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Abstract

Background: Methicillin-resistant Staphylococcus
aureus is a major cause of food-borne diseases
with impact of antibiotic resistance. Milk and dairy
products are considered as sources of MRSA. The
current research was done to study the prevalence
of SCCmec factors in the MRSA recovered from raw
milk in Iran.

Methods and findings: Two-hundred milk samples
were collected and immediately cultured. MRSA
strains were isolated and subjected to PCR
amplification. Sixty out of 200 (30%) raw milk samples
were positive for MRSA. Bovine had the highest
(20%) prevalence of MRSA, while caprine had the
lowest (15%). Statistically substantial variance was
found between the prevalence of MRSA and type
of samples (P<0.05). SCCmec IVa (60%), SCCmec
V (50%) and SCCmec IVb (25%) were the most
frequently detected. Bovine and caprine milk samples
had the highest and the most variable prevalence of
SCCmec types.

Conclusion: MRSA are an important risk factor in
dairy farms. Therefore, further studies are needed
to find strategies for control of the presence of S.
aureus and especially MRSA in dairy products.
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1. Introduction

Staphylococcus aureus (S. aureus)is a Gram-positive
and coccal bacterium which is associated with
nosocomial and community-acquired infections all-
around the world [1]. It is also an important foodborne
pathogen involved in severe gastrointestinal
disorders. It has been assessed that the S. aureus
is a causative agent for 245,000 foodborne illnesses
per year in the United States [2]. Raw milk is one
of the most common sources of Staphylococcal
foodborne diseases [3,4]. Staphylococcal foodborne
infections are primarily related to the emergence of
antibiotic resistance [5,6]. The bacterium has the
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highest levels of resistant against methicillin and
other types of beta-lactams antimicrobial agents
[5-7]. It has been documented that about 50% of
strains of this bacterium were methicillin-resistant
S. aureus (MRSA) [5-7]. Earlier research which was
accompanied on the United States showed an annual
estimate of 94,000 MRSA infections with nearly 20%
mortality rate [8].

MecA is a gene responsible for resistance against
methicillin. It is a 21 to 67 kb component with a
specific location of the staphylococcal chromosomal
cassette mec (SCCmec) [9]. SCCmec recognized by
the attendance of indispensable indicators, i.e., mec
and ccr genes. SCCmec components are typically
divided into five types of I, Il, lll, IV and V (IVa, IVb,
IVc and 1Vd) [9,10].

Unfortunately, basic principles of good hygiene
have not been observed in most Iranian milking
halls. Therefore, the present study was performed
to investigate the prevalence of MRSA in raw milk
samples and also distribution of SCCmec types in
bacterial isolates.

2. Materials and Methods
2.1 Samples collection and MRSA identification

From April to September 2014, a total of 200 raw milk
samples including bovine (n=80), ovine (n=60) and
caprine (n=60) were purchased from supermarkets
of various parts of Tehran, Iran. Milk samples had
normal physical characteristics. Samples were
purchased under sterile hygienic conditions and
were transferred to the laboratory at 4°C in a cooler
with ice packs.

Isolation of MRSA strains from the 25 ml of milk
samples was performed using the Mueller Hinton
broth (Merck, Germany) cultures according to the
method described by Dormanesh et al. [11].

2.2 DNA extraction

MRSA isolates were sub-cultured on Tryptic Soy
Broth (Merck, Germany) and then incubated at
37°C for 24 h. Genomic DNA was extracted from
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the bacterial colonies using the DNA extraction and
purification kit (Fermentas, Germany) according
to the manufacture’s instruction. Concentration of
extracted DNA samples was determined using the
spectrophotometer at 260 nm (SQ 2800, Unico,
USA) [12].

2.3 Detection of SCCmec profiles

Table 1 represents the sequence of primers
and PCR conditions applied for amplification of
SCCmec alleles [13]. DNA thermo-cycler (Eppendorf
Mastercycler, Germany) was applied in all PCR
amplifications. Totally, 10 microliters of PCR products
were committed on a 2% agarose gel consisting of
0.5 mg/ml of CYBR Green (Fermentas, Germany) at
90 V for 20-30 min. Products were interpreted using
ultraviolet illumination. S. aureus ATCC 6538 and
sterile distilled water were applied as positive and
negative controls, respectively.

