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ABSTRACT

Methicillin-resistant Staphylococous aureus (MRSA) is a pathogenic strain of
bacteria in humans and animals that can cause anything from mild to severe
infections. Detection of MRSA in foodstuffs of animal origin has been widely
reported and has raised public concerns about the transmission of MRSA from
foodstuffs of animal origin to humans. There have been many re ports of MRSA
infections originating from dairy cow's milk, milk products, and MRSA
transmission between farmers working in dairy pens and people working in
the dairy industry. Significant differences in the spread of cases of MRSA
infection originating from milk and milk products have been reported among
various countries in the world. This difference may be caused by different
livestock production management systems in differe nt countries in the world,
Milk and milk products contaminated with MRSA will be a potential
transmission of MRSA tra ion when co 1 by and can be a
problem for public health. The milking process carried out by farmers and the
processing of milk for milk products can be risk factors for transmission of
MRSA to humans. Contamination of milk and milk products by MRSA is a major
cause of food poisoning. Several antibiotics of choice can be used in treating
patients who experience poisoning with milk and milk products such as
fluoroguinolone, tetracyclines, lincosamide, and trimethoprim-
sulfamethoxazole. Adherence to good hygiene practices during milking,
processing and handling of dairy cow milk can significantly minimize MRSA
contamination of milk and dairy products.

INTRODUCTION

Methicillin-resistantphylococcus aureus (MRSA) is a
pathogenic strain of bacteria in humans and animals that
can cause from mild to severe infections and can even
cause death cases worldwide. The epidemiology of the
incidence of this infection is also very diverse, considering
the possible exchange of MRSA strains between humans
and animals or vice versa [1]. Recently this year, the
detection of MRSA in foodstuffs of animal origin has been
widely reported and has raised public concerns about the
transmission of MRSA from foodstuffs of animal origin to
humans [2, 3]. Variolm’pes of foodstuffs of animal origin
have been studied to determine the source of MRSA
transmission, such as beef, chicken, pork, dairy cow's milk,
sheeplk, and dairy products [4-10]. It is widely known
that Staphylococcus aureus, especially  methicillin-
resistant Staphylococcus aureus (MRSA) is the main cause
of mastitis cases in dairy cows, even MRSA can also be
detected in healthy cows [11-14].

During the milking process in dairy cows, especially in
dairy cows with subclinical mastitis, this MRSA strain can
emerge from the teats of dairy cows to contaminate milk
without organoleptic changes in milk, thus allowing this
MRSA strain to easily spread to the milk processing
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process. There have been many reports of MRSA infections
originating from dairy milk [11, 13, 15], dairy products
[10], and transmission of MRSA between farmers working
in dairy pensand people working in the dairy industry [16,
17].
MRSA transmission can be zoonotic, involving direct
animal-to-human contact or vice versa, the processing of
dairy products, and contact with environmental
contaminants [18]. MRSA transmission disease cases have
become a serious problem for dairy farming and the dairy
industry [19-21].
Poor management of dairy farms and inappropriate use of
antibiotics can increase the incidence of MRSA in cow's
milk [22]. Previous studies have reported cases of
hospital-related MRSA infection (Hospital acguired
Methicillin-resistant Staphylococcus aureus / HA-MRSA)
and Community acquired Methicillin-resistant
Staphylococcus aureus (CA-MRSA) infections. Recent
studies have found another group of MRSA, namely MRSA
ciated with livestock (Livestock associated
Methicillin-resistant Staphylococcus aureus / LA-MRSA).
LA-MRSA colonization of dairy cows has been shown to be
a risk factor for veterinarians, breeders, employees of the
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dairy processing industry, and those in close contact with
dairy cows [23].

LA-MRSA infections in hurr@, originating from milk and
milk products, can include skin and soft tissue infections
ranging from mild to severe [24]. Expression of
methicillin-resistant ~ Staphylococcus  aureus  may
complicate antibiotic treatment [25]. The prevalence of
LA-MRSA needs to be done from the beginning before the
transmission of footﬂom animal origin to humans can
eventually become a threat to human health [26]. Studies
on the sprea RSA that are sourced from foodstuffs of
animal origin such as milk and dairy products can limit the
threat of MRSA infection cases to hu ealth [23].

This review describes Methicillin-resistant
Staphylococcus aureus in general, MRSA in foodstuffs of
animal origin,SA in milk, MRSA in milk products,
epidemiology of MRSA in milk and milk products,
transmission of MRSAmsmission from milk and dairy
products, risk factors. transmission of MRSA originating
from milk and milk products, consequences for public
health, treatment of cases of MRSA poisoning originating
from milk and milk products, and prevention of MRSA
&isoning from milk and milk products.

Methicillin-resistant Staphylococcus aureus (MRSA)
Expression of resistance to penicillinase-stable antibiotics
to penicillinase, commonly referred to as “methicillin
resistance” or "oxacillin resistance”, in s lococcus
aureus bacteria is manifested as bacteria that are resistant
to all [-lactam class antibiotic agents including
carhapenem@j sephalosporins [27].
The start of methicillin-resistant Staphylococcus aureus
(MRSA) began in 1961 in the United Kingdom [28], one
year after methicillin antibiotics were introduced into
clinical practice to treat cases of penicillin-resistant
Staphylococcus aureus infection [29]. In the earlBE)D's
MRSA began to become a serious health threat in the
United KifZfhm and the United States [30]. Resistance is
encoded by a mobile genetic element, known as
staphylococcal chromosomal cassette mec (SCCmec) [31],
carrying the genes encoding mecA and mecC, both of
which encode penicillin-binding protein 2a (PBP2a) B,
32]. B-lactam antibiotics bind to PBP, acting in the
synthesis of cell wall tidoglycan, which causes
bacterial cells to lysis. But PEF2a has a low affinity for -
lactam antibiotics, so that peptidoglycan synthesis activity
continues in MRSA strains [32], despite the presence of
various f-lactam inhibitor combinations. The mecA coding
gene can be identified in one of eleven SCCmec (1-X1) types,
which carry 5 different types of mec-coding gene
complexes, such as mecA and their regulatory genes
mecR1 and mecl, and eight different types of the ccr gene
complex., mch contains two different recombinase CCR
enes that play a role in the mobility of the element [33].
A was obtained from the integration of the SCCmec
element carrying the mecA gene encoding the methicillin-
sensitive Staphylococcus aureus [34]. A new MRSA coding
gene named mecC (originally named mecALGAZ251) by the
International Working Group (IWG) was discovered in the
SCCmec element classification, which was isolated for the
first time from a sample of dairy cow milk in the UK in
2011 [35] and this mecC coding gene was also isolated
from human clinical samples in Denmagi@iScotland, and
the UK in 2014 [36]. This mecC gene is located in the
SCCmec type XI element and has 69% similarity in the
identity of the nucleotide sequence to the mecA coding
gene. Besides MRSA strains have the ability to adapt to the
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pressure of B-lactam antibiotics, MRSA strains also have
the potential to produce enterotoxins that can cause food-
borne disease. However, the prevalence of enterotoxigenic
MRSA in food anodstuffs is still low and is usually
closely related to milk and mi oducts. In a previous
study conducted in Italy, it umreported that three MRSA
strains (1.2%) isolated from milk and dairy products were
found to have enterotoxigenic properties [37], and in the
United States study 2 MRSA strains (1.33%) were found.
those isolated from tank milk had enterotoxins [12].

Methicillin-resistant Staphylococcus aureus (MRSA) in
food of animal origin

Many researchers who have reported finding MRSA in
foodstuffs of animal origin around the world, have found
varying prevalences in beef, lamb, chicken, pork, rabbit,
wild boar, eggs, milk, dairy products, and fish [1, 4, 5, 6, 8,
10, 38-43]. In addition, it is important to emphasize that
the MRS A strains found in humans have also been found in
food, due to contamination of food consumed by humans
[44]. It also depends on the epidemiological factors of the
geographic area of each country, about 0.7-1.5% of
humans in the world have been infected with MRSA [45-
47].

Until now it is known that there is a transmission of MRSA
clone exchange between humans and animals [48], but it
is not clear whether there is a risk of inherited foodstuffs
of animal origin associated with MRSA contamination. In
1994 there was a case of food poisoning from food of
animal origin at the University of Rotterdam hospital,
where out of 27 patients 5 of them died, the incident was
caused by an isolated strain of MRSA from a cook
contaminating food during food preparation [49]. Also, in
2001 there was a case of food poisoning from food of
animal origin caused by MRSA strains contained in
Staphylococcus enterotoxin C, which was isolated from
roasted pork contaminated by food handlers [50].

MRSA in milk

The incidence of MRSA infection from cow isolates with
mastitis has been widely studied and the prevalence rate
is still low [51]. Following the first reports of MRSA from
cows with mastitis [52], sporadic cases of MRSA infection
airy cows have been detected among Staphylococcus
aureus isolates from dairy cows with subclinical mastitis
and clinical mastitis. In a study conducted in Korea [53],
MRSA of cow's milk was found with an isolation of
0.18%. In a report on dairy farming in Belgium, the highest
percentage of MRSA identification was found in
breastfeedirmiry cows at 15% [51], these cows did have
a previous history of MRSA infection. Until now, the
prevalence of MRSA identification in dairy cows with
mastitis is still low, considering the time period since
MRSA was firstdiscovered in dairy cows and close contact
with farmers with dairy cows’ udders. In a study in
Germany, the highest proportion of positive MRSA
samples was found in the nose swabs of calves, namely
45% and the lowest proportion of positive samples of
MRSA in bulk tank milk was 4.1%, most of the MRSA
isolates came from the spa type t011 and t034 belonging
to the CC398 clonal complex [4]. The discovery of LA-
MRSA CC398 in tank milk proved that MRSA was colonized
in dairy cows’ udders and a possible cause of subclinical
mastitis cases in dairy cows in Germany [4]. Close contact
between dairy cows and humans can lead to strain transfer
between dairy cows and humans through milk production.
In a study in Hungary, identical MRSA isolates were found
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from dairy cows with mastitis and a farmer with
phenotypic and genotype analysis which indicated that
there had been a transfer of MRSA strains between dairy
cows and humans [54].

