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Abstract
Background and Aim: There are numerous reports of subclinical mastitis cases in Blitar, which is consistent with the 
region’s high milk production and dairy cattle population. Staphylococcus aureus, which is often the cause of mastitis cases, 
is widely known because of its multidrug-resistant properties and resistance to β-lactam antibiotic class, especially the 
methicillin-resistant S. aureus (MRSA) strains. This study aimed to molecular detection and sequence analysis of the mecA 
gene in milk and farmer’s hand swabs to show that dairy cattle are reservoirs of MRSA strains.

Materials and Methods: A total of 113 milk samples and 39 farmers’ hand swab samples were collected from a dairy farm 
for the isolation of S. aureus using Mannitol salt agar. The recovered isolates were further characterized using standard 
microbiological techniques. Isolates confirmed as S. aureus were tested for sensitivity to antibiotics. Oxacillin Resistance 
Screening Agar Base testing was used to confirm the presence of MRSA, whereas the mecA gene was detected by polymerase 
chain reaction and sequencing.
Results: A total of 101 samples were confirmed to be S. aureus. There were 2 S. aureus isolates that were multidrug-
resistant and 14 S. aureus isolates that were MRSA. The mecA gene was detected in 4/14 (28.6%) phenotypically identified 
MRSA isolates. Kinship analysis showed identical results between mecA from milk and farmers’ hand swabs. No visible 
nucleotide variation was observed in the two mecA sequences of isolates from Blitar, East Java.
Conclusion: The spread of MRSA is a serious problem because the risk of zoonotic transmission can occur not only to people 
who are close to livestock in the workplace, such as dairy farm workers but also to the wider community through the food chain.

Copyright: Khairullah, et al. Open Access. This article is distributed 
under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and 
reproduction in any medium, provided you give appropriate credit 
to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made. 
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data 
made available in this article, unless otherwise stated.
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Introduction

An infectious disease known as “food-borne dis-
ease” is caused by consuming water and other foods 
contaminated with pathogenic organisms, poisons, 
and chemicals [1]. Bacteria (66%), parasites (4%), 
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viruses (4%), and chemicals (26%) are the primary 
causes of food-borne illness [2]. Cow’s milk is an ani-
mal-derived dietary ingredient that has the potential 
to spread several pathogenic germs that could have 
an effect on public health, often known as milk-borne 
illness [3].

This is because milk is a nutrient-rich substrate 
appropriate for the growth and spread of harmful 
germs [4], which includes chemical components 
that the body needs. The primary ingredients of milk 
are minerals (0.7%), fat (3.7%), protein (3.5%), lac-
tose (4.9%), and water (87.2%) [5]. Dairy products 
should have a pH between 6.5 and 6.6 to be most 
hospitable to microorganisms because a pH between 
6.5 and 7.5 is ideal for bacterial growth and rapid 
deterioration [6].

Milk contaminated with pathogenic bacteria 
(milk-borne pathogens) can easily be contaminated 
anytime and anywhere if handled improperly [7]. The 
high level of contamination during the milking process 
may be due to the large spread of pathogenic micro-
organisms [8]. Among the risk factors for bacterial 
contamination are farmers’ dirty hands during milk-
ing, dairy equipment’s lack of sterility, the environ-
ment around the cowsheds, the proximity of manure 
disposal sites to the cowsheds, and the proximity of 
the cowsheds to wells [9]. Staphylococcus aureus is 
one of the most common pathogenic bacteria contam-
inating milk [10].

The opportunistic pathogen S. aureus can 
cause several infectious illnesses in humans and 
animals [11]. This bacterium can spread in the air, 
animals, humans, and contaminated surfaces [12]. 
According to reports, S. aureus is frequently found in 
the raw milk of both healthy animals and those with 
subclinical mastitis [13]. S. aureus remains the most 
common pathogenic bacteria isolated from mastitis 
milk samples [14]. However,

Blitar Regency, East Java province is one of 
the regions where Indonesia’s largest fresh cow’s 
milk is produced [15]. In line with the high amount 
of milk production and the dairy cattle population 
in Blitar, reports of cases of subclinical mastitis are 
also found with the habits of breeders who pay lit-
tle attention to the care of dairy cows affected by 
subclinical mastitis, which will eventually develop 
into clinical mastitis [16]. The management of cases 
of mastitis is often achieved by administering anti-
biotics [17]. Several antibiotics, including oxytetra-
cycline, penicillin, and ampicillin, are often used to 
treat mastitis; however, based on information from 
animal health workers in Blitar [18], these antibi-
otics are no longer effective for treating mastitis in 
dairy cows.

S. aureus, which is often the cause of mastitis 
cases, is widely known because of its multidrug-resis-
tant (MDR) properties and its resistance to β-lactam 
class antibiotics, particularly methicillin-resistant 
S. aureus (MRSA) strains [19]. MRSA has been 

implicated in a series of nosocomial infections [20]. 
All β-lactam medications, such as cephalosporins 
and carbapenems, are considered ineffective against 
MRSA strains resistant to oxacillin (OX) and cefox-
itin (FOX) [21]. It has been noted that gentamicin, 
ciprofloxacin, and clindamycin resistance in animal 
MRSA isolates is much higher than that in human 
MRSA isolates [22].

The mecA gene mediates resistance to beta-lac-
tam antibiotics in MRSA strains [23]. This gene is 
found on the staphylococcal cassette chromosome 
mec (SCCmec), a cellular genetic component [24]. 
This gene produces penicillin-binding protein 2a (PBP 
2a), which has a lower affinity for β-lactam antibiot-
ics [25]. Methicillin-resistant S. aureus containing the 
mecA gene will be resistant to β-lactam class antibi-
otics [26].

