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ABSTRACT 
 

Aims: The current study aimed to characterize and document the occurrence of Methicillin-
sensitive S. aureus (MSSA) and Methicillin-resistant S. aureus (MRSA) in bulk tank milk (BTM) 
samples, farm workers and the environmental surfaces from bovine dairy farms, antibiotic 
resistance rate, and genetic characterization of clones for both MSSA and MRSA using 
Enterobacterial Repetitive Intergenic (ERIC-PCR) and Staphylococcal protein A (spA) gene typing. 
Methodology: A total of 57 bovine BTM samples, 45 samples from farm environmental surfaces 
and 16 nasal swab samples from farm workers, were collected from 12 bovine dairy farms in the 
Jenin district in northern West Bank-Palestine, between September and October, 2017. 
Results: Results of this research showed that 83.3% of farms had at least one BTM sample 
contaminated with Staphylococcus aureus. Also, 75% and 58.3% of farms had contaminated 
environmental surfaces and farm worker carriers with S. aureus, respectively. Also, it showed that 
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58.3% of farms had at least one BTM sample contaminated with MRSA, while 50% of farms had 
MRSA contaminated environmental surfaces and MRSA farm worker carriers. Results of the 
current study also showed that 68.4% and 45.6% of bovine BTM samples were contaminated with 
S. aureus and MRSA, respectively. S. aureus recovered from different sources showed a high level 
of resistance to many different antibiotics. Also, results of this study showed that 100% and 69.2% 
of MRSA and MSSA strains, respectively, isolated from BTM samples were multi-drug resistant 
(MDR). ERIC-PCR profile and spa typing showed that some strains of the same clone had been 
isolated from diverse sources from different farms. This evidence suggested that these strains of 
the same clone or spa type could be circulated between cattle, environment, and humans.  
Conclusion: Results of this study showed that Palestine BTM samples are a common source of 
MRSA. The presence of MRSA isolates in BTM may present a potential public health risk. 
Therefore, careful monitoring of the resistance status of S. aureus in cattle, farm workers, and dairy 
environmental surfaces is required due to some clones that circulate among them and play a major 
threat to farm workers who are in close contact with cattle. 
 

 

Keywords: Bulk tank milk samples; MRSA; S. aureus; bovine dairy farms; Palestine. 
 

1. INTRODUCTION 
 

In humans, S. aureus can cause a diverse range 
of diseases ranging from relatively minor skin 
infections to serious and life-threatening 
infections such as endocarditis, pneumonia, and 
sepsis. In dairy cattle, this pathogen is 
considered one of the most common causative 
agents of clinical and sub-clinical mammary 
infections [1]. 
 

Methicillin-resistant S. aureus (MRSA) has 
emerged as a major cause of community-
associated (CA-MRSA) and health care-
associated (HA-MRSA) infections. In addition, 
another group of clones called livestock-
associated (LA) MRSA has emerged in different 
countries among different animals [1,2]. The 
presence of (LA) MRSA strains in bovine milk as 
well as in bovine dairy farm environments 
represents a major public health problem for both 
humans and animals [3,4]. Beta-Lactam agents 
bind to the penicillin-binding proteins (PBP), 
which inhibit peptidoglycan crosslink formation, 
leading to bacterial cell lysis. Resistance against 
β-lactam antibiotics in MRSA is conferred by the 
acquisition of a mobile genetic element, the 
staphylococcal cassette chromosome (SCCmec) 
carrying the mecA gene, which encodes PBP2α, 
which has a low affinity for β-lactam antibiotics. 
As a result, cell wall synthesis in MRSA strains 
continues even in the presence of otherwise 
inhibitory levels of β-lactams [5]. A divergent 
homolog mecALGA251 has recently been described 
[6], and now is officially identified as mecC [7]. 
MRSA has increasingly been recognized in farm 
animal populations in recent years and has been 
considered as an important pathogen in animals. 
The prevalence of S. aureus as well as MRSA in 
bovine milk has been reported from several 

countries such as USA, Denmark [1,8], Turkey 
[9], Brazil [10], Germany [11], India [12], Iran 
[13,14], Great Britain [15], Italy [16], and Ethiopia 
[17]. Antibiotic sensitivity to MRSA and/or MSSA 
strains isolated from bovine milk has been 
studied previously [8,9,10,12,15,16,18,19]. In 
addition, the heterogeneity among MSSA and/or 
MRSA strains isolated from milk samples has 
been studied by different methods 
[1,9,10,11,15,16,18]. 
 

