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Abstract

Staphylococcus aureus is the major cause of foodborne diseases worldwide. In this retrospective study,
84 S. aureus strains were characterized. The collection comprises 78 strains isolated during 1998 and 2014
from dairy products and tissue samples from livestock bred for dairy production in Sicily. One isolate was
obtained from a pet (dog), one from an exotic animal (a circus elephant), and four human isolates were
obtained during a severe food poisoning outbreak that occurred in Sicily in 2015. All the strains were
characterized by pulsed-field gel electrophoresis (PFGE), for antibiotic resistance and presence of toxin
genes. PFGE results showed 10 different pulsotypes, with three relatively frequent and three unique. The
antibiotic resistance profiling showed that penicillin G (35.7%) and tetracycline (20.2%) resistance is largely
spread. Most isolates contained at least one toxin gene making them a potential threat for public health.
Enterotoxin sec gene was observed in 28.6% and seg in 23.8% of the strains, respectively; the human
isolates were the only ones to concurrently harbor both seg and sei genes. In addition, 24 isolates were
randomly selected and analyzed by multilocus sequence typing. Interestingly, the analysis showed the
presence of 12 sequence types (STs), of which 6 were novel. One of them, ST700, was detected in 29% of
the isolates and was found to be spread throughout Sicily. ST700 has been present in the island for almost 16
years (1998-2014) and it shows no host preference since it was isolated from different ruminant species.
Four human isolates shared both the pulsotype (PT10) and the sequence type (ST9), as well as the virulence
genes (seg-sei); this observation suggests that the isolates originated from a single clone, although they were
obtained from two different individuals.
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Introduction

S TAPHYLOCOCCUS AUREUS IS a major resident or transient
colonizer of the skin and the mucosa of humans and
primates. S. aureus can cause a variety of infections, from
superficial skin infections to severe, and potentially fatal,
invasive diseases (Wang et al., 2014; Aires-de-Sousa, 2017;
Sergelidis and Angelidis, 2017). S. aureus is also a common
pathogen of ruminants such as cattle, goats, and sheep that
may lead to clinical and subclinical mastitis. The pathogen

can spread from the udder of the infected animal into raw
milk and dairy products, affecting the quality and quantity of
the products; therefore, the pathogen can become a signifi-
cant economic burden for farmers and a serious problem for
the dairy industry (Seegers et al., 2003).

In the last years, different multidrug-resistant strains have
emerged making S. aureus a major concern for public health.
The multidrug-resistant phenotype is a particular character-
istic of the methicillin-resistant S. aureus (MRSA) strains
(Gould et al., 2012; Rodvold and McConeghy, 2014). The
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mecA gene, present in the Staphylococcal cassette chromo-
some mec (SCCmec), is a biomarker gene responsible for
resistance to methicillin and other f-lactam antibiotics (Pea-
cock and Paterson, 2015; Liu et al., 2016). Methicillin-resistant
S. aureus isolates have been widely observed not only in hos-
pitals but also in human communities with no risk factors for
MRSA acquisition (Aires-De-Sousa, 2017). In recent years,
several cases of MRSA transmission from pets or animals of
the food chain to humans have been reported. The adaptation of
MRSA clones of human origin to animal hosts has also been
observed (Pomba et al., 2016).

Some S. aureus strains produce toxins, such as superantigen
staphylococcal toxic shock syndrome toxin (TSST-1), staphy-
lococcal enterotoxins (SEs), or enterotoxin-like proteins (SE).

Up to now, more than 20 SEs or enterotoxin-like proteins
have been identified (Mehrotra et al., 2000; De Buyser et al.,
2009; Argudin et al., 2010).

The presence of SEs in food can lead to staphylococcal food
poisoning, one of the most common in the world. In Sicily, food
poisoning cases occur sporadically (Kadariya et al., 2014). A
previous screening for enterotoxigenic S. aureus strains isolated
from food samples showed that some pathogenic S. aureus
strains were circulating in farms with apparently healthy ani-
mals. A high percentage of the isolates (46%) carried a toxin
gene, creating significant concern that pathogenic S. aureus
strains can be transmitted through food (Vitale ef al., 2015).