MRSA in milk products
Staphylococcus aureus and MRSA can contaminate milk
er by direct excretion from udders of dairy cows with
mastitis or through contamination from the surrounding
environment during handling and processing of milk for
milk products. It is known that milk is a suitable medium
for bacterial development and a means of transmission of
bacterial transmission such as MRSA when milk or milk
products are consumed by humans, so this is a public
health hazard [55]. d
One of the livestock-based food products that can be a
source of MRSA transmission and cause cases of food
poisoning by MRSA is milk from dairy cows, then milk from
dairy cows that is contaminated with MRSA is processed
into milk products. MRSA strains have been identified
from a wide variety of dairy products such as cheese [8],
yogurt [56], butter [57], ice cream [58], and pasteurized
milk [59]. This MRSA strain also possibly carries the
Staphylococcal enterotoxin gene which could potentially
cause food poisoning [8].

Epidemiology MRSA in milk and milk products

The cause of transmission of MRSA to humans is obtained
from milk cows and milk products c inated with
MRSA [8, 12]. Consumption or handling of milk and dairy
products can lead to the spread of the antibiotic resistance
gene Staphylococcus aureus to humans [60].

The spread of MRSA infection cases originating from milk
and milk products has been reported in various countries
around the world. Different livestock production
management systems in different countfigs of the world.
Different policies and regulations for the use of antibiotics
in each country also contribute to the different spread
rates of MRSA infection [61]. Several animal species in an
area that cause the transfer of genetic material between
MRSA strains can affect the rate of spread of MRSA
infection [17]. Reported data explain the wide variety of
spread of MRSA infections in milk and dairy products in
various parts of the world.

Europe

a French study, no MRSA was found among 119
Staphylococcus aureus isolates in the milk of dairy cows
with clinical mastitis between 1998 and 2000 [62]. In a
similar study in France, only 1 Staphylococcus aureus
isolate was classified as MRSA among 139 Staphylococcus
aureus isolates in dairy cattle with clinical mastitis
between 2007 and 2008 [63]. In a large study conducted
in Hungary from January 2002 to December 2004, 139
Staphylococcus aureus isolates (out of 595 samples of
cow's milk with subclinical mastitis) detected 27 of them
MRSA [54].

Based on a survey conded in Belgium between 2006
and 2007, out of 118 Staphylococcus aureus isolates
obtained from milk samples from dairy cows with clinical
mastitis, 11 were confirmed to be MRSA [13].

Research conducted in the Czech Republic between 2006
and 2009, [64] found 18 MRSA strains from cow's bulk
tank milk and 4 MRSA strains from goat's milk from a total
of 29 phylococcus aureus isolates studied. One of the
MRSA isolates from the goat farm was detected positive for
the gene encoding Staphylococcal enterotoxin (SE) [64].
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Moreover, between 2006 and 2008, Stastkova et al. [65]
found 5 MRSA strains from 34 isolates of Staphylococcus
aureus obtained from 153 milk samples from goat farms,
and all these MRSA isolates contained the Staphylococcal
enterotoxin B (seb) gene. The lower prevalence of MRSA
reported in the Czech Republic is 3%, in this study there
were 60 samples of goat's milk, 60 samples of sheep's milk,
and 120 samples of dairy cow's milk, only 2 were detected
strains of MRSA, 2 of which were dairy cows with mastitis.
subclinical from one herd [66].

A study conducted in Italy [8] found 4 MRSA strains
carrying staphylococcal enterotoxins from cow's milk
samples and dairy products (mozzarella cheese and
pecorino cheese), while other researchers [67] did not find
MRSA strains from 36 Staphylococcus aureus isolates
extracted from cheese sample made from sheep's milk.

A study consa:ted in Portugal [68] did not find any MRSA
among 30 Staphylococcus aureus isolates from milk
samples from dairy cows with subclinical mastitis,
whereas a study conducted in Ireland [60] did not find
MRSA strains with mecA positive in 70 milk samples that
were not pasteurized. A study conducted in Saakia [69]
did not find MRSA strains from 79 isolates of
Staphylococcus aureus obtained from sheep's milk
samples and cheese samples made from sheep’s milk.
Switzerland [70] found only 2 MRSA strains among 142
Staphylococcus aureus isolates obtained from milk
samples from dairy cows with mastitis. A survey
conducted in Germany on tank milk samples between
2009 and 2010 described an estimated prevalence of
MRSA infection cases of 1% to 2% [71] and 5% [72],
respectively. According to a study conducted in southwest
Germany on three dairy farms, a substantial prevalence of
MRSA was found to be 5% - 17% of dairy samples and 1%
- 10% of dairy cattle [17]. In a study conducted in the
Netherlands [73] detected 62 MRSA strains from 1,839
dairy samples collected from 26 dairy farms.

America

In the United States, [74] reported a MRSA prevalence of
1% of 846 Staphylococcus aureus isolates obtained from
dairy samples on Michigan farms, another study [75]
reported a MRSA prevalence of 2% of 2132
Staphylococcus aureus isolates obtained from dairy
samples collected from 1994 to 2001 on a Wisconsin farm.
No MRSA strains were founmmong the 357
Staphylococcus aureus isolates obtained from milk
samples taken from 24 dairy herds on farms in North
Carolina and Virginia [76]. In a survey research conducted
by Virgin et al. [77], no MRSA strains were found in 542
bulk tank milk samples. D'amico and Donnelly [78]
reported that have isolated 2 MRSA strains among 90
Staphylococcus aureus isolates obtained from raw milk to
be used for the production of handmade cheese in
Vernm_ Haran et al. [12] isolated 2 MRSA strains from
154 Staphylococcus aureus isolates obtained from 150
bulk tank milk samples on a Minnesota farm. They also
reported that the two MRSA ins were capable of
producing enterotoxins such as SEB, SEC, SED and SEE.

In Bra&ere was a high MRSA prevalence rate of 25% of
the 98 milk samples of dairy cows with subclinical mastitis
[79], however in a Canadian studyni et al. [80] found
only one MRSA strain among 1,802 Staphylococcus aureus
isolates obtained from milk samples collected from 79
dairy farms.
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Asia
In a study in Japan between 1998 and 2005 [81] found 4
MRSA strains from 363 isolates of Staphylococcus aureus
obtained from dairy cows from 260 dairy farms.
In a study in Pakistan [82] revealed an MRSA prevalence
of 10%, there were 8 positive MRSA strains out of 77
Staphylococcus aureus isolates obtained from dairy cow's
milk.
In a study in Korea between May 2001 and April 2003 [83]
revealed an MRSA prevalence of 1.5%, there were 12
MRSA positive strains from 894 samples of dairy milk
Meanwhile, the survey conducted [53] between 1999 and
2003, there was a prevalence of less than 0.5% from
examining 9,055 samples of milk from dairy cows. Kwon
etal [53] revealed that all identified MRSA strains carried
the Staphylococcal enterotoxin gene (SED, SEI, SE]). On the
other hand, according to two surveys conducted between
2003 and 2009 [84] and between 1997 and 2004 [85],
there are estimates of MRSA prevalence of 2.@9[’1&1 6%
on examinations of 835 and 402 samples of dairy cows
with mastitis.
In a study conducted in Turkey, there was an MRSA
prevalence 05%, 18 positive MRSA strains were found
among 103 Staphylococcus aureus isolates from milk
samples from dairy cows with mastitis [86]. In the latest
ey results [87] did not find MRSA strains among 21
Staphylococcus aureus isolates obtained from 857 sheep
milk samples and 33 goat milk samples collected from 13
farms in Kirikkale province.
In a study conducted in India between 2007 and 2008 [88]
aled a MRSA prevalence rate of 10% among 128
Staphylococcus aureus isolates obtained from milk
samples from Karan Fries (Taurus x Zebu) cows suffering
from mastitis. Meanwhile, the same research team [89] has
found a MRSA prevalence rate of 13% among 107
Staphylococcus aureus isolates from a herd of dairy cows
on farms in northwest India.
In a survey research conducted in Thailand in 2010 [99
identified 74 MRSA strains out of 375 isolates of
Staphylococcus aureus obtai from 598 milk samples
from dairy cows with mastitis, 376 bulk tank milk samples,
and 46 pasteurized milk samples.
In a study conducted in Iran in 2010 [58] examined 300
samples (100 raw milk, 100 ice cream, 100 pasteurized
milk) and found 20 MRSA strains carrying the mecA-
coding gene (14 from the raw milk sample and 6 from the
ice cream sample). Whereas in a study conducted between
2010 and 2011, examined 348 samples of randomly
selected dairy cows and reported an MRSA prevalence rate
of28% [91].

Africa

In a study conducted in South Africa [92] reported an
MRSA prevalence rate of 6% of dairy cow's milk produced
on 2 commercial farms, and in a study conducted in
Ethio%] found a high MRSA prevalence rate of 60%
of 78 Staphylococcus aureus isolates obtained from dairy
COWS.

In a study conducted in Nigeria, Suleiman et al. [94]
examined 339 milk samples from dairy cows and reported
an MRSA prevalence rate of 36%, found 26 isolates of
Staphylococcus aureus resistant to oxacillin and 2 of them
carrying the mecA gene coding.

Transmission of MRSA
MRSA strains can spread from animals to humans and
from humans to animals. MRSA transmission usually
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occurs through direct contact, often through contact with
animals or people who have been infected or colonized
with MRSA [83,95].