2.4 Statistics

Data recovered from all tests were subjected to
SPSS/19.0 software and P<0.05 was determined as
a significance level.

Table 1. Oligonucleotide primers used for detection of SCC
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3. Results

Table 2 showed the incidence of MRSA in raw milk
samples. Results revealed that 60 out of 200 (30%)
raw milk samples were contaminated with MRSA.
Bovine had the highest (20%), while caprine had
the lowest (15%) prevalence of MRSA. Statistically
significant difference was seen between the incidence
of MRSA and type of samples (P<0.05).

Table 3 shows the incidence of SCCmec alleles in
MRSA strains recovered from raw milk samples. The
most prevalent alleles of SCCmec were SCCmec IVa
(60%), SCCmec V (50%) and SCCmec IVb (25%).
Bovine and caprine milk samples had the highest
prevalence of SCCmec types. Statistical differences
were seen between the incidence of SCCmec IVa
and SCCmec Ill (P=0.018) and SCCmec V and
SCCmec Il (P=0.021). Significant variance was seen
between the type of milk samples and presence of
SCCmec alleles (P<0.05).

4. Discussion

Findings of the current research represented that
the MRSA had a high (30%) prevalence in various

mec types of the MRSA strains isolated from raw milk samples.

Target genes

Primer sequence (5'-3')
F: GCTTTAAAGAGTGTCGTTACAGG

Size of product (bp)

i R: GTTCTCTCATAGTATGACGTCC 613
Somoenconoce
oceTiconcimcts
- e
SCOmec v F: GAACATTGTTACTTAAATGAGCG 205

R: TGAAAGTTGTACCCTTGACACC

Table 2. Total distribution of MRSA in various types of raw milk samples.

Types of samples

No. samples collected

No. MRSA (%)

Bovine 80 40 (20)
Ovine 60 11 (18.33)

Caprine 60 9 (15)
Total 200 60 (30)

Table 3. Prevalence of SCCmec types in the MRSA strains isolated from various types of raw milk samples.

Type of Prevalence of SCCmec types (%)

(Nts)."]?opslﬁis;/e) SCCmec | SCCmec Il SCCmec Il SCCmec IVa SCCmec IVb SCCmec IVc SCCmec IVd SCCmec V
Bovine (40) 1 (2.50) 2 (5) 3(7.50) 28 (70) 10 (25) 2 (5) 24 (60)
QOvine (11) - - 1 (9.09) 3 (27.27) 2(18.18) - 2(18.18)
Caprine (9) - 1(11.11) | 1(11.11) 5 (55.55) 3(33.33) - 4 (44.44)
Total (60) 1 (1.66) 3 (5) 5(8.33) 36 (60) 15 (25) 2 (3.33) 30 (50)
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types of milk samples. As far as we recognize,
there were rare available information about the
incidence of MRSA in milk in Iran. High prevalence
of MRSA in raw milk samples of our investigation
showed an important public health issue regarding
the consumption of raw milk. Higher prevalence of
MRSA in the bovine milk samples is maybe due to
the higher population of cow in the milking process.
Therefore, contamination can easily be transmitted
from infective cows to others. Additional cause for the
high occurrence of MRSA strains in the milk samples
of our study is the pollution of dishes and containers
using for maintenance and also transporting of milk.
In addition, lack of the maintenance of milk in low
temperature is another risk factor which may lead to
the growth and proliferation of MRSA. The possibility
of transmission of dangerous MRSA strains from
an infected hand and respiratory nasal secretions
of staffs of the milking halls to milk is another risk
factor which should not be overlooked. Unfortunately,
Iranian ranchers are using from traditional milking or
hand milking which cause transmission of dangerous
pathogens from hands to the milk.

Several investigations have been performed in this
field al-around the world. Riva et al. [14] reported
that 35 S. aureus strains were isolated from 383 raw
milk samples (9.13%) of Milan (northern Italy) which
was lower than our findings. They indicated that the
incidence of MRSA strains were 1.82%. Haran et
al. [15] showed that herd prevalence of MSSA was
84%, while MRSA herd prevalence was 4% which
was lower than our findings. In a research which was
performed by Mirzaei et al. [16], a total of 200 Iranian
raw milk samples were screened for the prevalence
of MRSA. They showed that the incidence of
coagulase positive S. aureus in raw and pasteurized
milk and also traditional butter and cheese samples
were 44%, 8%, 18% and 24%, respectively. The
prevalence of MRSA in raw milk, pasteurized milk
and traditional butter samples were 82%, 50% and
22%, respectively. High presence of MRSA strains in
bovine milk has been reported from various countries
including Germany, ltaly, Turkey and England [17-20].