The incidence of MRSA infection can be a public 
health problem; therefore, laboratory tests, molecular 
detection, and sequence analysis of the mecA gene are 
needed to prove that cows are reservoirs for the emer-
gence of the MRSA strain. In view of the certainty of 
contamination of food reservoirs by mecA-harboring 
MRSA, it will be easy to overcome the occurrence of 
MRSA infection in foods of animal origin, especially 
milk.

This study aimed to molecular detection and 
sequence analysis of the mecA gene in milk and farm-
er’s hand swabs to show that dairy cattle are reservoirs 
of MRSA strains.
Materials and Methods
Ethical approval

This study was approved by the Health Research 
Ethical Clearance Commission, Universitas Airlangga 
(No. 353/HRECC.FODM/VI/2021). All the methods 
used in this study were performed in accordance with 
relevant guidelines and regulations.
Study period and location

This study was conducted from March to June 
2022 at Faculty of Veterinary Medicine, Universitas 
Airlangga.
Sample collection and the study area

A total of 113 milk samples and 39 farmers’ hand 
swab samples were used in this study. Milk sampling 
was performed on lactating cows while hand swab sam-
pling was performed on the palms of farmers after milk-
ing in Blitar Regency, East Java, Indonesia. Collected 
samples were labeled and immediately transported to 
the laboratory in a cool box containing an ice-pack gel. 
Cow milk samples and hand swabs from farmers were 
collected from several farms  in Blitar Regency, East 
Java, Indonesia. Sample examination was carried out 
at the Veterinary Public Health Laboratory, Faculty of 
Veterinary Medicine, Airlangga University.
Isolation and identification

First, a milk sample and farmer’s hand swab were 
taken using a loop, then spread in a zigzag manner 
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on NA media (Oxoid, UK) and incubated for 24 h at 
37°C. Bacterial isolates grown on nutrient agar media 
were collected using a loop, streaked in a zigzag man-
ner on mannitol salt agar (MSA) media (Oxoid), and 
incubated for 24 h at 37°C [27]. Suspected S. aureus 
colonies (golden-yellow) were further characterized 
using standard microbiology techniques, such as Gram 
staining, coagulase, catalase, β-galactosidase, pyrro-
lidonyl arylamidase, and acetoin production tests [28].
Antibiotic susceptibility test

We used the Kirby-Bauer disk diffusion method 
in accordance with the guidelines of the Clinical 
and Laboratory Standards Institute (CLSI) [29]. 
Identified S. aureus isolates were first standardized 
to a McFarland turbidity of 0.5 in test tubes. Sterile 
cotton swabs were then dipped into each standard-
ized inoculum, drained to remove excess inoculum, 
and uniformly inoculated on Mueller-Hinton agar 
(MHA) (Oxoid), and allowed to dry for a few minutes. 
Antibiotic-impregnated disks: Gentamicin (10 µg), 
erythromycin (E) (15 µg), tetracycline (TE) (30 µg), 
FOX (30 µg), and OX (30 µg) – for MRSA screen-
ing and MRSA screening, respectively. Each antibi-
otic disk on the MHA plate was separated by at least 
25–30 mm. Inhibition zone diameter was measured, 
recorded, and the results were interpreted as suscepti-
ble or resistant based on CLSI guidelines [29].
Confirmatory MRSA test results

Identified MRSA isolates (resistance to FOX and 
OX) from the antimicrobial susceptibility test results 
were further confirmed by streaking them on Oxacillin 
Resistance Screening Agar Base (ORSAB) (Himedia, 
India) before incubation for 24 h at 37°C [30]. The 
appearance of blue colonies after 24 h of incubation is 
indicative of MRSA.
Genotype detection

DNA was extracted using a QIAamp DNA Mini 
Kit (51304 and 51306) (Hildenberg, Germany). Specific 
primers for the mecA gene were used as described in 
Table-1 [26]. Polymerase chain reaction (PCR) mixture 
of 18.75 μL  consisting of 12.5 µL PCR Mastermix (0.2 
mM dNTP, 0.5 U Taq polymerase, buffer, and 1.5 mM 

MgCl2), 1.25 µL for each primer, and 5 µL DNA tem-
plate was prepared. The PCR reaction was conducted 
under the following conditions: initial denaturation at 
94°C for 7 min, 35 cycles of 96°C for 50 s of dena-
turation, 50°C for 40 s of annealing, 72°C for 1 min 
of extension, and finally, 10 min of extension at 72°C 
[26]. A total volume of 5 µL of the amplified PCR prod-
ucts was analyzed by 1.5% agarose gel electrophoresis 
and visualized in an ultraviolet transilluminator (Cole-
Parmer, UK) with a wavelength of 360 nm [31].
Sequencing

Amplified PCR products positive for mecA 
were purified in a volume of 20 µL and sequenced to 
determine the nucleotide base sequence of the mecA 
genes. PCR sequencing was followed by labeling 
using pure DNA, one of the primers, a terminator, 
buffer, and distilled water. Sequencing was performed 
using the Applied Biosystem tool (Warrington, UK). 
Sequencing results are presented in the form of a chro-
matogram graph with different colors for each nitro-
gen base in the DNA. On the basis of the obtained 
sequencing results, homology, phylogenetics, muta-
tions, evolution, and protein characteristics can be 
determined. The obtained sequencing results were 
then analyzed at National Center for Biotechnology 
Information (NCBI) (Maryland, USA) [32].

Molecular Evolutionary Genetics Analysis ver-
sion X (https://www.megasoftware.net/) was used 
to assess the sequencing results. Reference mecA 
sequences were obtained from GenBank (NCBI) and 
selected based on species after Basic Local Alignment 
Search Tool (BLAST) analysis of mecA sequences of 
isolates in constructing a phylogenetic tree [33].
Results
Isolation and identification methods

Of the 152 samples collected, 101 (66.48%) were 
positive for S. aureus (Table-2 and Figure-1).
Antibiotic sensitivity test

S. aureus strains were resistant to TE (44), OX 
(31), E (10), FOX (14), and gentamicin (2) (Table-3).

Of 101 recovered S. aureus isolates, 36 isolates 
were not resistant to all antibiotics tested, 45 isolates 

Table-1: Details of primers used in this study.

