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RINGKASAN 
 
 

ANALISIS KEKERABATAN GEN mecA PENYANDI METHICILLIN-
RESISTANT Staphylococcus aureus (MRSA) YANG BERSUMBER DARI SAPI 
PERAH DAN SWAB TANGAN PETERNAK DI PETERNAKAN SAPI PERAH 

JAWA TIMUR 
 
 

Susu sapi merupakan bahan pangan asal hewan yang memiliki potensi untuk 
mentransmisikan berbagai bakteri patogen yang bisa berdampak terhadap sektor 
public health yang dikenal sebagai milk borne disease (MBD). Menurut Badan Pusat 
Statistik Tahun 2021 produksi susu sapi segar Provinsi Jawa Timur menempati posisi 
teratas di Indonesia. Beberapa Koperasi Unit Desa (KUD) yang menjadi sentra 
penghasil susu sapi segar terbesar di Jawa Timur yaitu KUD Argopuro Kabupaten 
Probolinggo, KUD Tani Wilis Kabupaten Tulungagung, dan KUD Semen Kabupaten 
Blitar. Bakteri Staphylococcus aureus yang sering menjadi penyebab kasus mastitis 
banyak diketahui karena sifat multidrug resistant (MDR) dan sifat resistensi terhadap 
���
$
��
"� !����!���%-laktam yang biasa disebut dengan istilah methicillin-resistant 
Staphylococcus aureus (MRSA). Pada strain methicillin-resistant Staphylococcus 
aureus (MRSA) dimediasi oleh gen mecA dan gen mecC. Kejadian infeksi 
methicillin-resistant Staphylococcus aureus (MRSA) dapat menjadi masalah 
kesehatan bagi masyarakat, untuk itu diperlukan pemeriksaan laboratorium, deteksi 
molekuler, dan analisis sekuens dari gen mecA untuk membuktikan bahwa sapi 
tersebut merupakan reservoir dari munculnya strain methicillin-resistant 
Staphylococcus aureus (MRSA). 

Sebanyak 457 sampel telah dikumpulkan dalam penelitian ini yang terdiri dari 
332 sampel susu dan 125 sampel swab tangan peternak yang diambil dari peternakan 
sapi perah di wilayah KUD Argopuro, KUD Tani Wilis, dan KUD Semen. Hasil 
pemeriksaan California Mastitis Test (CMT) pada penelitian ini menunjukkan dari 
332 sapi perah (1.328 kuartir) yang telah dilakukan pemeriksaan California Mastitis 
Test (CMT), 59 sapi perah diantaranya menunjukkan hasil positif mastitis subklinis 
(17,77 %). Sedangkan untuk hasil isolasi dan identifikasi pada penelitian ini 
menunjukkan dari total 457 sampel menunjukkan adanya 291 isolat positif 
Staphylococcus aureus (63,68%) dan 166 isolat lainnya terkonfirmasi Coagulase-
Negative Staphylococci (36,32%). 

Pada uji resistensi isolat Staphylococcus aureus terhadap antibiotik 
menunjukkan resisten terhadap oxacillin sebanyak 112 isolat, cefoxitin sebanyak 35 
isolat, tetrasiklin sebanyak 100 isolat, eritromisin sebanyak 46 isolat, dan gentamisin 
sebanyak 16 isolat. Sedangkan pada uji resistensi isolat Coagulase-Negative 
Staphylococci (CoNS) terhadap antibiotik menunjukkan resisten terhadap oxacillin 
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sebanyak 64 isolat, cefoxitin sebanyak 8 isolat, tetrasiklin sebanyak 57 isolat, 
eritromisin sebanyak 18 isolat, dan gentamisin sebanyak 5 isolat. Pada profil 
multidrug resistant (MDR) isolat Staphylococcus aureus yang resisten �������#� &'�
golongan antibiotik ditemukan sebanyak 15 isolat. Sedangkan pada profil multidrug 
resistant (MDR) isolat Coagulase-Negative Staphylococci (CoNS) yang resisten 
terhadap  &'�!����!������
$
��
" ditemukan sebanyak 8 isolat. 