Staphylococcal protein A (spA) is considered one 
of the most important virulence factors encoded 
by S. aureus. This protein plays an essential role 
by capturing IgG molecules in the inverted 
orientation and therefore evades phagocytosis. 
Typing the highly variable Xr region of the spA 
gene is one of the most common methods used 
to classify S. aureus strains and known as spA 
typing. Even if well-established genotyping 
methods like multilocus sequence typing (MLST) 
and multilocus enzyme electrophoresis (MLEE) 
are indispensable [20], the spA-typing method 
has advantages due to its high discriminatory 
power, typing accuracy, speed, reproducibility, 
and ease of interpretation. It also facilitates 
communication and data comparison between 
national and international clinical laboratories 
[21]. The extracellular domains of spA protein are 
subject to immune surveillance, which is 
expected to increase its speed of evolution [22]. 
Consequently, there are currently 17625 spA 
types in the Ridom SpaServer database 
(http://spaserver.ridom.de). 
 

The prevalence and characterization of MSSA 
and MRSA isolated from bovine BTM samples 
have not been studied previously in Palestine. 
The current study aimed to characterize and 
document the occurrence of MSSA and MRSA in 
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bovine BTM samples, bovine dairy farm 
environmental surfaces and farm workers, 
antibiotic resistance rate and genetic 
characterization of clones for both MSSA and 
MRSA isolates. 
 

2. MATERIALS AND METHODS 
 

2.1 Sample Collection and S. aureus 
Identification 

 

A total of 57 bovine BTM samples in this study 
were collected from 12 bovine dairy farms in the 
Jenin district in northern West Bank-Palestine, 
between September and October 2017. The total 
number of cows at these farms was 1343. 
Machines milked all dairy cattle at these 
farmmachines. Sixteen nasal swab samples from 
farm workers and 45 farm environmental 
samples were collected from farm workers and 
environmental surfaces, respectively, during the 
same period of BTM sample collection. During 
the research period, only one visit was carried 
out for each farm to collect the samples. Data 
about the number of cows at each farm and the 
number of received samples obtained from each 
farm are presented in Table 1. The swabs used 
in this study to collect isolates from nasal farm 
workers and environmental surfaces were from 
Opti-Swab Collection & Transport System 
(Amies, Spain). The swabbed ecological surface 
area was about 50-100 cm2. Ecological surfaces 
include machines, cow dung or manure, feeders, 
ventilation ducts, milking pipelines and farm 
walls. The samples were immediately 
refrigerated in a container containing ice cubes 
and transferred to the Microbiology laboratory at 
An-Najah National University-Nablus, Palestine, 
for culturing and identification. Swabbed samples 
and 150 μl of milk from BTM samples were 
transferred into tubes containing 7-10 ml 
Tryptone Soy Broth (TSB) and incubated for 18-
24 h at 37ºC. After that, ten µl of the TSB were 
subcultured by the streaking method on mannitol 
salt agar. Then, 3-5 separated yellow colonies 
were subcultured on nutrient agar for further 
analysis to identify S. aureus depending on 
morphological and biochemical characteristics 
such as Gram staining, catalase test, and 
hemolytic reaction and coagulase test. 
 

2.2 Antibiotic Susceptibility Test  
 

Antimicrobial susceptibility for 68 S. aureus 
strains was determined according to the Clinical 
and Laboratory Standard Institute (CLSI) using 
the disk diffusion method [23]. The antibiotic 
disks (Oxoid) used in this test were: clindamycin 

(DA, 2 μg), gentamicin (CN, 10 µg), vancomycin 
(VA, 30 μg), erythromycin (E, 15 µg), cefoxitin 
(FOX, 30 µg), sulphamet/trimethop (SXT, 25 µg), 
ciprofloxacin (CIP, 5 µg), imipenem (IMP, 10 µg), 
nalidixic acid (NA 30 µg), meropenem (MEM, 10 
µg), amikacin (AK, 30 µg), and tetracycline (TE, 
30 µg). Mueller Hinton agar (MHA) plates were 
swabbed with a 4-5-hours-old culture of the 
bacterial strains, and antibiotic disks were then 
placed on the inoculated MHA plates. Inhibition 
zones were measured after incubation of plates 
at 35ºC for 18-24 h by procedures of the Clinical 
and Laboratory Standard Institute [23]. 
 