The molecular characterization of bacterial strains is im-
portant for the detection of transmission routes and infection
sources and for the monitoring of bacterial strain circulation
among animal populations (Lange et al., 1999; Rodriguez
et al., 2015; Macori et al., 2017). Pulsed-field gel electro-
phoresis (PFGE) and multilocus sequence typing (MLST)
techniques are excellent methods for epidemiological studies
and for the identification of sources and transmission routes
for control improvement (Golding et al., 2015).

The aim of this work was the molecular characterization
and the analysis of antibiotic resistance and the detection of
toxin genes in S. aureus isolates derived from food and
livestock. Four human isolates, one isolate from a dog, and
one from a circus elephant were also characterized.

Materials and Methods

Origin and biochemical analysis
of the bacterial isolates

Eighty-four S. aureus strains collected between 1998 and
2015 and isolated from food, animals, and humans were
analyzed. Seventy-eight strains were isolated from dairy
products and from animal tissue samples such as cow milk
and cheese, sheep milk and cheese, goat milk, sheep skin
flakes, and sheep udder. Two isolates obtained from skin
flakes of other animals (elephant and dog) were used for
comparison. Four human isolates were obtained from clinical
samples of two individuals deceased after a food poisoning
episode, which also affected four other patients (who fully
recovered after severe gastroenteric symptoms). Single he-
molytic colonies were inoculated in the brain/heart infusion
broth (BHI) agar at 37°C. The strains were subjected to Gram
staining and biochemical analysis, including coagulase, cat-
alase, and Voges-Proskauer (VP) tests (BioMérieux), oxidase
test (Oxoid), glucose and mannitol acidification in red phenol
broth (Difco). The colonies had been identified as S. aureus
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by the API STAPH test (BioMérieux). Bacteria were main-
tained as frozen cell glycerol stocks as described elsewhere
(Giardina et al., 2010; Lo Grasso et al., 2015).

PFGE analysis

Plug preparation, genomic restriction, and PFGE analysis
of isolates were carried out as described in Alduina and
Pisciotta (2015). In short, a single colony was inoculated into
5 mL of BHI broth and incubated at 37°C for 24 h. Cells were
harvested and suspended in TE buffer (10 mM Tris HCI, 1 mM
EDTA, pH 8). Three microliter lysostaphin solution (Sigma-
Aldrich) (1 mg/mL in 20 mM sodium acetate) and 2% (wt/vol)
SeaKem Gold agarose (Cambrex, Rockland, Maine) in TE
buffer were added. The mixtures were dispensed into the wells
of a small mold. Once solidified, the plugs were incubated in
EC lysis buffer (6 mM Tris HCI, 1 M NaCl, 100mM EDTA,
0.2% sodium deoxycholate, 0.5% sodium lauroyl sarcosine) at
37°C for 4 h. Plugs were washed with TE buffer three times and
stored at 4°C.

The DNA was digested with 20U Smal (New England
Biolabs) at room temperature for 4h. Macrorestriction frag-
ments were separated using a BioRad CHEF System (30" 12 h,
15" 6h, 1% gel in Tris-borate-EDTA [TBE] 0.5 x,200 V) and a
PFGE size standard (CHEF DNA Size Standard, Lambda [/4]
ladder; BioRad) was added.

After run, the gels were stained with ethidium bromide
(0.5 ug/mL) and viewed under UV light. Gel images were
captured by Molecular Imager Gel Doc XR (BioRad) and the
banding patterns were used to establish isolate relatedness.
Identical PFGE profiles (100% similarity) were defined as a
pulsotype. The pulsotypes identified were given customized
names PT1-10. PFGE pulsotypes were classified on the basis
of the number of isolates sharing the same PT as major (more
than six isolates/PFGE types), intermediate (between two and
six isolates/PFGE types), or unique pulsotypes.