Pada pemeriksaan oxacillin resistance screening agar base (ORSAB) 
ditemukan sebanyak 75 isolat Staphylococcus aureus yang bersifat presumptive 
MRSA. Pada pemeriksaan molekuler menggunakan PCR ditemukan 9 isolat MRSA 
yang terdeteksi memiliki gen mecA, namun tidak ditemukan isolat MRSA yang 
terdeteksi memiliki gen mecC. Pada analisis nukleotida terlihat bahwa sekuens isolat 
EastJava/2022/HS/SA/mecA dan EastJava/2022/DC/SA/mecA identik satu sama 
lain, tidak terlihat adanya variasi nukleotida pada kedua sekuens isolat asal Jawa 
Timur. Pada analisis homologi menunjukkan nilai homologi yang tinggi (100%) 
antara sekuens isolat EastJava/2022/HS/SA/mecA dan EastJava/2022/DC/SA/mecA 
dengan 7 sekuens Staphylococcus aureus penicillin-binding protein 2A (mecA) gene 
partial cds asal India, Mesir, dan Iran. Pada pohon filogenetik menunjukkan isolat 
EastJava/2022/HS/SA/mecA dan EastJava/2022/DC/SA/mecA berada satu klaster 
dengan 7 sekuens Staphylococcus aureus penicillin-binding protein 2A (mecA) gene 
partial cds asal India (MT084363.1, MT084364.1 dan MT745766.1), Mesir 
(MN938919.1 dan MN938920.1) dan Iran (MW052032.1 dan MW052037.1), selaras 
dengan nilai analisis homologi. 

Pada hasil penelitian ini dengan ditemukannya isolat MRSA pembawa gen 
mecA pada susu sapi perah dan swab tangan peternak, maka perlu dilakukannya 
evaluasi secara komprehensif mengenai kebersihan pemerahan, penanganan susu dan 
produk susu, penggunaan antibiotik yang bijak, dan manajemen sanitasi untuk 
mengendalikan terjadinya transmisi penularan MRSA antar peternak dan sapi perah. 
Salah satu faktor resiko yaitu unhygienic practices selama proses pemerahan 
memiliki peran yang cukup besar dalam kejadian food poisoning oleh 
mikroorganisme seperti MRSA. Dalam penelitian ini juga terdapat prospek kebaruan 
yaitu untuk menemukan adanya kekerabatan genetik antara gen mecA penyandi 
MRSA dari susu sapi perah dengan gen mecA penyandi MRSA dari peternak melalui 
analisis pohon filogenetik. 
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SUMMARY 
 
 

KINSHIP ANALYSIS OF THE mecA GENE ENCODING METHICILLIN-
RESISTANT Staphylococcus aureus (MRSA) SOURCED FROM DAIRY COWS 

AND HAND SWABS OF FARMERS AT DAIRY FARMS IN EAST JAVA 
 
 

Cow's milk is a food ingredient of animal origin that has the potential to 
transmit various pathogenic bacteria that can have an impact on the public health 
sector known as milk borne disease (MBD). According to the Central Statistics 
Agency, in 2021, the fresh milk production of East Java Province occupies the top 
position in Indonesia. Several Village Unit Cooperatives (KUD) which are the largest 
fresh cow milk producing centers in East Java are KUD Argopuro, Probolinggo 
Regency, KUD Tani Wilis, Tulungagung Regency, and KUD Semen, Blitar Regency. 
The bacterium Staphylococcus aureus, which is often the cause of mastitis cases, is 
widely known because of its multidrug resistant (MDR) nature and resistance to %-
lactam antibiotics commonly known as methicillin-resistant Staphylococcus aureus 
(MRSA). The methicillin-resistant Staphylococcus aureus (MRSA) strain is mediated 
by the mecA gene and the mecC gene. The incidence of methicillin-resistant 
Staphylococcus aureus (MRSA) infection can be a public health problem, for this 
reason, laboratory tests, molecular detection, and sequence analysis of the mecA gene 
are needed to prove that the cow is a reservoir for the emergence of methicillin-
resistant Staphylococcus aureus (MRSA) strains. 