The antibiotic cefoxitin was used to detect 
MRSA. The inhibition zones were determined by 
procedures of the Clinical and Laboratory 
Standards Institute [23]. S. aureus isolates were 
considered resistant or sensitive if the inhibition 
zones were ≤ 21 mm and ≥22 mm, respectively, 
after incubation on Mueller Hinton agar at 35ºC 
for 18-24 h. Isolates resistance to three or more 
drugs were considered multi-drug resistant 
(MDR). A methicillin resistant control strain 
(department collection) and a methicillin-
susceptible reference strain (S. aureus ATCC 
25923) were used in this study. 
 

2.3 DNA Extraction and PCR 
 

2.3.1 DNA extraction 
 

The S. aureus genome was prepared for PCR 
according to the method described previously 
[24]. Briefly, cells were scraped off an overnight 
cultured nutrient agar plate with a sterile loop, re-
suspended with 0.8 ml of 1X Tris-EDTA buffer 
(10 mM Tris-HCl, one mM EDTA [pH 8]), 
centrifuged for 5 min at 14,500 rpm, and the 
supernatant was then discarded. Next, the pellet 
was re-suspended in 0.4 ml of sterile distilled 
H2O, boiled for 10 min. After that, the suspension 
was immediately incubated on ice for 5 min. The 
debris was pelleted by centrifugation at 14,500 
rpm for 5 min. DNA concentration was 
determined using Nanodrop spectrophotometer 
(Genova Nano, Jenway) and the DNA samples 
were stored at -20ºC until use for further DNA 
analysis. 
 

2.3.2 Amplification of the mecA gene 
  

A total of 20 MRSA strains collected from 
different sample sources (BTM samples, 
environmental surfaces and nasal swab samples 
from farm workers) were used to detect the 
mecA gene by PCR. The amplification was 
carried out by the following specific PCR primers: 
mecA1 (5'-AAA ATC GAT GGT AAA GGT TGG 
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C-3') and mecA2 (5'-AGT TCT GCA GTA CCG 
GAT TTG C-3'). The amplification product using 
these primers was 532 bp in length [25]. Each 
PCR reaction mix (25 μl) was performed using 
12.5 μl of PCR premix with MgCl2 (ReadyMixTM 
1.5 U Taq PCR Reaction Mix with 0.2 mM dNTP 
and 1.5 mM MgCl2, Sigma), 0.3 μM of each 
primer, and 3 μl DNA template. DNA 
amplification was carried out using a thermal 
cycler (Mastercycler personal, Eppendorf, 
Germany) according to the following thermal 
conditions: initial denaturation step at 94ºC for 1 
min, followed by 40 cycles of initial denaturation 
94ºC for 20 s, 52 ºC for 45 s and 72ºC for 30 s 
ending with a final extension step at 72 ºC for 2 
min. After amplification, the PCR products were 
analyzed by electrophoresis on 1.5% (w/v) 
agarose gels and stained with ethidium bromide 
(0.5 μg/ml). A methicillin-resistant control strain 
(department collection) and a methicillin-
susceptible reference strain (S. aureus ATCC 
25923) were used in this study. 
 
2.3.3 spA amplification and phylogenetic tree 
 
The primer sequences used in this study for 
amplification of the spA gene repeated regions 
were described previously [26]. These primers 
are spa-1113f (5'-TAA AGA CGA TCC TTC GGT 
GAG C-3') and spa-1514r (5'-CAG CAG TAG 
TGC CGT TTG CTT-3'). Each PCR reaction mix 
(100 μL) was performed using 50 μl of PCR 
premix with MgCl2 (ReadyMix