We found that the MRSA strains harbored the high
and variable prevalence of SCCmec alleles which is
an additional pathogenic factor for infections. Totally,
SCCmec IVa, SCCmec V and SCCmec IVb were the
most prevalent alleles in our findings. Community
Acquired MRSA (CA-MRSA) are mainly considered
by SCCmec IV and V alleles, while Healthcare (H)
A-MRSA are recognized by SCCmec |, 1l and IlI
alleles [21]. This topic revealed that the MRSA strains
of this research project were mainly associated
with CA-MRSA. In the other hand, detection of
SCCmec types IV and V suggested the emergence
of CA-MRSA strains in this geographical area and
occurrence of SCCmec | and Il alleles indicated a
possible transmission of MRSA from humans to
animals. High prevalence of SCCmec types IV and V
were also detected by Nemeghaire et al. [22], Haran
et al. [23] and Havaei et al. [24].
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5. Conclusion

In summary, an overall incidence of 30% and a
relatively great occurrence of SCCmec alleles in
the MRSA strains in milk samples pose a possible
community health threat regarding Iranian raw milk
samples. Using from hygienic conditions for the
milking process, application of industrial devices for
milking, maintenance of milk in a refrigerator and
finally well boiling of milk before consumption and
even using from pasteurized milk are key points
which may reduce the risk of milk-borne MRSA.
Regular and authorized prescription of antibiotics
can reduce the occurrence of resistance S. aureus
strains.

6. Acknowledgement

Authors want to thank Prof. Afshin Akhondzadeh
Basti, Prof. Negin Noori, Prof. Hassan Gandomi and
Prof. Ali Misaghi at the Department of Food Safety,
University of Tehran, Tehran, Iran for their significant

practical provision.

References

[1]Kadariya J, Smith TC, Thapaliya D. (2014).
Staphylococcus aureus and Staphylococcal food-borne
disease: An ongoing challenge in public health. BioMed
Res Int. 2014: 1-9.

[2]Scallan E, Hoekstra RM, Angulo FJ, et al. (2011).
Foodborne illness acquired in the United States - major
pathogens. Emerg Infect Dis. 17: 7-15.

[3]Al-Ashmawy MA, Sallam KI, Abd-Elghany SM, et al.
(2016). Prevalence, molecular characterization, and
antimicrobial susceptibility of methicillin-resistant
Staphylococcus aureus isolated from milk and dairy
products. Foodborne Pathog Dis. 13: 156-162.

[4]Cortimiglia C, Luini M, Bianchini V, et al. (2016).
Prevalence of Staphylococcus aureus and of methicillin-
resistant S. aureus clonal complexes in bulk tank milk
from dairy cattle herds in Lombardy Region (Northern
Italy). Epidemiol Infect. 144: 3046-3051.

[5]de Boer E, Zwartkruis-Nahuis JT, Wit B, et al. (2009).
Prevalence of methicillin-resistant Staphylococcus
aureus in meat. Int J Food Microbiol. 134: 52-56.

[6]Momtaz H, Safarpoor Dehkordi F, Rahimi E, et al.
(2013). Virulence genes and antimicrobial resistance
profiles of Staphylococcus aureus isolated from chicken
meat in Isfahan province, Iran. J Appl Poult Res. 22:
913-921.

[7]1Johnson AP. (2011). Methicillin-resistant Staphylococcus
aureus: The European landscape. J Antimicrob
Chemother. 66: iv43-iv48.

[8]Klevens RM, Morrison MA, Nadle J, et al. (2007).
Invasive methicillin-resistant Staphylococcus aureus
infections in the United States. JAMA. 298: 1763e1771.

[9] Turlej A, Hryniewicz W, Empel J. (2011). Staphylococcal
cassette chromosome mec (Sccmec) classification and
typing methods: An overview. Pol J Microbiol. 60: 95-
103.