A total of 457 samples were collected in this study consisting of 332 milk 
samples and 125 farmer hand swab samples taken from dairy farms in the KUD 
Argopuro, KUD Tani Wilis, and KUD Semen areas. The results of the California 
Mastitis Test (CMT) in this study showed that of the 332 dairy cows (1,328 quarters) 
that had been tested for the California Mastitis Test (CMT), 59 of them showed 
positive results for subclinical mastitis (17.77%). Meanwhile, the results of isolation 
and identification in this study showed that from a total of 457 samples, 291 isolates 
were positive for Staphylococcus aureus (63.68%) and 166 isolates were confirmed 
to be Coagulase-Negative Staphylococci (36.32%). 

In the test of resistance of Staphylococcus aureus isolates to antibiotics, 112 
isolates were shown to be resistant to oxacillin, 35 isolates to cefoxitin, 100 isolates 
to tetracycline, 46 isolates to erythromycin, and 16 isolates to gentamicin. 
Meanwhile, the resistance test of Coagulase-Negative Staphylococci (CoNS) isolates 
to antibiotics showed 64 isolates were resistant to oxacillin, 8 isolates to cefoxitin, 57 
isolates to tetracycline, 18 isolates to erythromycin, and 5 isolates to gentamicin. In 
the multidrug resistant (MDR) profile, 15 isolates of Staphylococcus aureus were 
found that were resistant to 3 groups of antibiotics. Meanwhile, in the multidrug 
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resistant (MDR) profile, 8 isolates of Coagulase-Negative Staphylococci (CoNS) 
which were resistant to 3 antibiotics were found. 

In the examination of oxacillin resistance screening agar base (ORSAB), 75 
isolates of Staphylococcus aureus were found which were presumptive MRSA. On 
molecular examination using PCR, it was found that 9 MRSA isolates were detected 
to have the mecA gene, but no MRSA isolates were detected to have the mecC gene. 
The nucleotide analysis showed that the MRSA isolate sequences on the farmer's 
hand swabs (EastJava/2022/HS/SA/mecA) and the MRSA isolate sequences in milk 
(EastJava/2022/DC/SA/mecA) were identical to each other, there was no nucleotide 
variation. in both isolate sequences from East Java. Homology analysis showed a 
high homology value (100%) between the isolate sequences 
EastJava/2022/HS/SA/mecA and EastJava/2022/DC/SA/mecA with 7 sequences of 
Staphylococcus aureus penicillin-binding protein 2a (mecA) gene partial cds from 
India, Egypt, and Iran. The phylogenetic tree shows that the isolates 
EastJava/2022/HS/SA/mecA and EastJava/2022/DC/SA/mecA are in the same cluster 
with 7 sequences of Staphylococcus aureus penicillin-binding protein 2a (mecA) gene 
from India (MT084363.1, MT084364. 1 and MT745766.1), Egypt (MN938919.1 and 
MN938920.1) and Iran (MW052032.1 and MW052037.1), aligned with the 
homology analysis values. 

In the results of this study, with the discovery of MRSA isolates carrying the 
mecA gene in dairy cow's milk and farmer's hand swabs, it is necessary to carry out a 
comprehensive evaluation of milking hygiene, handling of milk and dairy products, 
wise use of antibiotics, and sanitation management to control the transmission of 
MRSA transmission between farmers and dairy cows. One of the risk factors, namely 
unhygienic practices during the milking process, has a significant role in the 
incidence of food poisoning by microorganisms such as MRSA. In this study, there is 
also a novelty prospect, namely to find a genetic relationship between the mecA gene 
encoding MRSA from dairy cows and the mecA gene encoding MRSA from farmers 
through phylogenetic tree analysis. 
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ABSTRAK 
 