The level of spread of MRSA in the general population
usually varies depending on the geographical conditions of
each country | In the hospital, patients who have been
infected and colonized with MRSA will be the main
reservoir of transmission of MRSA, which is usually easily
spread from patient to patient by hand touch [97]. The
route of transmission of MRSA may be similar to that of
other strains of Staphylococcus aureus, but there may be
differences in the efficiency of host colonization after
exposure [98]. There are many other factors in the
transmission of MRSA transmission such as through
contaminated surrounding air, saliva splashes, and nasal
discharge [99- 101].

Animals also act as reservoirs for MRSA transmission and
can transmit MRSA to humans and other animals [102-
107]. Several types of MRSA exhibit host specificity and are
widely spread over certain geographic areas. Therefore,
MRSA transmission is more frequently associated with
animals than with humans [108-110]. LA-MRSA CC398 is
the type of MRSA that is most associated with intensive
reared animal-based food-producing livestock, especially
dairy cows [97]. Although LA-MRSA CC398 was found to
colonize livestock without causing clinical symptoms, it
could cause clinical infection with MRSA in animals. LA-
MRSA CC398 colonization has been found in many
breeders, family members of farmers, employees of the
food processing industry, and veterinarians [96, 111, 112].
The spread of MRSA can also occur in personnel and other
animals including cats, dogs, horses, between pets, in
veterinary hospitals, and in households [44, 113-116]. In
some cases, pets can act as a source of MRSA infection in
humans [95, 117].

Foodstuffs of animal origin including milk and milk
products contaminated with MRSA and the handling
process that contaminates MRSA in milk and milk
products are also potential transmission transmissions. In
the case of patients hospitalized due to foodsoning,
MRSA contamination can spread MRSA to other patients or
healthcare workers [97]. Reports in the Netherlands,
MRSA cases related to contaminated milk infected 27
patients and 14 hospital workers and caused 5 deaths. A
person who consumed milk and milk products was found
to have colonized the MRSA strains similar to the MRSA
strains found in milk and milk product samples.
Contaminated milk and milk products may lead to cases of
septicemia due to MRSA, which can then be passed on to
other patients in the hospital. AirborrBransmission that
is contaminated with MRSA also plays an important role in
the spread of MRSA [49]. 23

Given the abundance of evidence for the presence of MRSA
strains in dairy cows, it will raise public concern about
MRSA contaminants found in milk and dairy products
[118]. However, there is no detailed description of the
direct association of MRSA in animal and human
foodstuffs, although [heave been reports of increased
MRSA contamination in milk and milk products, as well as
incidence of MRSA infection in the community [97].
Further investigations are needed to determine the true
role of milk and dairy products in animal-to-human
transmission of MRSA transmission.

Another aspect of MRSA that con[aminatesk and dairy
products is that MRSA often carries Staphylococcal
enterotoxin (SE) genes such as SEA, SEB, SEC, SED which
are often the cause of food poisoning (EFSA, 2008).
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Different combinations ofMRSA clones are associated with
the staphylococcal enterotoxin gene, but the reasons for
this association have not been widely elucidated [119,
120]. Clinically, cases of food poisoning caused by MRSA
are almost the same as cases of food poisoning caused by
other s[rai@of Staphylococcus aureus [118]. MRSA
strains that contaminate milk and dairy products can also
be of human origin, due to less aseptic handling and
processing @ms for milk and dairy products [50]. The
increasing prevalence of MRSA strainggEimong the
Staphylococcus aureus strains may lead to an increase in
the prevalence of Staphylococcus aureus toxicity [121].

Risk Factor of MRSA

Studies conducted in the United States, in the human
population about 30% of humans are infected with
methicillin-susceptible Staphylococcus aureus (MSS5A)
[122] and about 1.5% of humans are infected with
methicillin-resistant Staphylococcus aureus [45, 123] with
MSSA colonization sites. and MRSA mostly occurs in the
nostrils [124]. While such colonization does not use
clinical symptoms in an infected person, it may be a risk
factor for developing subsequent symptomatic infection
[122,125]. Hun‘ﬁs infected with MRSA without showing
symptoms are categorized as persistent carriages and
intermittent carriages that act as MRSA carriers and can

nsmit MRSA to more susceptible persons [124].

Staphylococcus aureus is a common bacterial agent
causing mastitis in dairy cows. A study conducted in
EPlinesota  to  estimate the prevalence rate of
Staphylococcus aureus in bulk tank milk reported that the
MSSA and MRSA prevalence rates were 84% and 4%,
respectively [12, 125]. The results of another study
estimated that the prevalence rate of Staphylococcus
aureus in bulk milk tanks was 35% in samples of dairy
cows in Louisiana [12] and 31% in samples of dairy cows
in Pennsylvania. Studies from Ireland [126], Turkey [127],
Argentina [128], and Brazil [129] have found the presence
of the Staphylococcal enterotoxin gene in MRSA derived
from cow's milk. Udder of dairy cows with clinical and
subclinical mastitis may play a role in the contamination of
milk MRSA via direct excretion of the cow's nipples
[130] with large fluctuations in the count of zero to 108
CFU / ml [131For example, mastitis cases in dairy cows
were the only source of contamation in 1999 in Brazil,
then MRSA from cow's milk alfected 328 people who
consumed unpasteur@ld dairy cow's milk [132]. Likewise,
293 Staphylococcus aureus isolates were isolated from
127 goat milk samples and sheep milk samples in
Switzerland [130]. Recently, MRSA s[ra were found in
the milk of dairy cows with mastitis and bulk tank milk on
Hungarian farms which suggest that udders of dairy cows
infected with MRSA can contaminate milk and milk
products [131]. ]-nvever, MRSA contamination of milk
and milk products can occur in the environment during the
processing and handling of milk [124]. Therefore, the
milking process carried out by the farmer, the a)cess‘mg
and handling of milk for milk products can be arisk factor
for the transmission of MRSA to humans [132].

Public Health Importance

Contamination of milk and milk products by MRSA is a
major cause of food poisoning. May be characterized by
gastroenteritis symptoms which are clinically manifested
as emesis with or without accompanied diarrhea. These
cases of poisoning stem from ingestion of one or more
Staphylococcal enterotoxins that are formed in milk and
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milk products that have been contaminated with MRSA.
Symptoms of systemic toxicity, such as hypotension and
fever are rare cases of MRSA-related food poisoning.
Symptoms of systemic toxicity resolve on their own within
24-48 hours after onset. The exact incide@%y is still not
widely known, but MRSA is probably the most common
cause of food poisoning in the United States [133].

The risk assessment in milk and milk products relies on
mection of classic bacteria and counting the number of
coagulase-positive Staphylococcus on selective Baird-
Parker media. [tis necessary to o e the progression of
the disease after consumption of milk and dairy products,
the presence of toxic cells, and the production of toxic cells.
Therefore, in some countries, low levels of contamination
by Staphylococcus aureus and MRSA are tolerated in most
food products (e.g. 103 CFU / g of Staphylococcus aureus
contamination in French cheese) is not usually considered
apublic health risk. [131, 133].

Treatment of food-borne intoxication MRSA from milk
and milk products

In cases of poisoning due to consuming milk and milk
products contaminated with MRSA, several antibiotics can
be used in treating patients who have poisoned milk and
milk products. Penicillin is usually still used as the
antibiotic of choice as long as Staphylococcus aureus
ction is sensitive to it [134]. Semisynthetic penicillins,
such as methicillin are indicated for patients infected with
B-lactamase-producing ylococcus aureus [135, 136].
MRSA-infected patients are treated with a glycopeptide
known as the antibiotic vancomycin [136, 137].
Vancomycin is the main antibiotic of choice in the
treatment of cases of MRSA infection [136, 137]. Patients
who are allergic to vancomycin antibiotics can be given
alternative  antibiotics such as  fluoroquinolone
(ciprofloxacin], tetracyclines (minocycline), lincosamide
(clindamycin),  trimethoprim-sulfamethoxazole  also
known as cotrimoxazole [135, 136]. Recent quinolones,
such as the antibiotic ciprofloxacin which has increased
anti-Staphylococcal activity can be used as antibiotics of
choice, but their use is still limited because of the rapid
development of Staph ccus aureus resistance during
treatment [135, 136]. MRSA infection cases can also be
treated with several oral drugs such as rifampicin-fusidic
acid, linezolid, rifampicin + fluoroquinolone,
cotrimoxazole (trimethoprim-sulphamethoxazole),
pristinamycin,  doxycycline or minocyline, and
clindamycin [138]. Mupirocin (Bactroban) also has the
potential to fight MRSA from mucous membrane
colonization [139]. A recent antibiotic called
platensimycin has also shown success in curing cases of
MRSA infection [140].

Prevention of food-borne intoxication MRSA from
milk and milk products

The increasing number of cases of poisoning of milk and
milk products due to MRSA strains requires proper
precautions. These precautions must be taken to prevent
contamination  throughout the food processing,
production chain and preparation [141]. Adhering to good
hygiene practices during milking, processing, and handling
of dairy milk can significantly minimize contamination of
milk and milk products. Increased vigilance in maintaining
cleanliness must be carried out by everyone in the
preparation and processing of dairy cow milk so that the
safety quality of milk and milk products can be maintained
[141, 142]. Milk must also be properly heated to make it
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safe for consumption. The results of a recent analysis of 4. Tenhagen BA, Vossenkuhl B, Kasbohrer A, Alt K,

growth requirements revealed that Staphylococcus aureus Kraushaar B, Guerra B, et al. Methicillin-resistant

and MRSA can grow at a water activity of 0.B67 and at Staphylococcus  aureus in cattle food chains
temperatures as low as 8 ° C [143]. Therefore, it is prevalence, diversity, and resistance in Germany. ]

necessary to provide counseling for industrial workers, Anim Sci. 2014;92: 2741-51.

breeders and the general public regarding the dangers of 5. Fessler A, Kadlec K, Hassel M, Hauschild T, Eidam C,

MRSA contamination in milk and milk products. There are richt R, et al. Characterization of methicillin-

also many cases of milk poisoning b phylococcus resistant Staphylococcus aureus isolates from food

aureus and MRSA because the milk is left at room and food products of poultry origin in Germany. Appl

temperature for too long, for example during picnics or Environ Microbiol. 2011; 77(20): 7151-7.

large banguets, so that the agenda gives Staphylococcus 6. de Boer E, Zwartkruis-Nahuis JTM, Wit B, Huijsdens

aureus and MRSA to develop and produce Staphylococcal XW, de Neeling A], Bosch T, et al. Prevalence of
rotoxin (SE) 143]. methicillin-resistant Staphylococcus aureus in meat.

