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ABSTRACT: Staphylococcus aureus is a food-borne pathogen frequently isolated from raw milk all over the world.
The emergence of antibiotic resistant strains of S. aureus has become an important global public health issue. In spite of
this problem, the contamination rate of raw milk with enterotoxigenic and antibiotic resistant S. aureus strains has been
rarely evaluated in Iran. This study aimed to evaluatethe prevalence and antibiotic resistance ofS. Aureus strains isolat-
ed from bulk tank milk samples in Mashhad, and evaluate the carriage frequency of genes encoding the staphylococcal
enterotoxins (SEs). For this, a total of 250 milk samples were tested for S. aureus by the conventional plating method
and PCR. The disc diffusion method was used to assess the antibiotic susceptibility of the isolated S. aureus. Finally,
the PCR method was used for the detection of staphylococcal enterotoxin genes.S. aureus was detected in 46 (18.4%)
of the collected bulk tank milk samples with mean concentrations of 3.5 x 105 CFU/ml. Among the tested isolates,
86.96% (40/46) were resistant to at least one antibiotic, and 15% (6/40) were detected as multidrug resistant strains.
The highest resistance rate was observed against penicillin (65.22%), ampicillin (41.31%), and methicillin (41.31%).
Overall,71.74% of the isolates harbored at least one of the SEs encoding genes.The sec and sea genes were the preva-
lent ones.In conclusion, the prevalence of enterotoxigenic and antibiotic-resistant S. aureusin the milk samples collect-
ed from Mashhad dairy farms shows the need of implementing strict hygiene practices and rational antibiotic usage.
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INTRODUCTION

ilk is dietary source of carbohydrates, proteins,

fats, vitamins and minerals obtained mainly
from cattle dairy farms (Abera et al., 2010).Howev-
er, this nutrient food can harbor many harmful food-
borne pathogens which can lead to food poisonings or
illnesses. The source of pathogenic organisms in milk
can be livestock, humans or the environment (Hwang
et al., 2007).Staphylococcus aureus is one of the most
prevalent milk-borne pathogens isolated from many
bulk tank raw milk of dairy farms in different parts
of the world (Khairullah et al., 2020; Mohsenzadeh
et al., 2015). This agent is considered as one of the
most common pathogens causing food intoxication
(Lawrynowicz-Paciorek et al., 2007). Staphylococcal
enterotoxins (SEs) are the cause of the S. aureusfood
poisoning (SFP), and include the classical SEA, SEB,
SEC, SED and SEE, which are responsible for 95%
of SFPs (Rahimi & Safai, 2010). These enterotoxins
are highly heat resistant and retain their biological
activity even after pasteurization (Khairullah et al.,
2020). Consequently,the destruction of bacteria in the
pasteurization process can not eliminate the risk of
SFP. Moreover, SEs are also resistant to low pH and
proteolytic enzymes, allowing them to be active in the
gastrointestinal tract (Chen & Xie, 2019).Beside the
aforementioned classical SEs, nonclassical SEs, in-
cluding SEG, SEH, SEI, SER, SES, also act as emetic
agents (Hait et al., 2014).

Antibiotics are administrated widely to animals to
treat bacterial infections and to promote growth (Ti-
touche et al., 2019). However, the emergence of an-
tibiotic resistant bacterial strains is the consequence
of excessive usage of these agents.S. aureus can ac-
quire antibiotic resistance determinants and hence its
isolates often show resistance to many types of an-
timicrobial agents (Papadopoulos et al., 2018). For
instance, methicillin-resistant S. aureus (MRSA) is
resistant to all common b-lactam antimicrobial agents
and represents a grave public health concern due to
its capability to infect humans and animals (Papado-
poulos et al., 2018). In recent years, the occurrence of
antibiotic resistant S. aureus like MRSA has increased
in bulk tank milk of dairy farms, demonstrating the
potential role of milk and dairy products in the spread
of those lineages in humans (Giacinti et al., 2017).
Despite the importance of the issue, the studies re-
garding the contamination of raw milk with antibiotic
resistant S. aureus are rare in Iran.

This study aimed to determine the prevalence and

the antibiotic resistance of S. aureus in milk samples
obtained from bulk tank milkof Mashhad dairy farms
and to assess the carriage frequency of genes encod-
ingSEA, SEB, SEC, SED and SEE enterotoxins by
polymerase chain reaction (PCR).

