isolated from cheese produced in Croatia, the
aim of this study was to determine the occur-
rence, enterotoxin production capability and
antimicrobic susceptibility of S. aureus iso-
lates from domestic cheeses produced in the
Dubrovnik area. A total of 30 cheese samples
were analysed, and 18 samples (60%) were
highly contaminated with S. aureus strains.
The contamination level ranged from 3.94 to
6.26 log, cfu/g. Such a high level of contami-

nation was supported by an inappropriate
temperature regime above 8°C during market
sale. Although highly contaminated, staphy-
lococcal enterotoxins were not detected in any
of the cheese samples. A total of 180 coagu-
lase-positive isolates were collected from 18
cheese samples, 175 of which were confirmed
as S. aureus by the latex agglutination test. En-
terotoxin production was detected in 35 iso-
lates (20%), and of these 32 isolates produced
staphylococcal enterotoxin C. The other three
isolates presumably produced enterotoxin E.
Antibiotic resistance was detected in 1.1% of
isolates and only to mupirocin. However, a
full comprehensive conclusion on the nature
of S. aureus isolates cannot be achieved with-
out determining its genotype characteristics
for the presence of staphylococcal enterotoxin
genes and molecular typing, to determine the
origin of the isolates.
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Introduction

Although it is a commensal
bacterium, Staphylococcus aureus is a
major opportunistic pathogen that under
certain circumstances causes a wide
range of acute and chronic diseases in
both humans and animals. S. aureus
causes an array of diseases, including:
skin infections, pneumonia, toxic shock
syndrome, staphylococcal food poisoning
and hospital-acquired life-threatening
sepsis in humans, as well as mastitis in
dairy animals, joint and bone lesions in
poultry, and skin infections in livestock.
The pathogenicity of S. aureus is due to
the vast spectrum of diverse virulence
factors that this bacterium is able to
produce. The already high pathogenicity
is further dramatically enhanced by
multiple resistances to a broad spectrum
of antimicrobial drugs (Becker, 2018).
S. aureus colonizes the human host and
mammalian animals such as farm and
companion animals. The nasal cavity
is the main habitat of S. aureus, though
skin, hair and mucous membranes in the
throat, vaginal and gastrointestinal tract
can also be colonized (Kluytmans et al.,
1997). Nasal carriage of S. aureus plays an
important role in staphylococcal diseases
as a source and risk factor for subsequent
infections (Wertheim et al., 2005).

Staphylococcal  enterotoxins  (SE)
are low-molecular-weight (19-29 kDa),
single-chain, globular proteins composed
of approx. 168261 amino acids (Balaban
and Rasooly, 2000). Their crystal
structures reveal significant homology
in secondary and tertiary conformations
(Mitchell et al., 2000). These toxins are
produced by enterotoxigenic strains of
S. aureus (not all strains are producers)
during bacterial growth in favourable
conditions in food. Many S. aureus
strains can produce more than one type
of enterotoxin (Hennekinne et al., 2012).
Important characteristics of SEs are their
remarkable resistance to heat, and their
high stability and resistance to most

proteolytic enzymes, which enables
them to be biologically active in the
digestive tract after ingestion (Le Loir
et al., 2003). SEs are differentiated based
on their antigenic properties, with 24
different types of SE and SE-like toxins
(SEl) reported and described to date.
The SE family now includes classical
enterotoxins SEA to SEE, SEG to SET
and staphylococcal enterotoxin-like U
(SEIU) to SEI1Y (Fisher et al., 2018). Both
SEs and SEls have superantigenic activity
and belong to a large family of bacterial
superantigen (Sag) exotoxins, as they
bypass the normal immune response and
induce a large proliferation of T cells,
consequently resulting in pyrogenicity,
enhancement of lethal endotoxin shock
and a release of inflammatory cytokines
(Argudin et al., 2010).