Multilocus sequence typing

MLST was carried out using the protocol described in
Enright et al. (2000) on 24 isolates of the collection. The
selection was performed in such a way that at least one isolate
for each pulsotype and different year, if available, could be
analyzed. Polymerase chain reaction (PCR) was performed in
a 30 uL volume reaction containing 1.5 U of recombinant Taq
DNA polymerase (Invitrogen, Life Technologies) as de-
scribed in Randazzo et al. (2015).

PCR products derived from the seven housekeeping genes
(arcc, aroe, glpf, gmk, pta, tpi, yqil) were treated with HT
ExoSAP-IT (Affymetrix) following the manufacturer’s in-
struction. The purified samples were used for sequencing using
the BigDye Terminator v1.1 Cycle Sequencing Kit (Applied
Biosystems) followed by capillary electrophoresis on the ABI
Prism 310 Genetic Analyzer (Applied Biosystems) as de-
scribed in D’Andrea et al. (2012). The sequences were then
analyzed using the ABI3130 Genetic Analyzer (Applied Bio-
systems). The allelic profile for these genes was obtained from
the MLST website (www.mlst.net). The combination of the
seven allele numbers defines the allelic profile of the strain and
each different allelic profile was assigned as a sequence type
(ST), which is used to describe the strain (Aanensen and Spratt,
2005). All STs described in the study were compared with the
major international S. aureus STs published in the MLST
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TABLE 1. STAPHYLOCOCCUS AUREUS STRAINS ISOLATED
IN SICILY ANALYZED BY MULTILOCUS SEQUENCE TYPING
AND PULSED-FIELD GEL ELECTROPHORESIS

Typing by PFGE

and MLST

Isolate Year Sample PT ST
1 1998 Elephant skin 9 ST1614
2 1998 Sheep milk 4 ST700
3 1999 Dog skin 5 ST522
4 2001 Sheep skin 7 ST700
5 2001 Sheep skin 6 ST425
6 2002 Sheep skin 5 ST1616
7 2003 Sheep milk 2 ST1626
8 2005 Sheep cheese 3 ST700
9 2006 Sheep skin 3 ST700

10 2007 Goat milk 1 ST1

11 2008 Goat milk 5 ST130

12 2008 Sheep milk 4 ST700

13 2008 Goat cheese 4 ST130

14 2008 Cow cheese 4 ST97

15 2009 Sheep milk 4 ST130

16 2010 Sheep udder 4 ST700

17 2010 Cow milk 7 ST1615

18 2012 Cow cheese 3 ST1627

19 2012 Sheep udder 8 ST522

20 2014 Goat milk 4 ST700

A 2015 Human 10 ST9

B 2015 Human 10 ST9

C 2015 Human 10 ST9

D 2015 Human 10 ST9

21 2008 Cow milk 3 NA

22 2008 Cow milk 3 NA

23 2008 Cow milk 3 NA

24 2008 Cow milk 3 NA

25 2008 Cow milk 3 NA

26 2008 Cow milk 3 NA

27 2008 Cow milk 7 NA

28 2008 Goat cheese 3 NA

29 2008 Cow milk 3 NA

30 2009 Cow milk 7 NA

31 2009 Sheep milk 4 NA

32 2010 Goat milk 3 NA

33 2010 Sheep skin 7 NA

34 2014 Sheep milk 7 NA

35 2010 Sheep milk 3 NA

36 2010 Sheep skin 5 NA

37 2010 Sheep milk 5 NA

38 2010 Sheep milk 3 NA

39 2010 Sheep skin 5 NA

40 2010 Sheep milk 5 NA

41 2010 Sheep milk 5 NA

42 2010 Sheep milk 5 NA

43 2010 Sheep milk 5 NA

44 2010 Sheep milk 5 NA

45 2010 Sheep milk 5 NA

46 2010 Sheep milk 4 NA

47 2010 Sheep milk 3 NA

48 2010 Sheep milk 8 NA

49 2010 Goat udder 4 NA

50 2008 Sheep cheese 3 NA

51 1998 Sheep udder 4 NA

52 2004 Goat cheese 4 NA

53 2007 Goat skin 8 NA

(continued)
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TABLE 1. (CONTINUED)