MATERIALS AND METHODS

Milk samples

A total of 250 bulk tank milk (BTM) samples
were collected from different bovine industrial farms
around Mashhad. After homogenization of milk in the
tank, the raw bovine milk samples were collected in a
sterile 50 ml falcon tube and transferred under refrig-
eration condition (4 °C) within 1 h of the collection to
the food hygiene laboratory of faculty of veterinary
medicine, Ferdowsi university of Mashhad for further
analysis.

Isolation and enumeration of S. aureus

To identify and enumerate S. Aureus in the milk
samples, the method of Regasa et al. (2019) was
used with some modifications (Regasa et al., 2019).
In brief, serial dilutions of each samples, were pre-
paredusing0.1% peptone water diluent.Then,0.1 ml
of each prepared dilution was spread on Baird-Parker
agar (BPA) with 5% egg yolk tellurite emulsion us-
ing a bent glass rod and incubated at 35 °C for 30 to
48 h. Presumptive S. aureus colonies were circular,
convex, smooth, moist, and gray to black appearance
surrounded by opaque zone and frequently with an
outer thin clear zone on the BPA medium.Plates with
20-200 colonies were chosen for S. aureus count and
the calculated counts were reported as CFU/mL of
BTM samples.

For the identification of S. aureus.five colonies of
suspected S. aureus were selected and transferred on
Blood agar (BA) (Cho et al., 2019).The plates were
then incubated at 37 °C for 24 hours.The colonies were
evaluated based on their morphology and the ability
of hemolysis on blood agar,using Gram staining and
biochemical tests such ascatalase, coagulase,DNase,
VP, and sugar fermentation (sucrose, mannitol and
maltose) (Hemamalini et al., 2015). The confirmed S.
aureus colonies were then transferred to Brain Heart
Infusion (BHI) media for further analysis. S. aureus
ATCC25923 was used as positive control strain. All
culture media and diluent were obtained from Merck
(Merck, Darmstadt, Germany).

Antibiotic susceptibility
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Table 1. Primer sequences, annealing temperatures and predicted sizes of PCR products for detection of staphylococcal enterotoxins.

Annealing ~ Amplicon

Target gene  Sequence of primer temperature _ length (bp) Reference
ot LTIy oy g
sea E:: zigiiiéﬁ?ggggéﬁiﬁ%: _'33 52 120bp (Johnson et al., 1991)
seb E:: 2:2%1%?5 &?ﬁgﬁgﬁ:&?ﬁ ? (? (? _;3 50 478bp (Johnson et al., 1991)
sec E:: 5;%:%?222@??5:@2?&?22?:%3 52 257bp (Johnson et al., 1991)
sed E:: zi?le:(;g}l(;?fi’?:? (f,ﬁg,f [;[ (S,: g g :g 50 317bp (Johnson et al., 1991)
see F:S-AGGTTTTTTCAC AGGTCATCC -3 54 317bp (Mehrotra et al., 2000)

R: 5-CTTTTTTTTCTTCGG TCAATC -3

The antibiotic susceptibility test of the isolates
was assessed by Kirby-Bauerdisc diffusion method on
Mueller Hinton agar (Merck) according to the criteria
of Clinical and Laboratory Standards Institute (CLSI)
(CLSI, 2018).

The S. aureus colonies were inoculated in physi-
ological water and incubated at 37°C to get turbidity
equal to 0.5 McFarland. A sterile swab was dipped
into the bacterial suspension, and the entire surface of
Mueller Hinton agar (MHA) plates was swabbed. In
this study, the following antimicrobial discs (Padtan-
Teb Co., Iran) including streptomycin (10ug), tetra-
cycline (30pg), penicillin (10pg), amoxicillin (25ug),
cephalothin (30pg), enrofloxacin (5ug), cloxacillin
(1ng), methicillin (1pg), lincomycin (2pg), gentam-
yein (10pg), ampicillin (10pg), vancomycin (30ug),
and trimethoprim/sulfamethoxazole (23.75/1.25ug)
were applied on the MHA medium. The plates were
incubated at 37°C and examined after 18-24 h.The
results were reported as resistant or sensitive by mea-
suring the diameter of the inhibition zone according
to CLSI interpretive standards (CLSI, 2018).S. aureus
ATCC 25923 was used as reference strain.

Extraction of genomic DNA

S. aureus isolates were grown overnight at 37 °C
in BHI broth. Chromosome DNA of the isolates was
extracted usinga Diatom DNA prep 100 kit following
the manufacturer’s instructions.

Detection of genes by PCR

The extracted samples were subjected to PCR
with six primer pairs as previously described in
the literature (Table 1) to detect the femA and SEs
(sea, seb, sec, sed, and see) genes.The femA was used

for the identification of S. aureus species.