TM
 1.5 U Taq PCR 

Reaction Mix with 0.2 mM dNTP and 1.5 mM 
MgCl2, Sigma), 0.3 μM of each primer, and 10 μl 
of DNA template. DNA amplification was carried 
out using a thermal cycler (Mastercycler 
personal, Eppendorf, Germany) according                         
to the following thermal conditions: initial 
denaturation (4 min at 94°C), followed by                    
35 cycles of denaturation 94°C for 40 s, 
annealing 55°C for 40 s, and extension 72°C for 
90 s, with a final extension 72°C for 5 min.                      
A total of 15 μl of amplified PCR products                   
were analyzed by electrophoresis on 1.5%                
(w/v) agarose gels and stained with ethidium 
bromide (0.5 μg/ml). The remaining amount                
was purified using NucleoSpin® Gel and PCR 
Clean-up kit (MACHEREY-NAGEL GmbH & Co. 
KG, Germany) according to the user                     
manual, and sequenced by the dideoxy chain 
termination method using the ABI PRISM 
sequencer, model 3130 (Hitachi Ltd, Tokyo, 
Japan), Bethlehem University, Bethlehem, 
Palestine. Sequence information was further 
submitted for accession number in primary 
bioinformatics web servers. The paper software 

(http://spatyper.fortinbras.us/) was used for spA 
sequence analysis to determine the clonal types. 
 
The comparison of the continuous sequences 
was done with previously available sequences of 
the spA gene in the National Center for 
Biotechnology Information (NCBI) using The 
Basic Local Alignment Search Tool (BLAST) 
system. Multiple sequence alignments were 
performed using ClustalW of the computer 
program MEGA software (version 6). The 
evolutionary distances were computed using the 
Maximum Composite Likelihood method. 
Phylogenetic analyses were based on 
alignments obtained from ClustalW of a 223 bp 
sequence. The phylogenetic tree was 
constructed using the Neighbor-Joining program 
using the same software. The robustness of the 
groupings in the Neighbor-Joining analysis was 
assessed with 1000 bootstrap re-samplings. 
 
2.3.4 ERIC-PCR typing 
 
The ERIC-PCR was performed using Primer 
ERIC1: 5`-ATG TAA GCT CCT GGG GAT TCA 
C-3` and Primer ERIC2: 5-AAG TAA GTG ACT 
GGG GTG AGC G-3`. Each PCR reaction mix 
(25 μl) was composed of 10 mM PCR buffer pH 
8.3; 3 mM MgCl2; 0.4 mM of each dNTP; 0.8 μM 
of each primer; 1.5U of Taq DNA polymerase 
and 3 l of DNA template. DNA amplification was 
carried out using a thermal cycler (Mastercycler 
personal, Eppendorf, Germany) according to the 
following thermal conditions: initial denaturation 
for 2 min at 94ºC, followed by 40 cycles of 
denaturation at 94ºC for 50 s, annealing at 50ºC 
for 40 s and extension at 72ºC for 1 min, with a 
final extension step at 72ºC for 5 min. The PCR 
products were analyzed by electrophoresis on 
1.7% agarose gels. The bands in gel images 
were analyzed using a binary scoring system, 
which was recorded the absence and presence 
of bands as 0 and 1, respectively. The binary 
matrix was analyzed by the unweighted pair 
group method for arithmetic averages (UPGMA), 
using SPSS statistical software version 20 (IBM). 
The clusters of the fingerprints in the constructed 
dendrogram were described at a 60% similarity 
level. The number of different bands in each 
fingerprint was considered for comparison 
between S. aureus strains as previously 
described [27], based on the following criteria: 
identical clones (no different bands), "closely 
related clones" (have 1 different band), 
"possibility different clones" (have two different 
bands), "different clones" (have three or more 
different bands). 
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3. RESULTS 
 

3.1 Identification of S. aureus Isolates 
 

From each sample cultured on mannitol salt 
agar, 3-5 separated mannitol fermenter colonies 
(yellow color) were subcultured on nutrient agar 
and broth for further identification. All isolates 
showed Gram-positive staining, round shape in 
clusters, were catalase positive, β-hemolysis on 
sheep blood agar and were coagulase positive. A 
total of 251 yellow colonies recovered from all 
samples were identified as S. aureus. These 
included 136 colonies detected from BTM 
samples, 35 colonies from nasal swabs from 
farm workers and 80 provinces from 
environmental surfaces. Only 68 colonies 
(isolates), each recovered from one example, 
were used for further analysis. Results showed 
that 83.3% (10/12) of farms had at least one 
BTM sample contaminated with S. aureus. Also, 
75% and 58.3% of farms had infected 
environmental surfaces and farm worker carriers 
with S. aureus, respectively. Data about dairy 
cattle at each farm, number of samples and 
number of colonies identified as S. aureus from 
these farms are shown in Table 1. 
 