Staphylococcal food poisoning (SFP)
is an intoxication caused by ingestion
of food contaminated with a sufficient
amount of staphylococcal enterotoxin(s).
S. aureus is mainly introduced into food
from food handlers either via respiratory
droplets (if carriers) or via their
contaminated hands or utensils (whether
from carriers or cross-contamination).
After ingestion, SEs very rapidly (within
2-8 h) induce symptoms of gastroenteric
syndrome (nausea, emesis, abdominal
cramps and diarrhoea) in humans.
The disease is usually self-limiting and
typically resolves within 24-48 h after
onset (Le Loir et al., 2003). Toxic dose is
very low, 20ng to<1 ug (Normanno etal.,
2007a). SFP is a common disease whose
real incidence is probably underestimated
due to misdiagnosis, unreported minor
outbreaks, improper sample collection
and improper laboratory examination.
SFP was the second most reported type of
food-borne disease in France (Kérouanton
et al., 2007). About 95% of staphylococcal
food poisoning is caused by the classical
enterotoxins A, B, C, D and E (Pelisser et
al., 2009), with SEA as the most common
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enterotoxin implicated in food poisoning
outbreaks (Balaban and Rasooly, 2000;
Hennekinne et al., 2012). Wieneke at al.
(1993) reported that 50% of SFP in the
United Kingdom was caused by SEA. SEA
is mostly produced by human strains,
while animal strains isolated from cow’s
milk are mostly SEC and SED producers
(EC Opinion, 2003). According to the 2018
EFSA/CDC zoonoses report, there were
114 SFP outbreaks in the EU with 1,124
human cases, mostly caused by mixed
food, cereal products (including rice) and
cheese. However, data on the nature of
the enterotoxin were not published. The
same paper reported that S. aureus was
found in cheeses made from cow’s milk,
goat’s milk, mixed milk (cows, sheep and/
or goats) and unspecified or other animal
milk, among other foods. Meanwhile
SEs were detected mostly in milk and
dairy products (EFSA/CDC, 2019). De
Buyser et al. (2001) reported that S. aureus
was also the most frequent pathogen
associated with cheeses in food-borne
disease outbreaks in France in 1992-1997,
where there is a very long and prominent
tradition of eating raw milk cheeses.

S. aureus is the most common cause
of mastitis in dairy animals. Direct
excretion from the cow’s clinical or
subclinical mastitic udder leads to milk
contamination. Unhygienic handling
duringcheese production,includingfaecal
contamination of milk, contamination of
the milking equipment or contamination
by the producer themselves, also induces
S. aureus into milk and/or cheese (Little et
al.,, 2008). A study conducted by Rola et
al. (2016) showed that a lower number of
S. aureus in cheeses is obtained by both
good microbiological quality of milk and
negative findings of coagulase-positive
staphylococci on the hands of the cheese
makers (Rola et al., 2016).

Food is also an important vehicle for
the transfer of antimicrobic resistance.
Both animals and humans can be carriers
of resistant strains, thus introducing

antimicrobial resistance into the food
chain. MRSA strains have been detected
in different foods, including bovine milk
and cheese (Normanno et al., 2007a).
Kerouanton et al. (2007) reported two
MRSA strains of the 33 tested from SFP
outbreaks. Since S. aureus is a common
causative agent of mastitis in dairy cows,
resistance to certain antibiotics can be
expected, as can the presence of resistant
strains in dairy products.

Previous studies conducted by the
Institute of Public Health in Dubrovnik,
Croatia showed that 66 to 70% of domestic
cheeses from the Dubrovnik area were
highly contaminated with coagulase-
positive staphylococci, predominantly
S. aureus (Ljevakovi¢-Musladin et al.,
2014; Ljevakovi¢-Musladin et al., 2016).
Currently there are no data on the
nature of S. aureus isolates from cheese
produced in the Dubrovnik area, nor
on their enterotoxigenic potential and
antimicrobic resistance.

Considering the above, the aims of this
study were to determine the i) occurrence,
ii) enterotoxin production capability, and
iii) antimicrobic susceptibility of S. aureus
isolates from domestic cheeses produced
in the Dubrovnik area.

Materials and methods

Cheese samples. A total of 30 bovine
and caprine milk cheese samples were
collected from Dubrovnik city markets
during 2018 and 2019. Cheeses were
produced by 17 small-scale, unregistered,
domestic producers or small family
farms, with a production capacity of 1.5-4
kg of cheese per week and 1-2 cows and/
or goats. No samples were refrigerated
during sale at the market and many were
exposed to direct sunlight during the
warm months, being sold on a stand. The
temperature of samples was immediately
measured by probe thermometer (at
depth in middle of the sample). After
collection, samples were transported
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to the laboratory in a cooling box for
approximately 20 minutes.