PCR was performed in a 20uL final volume con-
tainingl-unitTag DNA polymerase, 1.5uL of 10X
PCR buffer, 250uM dNTPs, 2uL of primer, 1.5 mM
of MgCl, and 2uL of genomic DNA.

PCR was carried out on a thermal cycler (Bio-Rad,
Hercules, CA, USA) using the following steps: initial
denaturation at 94 °C for 3 min, then 35amplification
cycles with denaturation at 94 °C for 30 s, annealing
at the temperature optimum for each primer for 60
s, and a final extension step at 72 °C for 5 min. The
PCR products were then detected by electrophoresis
in 1.5% non-denatured agarose gel to verify the ex-
pected size of the amplicons.

The positive controls (reference strains) were S.
aureus ATCC 25923 as methicillin-sensitive S. au-
reus (MSSA) strain, S. aureus ATCC 33591 as MRSA
strain, S. aureus ATCC 13565 for gene sea, S. aureus
ATCC 19095 for genes seb and sec, S. aureus ATCC
23235 for gene sed, and S. aureus ATCC 27664 for
gene see. Distilled water was used as the negative
control.

RESULTS

Out of the 250 BTM samples collected from differ-
ent dairy farms around Mashhad,92 samples (36.8%)
were contaminated with Staphylococcus spp., while
S. aureus was isolated from 46 samples (18.4%).The
Staphylococcus counts ranged between6.5x10*CFU/
ml and 2.2x10° CFU/ml in BTM samples and mean S.
aureus count was 3.5x10°CFU/ml. As a control, the
femA was detected in all 46 isolates, confirming the
presence of S. aureus (Fig. 1).
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Regarding antibiotic susceptibility results, among
the 46 S.aureus isolates, 40 (86.95%) isolates were
resistant to at least one antibiotic,and multidrug re-
sistance (MDR), defined as resistance to at least one
agent in three or more antibiotic classes, was observed
in 6 (15%) of the isolates (Table 2).

The highest resistance rate was recorded to pen-
icillin (65.22%), followed by ampicillin (41.31%),
methicillin (41.31%), and amoxicillin (26.08%). All

isolated S.aureus were susceptible to vancomycin and
gentamicin (Table 3).

The detection of the genes encoding SEs in S. au-
reus by PCR (Fig. 1) showed that 33 strains (71.74%)
of the studied bacteria had at least one of those genes
(Table 4). As it can be seen in Table 4, 9.09% had
both sea and sec genes, while seb and see were not
detected in isolates. Among all enterotoxin genes, the
sec gene was the most prevalent (63.64%).

Table 2.Antibiotic resistance profiles of S. aureus strains (n = 40) isolated from bulk tank milk samples.

Resistance category Resistance profiles (number) Nl;glgiirs()f %
Resistant to one antibiotic ~ PCN (5), TET (2) 7 17.5
Resistant to two antibiotics l;gll\,] +1%¥4P(§2)?,é’§£;é}1>{4 )((lgl)’ PCN+STM (1), PCNFMET (4), 10 25
Resistant to three PCN +AMP+MET (4), PCN +AMP+TET (1), PCN+CEP+ENF (1),
o PCN +CEP+LCM (1), AMP+AMX+TET (2), PCN+AMX+MET 12 30
antibiotics (2), STM+ENF+CLX (1)
PCN +AMP+AMX+MET (4), PCN +AMP+CEP+MET (1),
Resistant to four antibiotics AMP+AMX+CLX+MET (1), AMP+CLX+ TMP/SMX +LCM (1), 8 20
TET+CLX+CEP+ENF (1)
Resistant to five antibiotics Eiﬁ;ﬁ%ﬁiﬁ;ﬁ?iﬁdgﬁtf)}g P (1), PCN 2 5
Resistant to six antibiotics PCN +AMP+AMX+CLX+MET+ TMP/SMX (1) 1 2.5

PCN: penicillin, TET: tetracycline, AMP: ampicillin, AMX: amoxicillin, STM: streptomycin, LCM: lincomycin, MET: methicillin,
CEP: cephalothin, ENF: enrofloxacin, CLX: cloxacillin, TMP/SMX: trimethoprim /sulfamethoxazole.

Table 3. Antibiotic susceptibility of S. aureus strains (N=46) isolated from bulk tank milk samples.