The human health risks associated with consumption of Int] Food Microbiol. 2009; 134: 52-6.

unpasteurized milk and milk products [144, 145, 146]. 7. 0'Brien AM, Hanson BM, Farina SA, Wu ]Y, Simmering

Howev Staphylococcal enterotoxin produced from JE, Wardyn SE, et al. MRSA in conventional and

MRSA is very resistant to heating and pasteurization, alternative retail pork products. PloS One. 2012; 7:

heating milk for one hour can reduce the amount of toxins, e30092.

but only autoclave at 15 psi for 20 minutes can completely 8. Normanno G, Corrente M, La Salandra G, Dambrosio

destroy the toxin. Milk that has been sterilized still A, Quaglia NC, Parisi A, et al. Methicillin-resistant

requires cooling at a temperature of 0 °C to 4 ° C so that Staphylococcus aureus (MRSA) in foods of animal

later the milk can be processed further. Since MRSA is origin product in Italy. Int ] Food Microbiol. 2007;

known to grow well on salt media, there is a higher risk of 117:219-22.

MRSA contamination in home salted cheese [147]. 9. Carfora V, Giacinti G, Sagrafoli D, Marri N, Giangolini

lba P, et al. Methicillin-resistant Staphylococcus

Qu:lusinn aureus and methicillin-susceptible Staphylococcus

Milk and milk products are potential vehicles for MRSA aureusin dairy sheep and incontact humans: an intra-

transmission when consumed by humans. The association farm study. ] Dairy Sci. 2006; 99: 4251-8.

between the multidrug-resistance nature of MRSA and the 10. Basanisi MG, La Bella G, Nobili G, Franconieri 1, La

enterotoxigenic properties pre a serious public Salandra G. Genotyping of methicillin-resistant

health risk, because enterotoxins can be found in milk and Staphylococcus aureus (MRSA) isolated from milk and

milk products contaminated with MRSA. Hygiene dairy products in South Italy. Food Microbiol. 2017;

monitoring in the processing and handling of milk needs 62:141-6.

to be done continuously in order to obtain the quality of 11. Fessler A, Scott C, Kadlec K, Ehricht R, Monecke S,

milk and milk products that afgZ8ygienic and safe for Schwarz S. Characterization of methicillin-resistant

consumption. For this reason, §&8 application of good Staphylococcus aureus ST398 from cases of bovine

manufacturing practices and hazard analysis critical mastitis. ] Antimicrob Chemother. 2010; 65: 619-25.

trol point (HACCP) is very important to ensure the 12. Haran KP, Godden SM, Boxrud D, Jawahir S, Bender |B,

quality and safety of milk and milk products. evastan 5. Prevalence and characterization of
Staphylococcus aureus, including methicillin-resistant

Acknowledgements Staphylococcus aureus, isolated from bulk tank milk

This review was supported in part with the Penelitian from Minnesota dairy farms. | Clin Microbiol. 2012;

Hibah Mandat funding from Airlangga University, 50: 688-95.

Indonesia in the fiscal year 2020, with grant number: 13. Vanderhaeghen W, Cerpentier T, Adriaensen C, Vicca

368/UN3.14/PT/2020. ], Hermans K, Butaye P. Methicillin-resistant

Staphylococcus aureus (MRSA) ST398 associated with
REFERENCES clinical and subclinical mastitis in Belgian cows. Vet
Microbiol. 2010; 144: 166-71.

1. Parisi A, Caruso M, Normanno G, Latorre L, Sottili R, 14. Pu W, Su Y, Li ], Li C, Yang Z, Deng HP, et al. High
colupo A, et al. Prevalence, antimicrobial incidence of oxacillin-susceptible mecA-positive
susceptibility and molecular typing of Methicillin- Staphylococcus aureus (05-MRSA) associated with
resistant Staphylococcus aureus (MRSA) in bulk tank bovine mastitis in China. PloS One. 2014; 9(2):
milk from southern Italy. Food Microbiol. 2016; 58: eB8134.

36-42. 15. Benedetti V, Cremonesi P, Ferrari S, Castiglioni B,

2. A (European Food Safety Authority). Scientific Fabbi M, Vicari N, et al. Methicillin-resistant
opinion of the panel on biological hazards on a Staphylococcus aureus (MRSA) from bovine milk
request from the European commission on samples. Large Anim Rev. 2010; 16: 67-70.
Assessment of the public health significance of 16. AntociE, Pinzone MR, NunnariG, Stefani S, Cacopardo
methicillin-resistant Staphylococcus aureus (MRSA) in Prevalence and molecular characteristics of
animal and foods. EFSA ]. 2009; 993:1-73. methicillin-resistant Staphylococcus aureus (MRSA)

3. Larsen ], Stegger M, Andersen PS, Petersen A, Larsen among subjects working on bovine dairy farms. Infez
5E) Westh H, et al. Evidence for human adaptation and Med. 2013; 21: 125-9.
foodborne transmission of livestock-associated 17. SpohrM, Rau], Friedrich A, Klittich G, Fetsch A, Guerra
methicillin-resistant  Staphylococcus  aureus. Clin B, et al. Methicillin-resistant Staphylococcus aureus
Infect Dis. 2016; 63: 1349-52. [(MRSA]) in three dairy herds in southwest Germany.

Zoonoses Public Health. 2011; 58: 252-61.
04 Systematic Reviews in Pharmacy Vol 11, Issue 8, Aug-Sept 2020




Khairullah et al. /A Review of Methicillin-Resistant Staphylococcus aureus (MRSA) on Milk and Milk Products: Public Health
Importance

18.

19.

20.

21.

22

23.

24,

25,

26.

27.

28.

29,

30.

31.

32.

33.

Nunang C, Young R. MRSA in farm animals and meat-
A new threat to human health. Soil association, USA.
2007.
Elhaig MM, Selim A, Mahmoud MM, El-Gayar EK
Molecular confirmation of Trypanosoma evansi and
Babesia bigemina in cattle from lower Egypt. Pak Vet
].2016; 36: 409-14.
Qayyum A, Khan JA, Hussain R, Awais M, Ahmad N,
Khan MS. Investigation of milk and blood serum
biochemical profile as an indicator of subclinical
mastitis in Cholistani cattle. Pak Vet ]. 2016; 36: 275-
9.
Yilmaz R, Cangul IT, Onat K, Akkoc A, Ozyigit MO,
Akdesir E. Histopathological, immunohistochemical
and bacteriological characterization of Mycoplasma
bovis pneumonia in cattle. Pak Vet].2016; 36: 316-21.
Joshi LR, Tiwari A, Devkota SP, Khatiwada 5, Paudyal
5, Pande KR. Prevalence of methicillin-resistant
Staphylococcus aureus (MRSA) in dairy farms of
Pokhara, Nepal. Int] Vet Sci. 2014; 3: B7-90.
Paterson GK, Larsen ], Harrison EM, Larsen AR,
Morgan F], Peacock §], et al. First detection of
livestock-associated meticillin-resistant
Staphylococcus aureus CC398 in bulk tank milk in the
United Kingdom, January to July 2012. Euro
surveillance: bulletin Europeen sur les maladies
transmissibles, European communicable disease
bulletin. 2012; 17(50).
Layer F, Cuny C, Strommenger B, Werner G, Witte W.
AktuelleDaten und Trends zu. Methicillin-resistenten
Staphylococcus aureus (MRSA).
Bundesgesundheitsbla. 201 2; 55: 1377-86.
Lowy FD. Antimicrobial resistance: the example of
Staphylococcus aureus. | Clin Invest. 2003; 111: 1265-
73.
Kadlec K, Ehricht R, Monecke S, Steinacker U, Kaspar
Manker[z J, et al. Diversity of antimicrobial
resistance pheno-and genotypes of methicillin-
resistant Staphylococcus aureus ST398 from diseased
swine. | Antimicrob Chemother. 2009; 350.
Stapleton PD, Taylor PW. Methicillin resistance in
staphylococcus aureus. 5ci Prog. 2002; 85(1): 57-72.
Petinaki E, Spiliopoulou [. Methicillin-Resistant
Staphylococcus aureus among Companion and Food-
Chain Animals: Impact of Human Contact. Clin
Microbiol Infect. 2012; 18: 626-34.
Jevons MP. Celbenin-Resistant Staphylococci. Br Med
].1961;1(5129): 124-5.
Kluytmans ]. Methicillin-Resistant Staphylococcus
aureus in Food Products: cause for concern or case for
complacency? Clin Microbial Infect. 2010; 16: 11-5.
Milheirico C, Oliveira DC, de Lencastre H. Multiplex
Strategy for Subtyping the Staphylococcal
Cassette 492 Chromosome mec type IV in Methicillin-
Resistant Staphylococcus  aureus:  ‘SCCmec 1V
multiplex. ] Antimicrob Chemoth. 2007; 60: 42-8.
Paterson GK, Morgan FJE, Harrison EM, Peacok 5],
Parkhill ], Zadoks RN, et al. Prevalence and Properties
of mecC Methicillin-Resistant Staphylococcus aureus
(MRSA) in Bovine Tank Milk in Great Britain. |
Antimicrob Chemoth. 2014; 69: 598-602.
KondoY, Teruyo I, Ma XX, Watanabe S, Kreiswirth BN,
enne ], et al Combination of Multiplex PCRs for
Staphylococcal Cassette Chromosome mec Type
Assignment: Rapid Identification System for mec, ccr,
and Major Differences in Junkyard Regions.
Antimicrob Agents Chemother. 2007; 51: 264-74.