Microbiological analyses. All cheese
samples were analysed according
to HRN EN ISO 6888-1:2004 using
Baird-Parker agar for the enumeration
of  coagulase-positive  staphylococci
(CM1127, Oxoid, Basingstoke, UK).
Colonies were identified as S. aureus
based on the coagulase and catalase
test, Gram staining, Dnase test and latex
agglutination for detection of fibrinogen
affinity antigen (clumping factor),
protein A and capsular polysaccharides
of S. aureus. Ten coagulase-positive
colonies per sample were used in further
examination.

Bacterial strains. In total, 180 isolates
were collected from 18 samples, and 12 of
30 samples were not contaminated with
S. aureus. All coagulase-positive isolates
were tested for enterotoxin production
and antibiotic susceptibility.

Gram staining. Gram staining was
conducted according to the American
Society for Microbiology protocol, with
crystal violet, iodine and safranin dyes.
Gram-positive (dark purple) cocci in
clusters were considered Staphylococcus
strains.

Coagulase test. Production of free
coagulase enzyme was tested by the tube
method according to HRN EN ISO 6888-
1:2004. A representative individual colony
(black colony with an opaque halo) from
the Baird-Parker agar was inoculated in
a Brain Heart Infusion broth (CM1135,
Oxoid, Basingstoke, UK) incubated at
37°C. An overnight culture (0.1 mL) from
the Brain Heart Infusion broth was added
to 0.3 mL Bactident® Coagulase plasma
EDTA (Merck, Darmstadt, Germany).
Tubes were incubated at 37°C for 4-24
h. Clot formation (2/3 of volume) was
considered a positive coagulase test.

Dnase test. A representative single
colony (black colony with an opaque
halo) from the Baird-Parker agar plate
was streaked in a single line on a Dnase

agar plate (CMO0321, Oxoid, Basingstoke,
UK) and incubated at 37°C. After 24h,
the incubation plate was flooded with
IM hydrochloric acid (HCl). A clear
zone around the growth line indicated a
positive reaction.

Catalase test. Catalase enzyme
detection was performed by the drop
method. A well-isolated representative
colony from the Baird-Parker agar was
placed onto the microscope slide and
flooded with one drop of 3% hydrogen
peroxide (H,0,). An immediate bubble
formation was considered positive
reaction.

Latex agglutination test. Each
coagulase-positive colony was subjected
to the Pastorex™ Staph Plus test (ref.
56356, Bio-rad, Marnes-la-Coquette,
France). The test was conducted according
to the manufacturer’'s instructions.
Colonies which gave a positive result
(formation of aggregates) were confirmed
as Staphylococcus aureus.

Enterotoxin detection in cheese
samples. It was conducted by an
immunoenzymatic detection of

staphylococcal enterotoxins according to
HRN EN ISO 19020:2017, which included
extraction followed by a concentration
based on dialysis principle, and an
immunoenzymatic  detection  using
VIDAS™ SET2 method (ref. 30705,
bioMerieux, Marcy-I'Etoile, France).
Enterotoxin production. All isolates
were examined for the production of
A, B, C, D and E enterotoxins by two
immunoassay methods: the automated
VIDAS™ SET2 method (ref. 30705,
bioMerieux, Marcy-1'Etoile, France) and
Reverse Passive Latex Agglutination
method (SET-RPLA Toxin Detection
Kit, TD0900A, Thermo Scientific™
Oxo0id™,  Basingstoke, UK). Well-
isolated colonies from the Baird-Parker
agar were inoculated in Tryptone Soya
broth (CM 129, Oxoid, Basingstoke,
UK) and incubated at 37°C/18-24 h.
After incubation, 1 mL culture was
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centrifuged at 900 x g for 20 minutes and
the supernatant was used for further
analyses. Then 500 puL supernatant was
tested with the VIDAS™ SET2 method
while the other 25 uL supernatant was
tested with an RPLA kit, both following
the manufacturer’s instructions. VIDAS™
SET2 interpreted results as positive/
negative for enterotoxin detection,
according to a quantitative comparison
with standard and positive control.
VIDAS™ SET2 was used to detect the
production of SEA-SEE enterotoxins