Antibiotic Resistant N (%) IntermediateN (%) Susceptible N (%)
Penicillin 30 (65.22) 9 (19.56) 7 (15.22)
Ampicillin 19 (41.31) 16 (34.78) 11 (23.91)
Methicillin 19 (41.31) 6 (13.04) 21 (45.65)
Amoxicillin 12 (26.08) 11 (23.91) 23 (50)
Lincomycin 5(10.87) 14 (30.43) 27 (58.70)
Cephalothin 6 (13.04) 7 (15.22) 33 (71.74)
Enrofloxacin 3(6.52) 9 (19.57) 34 (73.91)
Tetracycline 8(17.39) 3(6.52) 35 (76.09)
Cloxacillin 5(10.87) 5(10.87) 36 (78.26)
Streptomycin 2 (4.35) 7 (15.22) 37 (80.43)
Trimethoprim /Sulfamethoxazole 2 (4.35) 0(0) 44 (95.65)
Vancomycin 0(0) 0(0) 46 (100)
Gentamicin 0(0) 0(0) 46 (100)

Table 4. Frequency of staphylococcal enterotoxins’ encoding genes in S. aureus (N=46) isolated from bulk tank milk samples

S. aureus with enterotoxin gene

Enterotoxins’ genes

(out of 46 samples) sea seb sec sed see sea+sec
Number 33 7 0 21 0 5 3
Percentage 71.74 21.21 0 63.64 0 15.15 9.09

J HELLENIC VET MED SOC 2023, 74 (1)
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Figure 1. S. aureus enterotoxin genes (sea,seb, sec,sed and see) and femAgene detected by gel electrophoresis. a) Lanes: M, Marker,
100 bp ladder; 1, sea positive control; 2, sec positive control; 3 and 5 sea positive isolate; 7, 9 and 11 sec positive isolate; 4, 6, 8, 10
and 12 femA positive isolate; 13, negative control (Distilled water). b) Lanes: M, Marker, 100 bp ladder; 1, seb positive control; 2, sed
positive control; 3, see positive control; 4, seb negative isolate; 6, sed negative isolate; 8 and 10, see positive isolate; 5, 7, 9 and 11,
femA positive isolate; 12, negative control (Distilled water) ; 13, femA-positive control

DISCUSSION

Food poisoning due to the consumption of raw
milk or other milk products, like soft cheese or mashed
potato, contaminated with S. aureus has been previ-
ously reported in several studies (Haghi et al., 2019;
Johler et al., 2015; Jorgensen et al., 2005). The con-
tamination of raw milk with S. aureus is largely due
to the occurrence of clinical and subclinical bovine
staphylococcal mastitis, which has been repeatedly
reported in many countries including Iran (Moniste-
ro et al., 2020; Sahebekhtiari et al., 2011).The risk of
the addition of raw milk contaminated with S. aureus
to a bulk tank is relatively higher when subclinical
staphylococcal mastitis occurs. In fact, in this case,the
chance of detecting subclinical mastitis is lower com-
pared to clinical mastitis.

In this study, S.aureus was isolated in 18.4% of
the tested samples. A range of 4-25.6% contamination
rates were reported for bovine milk samples collected

from different areas including Tabriz, Tehran, Zanjan,
Sao Paulo state, Brazil and Shanghai showing that the
level of contamination in present work is comparable
to those studies (Fagundes et al., 2010; Fooladi et al.,
1970; Haghi et al., 2019; Rahbar Saadat et al., 2014;
Song et al., 2015). Different parameters such as sea-
son of sampling,post-harvest practices, geographical
region, and methods of isolation and identification
have been mentioned as probable reasons of the ob-
served variation in the prevalence of S. aureus (Haghi
etal., 2019).

In the present study, the mean S. Aureus count was
3.5x10° CFU/ml. This value is higher than the rele-
vant values previously reported for otherdairy prod-
ucts. For instance, in a study by Rahbar et al. (2014),
102-10° CFU/ml of total S. aureus were reported for
organic milk collected from bovine milk collection
points and farms in Tabriz, Iran (Rahbar Saadat et al.,
2014).Similarly, a range of 1x10?and 1x10°CFU/g S.
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aureus was reported in different dairy products made
from bovine milk like traditional cheese, butter and
traditional ice cream (Rahimi, 2013). The higher S.
aureus contamination in the present study may indi-
cate lower levels of sanitary practices during milk-
ing in the studied farms. It should be mentioned that
staphylococcal counts should reach ~ 10° CFU/g to
produce SEs (Pelisser et al., 2009).

The prevalence of the genes encoding SEs in the
S. aureus isolates was 71.74%which is in good agree-
ment with the data reported in similar studies. In Ita-
ly, Morandi et al. (2007) mentioned that 67% of the
S. aureus detected in ovine, goat, sheep and buffalo’s
milk and dairy products had SEs encoding genes in
their genome (Morandi et al., 2007).In other reports in
Japan and Iran, 77.4% and 80.7% of S. aureus strains
isolated from bovine milk were positive for the pres-
ence of toxin genes, respectively (Nazari et al., 2014;
Omoe et al., 2002). The prevalence of enterotoxigenic
S. aureus in bovine raw milk in Iran is important since
several Iranian traditional dairy products like cheese,
are still produced from unpasteurized milk (Rahimi,
2013).