Staphylococcus aureus merupakan bakteri patogen yang paling umum diisolasi dari 
susu sapi perah. Salah satu faktor resiko timbulnya kontaminasi Staphylococcus 
aureus pada susu yaitu karena tangan peternak yang kurang bersih saat melakukan 
pemerahan susu. Staphylococcus aureus yang memiliki sifat multidrug resistant 
(MDR) dapat disebut sebagai methicillin-resistant Staphylococcus aureus (MRSA) 
jika b�"���
� �����$��� ���
����� �������#� ���
$
��
"� %-laktam. Penelitian ini bertujuan 
untuk mengidentifikasi dan menganalisis sekuen gen penyandi strain MRSA yang 
bersumber dari susu dan swab tangan peternak di peternakan sapi perah Jawa Timur. 
Sebanyak 332 sampel susu dan 125 sampel swab tangan peternak diambil dari 
peternakan sapi perah di wilayah KUD Argopuro, KUD Tani Wilis, dan KUD 
Semen. Hasil pemeriksaan isolasi dan identifikasi dari sampel ditemukan 
Staphylococcus aureus sebanyak 291 isolat dan Coagulase-Negative Staphylococci 
(CoNS) sebanyak 166 isolat. Hasil pemeriksaan resistensi ditemukan Staphylococcus 
aureus bersifat MDR sebanyak 15 isolat dan Staphylococcus aureus bersifat MRSA 
sebanyak 75 isolat. Hasil pemeriksaan molekuler pada isolat MRSA ditemukan 9 
isolat membawa gen mecA namun tidak ditemukan isolat MRSA yang membawa gen 
mecC. Hasil sekuensing menunjukkan bahwa gen mecA dari isolat MRSA pada swab 
tangan peternak dan gen mecA dari isolat MRSA pada susu bersifat identik satu sama 
lain. Hasil pohon filogenetik menunjukkan gen mecA dari isolat MRSA pada swab 
tangan peternak dan gen mecA dari isolat MRSA pada susu berada satu klaster 
dengan 7 sekuens Staphylococcus aureus penicillin-binding protein 2a (mecA) gene 
asal India, Mesir, dan Iran. Pada hasil penelitian ini dengan ditemukannya isolat 
MRSA pembawa gen mecA pada susu sapi perah dan swab tangan peternak, maka 
perlu dilakukannya evaluasi secara komprehensif mengenai kebersihan pemerahan, 
penanganan susu dan produk susu, penggunaan antibiotik yang bijak, dan manajemen 
sanitasi untuk mengendalikan terjadinya transmisi penularan MRSA antar peternak 
dan sapi perah. 
. 
Kata kunci: Susu, swab tangan peternak, Staphylococcus aureus, MDR, MRSA, 
mecA, mecC 
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AND HAND SWABS OF FARMERS AT DAIRY FARMS IN EAST JAVA 
 
 

Aswin Rafif Khairullah 
 
 
 