Typing by PFGE

and MLST
Isolate Year Sample PT ST
54 2008 Goat cheese 4 NA
55 2005 Sheep milk 8 NA
56 2005 Sheep skin 8 NA
57 2007 Sheep milk 4 NA
58 2005 Sheep milk 4 NA
59 2005 Sheep milk 3 NA
60 2005 Sheep milk 5 NA
61 2005 Sheep milk 4 NA
62 2005 Sheep milk 5 NA
63 2005 Sheep milk 4 NA
64 2005 Sheep udder 4 NA
65 2006 Sheep milk 5 NA
66 2006 Sheep milk 5 NA
67 2010 Sheep milk 3 NA
68 2002 Goat cheese 3 NA
69 2002 Goat cheese 3 NA
70 2012 Sheep milk 4 NA
71 2012 Sheep milk 4 NA
72 2012 Sheep udder 4 NA
73 2012 Sheep milk 4 NA
74 2012 Goat skin 4 NA
75 2012 Sheep skin 4 NA
76 2012 Sheep milk 4 NA
77 2012 Sheep milk 3 NA
78 2012 Sheep milk 4 NA
79 2012 Sheep milk 4 NA
80 2012 Goat milk 4 NA

Numbers 1-80 indicate isolates from animals or dairy products,
letters A-D indicate the human isolates. All the strains were typed
by PFGE, the first 20 randomly chosen isolates and the 4 human
isolates were additionally typed using MLST. The choice of the 20
isolates was done using at least an isolate per year.

MLST, multilocus sequence typing; NA, not analyzed; PFGE,
pulsed-field gel electrophoresis; PT, pulsotype; ST, sequence type.

website www.mlst.net/databases/default.asp. The sequence
of the new alleles was deposited in the MLST website.

Antimicrobial susceptibility tests

The antimicrobial susceptibility profiles to the main clas-
ses of antibiotics were determined by using the Kirby—Bauer
method using Mueller-Hinton agar (MHA) medium, as de-
scribed by the NCCLS (CLSI, 2015). Bacterial suspensions
in BHI broth with a turbidity equivalent to a 0.5 McFarland
standard were prepared and spread on the surface of MHA
plates. Antibiotic disks containing the aminoglycosides
gentamycin (CN, 10 ug) and kanamycin (K, 30 ug), the lin-
cosamide lincomycin (MY, 2 u g), the macrolide erythro-
mycin (E, 15 ug), tetracycline (TE, 30 ug), and the f-lactam
antibiotics cefoperazone (CFP, 75 ug) and penicillin G (P,
10 U.I) were used. Antimicrobial disks were obtained from
Oxoid (United Kingdom). The results were interpreted in
accordance with the standards for inhibition zone diameters
for Staphylococcus spp. (CLSI, 2015). S. aureus ATCC
25923 was used as a reference strain for antimicrobial sus-
ceptibility testing.