3.2 Antibiotic Resistance 
 
Only 68 of S. aureus isolates recovered in this 
study were selected and tested for antibiotic 
resistance. Thirty-nine isolates were from BTM 
samples, 19 were from farm environmental 
surfaces, and ten were from nasal swabs from 

farm workers. Isolates recovered from BTM 
samples showed high resistant to clindamycin, 
nalidixic acid, tetracycline, meropenem, 
erythromycin and sulphamet/trimethoprim with a 
range from 61.5% to 94.8%. These isolates 
showed more susceptible to ciprofloxacin than 
other tested antibiotics, where 7.7% of these 
isolates showed resistant to ciprofloxacin. The 
results presented that 66.7% of S. aureus 
isolated from BTM samples were identified as 
MRSA by the cefoxitin disk diffusion method. 
According to the isolates recovered from                
farm environmental sources high resistant to  
nalidixic acid, meropenem, clindamycin, 
sulphamate/trimethoprim and tetracycline was 
also demonstrated with a range from 63.2% to 
94.7%. These isolates were more sensitive to 
ciprofloxacin, which showed that approximately 
5.3% of S. aureus isolates recovered from 
environmental sources were resistant to 
ciprofloxacin. Also, these results showed that 
57.9% of isolates recovered from farm 
environmental surfaces were identified as MRSA 
by the cefoxitin disk diffusion method. Also, S. 
aureus isolated from farm workers had a high 
rate of resistance to nalidixic acid, meropenem, 
tetracycline, clindamycin and erythromycin with a 
range between 50% and 80%. These isolates 
were more sensitive to amikacin, imipenem, 
ciprofloxacin, which showed that 10% of them 
were resistant to these antibiotics. The current 
results also showed that MRSA was detected in 
30% of S. aureus isolated from nasal swabs from 
farm workers by the cefoxitin disk diffusion 
method. The antibiotic resistance profile of 68 

 
Table 1. The number of dairy cattle at each farm, the number of samples obtained from each 

farm and the number of S. aureus colonies recovered from these samples at each farm 
 

Farm No. of  
cows 

      No. of samples No. of S. aureus colonies Total  
N  BTM* En H BTM En H 

A 60 8 3 2 26 4 0 30 
B 17 8 3 2 7 8 8 23 
C 5 2 2 1 4 0 0 4 
D 60 3 3 1 3 0 4 7 
E 18 2 3 1 8 7 4 19 
F 85 4 3 1 16 8 4 28 
G 60 4 3 1 0 4 0 4 
H 300 2 3 1 4 0 0 4 
I 200 10 6 2 32 21 3 56 
J 8 3 4 1 0 6 0 6 
K 80 5 6 1 20 16 4 40 
L 450 6 6 2 16 6 8 30 
Total 1343 57 45 16 136 80 35 251 

* BTM: Bulk tank milk sample; En: Environmental surface sample; H: nasal swab sample from farm worker;  
N: Number of colonies 
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S. aureus isolates recovered from different 
sample sources is presented in Table 2. It was 
found that 20 MRSA isolates detected by  the 
cefoxitin disk diffusion method carried the mecA 
gene. Also, results in the current study showed 
that 100% and 69.2% of MRSA and MSSA 
strains, respectively, isolated from BTM samples 
were MDR. 
 
Results of this study showed that 58.3% (7/12) of 
farms had MRSA contaminated BTM samples, 
while 50% (6/12) of farms had MRSA 
contaminated environmental surfaces and MRSA 
farm worker carriers. Results also showed that 
BTM samples, environmental surfaces and nasal 
swabs from farm workers from 4 farms (C, D, G, 
and H) were MRSA negative. Distribution of 
MRSA and MSSA isolates according to the farms 
and source of samples is presented in Table 3. 
Results of this study also showed that 68.4% and 
45.6% of bovine BTM samples were 
contaminated with S. aureus and MRSA, 
respectively. 
 