Primers Sequences (5’–3’) Target gene Amplicons size Reference

mecA forward 5’-AAA ATC GAT GGT AAA GGT TGG C-3’ mecA 533 bp  [26]
mecA reverse 5’-AGT TCT GCA GTA CCG GAT TTG C-3’ mecA

Table-2: Isolation and identification of S. aureus.

Type of sample Sample size Isolation test  
on MSA

Identification test Positive S. aureus 
(%)

Gram stain Biochemical test

Catalase Coagulase

Milk 113 113 113 113 73 73 (64.6)
Hand swab 39 39 39 39 28 28 (71.8)
Total 101 (66.48)

S. aureus=Staphylococcus aureus, MSA=Mannitol salt agar
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Table-3: Isolated S. aureus resistance profile by antibiotic group.

Group of antibiotics Resistance profile Number of isolates (n=101) Total number of isolates (%)

Resistant isolates (%)

0 No one is resistant 36 (35.64) 36 (35.64)
1 OX 8 (7.92) 45 (44.55)

TE 26 (25.74)
E 1 (0.99)
GM 2 (1.98)
FOX–OX 8 (7.92)

2 OX–TE 8 (7.92) 18 (17.82)
OX–E 1 (0.99)
TE–E 5 (4.95)
OX–FOX–TE 3 (2.97)
OX–FOX–E 1 (0.99)

≥3 OX–FOX–TE–E 2 (1.98) 2 (1.98)

GM=Gentamicin, E=Erythromycin, FOX=Cefoxitin, TE=Tetracycline, OX=Oxacillin, S. aureus=Staphylococcus aureus

(44.55%) were resistant to 1 class of antibiotics tested, 
18 isolates (17.82%) were resistant to 2 classes of 
antibiotics, and 2 isolates (1.98%) were confirmed to 
be MDR because they were resistant to 3 classes of 
antibiotics (Figure-2) with a pattern of antibiotic resis-
tance OX–FOX–TE–E (Table-4). This could explain 
the low frequency of S. aureus MDR cases reported in 
Blitar Regency because only two MDR isolates were 
recovered from 152 analyzed samples.
Confirmatory MRSA test results

The ORSAB test revealed that 14 out of 31 
S. aureus isolates that were resistant to FOX and 
OX were positive for MRSA (Table-5 and Figure-3. 
It shows that the level of MRSA infection in 
dairy farms in Blitar Regency is still low, as only 
14 MRSA isolates were recovered from the 152 
analyzed samples.
Genotype detection

Four phenotypically identified MRSA isolates 
carried the mecA gene based on the electrophoresis 
results of the 14 isolates investigated. Three of these 
isolates harboring the mecA genes were recovered 
from milk, whereas one (1) was recovered from a 
farmer’s hand swab (Table-6 and Figure-4).

Sequencing
Of the four MRSA isolates harboring the mecA 

gene, two isolates were selected (one isolate from a 
milk sample and one isolate from a farmer’s hand) for 
sequencing to perform kinship analysis. The genetic 
relationship analysis showed that EastJava/2022/HS/
SA/mecA and EastJava/2022/DC/SA/mecA clustered 
together with seven sequences of S. aureus PBP 2a 
(mecA) genes from India, Iran, and Egypt (Figure-5).
Discussion

This study identified MDR S. aureus isolates and 
MRSA as contaminant bacterial pathogens in dairy 
farms in Blitar Regency, East Java, Indonesia, isolated 
from cow milk and farmers’ hands. MecA-harboring 
MRSA was also isolated.

The highest frequency of TE resistance among 
the S. aureus isolates in this study was found in 
44 (43.56%) out of the 101 isolates recovered. TE 
inhibits protein synthesis by binding to the 30S ribo-
somal subunit [34]. The mechanism of its inhibi-
tory action involves preventing aminoacyl-tRNA 
from binding to the acceptor site on the mRNA-ri-
bosome complex, which prevents amino acids from 
being incorporated into the peptide chain [31]. This 

Figure-2: Antibiotic susceptibility test conducted on 
Staphylococcus aureus on Mueller-Hinton agar.

Figure-1: Golden-yellow colonies of Staphylococcus 
aureus on mannitol salt agar.
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Table-4: S. aureus isolates with a profile MDR.

Location Sample 
code

Resistant 
group

Antibiotic

OX FOX TE E GM

Milk SS 9 OX–FOX–TE–E     –
Hand swab ST 29 OX–FOX–TE–E     –

=Resistant, GM=Gentamicin, E=Erythromycin, 
FOX=Cefoxitin, TE=Tetracycline, OX=Oxacillin, 
MDR=Multidrug resident, S. aureus=Staphylococcus aureus

Table-5: Total number confirmed MRSA by ORSAB.

Sample type Resistant group of 
antibiotics

Number of isolates 
tested by ORSAB (n=31)

Positive ORSAB 
test (%)

Number of 
MRSA (%)

Milk OX 5 1 (3.22) 11 (35.48)
OX–FOX 6 5 (16.13)
OX–TE 6 1 (3.22)
OX–E 1 0 (0)
OX–FOX–TE 3 2 (6.45)
OX–FOX–E 1 1 (3.22)
OX–FOX–TE–E 1 1 (3.22)

Hand swab OX 3 0 (0) 3 (9.68)
OX–FOX 2 2 (6.45)
OX–TE 2 0 (0)
OX–FOX–TE–E 1 1 (3.22)

Total 31 14 (45.16) 14 (45.16)

S. aureus isolates screened for ORSAB test were only S. aureus isolates that were resistant to β-lactam antibiotics 
(cefoxitin and oxacillin). E=Erythromycin, FOX=Cefoxitin, TE=Tetracycline, OX=Oxacillin, MRSA=Methicillin-resistant 
Staphylococcus aureus, ORSAB=Oxacillin Resistance Screening Agar Base

Figure-4: Positive bands at 533 bp in the detection mecA 
polymerase chain reaction findings; marker line: Molecular 
weight indicators of 100 bp; Line K-: Negative control; Line 
ST29, SS2, SS9, and SS25: mecA gene-positive isolate.