without  distinguishing  individual
toxins. In the RPLA test, according
to the manufacturer’s instructions,

the following agglutination reactions
are considered positive: complete
agglutination, moderate agglutination
and a small pellet visible in the centre of
the agglutinated latex. RPLA was used in
order to distinguish which enterotoxin
(SEA, SEB, SEC or SED) was produced.
Antibiotic susceptibility testing. This
was conducted using the EUCAST disk
diffusion method on Mueller-Hinton
agar (CMO0337, Oxoid, Basingstoke,
UK). A pure culture from Columbia
blood agar was suspended in sterile
saline (0.85% NaCl w/v in water) to the
density of a 0.5 McFarland standard
(photometric measurement on the Biosan
DEN-1B densimeter). The suspension
was evenly inoculated on a Mueller-
Hinton agar. Seven antibiotic discs
were applied on a 90-mm plate within
15 minutes of inoculation. Antibiotic
discs are listed as follows (antibiotic

concentration in pg): azithromycin
(15), cefoxitin (30), clindamicin (2),
erythromycin (15), gentamicin (10),

moxifloxacin (5), mupirocin (5), oxacilin
(5) and trimethoprim-sulphamethoxazole
(1.25/23.75), all from Biorad, Marnes-
la-Coquette, France. The plates were
incubated inverted at 35+1°C/16-20 h.
After incubation, inhibition zones were
read to the point where there was no
growth by ruler. The interpretation of the

results was conducted according to the
EUCAST manual and criteria.

Statistical  analysis. Descriptive
statistics were used to calculate the
average value, minimum, maximum and
range. A chi-square test at significance
level of 0.05 was used to determine
the statistical significance of difference
between separate data sets.

Results

Of the 30 analysed cheese samples, 18
samples (60%) were highly contaminated
with S. aureus strains. The contamination
level ranged from 3.94 to 6.26 log,  cfu/g,
with an average value of 5.43 log,  cfu/g
(Table 1). The temperature of cheese
samples measured immediately after
purchase ranged between 6 and 23.3°C,
with an average value of 12.5°C. Cheese
production was based mostly on the
mild heating of milk (sub-pasteurization
temperature) and coagulation using
apple cider vinegar or domestic veal
rennet.

A total of 180 isolates were collected
from 18 positive cheese samples.
Following  confirmatory tests, 175
coagulase-positive isolates showing a
positive latex agglutination reaction were
confirmed as S. aureus.

Enterotoxins were not detected in
any of the cheese samples positive for
S. aureus. The results of enterotoxin
production in isolates are shown in
Table 2. The VIDAS® method detected
enterotoxin production in 35 of 175
tested isolates, while the RPLA method
confirmed enterotoxin C production in
32 positive strains.

All 175 isolates were subjected
to antimicrobial susceptibility
testing for the following antibiotics:
azithromycin, cefoxitin, clindamycin,
erythromycin, gentamicin, moxifloxacin,
mupirocin, oxacillin and trimethoprim-
sulphamethoxazole. Only two (1.1%)
isolates from the same sample were
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Table 1. Characteristics of domestic cheese collected from Dubrovnik city markets

Producer (P)/ Temperature (°C) S. aureus " .
Milkitype (log, cfu/g) °F" detection
ST 7.3

P1/Cow milk 411 Negative
S2 P1/Cow milk 7.6 4.04 Negative
S3 P2/Cow milk 13.0 6.26 Negative
S4 P3/Cow milk 1.9 6.15 Negative
S5 P4/Cow milk 11.8 <1 NE
Sé P4/Goat milk 11.9 <1 NE
S7 P5/Cow milk 22.0 <1 NE
S8 P6/Cow milk 13.1 6.04 Negative
59 P2/Cow/goat milk 19.8 <1 NE
S10 P3/Cow milk 23.1 <1 NE
S11 P7/Goat milk 6.8 5.18 Negative
S12 P6/Cow milk 3.3 5.36 Negative
S13 P8/Cow milk 8.4 3.94 Negative
S14 P9/Cow milk 8.5 5.40 Negative
S15 P10/Cow milk 12.4 6.0 Negative
S16 P1/Cow milk 7.4 6.0 Negative
S17 P7/Cow/goat milk 14.2 4.78 Negative
S18 P11/Cow milk 10.0 <1 NE
S19 P12/Cow milk 6.5 <1 NE
S20 P10/Cow milk 6.0 <1 NE
S21 P9/Cow milk 8.4 5.79 Negative
S22 P1/Cow milk 23.3 6.26 Negative
S23 P1/Cow milk 21.8 6.15 Negative
S24 P13/Cow milk 17.5 <1 NE
525 P14/Cow milk 12.9 <1 NE
S26 P15/Cow milk 7.4 <1 NE
S27 P15/Cow milk 6.2 <1 NE
S28 P16 /Cow milk 12.7 5.45 Negative
S29 P17 /Cow milk 13.8 6.08 Negative
S30 P17 /Cow milk 17.3 4.85 Negative