Systematic Reviews in Pharmacy

34,

35.

36.

37.

38.

39.

40.

41.

42,

43,

44,

45,

46.

Enright MC, Robinson DA, Randle G, Feil EJ,
Grundmann H, Spratt BG. The Evolutionary History of
Methicillin Resistant Staphylococcus aureus (MRSA).
Proc Natl Acad Sci. 2002; 99: 7687-92.
Garcia-Alvarez L, Holden MTG, Lindsay H, Webb CR,
aown DF], Curran MD, et al. Methicillin-Resistant
Staphylococcus aureus with a Novel mecA Homologue
in Human and Bovine Populations in the UK and
Denmark: A descriptive study. Lancet Infect Dis.
2011; 11: 595-603.
van Duijkeren E, Hengeveld PD, Albers M, Pluister G,
Jacobs P, Heres 1, et al. Prevalence of Methicillin-
Resistant Staphylococcus aureus Carrying mecA or
mecC in Dairy Cattle. Vet Microbiol, 2014; 171: 364-7.
Carfora V, Caprioli A, Marri N, Sagrafoli D, Boselli C,
inti G, et al. Enterotoxin Genes, Enterotoxin
Production, and  Methicillin  Resistance in
Staphylococcus aureus Isolated from Milk and Dairy
Products in Central Italy. Int Dairy ]. 2015; 42: 12-5.
Doulgeraki Al Di Ciccio P, Lanieri A, Nychas GJE.
Sethicillin-resistant  food-related  Staphylococcus
aureus: a review of current knowledge and biofilm
formation for future studies and applications. Res
Microbiol. 2017; 168(1): 1-15.
Parisi A, Caruso M, Normanno G, Latorre L, Miccolupo
EPNraccalvieri R, et al. High occurrence of methicillin-
resistant Staphylococcus  aureus in  horses at
slaughterhouses  compared with  those for
recreational activities: a professional and food safety
concern? Foodborne Pathog Dis. 2017; 14(12): 735-
41.
Normanno G, Dambrosio A, Lorusso V, Samoilis G, Di
Taranto P, Parisi A, Methicillin-resistant
Staphylococcus aureus (MRSA) in slaughtered pigs
and abattoir workers in Italy. Food Microbiol. 2015;
51:51-6.
Syed MA, Shah SHH, Sherafzal Y, Shafi-Ur-Rehman 5,
Khan MA, Barrett ]B, et al. Detection and molecular
characterization of methicillin-resistant
Staphylococcus aureus from table eggs in Haripur,
Pakistan. Foodborne Pathog Dis. 2018; 15(2): 86-93.
Mohammad MO, Salman AEB, Lafi SQ). Prevalence of
Staphylococcus  aureus in  imported fish and
correlations between antibiotic resistance and
enterotoxigenicity. | Food Protect. 2015; 78(11):
1999-2005.
Wendlandt§, Schwarz S, Silley P. Methicillin-Resistant
Staphylococcus aureus: A Food-Borne Pathogen?
Annu Rev Food Sci T. 2013; 4: 117-39.
Weese |5, Dick H, Willey BM, McGeer A, Kreiswirth BN,
is B, et al. Suspected transmission of methicillin-
resistant Staphylococcus aureus between domestic
pets and humans in veterinary clinics and in the
household. Vet Microbiol. 2006; 115: 148-55.
Gorwitz RJ], Kruszon-Moran D, McAllister SK,
McQuillan G, McDougal LK, Fosheim GE, et al. Changes
in the prevalence of nasal colonization with
Staphylococcus aureus in United States, 2001-2004. |
Infect Dis. 2008; 197(9): 1226-34.
Wertheim HFL, Vos MC, Boelens HAM, Voss A,
denbroucke-Grauls CMJE, Meester MHM, et al.
Low prevalence of  methicillin resistant
Staphylococcus aureus (MRSA) at hospital admission
in The Netherlands: the value of search and destroy
and restrictive antibiotic use. | Hosp Infect. 2004;
56(4):321-25.

Vol 11, Issue 8, Aug-Sept 2020




Khairullah et al. /A Review of Methicillin-Resistant Staphylococcus aureus (MRSA) on Milk and Milk Products: Public Health
Importance

47,

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Munckhof W], Nimmo GR, Schooneveldt |M,
e'nlebuseh S, Stephens AJ, Williams G, et al. Nasal
carriage  of Staphylococcus  aureus, including
commmunity-associated methicillin-resistant strains,
in Queensland adults. Clin Microbiol Infect. 2009;
15(2): 149-55.
Zarazaga M, Gomez P, Ceballos S, Torres C. Molecular
epidemiology of Staphylococcus aureus lineages in the
animal-human interface. Editor: Alexandra Fetsch,
Staphylococcus aureus, Academic Press. 2018; 189-
214.
Kluytmans |, van Leeuwen W, Goessens W, Hollis R,
Messer S, Herwaldt L, et al. Food initiated outbreak of
methicillin-resistant Staphylococcus aureus analyzed
by phenotyping and genotyping. ] Clin Microbiol
1995; 33(5): 1121-8.
Jones TF, Kellum ME, Porter SS, Bell M, Schaffner W.
An outbreak of community-acquired foodborne
illness caused by methicillin-resistant Staphylococcus
aureus. Emerg Infect Dis. 2002; 8(1): 82-4.
Hendriksen RS, Mevius D], Schroeter A, Teale C,
Meunier D, Butaye P, etal. Prevalence of antimicrobial
resistance among bacterial pathogens isolated from
cattle in different European countries: 2002-2004.
Acta Vet Scand. 2008; 50: 28.
Devriese LA, Van Damme LR, Fameree L. Methicillin
(cloxacillin)-resistant Staphylococcus aureus strains
isolated from bovine mastitis cases. Zentralbl
Veterinarmed B. 1972; 19(7): 598-605.
Kwon NH, Park KT, Moon |§, Jung WK, Kim 5H, Kim JM,
al. Staphylococcal cassette chromosome mec
(SCCmec) characterization and molecular analysis for
methicillin-resistant Staphylococcus aureus and novel
SCCmec subtype IVg isolated from bovine milk in
Korea. ] Antimicrob Chemother. 2005; 56: 624 -32.
Juhasz-Kaszanyitzky E, Janosi5, Somogyi P, Dan A, van
der Graafvan Bloois L, van Duijkeren E, et al. MRSA
transmission between cows and humans. Emerg
Infect Dis. 2007; 13: 630-2.
Le Jeune ]JT, Schultz PJR. Unpasteurized milk: a
continued public health threat. Clin Infect Dis. 2009;
48:93-100.
Papadopoulos P, Papadopoulos T, Angelidis AS,
Boukouvala E, Zdragas A, Papa A, et al. Prevalence of
phylococcus aureus and of methicillin-resistant
aphylococcus aureus (MRSA) along the production
chain of dairy products innorth-western Greece. Food
Microbiol. 2018; 69: 43-50.
Titouche Y, Hakem A, Houali K, Hennekinne JA, Torres
C, Auvray F. Emergence of methicillin-resistant
Staphylococcus aureus (MRSA) ST8 in raw milk and
traditional dairy products in the Tizi Ouzou area of
Algeria. ] Dairy Sci. 2019; 102(8): 6876-84.
Mirzaei H, Farhoudi H, Tavassoli H, Farajli M, Monadi
Presence and antimicrobial susceptibility of
methicillin resistant Staphylococcus aureus in raw and
pasteurized milk and ice cream in Tabriz by culture
and PCR techniques. Afr ] Microbiol Res. 2012; 6:
6224-9.
Dai ], Wu §, Huang |, Wu Q, Zhang F, Zhang ], et al.
Prevalence and characterization of Staphylococcus
aureus isolated from pasteurized milk in China. Front
Microbiol. 2019; 10: 641.
McKay AM. Antimicrobial resistance and heat
sensitivity of oxacillin-resistant, mecA-positive
Staphylococcus spp. from unpasteurized milk. ] Food
Protect. 2008; 71: 186-90.

Systematic Reviews in Pharmacy

61.

62.

63.

64,

65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

75.