Figure-3: Oxacillin resistance screening agar base test 
for methicillin-resistant Staphylococcus aureus (MRSA) 
identification, blue colonies indicate MRSA positive.

interference also prevents the tRNA-carrying amino 
acids from attaching to the 30S or 70S ribosomes, 
thus preventing the amino acids from being added to 
the peptide chain as it grows [35]. Two well-known 
mechanisms of TE resistance are active drug efflux 
from the tetK gene and ribosomal protection through 
competitive binding of the 30S subunit by ribosomal 
protection protein, which is generated by the tetM 
gene [36].

The frequency of resistance of S. aureus to gen-
tamicin was the lowest as only two out of 101 isolates 
were resistant to this aminoglycoside. Gentamicin 
expresses its activity against bacteria by attaching 
to the 16S ribosomal RNA aminoacyl site of the 30S 
ribosomal subunit, preventing or inhibiting the trans-
lation of the genetic code [37]. As noted in this study, 
the low resistance frequency of S. aureus isolates 
to gentamicin might be due to minimal exposure to 
aminoglycoside class antibiotics in dairy farms in our 
study area. Interestingly, gentamicin could serve as 
an effective alternative treatment because of this low 
resistance. However, the reports of gentamicin-resis-
tant strains in our study indicate that it is imperative to 
re-examine the risk factors for their transmission and 
the mechanisms of resistance [38].

Of the 101 S. aureus isolates recovered in this 
study, 2 (1.98%) were MDR as they exhibited resis-
tance to at least three different antibiotic classes. The 
emergence of MDR bacteria occurs due to multistep 
mutation resulting in a gradual increase in resis-
tance, where the majority of bacterial information is 
encoded by chromosomes [39]. Some bacteria carry 

extrachromosomal genes found in plasmids or bacte-
riophages [40]. Transposons and integrons are sites 
where transmitting plasmids, also known as factor 
R plasmids, transfer resistance factors from chromo-
somes to plasmids [41]. An integron is made up of 
two DNA segments with an antibiotic resistance gene 
on one side, as opposed to a transposon, which is one 
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Table-6: mecA gene detection based on ORSAB test.

Sampel type Sample  
code

Resistant group of 
antibiotics

ORSAB test (n=31) mecA detection Number positive of 
MRSA isolates by 

mecA detection (%)

Milk SS 1 OX – Not tested 3 (9.68)
SS 2 OX–FOX–TE + +
SS 9 OX–FOX–TE–E + +
SS 13 OX–TE – Not tested
SS 14 OX–FOX + –
SS 15 OX – Not tested
SS 16 OX–FOX + –
SS 21 OX–FOX–TE – Not tested
SS 24 OX–FOX + –
SS 25 OX + +
SS 30 OX–FOX–E – Not tested
SS 36 OX–TE + –
SS 37 OX–TE – Not tested
SS 38 OX–TE – Not tested
SS 44 OX–E + –
SS 52 OX–FOX – Not tested
SS 53 OX–FOX–TE – Not tested
SS 75 OX + –
SS 90 OX – Not tested
SS 98 OX–TE – Not tested
SS 100 OX –TE – Not tested
SS 109 OX–FOX + –
SS 110 OX–FOX + –

Hand swab ST 10 OX – Not tested 1 (3.22)
ST 13 OX–FOX + –
ST 17 OX–TE – Not tested
ST 21 OX – Not tested
ST 24 OX – Not tested
ST 27 OX–TE – Not tested
ST 29 OX–FOX–TE–E + +
ST 36 OX–FOX + –

Total 4 (12.9)

mecA gene detection was only carried out on S. aureus isolates that were confirmed positive on the ORSAB test. 
E=Erythromycin, FOX=Cefoxitin, TE=Tetracycline, OX=Oxacillin, ORSAB=Oxacillin Resistance Screening Agar Base

Figure-5: Maximum likelihood phylogenetic tree from partial sequencing of the Staphylococcus aureus mecA gene.
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gene or a small number of resistance genes that are 
directly repeated or reverse bound [42].

A total of 14 MRSA isolates were found on dairy 
farms in Blitar. SCCmec, a sizable DNA fragment 
between 20 and 100 kb, helps S. aureus to evolve into 
a methicillin-resistant strain (MRSA) [43]. SCCmec 
integrates into the S. aureus chromosome in a region 
near the origin of chromosomal replication [44]. The 
normal PBP, specifically PBP 2 to PBP 2a, has under-
gone modifications that have led to MRSA isolates 
being resistant to all β-lactam class drugs [45]. PBP 2a 
has a very low affinity for β-lactams; therefore, even 
when this bacterium is cultivated in media with high 
concentrations of β-lactams, the MRSA strain may 
still survive and construct the bacterial cell wall [46].

MRSA is a pathogenic bacterial strain that is typ-
ically found in humans but can also colonize and infect 
other animals, including livestock, wildlife, pets, and 
poultry [47]. MRSA infection in animals is important 
from an animal welfare and economic perspective and 
can also act as a reservoir for human zoonotic infec-
tions [48]. MRSA infection is difficult to treat because 
it is resistant to various antibiotics and spreads easily. 
Therefore, early detection of MRSA infection is very 
necessary [49].