3.3 ERIC-PCR Analysis 
 
ERIC-PCR typing of 54 S. aureus isolates 
recovered from BTM samples, environmental 
surfaces of cow dairy farms and nasal                      
swab samples from farm workers were clustered 
into six groups (clusters) at a 60% similarity  
level. The profile of ERIC-PCR typing showed 
that there are five identical clones (IC), and                   
11 closely related clones (CRC) circulating 
among these farms. The ICs recognized in                  
this study were: IC1 with strains 11, 21, 45, 47 
and 48; IC2 with strains 25 and 26; IC3 with                   
1 and 34; IC4 with strains 35 and 36 and IC5    
with strains 13, 14, 42 and 49. For example,                 
in case of IC1, the strains of this clone                     
were identified from BTM samples, and 
environmental sample from farms D, G and I. 
Another example, the pressures of IC5 were 
identified from BTM samples, environmental 
samples and a nasal swab from a farm worker 
from farm E and I. According to CRCs, it included 
CRC1 to CRC11. For example, in the case of 
CRC1, the ERIC-PCR profile of strain 44 had 
one band difference in comparison with the 
ERIC-PCR profile of strains 11, 21, 45, 47 and 
48. Here in Fig. 1, we mentioned the source of 
samples and the name of farms for ICs only. The 
clusters (Cs), ICs and CRCs of 54 S. aureus 
isolates generated by ERIC-PCR are presented 
in Fig. 1. 
 

3.4 Detection spA Type and Phylogenetic 
Tree 

 
Eighteen of spA PCR products were sequenced 
to determine the types of spA circulated in bovine 
dairy farms in Palestine. The sequences of spA 
genes in this study were examined to                    
detect repeat regions and to identify the 
particular spA type using paper software 
(http://spatyper.fortinbras.us/). The sequences of 
spA genes (n=18) were further registered at the 
GenBank database under the accession 
numbers (MG759487-MG759504). Four out of 18 
spA sequences, which have accession numbers 
(MG759487), (MG759491), (MG759494) and 
(MG759504) belong to spA type t164, and two 
other spA sequences which have accession 
numbers (MG759500) and (MG759503) belong 
to t9129 and t2518, respectively. The type of 
twelve other spA sequences could not be 
determined. Three spA sequences, which have 
the spA type t164 were recovered from BTM 
samples from different farms (I, K and F), while 
the fourth was recovered from a nasal swab 
sample from a farm worker who was working at 
farm I. The spA sequence, which has accession 
number (MG759488) is closely related to spA 
sequences belonging to type t164. This spA 
sequence shows a difference in one repeated 
sequence. Also, the t164 spA sequence was 
recovered from a BTM sample from farm I. All 
spA gene sequences obtained in this study and 
other similar spA sequences retrieved from 
GenBank were used to construct the 
phylogenetic tree (Fig. 2). Depending on the 
phylogenetic tree, the spA sequences, which 
have accession numbers (MG759497) and 
(MG759489) could be identical or very closely 
related clones. These spA sequences were 
obtained from S. aureus recovered from BTM 
samples from farm L and farm I, respectively. 
According to spA sequences, which have 
accession numbers (MG759493) and 
(MG759487) were clustered together in the 
phylogenetic tree. Even the spA sequence, which 
has the accession number (MG759487) belongs 
to the type t164, while the type of the spA 
sequence, which has the accession number 
(MG759493) could not be determined. These 
spA sequences are very closely related, although 
they show differences in one repeated sequence. 
SpA sequences with accession numbers 
(MG759493) and (MG759487) were recovered 
from BTM sample and nasal swab sample from 
farm worker from farm K and farm I, respectively. 
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Table 2. Antibiotic resistance profiles of 68 S. aureus isolates recovered from different sample sources obtained from bovine dairy farms 
 
Antibiotic Antibiotic resistance** No. (%) 

        BTM* (no. of isolates=39)      H (no. of isolates=10)         En (no. of isolates=19) 
S I R S I R S I R 