Concerning the composition of SEs encoding
genes in S. aureus, different results have been ob-
tained in different studies. In fact, the genetic infor-
mation of S. aureus isolates responsible for food poi-
soning typically varies by country and even by city
within the same country and also by the type of the
contaminated food product (Carfora et al., 2015). De-
spite that variation, SEA is the major S. aureus en-
terotoxin observed in bovine milk samples obtained
from different geographical locations including some
areas in Iran like Zanjan and Qom (Haghi et al., 2019;
Nazari et al., 2014).Moreover, it has been stated that
strains isolated from bovine milk products mainly
produce SEA and SEE (Nazari et al., 2014). Although
the aforementioned reports do not support our find-
ings, there are other studies stating SEC as the most
common SE isolated from milk producing animals
(Riva et al., 2015).

Regarding antibiotic susceptibility testing, 86.96%
(40/46) of the S.aureus isolates exhibited resistance to
the applied antibiotics, while 41.31% (19/46) of them
were resistant to methicillin.

MRSA strains are among the most important caus-
es of hospital-acquired infections worldwide, and re-
cently MRSA have been often isolated in farm envi-
ronment (Carfora et al., 2015). The prevalence rate of

MRSA strains in bovine raw milk has been reported in
different countries, including Italy (13-20%) and Tur-
key (17%), and lower percentages of contamination
with MRSA were recorded in these studies compared
to the present work (Riva et al., 2015). Titouche et al.
(2019) and Papadopoulos et al. (2018) also reported
very low percentages of MRSA contamination (3-
4.1%) in raw milk and dairy product samples collect-
ed in Algeria and Greece (Papadopoulos et al., 2018;
Titouche et al., 2019).

The high rate of resistance to B-lactam antibiot-
ics like penicillin and ampicillin was in accordance
with previous researches on S. aureus isolates isolated
from food samples in different locations in Iran and
other countries (Chen & Xie, 2019; Rahimi, 2013;
Sahebekhtiari et al., 2011; Titouche et al., 2019).The
high susceptibility to gentamycin, trimethoprim/sul-
famethoxazole and vancomycin were similarly ob-
served by Papadopoulos et al. (2018) and Giacinti et
al. (2017) in S. aureus strains isolated from bovine
bulk tank milk and sheep milk respectively (Giacinti
et al., 2017; Papadopoulos et al., 2018).

In the present study, multidrug resistance was also
found in 15% (6/40) of the resistant S. aureus isolates.
In recent years, several studies have reported differ-
ent rates of MDR S. aureus isolated from bovine milk
samples. For instance, Zhao et al. (2021) reported a
high prevalence of MDR S. aureus (55.4%) while a
lower rate (16%) was observed by Eid et al. (2022)
(Eid et al., 2022; Zhao et al., 2021).

The antibiotic resistance profile of the present
study corresponds to the antibiotics that are being
applied to treat food animals’ infections in Iran (Ra-
himi, 2013). For instance, B-lactam antibiotics, have
been widely used for decades to treat staphylococcal
infections in Iran and other countries. Therefore, the
variations among antimicrobial resistance patterns of
S. aureus may reflect differences in infection control
strategies.

CONCLUSION

In this study,the prevalence, the genes encoding
enterotoxins and antibiotic resistance of S. aureus
strains in bovine milk samples collected from bulk
tank of Mashhad farms were evaluated. The preva-
lence of S. aureus showed that the level of contam-
ination in the study area was comparable to other
locations in Iran and other countries. The frequency
of genes encoding SEs in S. aureus (71.74%) was
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also in accordance with previous reports in the dif-
ferent areas. However,even though sea is mainly
the dominant SE encoding gene in enterotoxigenic
S. aureus,sec was the most prevalent (63.64) in this
study.Finally, high rates of resistance to the applied
antibiotics (86.96%) were detected in the tested milk
samples.In conclusion, the prevalence of enterotoxi-
genic antibiotic-resistant S. aureusin the milk samples
collected from Mashhad dairy farms maybe a public
health concern,especially because many traditional
dairy products are still made by unpasteurized milk in
Iran. Therefore, additional efforts must be devoted to

implementing hygienic processes in dairy farms and
controlling antibiotic usage as well.
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