Grave K, Torren-Edo ], Mackay D. Comparison of the
sales of veterinary antibacterial agents between 10
European countries. ] Antimicrob Chemother. 2010;
65: 2037-40.
Guerin-Faublee V, Carret G, Houffschmitt P. In vitro
activity of 10 antimicrobial agents against bacteria
isolated from cows with clinical mastitis. Vet Rec.
2003; 152: 466-71.
Haenni M, Galefaro L, Ponsin C, Bes M, Laurent F,
ec J¥. Staphylococcal bovine mastitis in France:
enterotoxins, resistance and the human Geraldine
methicillin-resistant Staphylococcus aureus clone. |
Antimicrob Chemother. 2011; 66: 216-25.
Stastkova Z, Karpiskowva §, Karpiskova R. Findings of
methicillin-resistant strains of Staphylococcus aureus
in livestock. Czech ] Food Sci. 2009; 27: 236-41.
Stastkova Z, Karpiskova S, Karpiskova R. Occurrence
of methicillin-resistant strains of Staphylococcus
aureus at a goat breeding farm. Veterinarni Medicina.
2009; 54: 419-26.
Vyletélova M, Hanu$ O, Karpiskova R, Stastkova, Z.
éurrenee and antimicrobial sensitivity in
staphylococci isolated from goat, sheep and cow's
milk. Acta Universitatis Agric Silvic Mendelianae
Brunensis. 2011; 59: 209-13.
Spanu V, Virdis S, Scarano C, Cossu F, De Santis EPL,
Cosseddu AM. Antibiotic resistance assessment in
Staphylococcus aureus strains isolated from raw
sheep's milk cheese. Vet Res Commun. 2010; 34: 87-
90.
Nunes SF, Bexiga R, Cavaco LM, Vilela CL. Technical
Antimicrobial susceptibility of Portuguese
isolates of Staphylococcus aureus and Staphylococcus
epidermidis in subclinical bovine mastitis. ] Dairy Sci.
2007; 90: 3242-6.
Maslankova ], Pilipéincova 1, Tkadikova L.
Phenotyping and genotyping of Staphylococcus aureus
isolates of sheep origin. Acta Vet Brno. 2009; 78: 345-
52.
Huber H, Koller §, Giezendanner N, Stephan R, Zweifel
Prevalence and characteristics of meticillin-
resistant Staphylococcus aureus in humans in contact
with farm animals, in livestock, and in food of animal
origin, Switzerland, 2009. Euro Surveill. 2010; 15:
19542,
Friedrich A, Rau ], Horlacher S, Spohr M. Prevalence of
methicillin-resistant Staphylococcus aureus (MRSA) in
milk from dairy farms in Northern Wirttemberg.
Tierarztliche Umschau. 2011; 66: 195-200.
Kreausukon K, Fetsch A, Kraushaar B, Alt K, Miiller K,
:’imker V, et al. Prevalence, antimicrobial resistance,
and molecular characterization of methicillin-
resistant Staphylococcus aureus from bulk tank milk
of dairy herds. ] Dairy Sci. 2012; 95: 4382-8.
Fessler AT, Olde Riekerink, RGM, Rothkamp A, Kadlec
Sampimon 0C, Lam T]GM, et al. Characterization of
methicillin-resistant Staphylococcus aureus CC398
obtained from humans and animals on dairy farms.
Vet Microbiol. 2012; 160: 77-84.
Erskine R], Walker RD, Bolin CA, Bartlett PC, White
DG. Trends in antibacterial susceptibility of mastitis
pathogens during a seven-year period. | Dairy Sci.
2002;85:1111-8.
Makovec JA, Ruegg PL. Antimicrobial resistance of
bacteria isolated from dairy cow milk samples
submitted for bacterial culture: 8,905 samples (1994-
2001).] Am Vet Med Assoc. 2003; 222: 1582-9.

Vol 11, Issue 8, Aug-Sept 2020




Khairullah et al. /A Review of Methicillin-Resistant Staphylococcus aureus (MRSA) on Milk and Milk Products: Public Health
Importance

76.

77.

78.

79.

80.

81.

82

83.

84,

85.

86.

87.

88.

89,

67

Anderson KL, Lyman RL, Bodeis-Jones SM, White DG.
netic diversity and antimicrobial susceptibility
profiles among mastitis-causing Staphylococcus
aureus isolated from bovine milk samples. Am | Vet
Res. 2006; 67: 1185-91.

Virgin JE, Van Slyke TM, Lombard JE, Zadoks RN. Short
communication: methicillin-resistant Staphylococcus
aureus detection in US bulk tank milk. | Dairy Sci
2009;92: 4988-91.

D'amico D], Donnelly CW. Characterization of
Staphylococcus aureus strains isolated from raw milk
utilized in small-scale artisan cheese production. |
Food Protect. 2011; 74:1353-8.

Coelho SMO, Reinoso E, Pereira IA, Soares LC, Demo
M, Bogni C, et al. Virulence factors and antimicrobial
resistance of Staphylococcus aureus isolated from
bovine mastitis in Rio de Janeiro. Pesq Vet Bras. 2009;
29:369-74.

Saini V, McClure |T, Léger D, Keefe GP, Scholl, DT,
Morck DW, et al. Antimicrobial resistance profiles of
common mastitis pathogens on Canadian dairy farms.
] Dairy Sci. 2012; 95: 4319-32.

Hata E, Katsuda K, Kobayashi H, Uchida I, Tanaka K,
Eguchi M. Genetic variation among Staphylococcus
aureus strains from bovine milk and their relevance
to methicillin-resistant isolates from humans. | Clin
Microbiol. 2010; 48: 2130-9.

Farzana K, Shah SNH, Jabeen F. Antibiotic resistance
pattern against various isolates of Staphylococcus
aureus from raw milk samples. ] Res Sci. 2004; 15:
145-51.

Lee JH. Methicillin (Oxacillin)-resistant
Staphylococcus aureus strains isolated from major
food animals and their potential transmission to
humans. Appl Environ Microbiol. 2003; 69: 6489-94.
Nam HM, Lee AL, Jung SC, Kim MN, Jang GC, Wee SH,
l. Antimicrobial susceptibility of Staphylococcus
aureus and characterization of methicillin-resistant
Staphylococcus aureus isolated from bovine mastitis
in Korea. Foodborne Pathog Dis. 2011; 8: 231-8.
Moon |S, Lee AR, Kang HM, Lee ES, Kim MN, Paik YH,
et al. Phenotypic and genetic antibiogram of
methicillin-resistant staphylococci isolated from
bovine mastitis in Korea. ] Dairy Sci. 2007; 90: 1176-
85.

Turutoglu H, Ercelik S, Ozturk D. Antibiotic resistance
of Staphylococcus aureus and coagulase-negative
staphylococci isolated from bovine mastitis. BullVet
Res Inst Pulawy. 2006; 50: 41.

Unal N, Askar S, Macun HC, Sakarya F, Altun B,
1r|rn M. Panton-Valentine leukocidin and some
exotoxins of Staphylococcus aureus and antimicrobial
susceptibility profiles of staphylococci isolated from
milks of small ruminants. Trop Anim Health Prod.
2012;44:573-9.

Kumar R, Yadav BR, Singh R5. Genetic determinants of
antibiotic resistance in Staphylococcus aureus isolates
from milk of mastitic crossbred cattle. Cur Microbiol.
2010; 60: 379-86.

Kumar R, Yadav BR, Singh RS. Antibiotic resistance
and pathogenicity factors in Staphylococcus aureus
isolated from mastitic Sahiwal cattle. ] Biosci. 2011;
36:175-88.

Systematic Reviews in Pharmacy

90. Intrakamhaeng M, Komutarin T, Pimpukdee K,
Aengwanich W. Incidence of enterotoxin-producing
MRSA in bovine mastitis cases, bulk milk tanks and
processing Plants in Thailand. | Anim Vet Adv. 2012;
11: 655-61.

91. Alian F, Rahimi E, Shakerian A, Momtaz H, Riahi M,
Momeni M.  Antimicrobial resistance of
Staphylococcus aureus isolated from bovine, sheep
and goat raw milk. Global Veterinaria. 2012; 8:111-4.

92. Ateba CN, Mbewe M, Moneoang MS, Bezuidenhout CC.
Antibiotic-resistant Staphylococcus aureus isolated
from milk in the Mafikeng Area, North West province,
South Africa. S Afr] Sci. 2010; 106: 1-6.

93. Daka D, Solomon G, Yihdego D. Antibiotic-resistance
Staphylococcus aureus isolated from cow’s milk in the
Hawassa area, South Ethiopia. Ann Clin Microbiol
Antimicrob. 2012; 11: 26-37.

94. Suleiman AB, Umoh V], Kwaga |KP, Shaibu S5].
evalence and antibiotic resistance profiles of
Methicillin resistant Staphylococcus aureus (MRSA)
isolated from bovine mastitic milk in Plateau State,
Nigeria. Intern Res | Microbiol. 2012; 2: 264-70.

95. Ferreira |P, Anderson KL, Correa MT, Lyman R, Ruffin
aReller LB, et al. Transmission of MRSA between
companion animals and infected human patients
presenting to outpatient medical care facilities. PLo5
One. 2011; 6:e26978.

96. Leonard FC, Markey BK. Meticillin-resistant
Staphylococcus aureus in animals: a review. Vet |.
2008; 175(1): 27-36.

97. EFSA (European HEEAl Safety Authority). Scientific
Report of EFSA: Technical specifications on the
harmonised  monitoring and  reporting  of
antimicrobial resistance in methicillin-resistant
Staphylococcus aureus in food-producing animals and
food. EFSA |. 2012; 10: 2897.

98. Kawada M, Okuzumi K, Hitomi § Sugishita C.
Transmission of Staphviococcus aureus between
healthy, lactating mothers and their infants by
breastfeeding. ]| Hum Lact. 2003; 19: 411-7.

99. Peacock S|, de Silva I, Lowy FD. What determines
nasal carriage of Staphylococcus aureus? Trends
Microbiol. 2001; 9: 605-10.

100.Rahmaniar RP, Yunita MN, Effendi MH, Yanestria SM.
Encoding  Gene for  Methicillin  Resistant
Staphylococcus aureus (MRSA] Isolated from Nasal
Swab of Dogs. Indian Veterinary Journal. 2020; 97
(02): 37 - 40.

101.Decline V, Effendi MH, Rahmaniar RP, Yanestria SM,
iiani N. Profile of antibiotic-resistant and presence
of methicillin-resistant Staphylococcus aureus from
nasal swab of dogs from several animal clinics in
Surabaya, Indonesia, Int. J. One Health, 2020; 6(1): 90-
94

102.Duquette RA, Nuttall T]. Methicillin-resistant
Staphylococcus aureus in dogs and cats: an emerging
problem? ] Small Anim Pract. 2004; 45: 591-7.

103.Catry B, Van Duijkeren E, Pomba MC, Greko C, Moreno
Pyidirila §, etal. Reflection paper on MRSA in food-
producing and companion animals: epidemiology and
control options for human and animal health.
Epidemiol Infect. 2010; 138: 626-44.