180

Detection of SE (sea-see, seg-sei, sej, sep),
tsst-1, eta, etb, and mecA genes

Total DNA was extracted from each isolate by boiling the
samples for 20 min in 1 mL of TE buffer. Two multiplex PCR
assays described in Mehrotra et al. (2000) were used to am-
plify sea- see and tsst-1, eta, etb, mecA genes, respectively.
For detection of seg, seh, sei, sej, and sep, a multiplex PCR
assay described by De Buyser er al. (2009) was followed.
Detection of femA was used as an internal positive control
and S. aureus ATCC 25923 as quality control. For the mul-
tiplex reactions, the 25 uL. reaction mixture contained 1 U of
AmpliTaq Gold 360 (Thermo Fisher Scientific), 2.5 mM
MgCl,, 0.2 mM dNTPs, 1 x PCR buffer, 0.2 uM of each pri-
mer, and 1 uL of total DNA. PCR was performed on a 9700
Thermo cycler (Applied Biosystems). The thermal cycle for
the amplification of sea- see, tsst-1, eta, etb, and mecA genes
included the following: an initial denaturation at 94°C for
5 min, followed by 35 cycles of denaturation at 94°C for 1 min,
annealing at 57°C for 1 min, extension at 72°C for 1 min 30s,
and a final extension at 72°C for 7 min. The conditions for the
multiplex PCR of seg, seh, sei, sej, and sep genes were as
described above, except that the annealing step was performed
at 52°C for 30s. Positive strains carrying enterotoxin genes,
kindly provided by the Italian reference laboratory for Sta-
phylococcus spp., were used as controls. The following refer-
ence strains with relative genes in parenthesis were used:
FRIS6 (sea, seb); FRI137 (sec, seg, seh, sei); HMPL280 (sed,
seg, sei, sej, sep, ser); and FRI326 (see). The amplicons were
detected using a 2.5% agarose gel containing ethidium bromide
and visualized under ultraviolet light. The presence of a band of
the expected size was considered as positivity to the presence of
the corresponding gene.

Results
Molecular typing of S. aureus isolates

Eighty S. aureus strains isolated in Sicily from 1998 to
2014 from a collection of milk, cheese, and animal tissue
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were analyzed; in addition, four human samples recovered
from a food poisoning episode were added (Table 1). PFGE
analysis resulted in the detection of 10 pulsotypes (PT1-
PT10, Fig. 1A). Sixty-five of the isolates (PT3, —4, and —5)
grouped into 3 major pulsotypes (77.4%), 15 isolates (PT7,
—8, and —10) grouped into 3 intermediate pulsotypes (17.9%),
and 4 isolates (PT1, -2, —6, and —9) showed unique restric-
tion profiles.

The dendrogram (Fig. 1B) clearly shows that the human
isolates (PT10) are more distant from the other isolates that
share provenience and that appear to be evolved from the
same clone.

MLST analysis was carried out on 18 of the 78 isolates
obtained from dairy products and livestock randomly se-
lected (including at least one for each pulsotype and each
year, if available), together with the four human isolates, the
isolate from the pet, and that from the exotic animal (Ta-
ble 1). The analysis revealed that 12 S. aureus isolates be-
longed to 5 known allelic profiles: ST9 (four human isolates),
ST130 (three isolates), ST522 (two), ST1 (one), ST97 (one),
and ST425 (one). The remaining 12 isolates showed 6 new
MLST combinations: ST700, ST1614, ST1615, ST1616,
ST1626, and ST1627. In particular, 29% of the isolates be-
longed to the ST700 allelic profile. The isolate collected in
1998 from the skin sample of a circus elephant showed the
new pulsotype ST1614. The isolate from dog skin belonged
to the ST522 allelic profile (Table 1).

In addition, PFGE and MLST, carried out on human iso-
lates after a severe food poisoning episode occurred in 2015,
revealed that they belonged to the same pulsotype PT10 and
to the same sequence type ST9 (Table 1, marked as A-D).

Antimicrobial susceptibility

Thirty isolates (35.7%) were found to be resistant to pen-
icillin G, 17 (20.2%) to tetracycline, 4 (5%) to gentamycin, 3
(3.75%) to lincomycin, 3 (3.75%) to cefoperazone, 2 (2.5%)
to erythromycin, and 1 (1.25%) to kanamycin (Table 2). All
isolates belonging to the ST700 profile resulted sensitive to

10

Pulsotypes of Staphylococcus aureus isolates. (A) Example of the PFGE profiles after Smal digestion of genomic

DNA, detected in this study. (B) Dendrogram of the ten PFGE profiles.