[10] Ferreira FA, Souza RR, de Sousa Moraes B, et al.
(2013). Impact of Agr dysfunction on virulence profiles

-16-



cJBio

and infections associated with a novel methicillin-
resistant Staphylococcus aureus (MRSA) variant of
the lineage ST1-SCCmec IV. BMC Microbiol. 13: 93.

[11] Dormanesh B, Siroosbakhat S, Khodaverdi Darian
E, et al. (2015). Methicillin-resistant Staphylococcus
aureus isolated from various types of hospital
infections in pediatrics: Panton-valentine leukocidin,
staphylococcal chromosomal cassette mec SCCmec
phenotypes and antibiotic resistance properties.
Jundishapur J Microbiol. 8: €11341.

[12] Sambrook J, Russell D. (2001). Molecular cloning, a
laboratory manual. In Cold Spring Harbor Laboratory.
3rd edition. Cold Spring Harbor, New York.

[13] Zzhang K, McClure J, Elsayed S, et al. (2005). Novel
multiplex PCR assay for characterization and sub
typing of staphylococcal cassette chromosome mec
types | to V in methicillin-resistant Staphylococcus
aureus. J Clin Microbiol. 43: 5026-5033.

[14]Riva A, Borghi E, Cirasola D, et al. (2015).
Methicillin-resistant Staphylococcus aureus in raw
milk: Prevalence, SCCmec typing, enterotoxin
characterization and antimicrobial resistance patterns.
J Food Prot. 78: 1142-1146.

[15]Haran KP, Godden SM, Boxrud D, et al. (2012).
Prevalence and characterization of Staphylococcus
aureus, including methicillin-resistant Staphylococcus
aureus, isolated from bulk tank milk from Minnesota
dairy farms. J Clin Microbiol. 50: 688-695.

[16] Mirzaei H, Tofighi A, Karimi Sarabi H, et al. (2011).
Prevalence of methicillin resistant Staphylococcus
aureus in raw milk and dairy products in Sarab by
culture and PCR techniques. J Anim Vet Adv. 10:
3107-3111.

[17] Benedetti V, Cremonesi P, Ferrari S, et al. (2010).

ISSN 1860-3122

Electronic Journal of Biology, 2017, Vol.13(1): 14-17

Staphylococcus aureus meticillino-reistente (MRSA) da
campioni di latte bovino. Large Anim Rev. 16: 67-70.

[18] Kreausukon K, Fetsch A, Kraushaar B, et al. (2012).
Prevalence, antimicrobial resistance and molecular
characterization of methicillin-resistant Staphylococcus
aureus from bulk tank milk of dairy herds. J Dairy Sci.
95: 4382-4388.

[19] Paterson GK, Morgan FJ, Harrison EM, et al. (2014).
Prevalence and characterization of human mecC
methicillin resistant Staphylococcus aureus isolates in
England. J Antimicrob. Chemother. 69: 907-910.

[20] Tu'rkyilmaz S, Tekbiyik S, Oryasin E, et al. (2010).
Molecular epidemiology and antimicrobial resistance
mechanisms of methicillin-resistant Staphylococcus
aureus isolated from bovine milk. Zoonoses Public
Health. 57: 197-203.

[21]De Lencastre H, Oliveira D, Tomasz A. (2007).
Antibiotic resistant Staphylococcus aureus: A paradigm
of adaptive power. Curr Opin Microbiol. 13: 971-979.

[22] Nemeghaire S, Argudin MA, Haesebrouck F, et al.
(2014). Epidemiology and molecular characterization
of methicillin-resistant Staphylococcus aureus nasal
carriage isolates from bovines. BMC Vet Res. 10: 153.

[23]Haran KP, Godden SM, Boxrud D, et al. (2012).
Prevalence and characterization of Staphylococcus
aureus, including methicillin-resistant Staphylococcus
aureus, isolated from bulk tank milk from Minnesota
dairy farms. J Clin Microbiol. 50: 688-595.

[24]Havaei SA, Assadbeigi B, Esfahani BN, et al.
(2015). Detection of mecA and enterotoxin genes
in Staphylococcus aureus isolates associated with
bovine mastitis and characterization of Staphylococcal
cassette chromosome mec (SCCmec) in MRSA
strains. Iran J Microbiol. 7: 161-167.

-17-