104.Cuny C, Friedrich A, Kozytska 5, Layer F, Nibel U,
Ohlsen K, et al. Emergence of methicillin-resistant
Staphylococcus aureus (MRSA) in different animal
species. Int | Med Microbiol. 2010; 300: 109-17.

Vol 11, Issue 8, Aug-Sept 2020




Khairullah et al. /A Review of Methicillin-Resistant Staphylococcus aureus (MRSA) on Milk and Milk Products: Public Health
Importance

105. Tyasningsih, W., Effendi, M. H, Budiarto, B, and
Syahputra, [. R. Antibiotic Resistance to
hylococcus aureus and Methicillin  Resistant
Staphylococcus aureus (MRSA) Isolated from Dairy
Farms in Surabaya, Indonesia. Indian Veterinary
Journal. 2019; 96 (11) : 27-31.

106. Ramandinianto, S.C., Khairullah, A.R, Effendi, M.H.
MecA gene and methicillin-resistant Staphylococcus
aureus (MRSA) isolated from dairy farms in East Java,
Indonesia. BIODIVERSITAS, 2020; 21(8): 3562-3568.

107. Yunita, M.N., Effendi, MH, Rahmaniar, RP, Arifah 5. and
Yanestria. SM. Identification of SPA Gene for Strain
Typing Of Methicillin Resistant Staphylococcus aureus
(MRSA) Isolated From Nasal Swab of Dogs. Biochem.
Cell. Arch. 2020; 20 (1): 2999-3004.

108. Sung |M, Lloyd DH, Lindsay JA. Staphylococcus aureus
host specificity: comparative genomics of human
versus animal isolates by multi-strain microarray.
Microbiology. 2008; 154: 1949-59.

109. Khairullah, A. R,, Ramandinianto, S.C,, Effendi, M.H. A
Review of Livestock-Associated Methicillin-Resistant
Staphylococcus  aureus (LA-MRSA) on Bovine
Mastitis. Sys Rev Pharm 2020;11(7):172-183.

110. Ramandinianto, 5.C., Khairullah, AR, Effendi, M.H.,
%ﬁsningsih, W. and Rahmahani, . Detection of

rotoxin type B gene on Methicillin Resistant
Staphylococcus aureus (MRSA) isolated from raw milk
in East Java, Indonesia. Sys  Rev  Pharm
2020:11(7):290-298.

111.van aen MM, Van Keulen PH, Kluytmans JA. Increase
in a Dutch hospital of methicillin-resistant
Staphylococcus aureus related to animal farming. Clin
Infect Dis. 2008; 46: 261-3.

112. Cuny C, Nathaus R, Layer F, Strommenger B, Altmann
D, Witte W. Nasal colonization of humans with
methicillin-resistant Staphylococcus aureus (MRSA)
CC398 with and without exposure to pigs. PLoS One.
2009; 27(4): e6800.

113.Cefai C, Ashurst 5, Owens C. Human carriage of
methicillin-resistant Staphylococcus aureus linked
with pet dog. Lancet. 1994; 344: 539-40.

114.Manian FA. Asymptomatic nasal carriage of

pirocin-resistant, methicillin-resistant
Staphylococcus aureus (MRSA) in a pet dog associated
with MRSA infection in household contacts. Clin Infect
Dis. 2003; 36: 26-28.

115. Baptiste KE, Williams K, Willams NJ, Wattret A, Clegg
PD. Methicillin-resistant staphylococci in companion
animals. Emerg Infect Dis. 2005; 11: 1942-4.

116.van Duijkeren E, Wolfhagen M], Heck ME, Wannet W].
Transmission of a panton-valentine leucocidin-
positive, methicillin-resistant Staphylococcus aureus
strain between humans and a dog. | Clin Microbiol.
2005;43: 6209-11.

117.Faires M, Tater K, Weese |S. An investigaam of
methicillin-resistant Staphylococcus aureus
colonization in people and pets in the same household
with an infected person or infected pet. ] Am Vet Med
Assoc. 2009; 235: 540.

118.Weese ]S, Avery BP, Reid-Smith R]. Detection and
quantification of methicillin-resistant Staphylococcus
aureus (MRSA) clones in retail meat products. Appl
Microbiol. 2010; 51(3): 338-42.

Systematic Reviews in Pharmacy

119.Ferry T, Bes M, Dauwalder O, Meugnier H, Lina G,
ey F, et al. Toxin gene content of the Lyon
methicillin-resistant Staphylococcus aureus clone
compared with other pandemic clones. ] Clin
Microbiol. 2006; 44: 2642 -4.

120.Tristan A, Ferry T, Durand G, Dauwalder O, Bes M,
Lina G, et al. Virulence determinants in community
and hospital meticillin-resistant  Staphylococcus
aureus. | Hosp Infect. 2007; 65: 105-9.

121.A (European Food Safety Authority). Foodborne
antimicrobial resistance as a biological hazard
Scientific Opinion of the Panel on Biological Hazards
Public consultation (Question No EFSA-Q-2007-089).
EFSA]. 2008; 765: 2-87.

122.Graham PL, Lin SX, Larson EL. A U.S. population-based
survey of Staphylococcus aureus colonization. Ann
Intern Med. 2006; 144(5): 318-25.

123.5mith TC, Gebreyes WA, Abley M|, Harper AL, Forshey

,  Male M], et al Methicillin-resistant
Staphylococcus aureus in pigs and farm workers on
conventional and antibiotic-free swine farms in the
USA. PLoS ONE. 2013; 8: e63704.

124.Wertheim HFL, Melles DC, Vos MC, van Leeuwen W,
van Belkum A, Verbrugh HA, et al. The role of nasal
carriage in Staphylococcus aureus infections. Lancet
Infect Dis. 2005; 5(12): 751-62.

125.Fritz SA, Epplin EK, Garbutt ], Storch GA. Skin infection
in children colonized with community-associated
methicillin-resistant Staphylococcus aureus. | Infect.
2009; 59(6): 394-401.

126.Murphy BP, O'Mahony E, Buckley |F, O'Brien S5,
Fanning 5. Characterization of Staphylococcus aureus
isolated from dairy animals in Ireland. Zoonoses
Public Health. 2010; 57 (4): 249-57.

127.Gunaydin B, Aslantas 0, Demir C. Detection of super-
antigenic toxin genes in Staphylococcus aureus strains
from subclinical bovine mastitis. Trop Anim Health
Pro.2011;43(8): 1633-7.

128.Neder VE, Canavesio VR, Calvinho LF. Presence of
enterotoxigenic Staphylococcus aureus in bulk tank
milk from Argentine dairy farms. Rev Argent
Microbiol. 2011; 43 (2): 104-6.

129.Arcuri EF, Angelo FF, Guimaraes MFM, Talon R,
Borges MF, Leroy 5, et al. Toxigenic status of
Staphylococcus aureus isolated from bovine raw milk
and Minas frescal cheese in Brazil. ] Food Prot. 2010;
73(12):2225-31.

130.Scherrer D, Corti S, Muehlherr JE, Zweifel C, Stephan
R. Phenotypic and genotypic characteristics of
Staphylococcus aureus isolates from raw bulk-tank
milk samples of goats and sheep. Vet Microbiol. 2004;
101(2):101-7.

131.Peles F, Wagner M, Varga L, Hein I, Rieck P, Gutser K,
et al. Characterization of Staphylococcus aureus
strains isolated from bovine milk in Hungary. Int ]
Food Microbiol. 2007; 118(2): 186-93.

132 @hlCarmo LS, Dias RS, Linardi VR, de Sena M], dos
Santos DA, de Faria ME, et al. Food poisoning due to
enterotoxigenic strains of Staphylococcus present in
Minas cheese and raw milk in Brazil. Food Microbiol.
2002; 19(1): 9-14.

133.Le Loir Y, Baron F, Gautier M. Staphylococcus aureus
and food poisoning. Genet Mol Res. 2003; 2: 63-76.

134.Kowalski RP, Karenchak LM, Romanowski EG.
Infectious disease: changing antibiotic susceptibility.
Ophthalmol Clin. 2003; 16:1-9.

Vol 11, Issue 8, Aug-Sept 2020




Khairullah et al. /A Review of Methicillin-Resistant Staphylococcus aureus (MRSA) on Milk and Milk Products: Public Health
Importance

135.Lowy FD. Staphylococcus aureus infections. N Engl |
Med. 1998; 339(8): 520-32.

136. Makgotlho PE, Kok MM, Hoosen A, Lekalakala R, Omar
S, Dove M. Molecular identification and genotyping of
MRSA isolates. FEMS Imunol Med Mic. 2009; 57(2):
104-15.

137.Michel M, Gutmann L Methicillin-resistant
Staphylococcus aureus and vancomycin-resistant
enterococci: therapeutic realities and possibilities.
Lancet. 1997; 349(9069): 1901-6.

138. Birmingham MC, Rayner CR, Meagher AK, Flavin 5M,
Batts DH, Schentag |]. Linezolid for the treatment of
multidrug-resistant,  gram-positive infections:
experience of a compassionate-use program. Clin
Infect Dis. 2003; 36(2): 159-68.

139. Furtado S, Bhat RM, Rekha B, Sukumar D, Kamath GH,
Martis ], et al. The clinical spectrum and antibiotic
sensitivity patterns of staphylococcal pyodermas in
the community and hospital. Indian ] Dermatol. 2014;
59(2): 143-50.

140.Wang R, Braughton KR, Kretschmer D, Bach THL,
Queck SY, Li M. Identification of novel cytolytic
peptides as key vwvirulence determinants for
community-associated MRSA. Nat Med. 2007; 13(12):
1510-4.

141.Todd ECD, Greig |D, Bartleson CA, Michaels BS.
Outbreaks where food workers have been implicated
in the spread of foodborne disease. | Food Prot. 2008;
71:2582-95.