In this study, four MRSA isolates were shown to 
contain the mecA gene. S. aureus with MRSA char-
acteristics is a strain of pathogenic bacteria encoded 
by several resistance genes, one of which is the mecA 
gene [50]. In 2007, the mecA gene was first isolated 
from an MRSA isolate originating from milk of dairy 
cows in England [51]. The mecA gene of MRSA 
bacteria is a determining factor in the occurrence of 
antibiotic resistance [52]. This type of antibiotic resis-
tance occurs in the β-lactam antibiotic class, where 
resistance occurs due to the presence of PBP2a pro-
tein [53].

The SCCmec chromosome of MRSA contains 
the mecA gene, which encodes a specific transpepti-
dase that makes the bacteria resistant to methicillin and 
β-lactam drugs [54]. This gene produces PBP 2a [55]. 
Antibiotics belonging to the β-lactam class have a low 
affinity for this protein [56]. Bacteria that generate this 
protein will be able to withstand all types of β-lac-
tam class antibiotics [57]. Therefore, the resistance of 
MRSA bacteria is encoded by the mecA gene [58].

With the discovery of MRSA isolates carrying 
the mecA gene in the milk of dairy cows and farm-
er’s hand swabs in our study, it is necessary to con-
duct a comprehensive evaluation of milking hygiene, 
handling of milk and dairy products, judicious use of 
antibiotics, and sanitation management to control the 
transmission of MRSA between farmers and dairy 
cows and the health of consumers, breeders, veteri-
narians, and the surrounding community [23].

The results of the phylogenetic analysis con-
firmed that two S. aureus isolates were obtained 
from milk and hand swabs of farmers at dairy farms 
in Blitar Regency, East Java. Sequencing results 

between the origin sequences of the cow’s milk sam-
ple (EastJava/2022/DC/SA/mecA) and the farmer’s 
hand swab (EastJava/2022/HS/SA/mecA) showed 
identical results to one another as there were no visi-
ble nucleotide variations in both sequences of the iso-
lates from Blitar, East Java, although the two isolates 
came from different host sources.

The results of the phylogenetic tree analysis showed 
that isolates from milking hands (EastJava/2022/HS/
SA/mecA) and milk (EastJava/2022/DC/SA/mecA) 
were in one cluster with seven sequences of S. aureus 
PBP 2a (mecA) partial gene cds from India, Egypt, and 
Iran and three sequences of S. aureus PBP (mecA) par-
tial gene cds from Brazil in different clusters. Seven 
isolates from the same cluster, with two isolates from 
East Java, were isolated from cow’s milk (India), dog 
and horse nasal swabs (Egypt), and human clinical 
samples (Iran). This cluster showed a large host diver-
sity compared to the second cluster, which consisted 
of only three samples of milk from mastitis cows in 
Brazil.

The results of the three analyses indicated the 
potential for the two clusters in the phylogenetic tree to 
originate from two different MRSA strains. Follow-up 
tests and analyses with multilocus sequence typing 
(MLST) are required to determine the strains of the 
two isolates of cow’s milk and milking hands from 
East Java in this study. Spa typing is also recom-
mended to differentiate the type of S. aureus [59].

In the context of One Health, MRSA is a serious 
problem because its risk of zoonotic transmission can 
occur not only to people who are close to livestock in 
the workplace, such as dairy farm workers but also 
to the wider community through the food chain [50]. 
There is increasing evidence showing that livestock is 
an important reservoir of MRSA strains that have the 
potential for zoonotic transmission [60]. Intraspecies 
and interspecies transmission of MRSA, including 
zoonotic transmission of MRSA strains from livestock 
to humans, has consistently been identified as having 
the highest risk of contracting MRSA among people 
living and working near livestock [61].
Conclusion

This study has shown that cow milk and farm-
ers’ hands in dairy farms located in Blitar Regency, 
East Java, Indonesia are potential reservoirs of MDR 
S. aureus. Clinically important mecA harboring 
MRSA were also detected. There was also a genetic 
link between the mecA gene derived from dairy cow 
milk and hand swabs obtained from farmers. A kin-
ship analysis carried out to determine the genetic 
relatedness/diversity of the mecA genes harbored by 
the MRSA isolates recovered in this study with other 
publicly available mecA genomes on the NCBI data-
base showed that they clustered together with seven 
other mecA gene sequences of S. aureus reported in 
India, Iran, and Egypt. Detection of MDR S. aureus, 
including methicillin-resistant strains, in cow milk and 
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farmers’ hands is worrisome, as this could draw back 
some of the good gains of One Health. Therefore, it 
is of the utmost importance to ensure the appropriate 
use of antibiotics in the field of veterinary medicine 
to limit the increasing spread of antibiotic resistance.
Authors’ Contributions

ARK and SCK: Conceived, designed, and 
coordinated the study. AW, AH, SCR and OSMS: 
Designed data collections tools, supervised the field 
sample and data collection, and laboratory work as 
well as data entry. KHPR, DAK, RLAZ, MAG and 
DAA: Contributed reagents, materials, and analysis 
tools. MHE, SAS, and IBM: Carried out the statisti-
cal analysis and interpretation and participated in the 
preparation of the manuscript. All authors have read, 
reviewed, and approved the final manuscript.
Acknowledgments

This study was supported in part by the Skema 
Penelitian Unggulan Airlangga (PUA) Universitas 
Airlangga Tahun 2023, Number: 1710/UN3.LPPM/
PT.01.03/2023.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Bintsis, T. (2017) Foodborne pathogens. AIMS Microbiol., 

3(3): 529–563.
2. Abebe, E., Gugsa, G. and Ahmed, M. (2020) Review on 

major food-borne zoonotic bacterial pathogens. J. Trop. 
Med., 2020(1): 4674235.

3. Bastam, M.M., Jalili, M., Pakzad, I., Maleki, A. and 
Ghafourian, S. (2021) Pathogenic bacteria in cheese, raw 
and pasteurised milk. Vet. Med. Sci., 7(6): 2445–2449.