TABLE 2. ANTIBIOTIC PROFILE AND DETECTION OF VIRULENCE GENES OF 84 STAPHYLOCOCCUS AUREUS ISOLATES

Antibiotic profile
CN K MY E TE CFP P Presence of virulence genes
S =15 S >18 S >21 S 223 S =719 N S >29
113-14 [114-17 11520 114-22 [15-18 116-20 I— seg-i, tsst, eta,

Isolate RKI2 R/<I3 RKI14 RKI3 RK<14 RKIS R/<28  sea-see sej, sep  etb, mecA

1 S I S I S I R ND seg ND

2 S I S S S S S sec seg tsstl

3 S I R I R I R ND seg ND

4 S I S | S I S sec ND tsstl

5 S S S I S S S ND seg ND

6 S S S S R I R ND seg ND

7 S I S I R I R ND ND ND

8 S I I I I S S ND ND ND

9 S I S S S S S sec ND tsstl
10 S I S I I S S ND seg ND
11 S S S I S S S ND seg, sep  ND
12 S I I S S S S ND sep ND
13 S S S I S S S sec seg tsstl
14 S I S S S S R ND ND ND
15 S S S I S S S ND seg ND
16 S I S I S S R ND seg ND
17 I I S I S S S ND seg ND
18 S I S | R I R sec ND tsstl
19 S S S I S I R ND seg ND
20 S I S | S S S sec seg ND
A S S S I I S I ND seg, sei ~ ND
B S S S 1 1 S 1 ND seg, sei ND
C S S S I I S I ND seg, sei ~ ND
D S S S 1 1 S 1 ND seg, sei ND
21 S S S S S S S sea ND ND
22 S I S S S S S ND ND ND
23 S S S S S S S ND ND ND
24 S S S I S | R ND ND ND
25 S S S I S S S ND ND ND
26 S S S S S S S see ND ND
27 S S S I S S S ND sej ND
28 S S S S S S R ND sej ND
29 S I S | S S S ND seg, sej tsstl
30 S 1 1 1 R I R sec, sed ND eta, tsstl
31 S S S S S S S sea ND ND
32 S S S S S S S ND seh ND
33 I I R I R I R ND seh eta
34 S S S S S S S ND ND ND
35 S S S S S S S ND ND ND
36 S S S S S S S ND ND ND
37 S S S I S S S ND sej ND
38 S S S S S S S ND seh ND
39 S S S I S I S ND seh ND
40 S S S S S S S ND ND ND
41 S S S S S S S ND ND ND
42 S I S S S S R ND sej ND
43 S S S S S S S ND sej ND
44 S I S S S S S ND ND ND
45 S I S R R S S sea ND ND
46 S S S S S S S ND ND ND
47 S S S S R S R ND seg, sep  ND
48 S S S S S S S ND seg, sep  ND
49 S S S S S S S ND ND ND
50 S I S I I R R ND ND ND
51 S S S S S S S sea, see  ND ND
52 S S S S S S S ND ND ND
53 S S S S S S S ND ND ND

(continued)

181



182

VITALE ET AL.

TABLE 2. (CONTINUED)