ABSTRACT 
 
Staphylococcus aureus is the most common pathogenic bacteria isolated from dairy 
cow's milk. One of the risk factors for Staphylococcus aureus contamination in milk 
is because the hands of farmers are not clean when milking dairy cows. 
Staphylococcus aureus that is multidrug resistant (MDR) can be called methicillin-
resistant Staphylococcus aureus (
(��)� 
�� ���� $�����
�� ���� ���
������ ��� %-lactam 
antibiotics. This study aims to identify and analyze gene sequences encoding MRSA 
strains sourced from milk and hand swabs of farmers in East Java dairy farms. A total 
of 332 milk samples and 125 farmer hand swab samples were taken from dairy farms 
in the areas of KUD Argopuro, KUD Tani Wilis, and KUD Semen. The results of the 
isolation and identification examination of the sample found 291 isolates of 
Staphylococcus aureus and 166 isolates of Coagulase-Negative Staphylococci 
(CoNS). The results of the resistance examination found that 15 isolates of 
Staphylococcus aureus were MDR and 75 isolates of Staphylococcus aureus were 
MRSA. Molecular examination results on MRSA isolates found 9 isolates carrying 
the mecA gene but no MRSA isolates carrying the mecC gene were found. The results 
of the sequencing showed that the mecA gene from MRSA isolate in farmer's hand 
swabs and the mecA gene from MRSA isolate in milk were identical to each other. 
The results of the phylogenetic tree shows that the mecA gene from MRSA isolate on 
farmer's hand swabs and the mecA gene from MRSA isolate in milk is in a cluster 
with 7 sequences of Staphylococcus aureus penicillin-binding protein 2a (mecA) gene 
from India, Egypt, and Iran. In the results of this study, with the discovery of MRSA 
isolates carrying the mecA gene in dairy cow's milk and farmer's hand swabs, it is 
necessary to carry out a comprehensive evaluation of milking hygiene, handling of 
milk and dairy products, wise use of antibiotics, and sanitation management to 
control the transmission of MRSA transmission between farmers and dairy cows. 
. 
Keywords: Milk, farmer's hand swab, Staphylococcus aureus, MDR, MRSA, mecA, 
mecC 
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LA-MRSA = Livestock associated methicillin-resistant Staphylococcus aureus 

LDH  = Lactic dehydrogenase 

LDL  = Low-density lipoprotein 

mA  = Milliampere 

MBD  = Milk borne disease 

MDR  = Multidrug resistance 

MEGA  = Molecular evolutionary genetics analysis 

MFGM = Milk fat globule membrane 

mg  = Miligram 

MHA  = Mueller Hinton Agar 

MIC  = Minimum inhibitory concentration 

ml  = Mililiter 

mm  = Milimeter 

mM  = Mikromolar 
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MSA  = Manitol Salt Agar 

MSSA  = Methicillin-susceptible Staphylococcus aureus 

mRNA  = Messenger RNA 

MRSA  = Methicillin-resistant Staphylococcus aureus 

NaCl  = Sodium chloride 

NB  = Nutrient Broth 

NCBI  = National Center for Biotechnology Information 

O2  = Oxygen 

OS-MRSA = Oxacillin-susceptible methicillin-resistant Staphylococcus aureus 

ori  = Origin of replication 

ORSAB = Oxacillin Resistance Screening Agar Base 

PBP  = Penicillin Binding Proteins 

PCR  = Polymerase chain reaction 

PFGE  = Pulsed Field Gel Electrophoresis 

pH  = Power of hydrogen 

PIA  = Polysaccharide intracellular adhesin 

PMN  = Polimorfonuklear 

PS/A  = Polysaccharide/adhesin 

PVL  = Panton-Valentine leukocidin 

RDP  = Ribosomal database project 

RIDOM = Ribosomal Differentiation of Medical Microorganisms 

RNA  = Ribonucleic acid 

rpm  = Revolutions per minute 

RPP  = Ribosomal protection protein 

rRNA  = Ribosome-ribonucleic acid 

RTF  = Resistance transfer factor 

SCCmec = Staphylococcal cassette chromosome mec 

SE  = Staphylococcal enterotoxin 

SFP  = Staphylococcus Food Poisoning 
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SHU  = Sistem Hasil Usaha 

SNI  = Standar Nasional Indonesia 

sp  = Species 

spa  = Staphylococcal protein A 

SSP  = Sistem saraf pusat 

ST  = Sequence type 

STR  = Short Tandem Repeats 

TBE  = Tris-borate-EDTA 

TCT  = Tube coagulase test 

TE  = Tris-EDTA 

TNF  = Tumor necrosis factor 

TPC  = Total plate count 

tRNA  = Transfer RNA 

VISA  = Vancomycin-intermediate Staphylococcus aureus 

VRSA  = Vancomycin-resistant Staphylococcus aureus 

 