4. Ansharieta, R., Ramandinianto, S.C., Effendi, M.H. and 
Plumeriastuti, H. (2021) Molecular identification of blaC-
TX-M and blaTEM genes encoding extended-spectrum 
ß-lactamase (ESBL) producing Escherichia coli isolated 
from raw cow’s milk in East Java, Indonesia. Biodiversitas, 
22(4): 1600–1605.

5. Khairullah, A.R., Raharjo, D., Rahmahani, J., Suwarno, 
Tyasningsih, W. and Harijani, N. (2019) Antibiotics resis-
tant at Staphylococcus aureus and Streptococcus spp. 
isolated from bovine mastitis in Karangploso, East Java, 
Indonesia. Indian J. Forensic Med. Toxicol., 13(4): 439.

6. Okoniewski, A., Dobrzyńska, M., Kusyk, P., Dziedzic, K., 
Przysławski, J. and Drzymała-Czyż, S. (2023) The role of 
fermented dairy products on gut microbiota composition. 
Fermentation, 9(3): 231.

7. Berhe, G., Wasihun, A.G., Kassaye, E. and Gebreselasie, K. 
(2020) Milk-borne bacterial health hazards in milk pro-
duced for commercial purpose in Tigray, northern Ethiopia. 
BMC Public Health, 20(1): 894.

8. Owusu-Kwarteng, J., Akabanda, F., Agyei, D. and 
Jespersen, L. (2020) Microbial safety of milk production 
and fermented dairy products in Africa. Microorganisms, 
8(5): 752.

9. Naing, Y.W., Wai, S.S., Lin, T.N., Thu, W.P., Htun, L.L., 
Bawm, S. and Myaing, T.T. (2019) Bacterial content and 
associated risk factors influencing the quality of bulk tank 
milk collected from dairy cattle farms in Mandalay Region. 
Food Sci. Nutr., 7(3): 1063–1071.

10. Gebremedhin, E.Z., Ararso, A.B., Borana, B.M., 
Kelbesa, K.A., Tadese, N.D., Marami, L.M. and Sarba, E.J. 
(2022) Isolation and identification of Staphylococcus 
aureus from milk and milk products, associated factors 
for contamination, and their antibiogram in Holeta, central 
Ethiopia. Vet. Med. Int., 2022(1): 6544705.

11. Rahmaniar, R.P., Yunita, M.N., Effendi, M.H. and 
Yanestria, S.M. (2020) Encoding gene for methicillin resis-
tant Staphylococcus aureus (MRSA) isolated from nasal 
swab of dogs. Indian Vet. J., 97(2): 37–40.

12. Kozajda, A., Jeżak, K. and Kapsa, A. (2019) Airborne 
Staphylococcus aureus in different environments-a review. 
Environ. Sci. Pollut. Res. Int., 26(34): 34741–34753.

13. Mahamed, S.A., Omer, A.I., Osman, N.Y. and Ahmed, M.A. 
(2023) Isolation and identification of Staphylococcus 
aureus from bovine milk and community awareness on 
public health significance of mastitis in and around Jigjiga, 
Somali region, Ethiopia. Heliyon, 9(11): e20981.

14. Schnitt, A. and Tenhagen, B.A. (2020) Risk factors for the 
occurrence of methicillin-resistant Staphylococcus aureus 
in dairy herds: An update. Foodborne Pathog. Dis., 17(10): 
585–596.

15. Dameanti, F.N.A.P., Yanestria, S.M., Widodo, A., 
Effendi, M.H., Plumeriastuti, H., Tyasningsih, W., 
Sutrisno, R. and Akramsyah, M.A. (2023) Incidence of 
Escherichia coli producing extended-spectrum beta-lact-
amase (ESBL) in wastewater of dairy farms in East Java, 
Indonesia. Biodiversitas, 24(2): 1143–1150.

16. Ramandinianto, S.C., Khairullah, A.R., Effendi, M.H. and 
Hestiana, E.P. (2020) Profile of multidrug resistance (MDR) 
and methicillin resistant Staphylococcus aureus (MRSA) 
on dairy farms in east Java Province, Indonesia. Indian J. 
Forensic Med. Toxicol., 14(4): 3439–3445.

17. Ansharieta, R., Effendi, M.H. and Plumeriastuti, H. (2021) 
Genetic identification of shiga toxin encoding gene from 
cases of multidrug resistance (MDR) Escherichia coli iso-
lated from raw milk. Trop. Anim. Sci. J., 44(1): 10–15

18. Nuraini, D.M., Andityas, M., Sukon, P. and Phuektes, P. 
(2023) Prevalence of mastitis in dairy animals in Indonesia: 
A systematic review and meta-analysis. Vet. World, 16(7): 
1380–1389.

19. Mbindyo, C.M., Gitao, G.C., Plummer, P.J., Kulohoma, B.W., 
Mulei, C.M. and Bett, R. (2021) Antimicrobial resistance 
profiles and genes of Staphylococci isolated from mastitic 
cow’s milk in Kenya. Antibiotics (Basel), 10(7): 772.

20. Khairullah, A.R., Kurniawan, S.C., Effendi, M.H., 
Sudjarwo, S.A., Ramandinianto, S.C., Widodo, A., 
Riwu, K.H.P., Silaen, O.S.M. and Rehman, S. (2023) A 
review of new emerging livestock-associated methicil-
lin-resistant Staphylococcus aureus from pig farms. Vet. 
World, 16(1): 46–58.

21. Gajdács, M. (2019) The continuing threat of methicillin-re-
sistant Staphylococcus aureus. Antibiotics (Basel), 8(2): 52.

22. Jayaweera, J.A.A.S. and Kumbukgolla, W.W. (2017) 
Antibiotic resistance patterns of methicillin-resistant 
Staphylococcus aureus (MRSA) isolated from livestock 
and associated farmers in Anuradhapura, Sri Lanka. Germs, 
7(3): 132–139.