* SE = staphylococcal enterotoxins
NE = not examined
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Table 2. Enterotoxin production in S. aureus isolates from cheese samples

Cheese sample/

No. of
isolates
7

SE production
(VIDAS® SET2)

Staphylococcal
Enterotoxin (RPLA)

Producer
S1/P1 5 5; SEC
S2/P1 9 7 7; SEC
S3/P2 10 0 0
S4/P3 10 0 0
S8/P6 10 0 0
S11/P7 10 0 0
S12/P6 10 0 0
S13/P8 10 0 0
S14/P9 10 7 7; SEC
S15/P10 9 3 0
S16/P1 10 8 8; SEC
S17/P7 10 0 0
S21/P9 10 1 1; SEC
S22/P1 10 1 1; SEC
S23/P1 10 3 3; SEC
S28/P16 10 0 0
S29/P17 10 0 0
S30/P17 10 0 0
Total: 175 35 32

resistant, and only to mupirocin, while all
other isolates (98.9%) were sensitive to all
antibiotics tested.

Discussion

Since there were previously no
data on the microbiological quality of
domestic cheeses sold at Dubrovnik city
markets, the Institute of Public Health
Dubrovnik conducted its first screening
in 2014. The collected data showed very
poor microbiological quality, with 24 of
30 cheese samples (80%) of unsatisfactory
quality due to a high level of S. aureus
and/or E. coli contamination, including S.
aureus in 20 samples (66%) (Ljevakovi¢-

Musladin et al., 2014). Screening was
repeated in 2015 with an almost identical
outcome: S. aureus contamination was
found in 22 out of 30 samples (73%)
(Ljevakovi¢-Musladin et al., 2016).
Neither of these screenings included
research on enterotoxin production or
antibiotic resistance, which is why the
present study was designed to determine
phenotypic characteristics with regards to
enterotoxin production and antimicrobic
susceptibility of S. aureus isolates from
domestic cheeses produced in the
Dubrovnik area.

The findings of the present study are
identical to the results of the previous
screenings, showing no improvement
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in microbiological quality. There is also
no statistically significant difference
between the data of all three screenings
(chi square = 3.0288, P=0.219935, P<0.05).
However, these findings significantly
differ from those reported by the
Croatian Food Agency in 2014, whose
purpose was to gain insight into the
microbiological quality of traditionally
produced cheeses sold at markets in
major Croatian cities (Zagreb, Rijeka, Split
and Osijek). Those results showed a very
low level of S. aureus contamination. The
average contamination of fresh cheese
with S. aureus was 1.21x10" cfu/g and
contamination prevalence was 13.46%.
The research concluded that there is a
low risk associated with the presence of
S. aureus in traditionally produced fresh
cheeses (Croatian Food Agency, 2016).
Some other studies in Croatia showed
variable results. Samarzija et al. (2007)
found that 13% of traditional hard sheep
cheeses made of raw milk from the
island of Pag and 7% of Istrian cheeses
contained S. aureus at a level higher
than 10* cfu/g. Research by Markov et al.
(2009) showed that only 10 of 66 (16.66%)
samples of fresh cheese and cream of
domestic production from the Zagreb city
area were contaminated with S. aureus,
ranging from 5.2x10? to 2.3x10° cfu/g. The
latest study by Frece et al. (2016) found
that two thirds of 39 samples of milk,
curd and cheese had higher counts of
staphylococci (and enterobacteria) than
permitted by the regulations, ranging
from 1.9 log, cfu/g to 6.3 log,, cfu/g.
Although highly contaminated, only two
cheese samples contained enterotoxin
C. A recent study by Landeka et al.
(2019) investigated the microbiological
quality of fresh cow’s milk cheese sold
at Sarajevo and Zagreb farmers’ markets.
The average amount of S. aureus in fresh
cheese samples collected in Zagreb was
1.13 £ 1.37 log,, cfu/g, while the average
amount found in Sarajevo was 1.94 + 1.59
log,, cfu/g. By comparison we concluded