Antibiotic profile

CN K MY E TE CFP P Presence of virulence genes

S =15 S >18 S >21 S >23 S >19 S >21 S >29

113-14 114-17 11520 [114-22 [115-18 [I16-20 I— seg-i, tsst, eta,
Isolate RKI2 R/K<I3 R/K<I14 RK<13 R/L14 RIS R/L28 sea-see sej, sep etb, mecA
54 R I 1 1 R I R ND ND tsstl
55 S 1 S S S S S sec ND tsstl
56 S S S S S S S ND ND eta, tsstl
57 S S S 1 R S R ND ND mecA
58 S 1 S S S S S sec ND tsstl
59 S 1 1 1 I 1 R ND seh mecA
60 S 1 S R R S R sec ND tsstl
61 S 1 1 1 R 1 R sec ND tsstl
62 S S S I S S S sec ND ND
63 | S S S S 1 R sec ND tsstl
64 S S S S S S S sec ND tsstl
65 S S S S S S R ND sej mecA
66 S S S S R S R ND seh mecA
67 R 1 R I S 1 R sec ND ND
68 S S S S R S R sec ND tsstl
69 S S S S S S S sec sej ND
70 1 1 1 1 R 1 R sec ND tsstl
71 S S S S S S S sec ND tsstl
72 S 1 S S S S S sec ND tsstl
73 S S S S S S S sec ND tsstl
74 S I S I R S R see ND ND
75 S S S S S S S sec, see ND tsstl
76 S 1 S 1 S S S see ND ND
77 1 1 1 I 1 R R sec, see ND tsstl
78 R S S S S S R see ND ND
79 R R S I S S R sec, see ND tsstl
80 S 1 S S R R S ND ND etb
A S S S | 1 S | ND seg, sei ND
B S S S I I S I ND seg, sei  ND
C S S S 1 I S I ND seg, sei ND
D S S S I I S I ND seg, sei ~ ND

Numbers 1-80 indicate isolates from animals or dairy products, letters A—-D indicate the human isolates. For antibiotic profile,
gentamycin (CN), kanamycin (K), lincomycin (MY), erythromycin (E), tetracycline (TE), cefoperazone (CFP), penicillin G (P) were
tested. Antibiotic disk diffusion ranges (mm) for susceptible (S), intermediate (I), and resistant (R) phenotypes are given under the
name of the antibiotic. For the presence of virulence genes, three different multiplex polymerase chain reactions were used to detect the
genes indicated. ND indicates the analyzed genes were not detected. se: staphylococcal enterotoxins, tsst: toxic shock syndrome toxin,
eta and etb: exfoliative toxins, mecA: encodes the low-affinity penicillin-binding protein 2A (PBP 2A) and it determines resistance to

methicillin.

gentamycin and intermediate to kanamycin, one was resistant
to CFP, one to tetracycline, and one to penicillin G. Six
isolates (7.1%) were classified as potentially dangerous, in
that they display resistance to three different classes of antibi-
otics (Table 2). The human isolates showed an intermediate
resistance to erythromycin, tetracycline, and penicillin G.

Detection of virulence genes

The presence of enterotoxin, sst-1, exfoliative toxins (eta
and etb), and mecA genes was investigated in the 84 isolates
by using multiplex PCRs (Table 2). The sec gene was the
most frequently detected (n=24, 28.6%), followed by tsst-1
(n=23, 27.4%), seg (n=20, 23.8%), sej (n=38, 9.5%), see
(n=17,8.3%), seh (n=6,7.1%), sea, sei, sep, and mecA (n=4,
4.8%), eta (n=3, 3.5%), sed and etb (n=1, 1.2%). The si-
multaneous presence of several toxin genes was detected in

27 isolates (Table 2). Interestingly, the four human isolates
carried both seg and sei toxin genes.

Discussion

This is the first report of molecular genotyping, evalua-
tion of resistance profiles, and analysis of toxin genes of
S. aureus in bacterial isolates from dairy animals and dairy
food in Sicily. Our study was carried out on a collection of
S. aureus isolates obtained during the years 1998-2014, and
it demonstrates the existence of 9 pulsotypes (Fig. 1) and 11
sequence types with high heterogeneity. MLST analysis
demonstrated the presence of six new sequence types. Se-
ven ST700 isolates were found in sheep, cow, and goat milk
and udder, from different areas in Sicily. This allelic profile
has been observed in Sicily for the last 16 years; in 1998 in
sheep udder and in 2014 in cow milk (Table 1). The detection
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of a new major clone among all isolates evidenced no host
preference for animal species (sheep, cattle, and goat) and its
distribution was spread all over Sicily. Among the novel
profiles, ST1614 contains a new aroe allele that had never
been previously detected in Sicily; however, it was isolated
from an Indian elephant present in 1998 in an Italian circus,
and so, the actual origin is unknown and we could not have
any further information on the animal at this time. The ST425
and ST522 types had never been isolated in Sicily before;
ST522 was found in both dog skin and in sheep udder, but
with different pulsotypes, antimicrobial susceptibilities, and
enterotoxin genes. Another study carried out in Spain sug-
gested that ST522 is the most common S. aureus clone as-
sociated with small ruminants (Porrero et al., 2012). Allelic
profiles ST1 and ST97 had already been isolated as hospital-
associated methicillin-resistant strains in Catania (Campanile
et al., 2009) and in Italian pig finishing holdings (Battisti
et al., 2009).