23. Mlynarczyk-Bonikowska, B., Kowalewski, C., Krolak-
Ulinska, A. and Marusza, W. (2022) Molecular mechanisms 
of drug resistance in Staphylococcus aureus. Int. J. Mol. 
Sci., 23(15): 8088.

24. Rolo, J., Worning, P., Nielsen, J.B., Bowden, R., 
Bouchami, O., Damborg, P., Guardabassi, L., Perreten, V., 
Tomasz, A., Westh, H., de Lencastre, H. and Miragaia, M. 
(2017) Evolutionary origin of the Staphylococcal cas-
sette chromosome mec (SCCmec). Antimicrob. Agents 



Veterinary World, EISSN: 2231-0916 224

Available at www.veterinaryworld.org/Vol.17/January-2024/25.pdf

Chemother., 61(6): 1–16.
25. Fishovitz, J., Hermoso, J.A., Chang, M. and Mobashery, S. 

(2014) Penicillin-binding protein 2a of methicillin-resistant 
Staphylococcus aureus. IUBMB Life, 66(8): 572–577.

26. Ahrabi, S.Z., Rahbarnia, L., Dehnad, A., Naghili, B., 
Agdam, M.H.G. and Nazari, A. (2019) Incidence of oxa-
cillin-susceptible mecA-positive Staphylococcus aureus 
(OS-MRSA) isolates and TSST-1 virulence factor among 
high school students in Tabriz, Northwest of Iran. Arch. 
Clin. Infect. Dis., 14(4): e85341.

27. Afnani, D.A., Fatih, N., Effendi, M.H., Tyasningsih, W., 
Kairullah, A.R., Kurniawan, S.C., Silaen, O.S.M., 
Ramandianto, S.C., Widodo, A., Hendriana, K. and 
Riwu,  K.H.P. (2022) Profile of multidrug resistance and 
methicillin-resistant Staphylococcus aureus (MRSA) iso-
lated from cats in Surabaya, Indonesia. Biodiversitas, 
23(11): 5703–5709.

28. Oluduro, A.O., Adesiyan, Y.M., Omoboye, O.O. and 
Odeyemi, A.T. (2023) Phenotypic and molecular charac-
terization of Staphylococcus aureus from mobile phones in 
Nigeria. AIMS Microbiol., 9(3): 402–418.

29. Clinical and Laboratory Standards Institute (CLSI). (2020) 
Performance Standards for Antimicrobial Susceptibility 
Testing. 30th ed. CLSI supplement M100.

30. Mustapha, M., Bukar-Kolo, Y.M., Geidam, Y.A. and 
Gulani, I.A. (2016) Phenotypic and genotypic detection 
of methicillin-resistant Staphylococcus aureus in hunting 
dogs in Maiduguri metropolitan, Borno State, Nigeria. Vet. 
World, 9(5): 501–506.

31. Polikanov, Y.S., Aleksashin, N.A., Beckert, B. and 
Wilson, D.N. (2018) The mechanisms of action of ribo-
some-targeting peptide antibiotics. Front. Mol. Biosci., 
5(1): 48.

32. Chen, L., Cai, Y., Zhou, G., Shi, X., Su, J., Chen, G. and 
Lin, K. (2014) Rapid sanger sequencing of the 16S rRNA 
gene for identification of some common pathogens. PLoS 
One, 9(2): e88886.

33. John, J., George, S., Nori, S.R.C. and Nelson-Sathi, S. 
(2019) Phylogenomic analysis reveals the evolutionary 
route of resistant genes in Staphylococcus aureus. Genome 
Biol. Evol., 11(10): 2917–2926.

34. Connell, S.R., Tracz, D.M., Nierhaus, K.H. and Taylor, D.E. 
(2003) Ribosomal protection proteins and their mechanism 
of tetracycline resistance. Antimicrob. Agents Chemother., 
47(12): 3675–3681.

35. Chukwudi, C.U. (2016) rRNA binding sites and the molec-
ular mechanism of action of the tetracyclines. Antimicrob. 
Agents Chemother., 60(8): 4433–4441.

36. Emaneini, M., Bigverdi, R., Kalantar, D., Soroush, S., 
Jabalameli, F., Khoshgnab, B.N., Asadollahi, P. and 
Taherikalani, M. (2013) Distribution of genes encoding 
tetracycline resistance and aminoglycoside modifying 
enzymes in Staphylococcus aureus strains isolated from a 
burn center. Ann. Burns Fire Disasters, 26(2): 76–80.

37. Tsai, A., Uemura, S., Johansson, M., Puglisi, E.V., 
Marshall, R.A., Aitken, C.E., Korlach, J., Ehrenberg, M. 
and Puglisi, J.D. (2013) The impact of aminoglycosides 
on the dynamics of translation elongation. Cell. Rep., 3(2): 
497–508.

38. Rahimi, F. (2016) Characterization of resistance to amino-
glycosides in methicillin-resistant Staphylococcus aureus 
strains isolated from a tertiary care hospital in Tehran, Iran. 
Jundishapur J. Microbiol., 9(1): e29237.

39. Nikaido, H. (2009) Multidrug resistance in bacteria. Annu. 
Rev. Biochem., 78(1): 119–146.

40. Pfeifer, E., de Sousa, J.A.M., Touchon, M. and Rocha, E.P.C. 
(2021) Bacteria have numerous distinctive groups of 
phage-plasmids with conserved phage and variable plasmid 
gene repertoires. Nucleic Acids Res., 49(5): 2655–2673.

41. Partridge, S.R., Kwong, S.M., Firth, N. and Jensen, S.O. 
(2018) Mobile genetic elements associated with antimicro-
bial resistance. Clin. Microbiol. Rev., 31(4): 1–17.

42. Lipszyc, A., Szuplewska, M. and Bartosik, D. (2022) How 
do transposable elements activate expression of transcrip-
tionally silent antibiotic resistance genes? Int. J. Mol. Sci., 
23(15): 8063.