that the poor microbiological quality
of domestic cheeses in the Dubrovnik
area is the result of a significant lack of
good hygiene practice during cheese
production and storage, and a lack of
education and awareness about the
health risks related to unhygienic cheese
production. Lack of sanitary control and
surveillance of sales at markets also plays
a crucial role.

S. aureus was also the most frequent
cheese contaminant in other international
studies. In their survey of retail cheeses
in the UK, Little et al. (2008) found
a 30% prevalence of S. aureus in raw
milk cheeses, with enterotoxigenic
populations frequently exceeding the
EU recommendations. A Brazilian
study of traditional Canastra cheese
by Borelli et al. (2006) showed a high-
level contamination with S. aureus; 70%
of cheese samples were contaminated
with population counts up to 6.3 log,,
cfu/g. In Scotland, S. aureus was the most
frequently detected foodborne pathogen
inasurvey of farmhouse cheeses, detected
in 40% of samples (Williams and Withers,
2010). A study in Sweden by Rosengren
et al. (2010) reported that S. aureus was
detected in 69% of raw milk cheeses and
6% of cheeses made from pasteurized
milk. Rola et al. (2016) reported that 69.2%
of cheeses from small scale production in
Poland were contaminated with S. aureus
with up to 7.41 log,, cfu/g. On the other
hand, a study in the USA by Brooks et al.
(2012) reported a very low prevalence of
S. aureus in raw milk cheeses. Only three
of 41 analysed samples had a detectable
level of S. aureus, which is probably due
to US regulations according to which
sales and distribution of raw milk is not
allowed, and cheese production from
unpasteurized milk is permitted only if
the cheese has been aged according to
federal guidelines (Brooks et al., 2012).

According to the EU legislation
(Regulation No. 2073/2005), all samples
with a level of S. aureus > 10° cfu/g

VETERINARSKA STANICA 53 (2), 141-153, 2022.



Occurrence, enterotoxin production and antimicrobic susceptibility of Staphylococcus aureus isolates from domestic cheeses in the

Dubrovnik area

Pojavnost, stvaranje enterotoksina i antimikrobna osjetljivost izolata Staphylococcus aureus izoliranih iz domacih svjezih sireva s

podrudja grada Dubrovnika

must be examined for the presence of
staphylococcal enterotoxins. These levels
of S. aureus produce detectable amounts
of SE and pose a significant risk, since the
infectious dose of SE is rapidly achieved
(EC, 2003). Although the number of S.
aureus in most cheeses reduces over time,
once the enterotoxins are produced their
concentration remains the same with the
possibility of causing illness. None of
the cheese samples tested in the present
study, even those with high levels of S.
aureus, contained SEs. This finding is
consistent with other studies (Cremonesi
et al., 2007; Little et al., 2008; O’Brien et
al., 2009; Rosengren et al, 2010; Rola
et al, 2016), as SEs are rarely routinely
found in cheese. According to the 2018
EFSA Zoonoses Report, SEs were found
in only four cheese samples of the total
815 tested (0.25%). They are mostly
found in staphylococcal food poisoning
investigations (Hennekinne et al., 2012;
Kadariya et al., 2014). However, these
studies have shown that although SEs
were absent in cheeses, S. aureus isolates
were able to produce enterotoxin(s) and
possessed one or more se genes.

The present study showed that 8 of
30 cheese samples (26.7%) contained a
mixture of SE positive and SE negative
S. aureus strains, highlighting the
heterogeneous nature of S. aureus
population within a single sample. This
finding is in agreement with the study by
Loncarevic et al. (2005), which revealed
considerable diversity of S. aureus isolates
both among samples and within a single
sample. The same study recommended
testing up to 10 colonies to increase the
chance of identifying a potential source
of staphylococcal intoxication. Cheese
samples from the present study which
were contaminated with enterotoxin-
producing isolates were prepared
by the same two cheese makers, and
their presence was detected in several
sampling rounds. This finding implies
the need for more frequent samplings of

the same producers in order to determine
the enterotoxigenic potential of S. aureus
in cheese.