Antibiotic profiling showed a high level of penicillin
(35.7%) and tetracycline (20.2%) resistance (Table 2). Re-
sistance to penicillin remains the most common, as observed
in other studies (Spanu et al., 2014; Jamali et al., 2015;
Ferreira et al., 2016). The prevalence of resistance to f-
lactam antibiotics is frequent in S. aureus strains obtained
from milk and related products worldwide, as reported by
Daka et al. (2012), Hu et al. (2013), and Xu et al. (2014).

The tetracycline resistance observed in this study is more
significant than that found in Italy by Spanu et al. (2014) in
strains isolated from cheese (10.6%) or that found by Ferreira
et al. (2016) in strains isolated from artisanal cheese (10.3%).
In Sicilian farms, tetracyclines or a mix of clavulanic acid and
amoxicillin is frequently used to fight infections, often
without veterinarian prescriptions, thus, antibiotic resistance
is likely to have increased over the years.

Molecular analysis (Table 2) showed that only four isolates
contained the mecA gene, hinting at the circulation of
methicillin resistance in dairy products. The mecA gene is
related to methicillin resistance (Liu et al., 2016).

The ST522 isolates were resistant to penicillin G, but the
isolate from dog skin flakes also resulted resistant to linco-
mycin and tetracycline. The fact that the strain isolated from a
pet showed a multiresistant phenotype (i.e., resistance to
three different classes of antibiotics) confirms that multidrug
resistance is easily spread among pets (Davis et al., 2014).
This could be due to close physical contact between pets and
humans, which may allow strain transmission, or to the fact
that many pets are often treated with antibiotics used in hu-
man medicine (Boost et al., 2008; van Duijkeren et al., 2008;
Knox et al., 2015).

In this study, we found that 78.5% of the isolates contained
at least a toxin gene. The highest frequency was observed for
the sec gene among classical SEs, and for the seg gene among
the new SEs. Toxigenic strains of S. aureus were isolated in
Sicilian healthy farms (Vitale et al., 2015) and from sheep
and goat cheese in Southern Italy (Basanisi ef al., 2016).

PFGE and MLST analyses showed the same pulsotype
(PT10) and sequence type (ST9) for the four human isolates
hinting that they probably belong to a single clone although
they were obtained from two different individuals. ST9 was
shown to be frequently spread among animals, whereas it
appears to be rare among S. aureus isolates from human in-
fections (Kehrenberg et al., 2009). In our study, the leftover
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food that probably caused the case of food poisoning resulted
negative to the isolation procedures and it was not possible to
identify any food source. The human isolates did not show
any novel profile in the genetic analysis, however, they all
showed the concurrent presence of sei and seg, not found in
the other isolates. The human isolates likely carry the operon
ecg containing seg and sei (Smyth et al., 2005). The SEI toxin
was shown to have a high pathogenicity, in that only 10 ng of
SEI is sufficient for a lethal effect in rabbits (Roetzer et al.,
2016).

Conclusions

This study showed for the first time a high heterogeneity
and novelty of sequence types of S. aureus isolates collected
in Sicily from tissues and/or dairy products from different
animals between the years 1998 and 2014. Moreover, our
analysis showed which S. aureus strains circulate in Sicily as
well as a high diffusion of penicillin G and tetracycline re-
sistance and toxin genes among the isolates. In addition, we
showed that isolates obtained from patients involved in a
food poisoning episode in 2015 belonged to the same allelic
type ST9, and contained sei and seg toxin genes.
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