142. Bystron ], Podkowik M, Korzekwa K, Lis E, Molenda ],
Bania ]. Characterization of borderline oxacillin-
resistant Staphylococcus aureus isolated from food of
animal origin. | Food Prot. 2010; 73: 1325-7.

143.Valero A, Perez-Rodriguez F, Carrasco E, Fuentes-
Alventosa JM, Garcia-Gimeno RM, Zurera G. Modelling
the growth boundaries of Staphylococcus aureus:
effect of temperature, pH and water activity. Int ] Food
Microbiol. 2009; 133: 186-94.

144 Oliver SP, Murinda SE, Jayarao BM. Impact of
antibiotic use in adult dairy cows on antimicrobial
resistance of veterinary and human pathogens: A
comprehensive review. Foodborne Pathog Dis. 2011;
8(3): 337-55.

145.Effendi M.H., Hisyam M.A.M, Hastutiek P., and
Tyasningsih W. Detection of coagulase gene in
Staphylococcus aureus from several dairy farms in
East Java, Indonesia, by polymerase chain reaction,
Vet. World, 2019; 12(1): 68-71.

146. Effendi, M.H., Oktavianto, A and Hastutiek, P.
Tetracycline Resistance Gene in Streptococcus
Agalactiae Isolated from Bovine Subclinical Mastitis
in Surabaya, Indonesia. Philipp. Journal of Veterinary
Medicine. 2018; 55 (SI): 115-120.

147.Dhanashekar R, Akkinepalli S, Nellutla A. Milk-borne
infections. An analysis of their potential effect on the
milk industry. GERMS. 2012; 2(3): 101-9.

69 Systematic Reviews in Pharmacy Vol 11, Issue 8, Aug-Sept 2020




A Review of Methicillin-Resistant Staphylococcus aureus

(MRSA) on Milk and Milk Products: Public Health Importance

ORIGINALITY REPORT

19, 18, 9. O

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

www.hindawi.com

Internet Source

.

T

manualzz.com

Internet Source

o

(K

jcm.asm.org

Internet Source

e

T

mts.intechopen.com

Internet Source

-~

T

www.pure.ed.ac.uk

Internet Source

o

T

gmro.gmul.ac.uk

Internet Source

T

184.73.192.197

Internet Source

B B

T

air.unimi.it

Internet Source

T

cdn.intechopen.com

Internet Source

T




—
-

e-sc.org

Internet Source

<1%

www lpr.com <1
e midournals.org <71
Inth1eirﬁ(Etcgclc))uircc)elogyjournaI.org <1 o
archive-ore <o
lazilla.com <1
rvestigacion.ubu.es <71
wencgms.de <o
veocuments.mx <1
s Clence.gov <71
su.com <o
IrnTtlecr)nke)tilfjeu.rrceepository.ubn.ru.nl <1%




www.sokvetjournal.net

Internet Source J <1 0%

Basanisi, M.G., G. La Bella, G. Nobili, I. <1 o
Franconieri, and G. La Salandra. "Genotyping ’
of methicillin-resistant Staphylococcus aureus
(MRSA) isolated from milk and dairy products
in South Italy", Food Microbiology, 2017.
Publication

Maria Lundqvist, null null. "Epidemiological <1 o
and molecular biological studies of multi- °
resistant methicillin-susceptible
Staphylococcus aureus", 'Linkoping University
Electronic Press', 2014
Internet Source
repository.unair.ac.id

IntePnetSourcey <1 %
WwWw. Ciwf.fr

Internet Source <1 %
www.ajol.info

InternetSOLJJrce <1 %

oums.ac.ir

%ternetSource <1 %
mdpi.com

InternEtSource <1 %
www.sciencepub.net

Internet Source p <1 %




edepot.wur.nl

Internert)Source <1 %
investigacion.unirioja.es

Internet So%ce J <1 %
orbit.dtu.dk

Internet Source <1 %
Www.Nnccid.ca

Internet Source <1 %
Mohammad M. Obaidat, Amira A. Roess,

35 , o <l%
Amjad A. Mahasneh, Rana A. Al-Hakimi.
"Antibiotic-resistance, enterotoxin gene
profiles and farm-level prevalence of
Staphylococcus aureus in cow, sheep and
goat bulk tank milk in Jordan", International
Dairy Journal, 2018
Publication
old.oalib.com

Internet Source <1 %
onlinelibrary.wiley.com

Internet Source y y <1 %

www.mrsablog.com <1
Internet Source %
www.sidilv.or

Internet Source g <1 %




Balbino Rocha. "Antibacterial Resistance <1
: : %
Patterns and Over Time Trends of Major
Mastitis Pathogens from Dairy Cattle in
Portugal", Repositério Aberto da Universidade

do Porto, 2014.

Publication

AOCsimakuedutr <Tw
BT <7
oy 018 <Tw
Skl s <Tw
Journal rontiersin.org <7
e wcPress.com <Tw
nwcorad <7«
i vetiolio.com <7«
CELIK, Afsar and SOLMAZ, Hasan. "Subklinik <1%

Mastitisli Inek Sutlerinden izole Edilen



Stafilokoklarda Antibiyotik ", YazUncU Yil

Universitesi, 2010.

Publication

M. Morgan. "Methicillin-resistant <1 o
Staphylococcus aureus and animals: zoonosis ’
or humanosis?", Journal of Antimicrobial
Chemotherapy, 09/26/2008
Publication
biotechlink.or

Internet Source g <1 %
conservancy.umn.edu

Internet Source y <1 %
edoc.rki.de

Internet Source <1 %
iIr.amu.ac.in

Internet Source <1 %
ihpn.biomedcentral.com

JInteFr)netSource <1 %
labproject.site.apic.or

InternFe)tSoJurce p g <1 %
sfamjournals.onlinelibrary.wiley.com

InternetJSource y y <1 %
smw.ch

Internet Source <1 %

U1
O

worldwidescience.org

Internet Source



<1%

www.agriculturejournals.cz

m InternetSm%ce J <1 %
www.banglajol.info

InternetSourceg J <1 %
www.eurosurveillance.or

Internet Source g <1 %
www.frontiersin.or

Internet Source g <1 %
WWW.jove.com

InternetSJource <1 0/0

www.liebertpub.com <1
Internet Source %
www.piwet.pulawy.pl

@ InternetSE)urce p Wy p <1 %

WWW. pvj.com.pk <1
Internet Source %
www.thedairysite.com

@ Internet Source ry <1 %
M. Z. David, R. S. Daum. "Community-

E 4 <1

Associated Methicillin-Resistant
Staphylococcus aureus: Epidemiology and



Clinical Consequences of an Emerging
Epidemic", Clinical Microbiology Reviews, 2010

Publication

Panagiotis Papadopoulos, Apostolos S. <1 o
Angelidis, Theofilos Papadopoulos, ’
Charalampos Kotzamanidis et al.

"Staphylococcus aureus and methicillin-

resistant S. aureus (MRSA) in bulk tank milk,

livestock and dairy-farm personnel in north-

central and north-eastern Greece: Prevalence,
characterization and genetic relatedness”,

Food Microbiology, 2019

Publication

TEL, Osman Yasar and BOZKAYA, Faruk.
o . . . <Il%
"ldentifying the bacteria causing ovine
gangrenous mastitis and detection of
staphylococcus aureus in gangrenous milk by
pcr', TUBITAK, 2012.
Publication
ijasbt.org <1 o

Internet Source

Andreana Pexara, Nikolaos Solomakos, Daniel <
Sergelidis, Apostolos S. Angelidis, Alexandros
Govaris. "Occurrence and antibiotic resistance

of enterotoxigenic Staphylococcus aureus in

raw ovine and caprine milk in Greece", Dairy
Science & Technology, 2015

Publication

%




D. Sergelidis, A.S. Angelidis. " Methicillin- <1
. , %
resistant : a controversial food-borne
pathogen ", Letters in Applied Microbiology,
2017
Publication
Erhan KEYVAN, Ozen YURDAKUL, Ahu <1 o
DEMIRTAS, Halil YALCIN, Nuket BILGEN. ’
"ldentification of Methicillin-Resistant
Staphylococcus aureus in Bulk Tank Milk",
Food Science and Technology, 2020
Publication
J. A, J. W. Kluytmans. "Methicillin-resistant <1 o
Staphylococcus aureus in food products: ’
cause for concern or case for complacency? :
MRSA in food products”, Clinical Microbiology
and Infection, 01/2010
Publication
L. Garcia-Alvarez, S. Dawson, B. Cookson, P. <1
: , %
Hawkey. "Working across the veterinary and
human health sectors", Journal of
Antimicrobial Chemotherapy, 2012
Publication
McCarthy, Alex J., Jodi A. Lindsay, and Anette <1 o

Loeffler. "Are all meticillin-resistant
Staphylococcus aureus (MRSA) equal in all
hosts? Epidemiological and genetic
comparison between animal and human
MRSA : Evolution of meticillin-resistant



Staphylococcus aureus", Veterinary
Dermatology, 2012.

Publication

Peles, F.. "Characterization of Staphylococcus <1 o
aureus strains isolated from bovine milk in 0
Hungary", International Journal of Food
Microbiology, 20070915
Publication

E Wanchun Jin, Keiko Yamada. "Staphylococcal 1

o . ) < | %
enterotoxins in processed dairy products”,
Elsevier BV, 2016
Publication
ir.uiowa.edu

Internet Source <1 %
www.tede2.ufrpe.br:8080

Internet Source p <1 %
aricjournal.biomedcentral.com

InternJetSource <1 %
digitalarchive.maastrichtuniversity.nl

Inte%netSource y <1 %

Exclude quotes Off Exclude matches Off

Exclude bibliography On



A Review of Methicillin-Resistant Staphylococcus aureus
(MRSA) on Milk and Milk Products: Public Health Importance

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11