Of the 175 S. aureus isolates in the
present study, 35 (20.0%) were SE
producers detected by the VIDAS method
and 32 (18.3%) were enterotoxin C
producers detected by the RPLA method.
No other toxins were detected. There are
two possible reasons for the discrepancy
of results between the VIDAS®and RPLA
methods. The isolates not detected by
RPLA could eventually be enterotoxin
SEE producers since the RPLA kit cannot
detect this enterotoxin, or they could
be VIDAS false positives. The results of
enterotoxin production in isolates are
in agreement with studies from Spain,
Switzerland, Norway, Japan, Brazil, Italy
and Ireland, where SEC enterotoxin is
most frequently produced by cow and
goat strains and found in cow and goat
milk and raw milk cheeses (Fueyo et al.,
2001; Stephen et al., 2001; Loncarevic et
al., 2005; Jergensen et al., 2005; Katsuda et
al., 2005; da Silva et al., 2005, Cremonesi
et al., 2007; Hunt et al., 2012). It has also
been recognised that SEC-producing
S. aureus are generally associated with
dairy products (Tamarapu et al., 2001).
A German study by Akineden et al.
(2008) showed that S. aureus strains
from goat’s milk cheeses were SEA or
SEC producers, where SEA producers
were mostly of human origin and the
SEC producers were of animal origin.
According to Jorgensen et al. (2005) S.
aureus isolates proved to be genetically
diverse and certain genotypes appeared
to be source-specific. A French study on
enterotoxigenic S. aureus strains collected
from different foodstuffs by Rosec et al.
(1997) found that they were mostly of
human biovar origin, which confirms
that humans are the main source of food
contamination. That study also reported
that SEC was the predominant type in
both foodstuffs and human isolates,
representative of the geographical area of
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production and sampling. A later study
by De Buyser et al. (2001) reported SEA
as the dominant type of enterotoxin
produced by human isolates and the most
frequent cause of SFP in France. Pinchuk
et al. (2010) considered SEC toxin least
important since it is rarely implicated
in staphylococcal food poisoning. To
our knowledge, there have been no such
cases of SFP in our county of reference
associated with the consumption of
either domestic cheeses or staphylococcal
enterotoxin C.

Many otherstudieshavereported more
complex and diverse results than ours,
and there is a great discrepancy in the data
concerning prevalence of enterotoxigenic
S. aureus strains. According to Fueyo
et al. (2001) enterotoxin prevalence is
probably affected by the origin of the
strain (human, animal or food) and the
number and types of samples examined.
Enterotoxin A, B and C producers are
frequently reported in Brazilian cheese
(Carmo et al., 2002; Borelli et al., 2006).
A high frequency of SEA, SED and SEC
producers respectively was found in raw
milk and dairy products in Italy (Morandi
etal., 2009). On the other hand, Ertas et al.
(2010) reported a very low frequency of
SEA-SED producers from sheep’s cheese.
Several authors presumed a regional
distribution of different SE genotypes
(Rosec et al., 1997; Stephen et al., 2001;
Rola et al., 2016).

In addition to enterotoxigenicity,
considerable risk of S. aureus strains
in cheese and food in general comes
from antimicrobic resistance. Contrary
to expectations, detected antimicrobic
resistance was extremely low and limited
to mupirocin, which is commonly used
in the treatment of skin infections and
nasal decolonization of S. aureus (Patel
et al., 2009). Hence, it can be concluded
that there was not an (over)consumption
of antibiotics in animal treatment.
Currently there are no published data on
antimicrobicresistance of S. aureusisolates

from cheese in Croatia. A study by Zdolec
et al. (2016) investigated antimicrobial
susceptibility of raw milk bacteria,
including staphylococci, and reported
that resistant staphylococci were found in
milk samples from healthy udders, with
the most common resistance to penicillin,
erythromycin and kanamycin. On the
other hand, staphylococci isolated from
drug-treated udder milk samples were
most frequently resistant to clindamycin,
penicillin, ampicillin, linezolid and
erythromycin (Zdolec et al., 2016).