43. Heusser, R., Ender, M., Berger-Bächi, B. and McCallum, N. 
(2007) Mosaic staphylococcal cassette chromosome mec 
containing two recombinase loci and a new mec complex, 
B2. Antimicrob. Agents Chemother., 51(1): 390–393.

44. Noto, M.J., Kreiswirth, B.N., Monk, A.B. and Archer, G.L. 
(2008) Gene acquisition at the insertion site for SCCmec, 
the genomic island conferring methicillin resistance in 
Staphylococcus aureus. J. Bacteriol., 190(4): 1276–1283.

45. Fergestad, M.E., Stamsås, G.A., Angeles, D.M., 
Salehian, Z., Wasteson, Y. and Kjos, M. (2020) Penicillin-
binding protein PBP2a provides variable levels of protec-
tion toward different β-lactams in Staphylococcus aureus 
RN4220. Microbiologyopen, 9(8): e1057.

46. Da Costa, T.M., De Oliveira, C.R., Chambers, H.F. 
and Chatterjee, S.S. (2018) PBP4: A new perspec-
tive on Staphylococcus aureus β-lactam resistance. 
Microorganisms, 6(3): 57.

47. Crespo-Piazuelo, D. and Lawlor, P.G. (2021) Livestock-
associated methicillin-resistant Staphylococcus aureus 
(LA-MRSA) prevalence in humans in close contact with 
animals and measures to reduce on-farm colonisation. Ir. 
Vet. J., 74(1): 21.

48. Correia, S., Silva, V., García-Díez, J., Teixeira, P., 
Pimenta, K., Pereira, J.E., Oliveira, S., Rocha, J., 
Manaia, C.M., Igrejas, G. and Poeta, P. (2019) One health 
approach reveals the absence of methicillin-resistant 
Staphylococcus aureus in autochthonous cattle and their 
environments. Front. Microbiol., 10(1): 2735.

49. Otto, M. (2012) MRSA virulence and spread. Cell. 
Microbiol., 14(10): 1513–1521.

50. Algammal, A.M., Hetta, H.F., Elkelish, A., 
Alkhalifah, D.H.H., Hozzein, W.N., Batiha, G.E., El 
Nahhas, N. and Mabrok, M.A. (2020) Methicillin-resistant 
Staphylococcus aureus (MRSA): One health perspective 
approach to the bacterium epidemiology, virulence factors, 
antibiotic-resistance, and zoonotic impact. Infect. Drug 
Resist., 13(1): 3255–3265.

51. Cui, C., Ba, X. and Holmes, M.A. (2021) Prevalence and 
characterization of mecC MRSA in bovine bulk tank milk 
in Great Britain, 2017-18. JAC Antimicrob. Resist., 3(1): 
dlaa125.

52. Idrees, M.M., Saeed, K., Shahid, M.A., Akhtar, M., 
Qammar, K., Hassan, J., Khaliq, T. and Saeed, A. (2023) 
Prevalence of mecA-and mecC-associated methicillin-resis-
tant Staphylococcus aureus in clinical specimens, Punjab, 
Pakistan. Biomedicines, 11(3): 878.

53. Worthington, R.J. and Melander, C. (2013) Overcoming 
resistance to β-lactam antibiotics. J. Org. Chem., 78(9): 
4207–4213.

54. Wielders, C.L., Fluit, A.C., Brisse, S., Verhoef, J. and 
Schmitz, F.J. (2002) mecA gene is widely disseminated 
in Staphylococcus aureus population. J. Clin. Microbiol., 
40(11): 3970–3975.

55. Łeski, T.A. and Tomasz, A. (2005) Role of penicillin-bind-
ing protein 2 (PBP2) in the antibiotic susceptibility and cell 
wall cross-linking of Staphylococcus aureus: Evidence for 
the cooperative functioning of PBP2, PBP4, and PBP2A. J. 
Bacteriol., 187(5): 1815–1824.

56. Ning, J., Ahmed, S., Cheng, G., Chen, T., Wang, Y., Peng, D. 
and Yuan, Z. (2019) Analysis of the stability and affinity of 
BlaR-CTD protein to β-lactam antibiotics based on docking 
and mutagenesis studies. J. Biol. Eng., 13(1): 27.

57. Bush, K. and Bradford, P.A. (2020) Epidemiology of 
β-lactamase-producing pathogens. Clin. Microbiol. Rev., 
33(2): 1–19.

58. Pillai, M.M., Latha, R. and Sarkar, G. (2012) Detection 
of methicillin resistance in Staphylococcus aureus by 
polymerase chain reaction and conventional methods: 



Veterinary World, EISSN: 2231-0916 225

Available at www.veterinaryworld.org/Vol.17/January-2024/25.pdf

A comparative study. J. Lab. Physicians, 4(2): 83–88.
59. Mohammed, K.A.S., Abdulkareem, Z.H., Alzaalan, A.R. 

and Yaqoob, A.K. (2021) Spa typing of Staphylococcus 
aureus isolated from clinical specimens from outpatients in 
Iraq. Pol. J. Microbiol., 70(2): 79–85.

60. Elstrøm, P., Grøntvedt, C.A., Gabrielsen, C., Stegger, M., 
Angen, Ø., Åmdal, S., Enger, H., Urdahl, A.M., Jore, S., 

Steinbakk, M. and Sunde, M. (2019) Livestock-associated 
MRSA CC1 in Norway; Introduction to pig farms, zoonotic 
transmission, and eradication. Front. Microbiol., 10(1): 139.

61. Matuszewska, M., Murray, G.G.R., Ba, X., Wood, R., 
Holmes, M.A. and Weinert, L.A. (2022) Stable antibiotic 
resistance and rapid human adaptation in livestock-associ-
ated MRSA. eLife, 11(1): e74819.

********