DA 8 (20.5) 3 (7.7) 28 (71.8) 2 (20) 3 (30) 5 (50) 3 (15.8) 2 (10.5) 14 (73.7) 
CN 17 (43.6) 1 (2.6) 21 (53.8) 7 (70) 1 (10) 2 (20) 10 (52.6) 4 (21.1) 5 (26.3) 
VA 19 (48.7) 0 (0.0) 20 (51.3) 8 (80) 0 (0) 2 (20) 13 (68.4) 0 (0.0) 6 (31.6) 
E 11 (28.2) 4 (10.3) 24 (61.5) 3 (30) 2 (20) 5 (50) 7 (36.8) 3 (15.8) 9 (47.4) 
FOX 13 (33.3) - 26 (66.7) 7 (70) - 3 (30) 8 (42.1) - 11 (57.9) 
SXT 11 (28.2) 1 (2.6) 27 (69.2) 6 (60) 0 (0) 4 (40) 4 (21.1) 3 (15.8) 12 (63.1) 
CIP 22 (56.4) 14 (35.9) 3 (7.7) 8 (80) 1 (10) 1 (10) 13 (68.4) 5 (26.3) 1 (5.3) 
IMP 18 (46.2) 3 (7.7) 18 (46.2) 9 (90) 0 (0) 1 (10) 8 (42.1) 1 (5.3) 10 (52.6) 
NA 1 (2.6) 1 (2.6) 37 (94.8) 1 (10) 1 (10) 8 (80) 1 (5.3) 0 (0.0) 18 (94.7) 
MEM 6 (15.4) 3 (7.7) 30 (76.9) 3 (30) 0 (0) 7 (70) 3 (15.8) 0 (0.0) 16 (84.2) 
AK 21 (53.8) 1 (2.6) 17 (43.6) 9 (90) 0 (0) 1 (10) 10 (52.6) 1 (5.3) 8 (42.1) 
TE 8 (20.5) 1 (2.6) 30 (76.9) 4 (40) 0 (0) 6 (60) 4 (21.1) 2 (10.5) 13 (68.4) 

**No.: number of isolates; S: Susceptible; I: Intermediate; R: Resistant 
DA: Clindamycin; CN: Gentamycin; VA: Vancomycin; E: Erythromycin; FOX: Cefoxitin; SXT: sulphamet/trimethop; CIP: Ciprofloxacin; IMP: Imipenem; NA: Nalidixic acid; MEM: 

Meropenem; AK: Amikacin; TE: Tetracycline 
*BTM: S. aureus isolated from Bulk tank milk sample; En: S. aureus isolated from Environmental surface sample; H: S. aureus isolated from nasal swab sample from farm 

worker 
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Fig. 1. Dendrogram of 54 S. aureus isolates recovered from different sample sources based on 
the UPGMA method derived from analysis of the ERIC-PCR profiles at a 60% similarity level 

C: Cluster; IC: Identical clone; CRC: Closely related clone; BTM: Bulk tank milk sample; H: Nasal swab sample 
from farm workers; En: Environmental surface sample 
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Fig. 2. Phylogenetic tree constructed using the Neighbor-Joining (N-J) method based on 
partial spA gene sequences. Reference spA sequences were retrieved from GenBank and 

denoted by asterisks. The tree was bootstrapped with 1000 resamplings, and the 
corresponding genetic distance is indicated by a bar. The evolutionary distances were 

computed using the Maximum Composite Likelihood method. Evolutionary analyses were 
conducted in MEGA6. Numbers in brackets near the GenBank accession numbers denoted 
that these spA sequences on the phylogenetic tree have the same strain numbers on the 

dendrogram 
 

4. DISCUSSION 
 

The emergence of MRSA in cattle is considered 
one of the major public health problems. This 
type of pathogen can contaminate products of 
animal origin and can cause infection to humans 
as well as animals. It has been reported that this 
pathogen can transmit from farm animals such 
as cattle to farm workers [28]. 