Our results are in disagreement
with other studies where antimicrobic
resistance ranged from low (Stephen et
al,, 2001) to remarkable (Normanno et
al., 2007a; Kerouanton et al., 2007; Rola
et al, 2016). Normanno et al. (2007b)
even isolated MRSA strains from cow’s
milk and cheese, and all MRSA strains
were able to synthesize enterotoxins,
mostly SEA, SED and SEC. The same
authors suggested that food can be an
appropriate environment for the spread
of antimicrobial resistance throughout the
food chain, and between the environment
and humans.

Conclusions

Domestic  cheese produced in
Dubrovnik area is highly contaminated
with S. aureus as a result of inappropriate
hygiene during production, and an
inappropriate  temperature  regime
during market sales and possibly during
storage. Although highly contaminated,
staphylococcal enterotoxins were not
detected in any of the cheese samples.
This is mainly due to the fact that most
S. aureus isolates in this study were not
enterotoxin  producers.  Enterotoxin
producing S. aureus was found in 8 of 30
cheese samples, and those samples came
from the same two cheese manufacturers.
The only SEC production was detected
in S. aureus isolates and we presume
those isolates are of animal origin,
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although there is also a possibility
that they came from a human source.
Antibiotic resistance was not detected
since the isolates were susceptible to
all antibiotics tested. However, a full
comprehensive conclusion on the nature
of S. aureus isolates cannot be achieved
without determining their genotype
characteristics regarding the presence
of staphylococcal enterotoxin genes,
and molecular typing with the purpose
of determining the origin of isolates.
Education of cheese manufacturers about
good hygiene practice, refrigeration of
cheese during market sales, along with
sanitary control and surveillance, could
significantly improve the microbiological
quality and safety of cheese produced in
the Dubrovnik area.
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Staphylococcus ~ aureus  je  poznati
oportunisticki patogen, koji uzrokuje Siroki
spektar akutnih i kroni¢nih bolesti u ljudi
i Zzivotinja. Stafilokokno trovanje je samo
jedna od mnogih bolesti koje uzrokuje ova
bakterija. Uzrocnici trovanja su enterotoksini
koje tijekom rasta u povoljnim uvjetima u
hrani proizvode enterotoksigeni sojevi S.
aureus. Epidemioloski podatci pokazuju da
se S. aureus vrlo Cesto nalazi u sirevima od
sirovog mlijeka te su sirevi posljedi¢no cesto
upleteni u stafilokokna trovanja. Bududi da
nema podataka o prirodi S. aureus izoliranog
iz sireva proizvedenih u Hrvatskoj, cilj je ovog
istrazivanja bio odrediti pojavnost, sposobnost
stvaranja enterotoksina i antimikrobnu
osjetljivost izolata S. aureus iz domacih
svjezih sireva proizvedenih na podrudju
grada Dubrovnika. Od 30 ispitanih uzoraka
sireva 18 (60 %) je bilo visoko zagadeno
sojevima S. aureus. Razina zagadenja je
bila u rasponu od 3,94 do 6,26 log,, cfu/g, a

dodatno je tijekom prodaje na trznicama bila
podrzana neodgovaraju¢im temperaturnim
rezimom iznad 8 °C. Iako su bili visoko
zagadeni, stafilokokni enterotoksini nisu
nadeni niti u jednom uzorku. Ukupno je
prikupljeno 180 koagulaza-pozitivnih izolata
iz 18 uzoraka sireva, od Cega je 175 izolata
potvrdeno lateks aglutinacijskim testom kao
S. aureus. Sposobnost stvaranja enterotoksina
je detektirana kod 35 (20 %) izolata, a 32
izolata su proizvodila enterotoksin C.
Za ostala tri izolata se pretpostavlja da
proizvode enterotoksin E. Antimikrobna
rezistencija je utvrdena kod 1,1 % izolata i
to jedino na mupirocin. Medutim, cjelovit
sveobuhvatan zakljucak o prirodi izolata S.
aureus ne moze se donijeti bez odredivanja
genotipskih karakteristika prisutnosti gena za
enterotoksine i molekularne tipizacije s ciljem
odredivanja podrijetla izolata.

Kljucne rijeci: Staphylococcus aureus, sir,
stafilokokni enterotoksini, antimikrobna osjetljivost
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