The result of the current study showed a high 
occurrence of MRSA in bovine dairy farms in 
Northern West Bank-Palestine, 58.3% (7/12) of 
farms had at least one BTM sample 
contaminated with MRSA. This percentage is 
higher than in other studies carried out previously 
in Germany and USA, which showed that the 
herd prevalence of MRSA had a range from 4% 
to 16.7% [1,11]. Also, S. aureus was detected in
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Table 3. Distribution of MRSA and MSSA isolates according to the farms and sample sources 
 
Farm Number  

of S. aureus  
isolates 

S. aureus isolates 

MRSA isolates MSSA isolates 

BTM* n (%) H and En n (%) BTM n (%) H and En n (%) 

A 9 7 (77.8) 0 (0.0) 1 (11.1) 1 (11.1) 
B 7 2 (28.6) 1 (14.3) 1 (14.3) 3 (42.8) 
C 1 0 (0.0) 0 (0.0) 1 (100) 0 (0.0) 
D 2 0 (0.0) 0 (0.0) 1 (50) 1 (50) 
E 5 1 (20) 0 (0.0) 1 (20) 3 (60) 
F 7 4 (57.1) 2 (28.6) 0 (0.0) 1(14.3) 
G 1 0 (0.0) 0 (0.0) 0 (0.0) 1 (100) 
H 1 0 (0.0) 0 (0.0) 1 (100) 0 (0.0) 
I 14 5 (35.7) 3 (21.4) 3 (21.4) 3 (21.4) 
J 2 0 (0.0) 2 (100) 0 (0.0) 0 (0.0) 
K 10 3 (30) 3 (30) 3 (30) 1 (10) 
L 9 2 (22.2) 1 (11.2) 3 (33.3) 3 (33.3) 

*BTM: Bulk tank milk sample; H: Nasal swab sample from farm worker; En: Environmental surface sample 

 
68.4% of bovine BTM samples in this study. The 
results in this study were consistent with previous 
reports from USA, Denmark, and Norway, where 
the occurrence of S. aureus in bovine BTM 
samples was 60%, 55% and 75%, respectively 
[8,29].  However, the results were in contrast to 
other studies from Iran, Brazil, and Ethiopia, 
where the occurrence of S. aureus in bovine 
BTM samples was 16%, 10.8% and 38%, 
respectively [10,13,17]. In this study, results 
showed that MRSA was detected in 45.6% of 
bovine BTM samples. The percentage was 
higher than in previous studies from USA, Italy, 
and Ethiopia, where the occurrence of MRSA in 
bovine BTM was 1.3%, 3.8%, 26%, respectively 
[1,16,17]. The possible explanation for the high 
MRSA occurrence in bovine BTM samples and 
herds may be due to several reasons. These 
reasons include the use of antimicrobial agents 
frequently, higher levels of contact between 
animals during shipment, differences in farming 
practices, Inadequate or improper disinfecting 
milking machines, high cattle population density 
in these farms, and lack of special places                       
for isolation of sick or infected animals at most                
of these farms. Also, variations in methodological 
approaches used in these studies have variable 
sensitivity to detect and isolate these organisms. 
 
The results of this study demonstrate that S. 
aureus recovered from BTM samples had a high 
level of resistance to many different antibiotics. It 
was in agreement with other previous studies 
reported from several countries such as Turkey, 
India, and Italy [9,12,16]. The results from the 
current study showed that 100% and 69.2% of 
MRSA and MSSA strains, respectively, isolated 
from BTM samples were MDR. These results 

were consistent with studies previously published 
from Italy and Turkey, which showed a 
prevalence of MDR 90.6% and 100%, 
respectively [9,16]. On the other hand, these 
results were in contrast to a report published 
previously from the USA, which showed an MDR 
of prevalence 5.4% [1]. The high level of 
resistance against many different antibiotics as 
well as the high level of MDR may be due to the 
use of antimicrobial agents on dairy farms as 
preventive measures during dry cow therapy as 
well as used in animal food production systems 
as additives [30]. Moreover, antimicrobial 
susceptibility testing is not performed before 
treatment of infected animals.  
 
In this study, ERIC-PCR fingerprinting profiling 
and spA typing showed that some ERIC-PCR 
fingerprinting profiles or spA sequences for 
certain strains belonged to the same clones. The 
strains of the same clone had been isolated from 
different sample sources and different farms. For 
example, three spA sequences which have the 
spA type t164 were recovered from BTM 
samples from different farms (I, K and F), while 
the fourth spA sequence was recovered from a 
nasal swab from a farm worker who was working 
at the farm I. The spA sequence which has the 
accession number (MG759488) is closely related 
to the spA sequences, which belonged to type 
t164. This spA sequence had a difference in one 
repeated sequence, which may be due to a 
mutation in that repeated sequence. According to 
the phylogenetic tree,  the strains which have 
accession numbers (MG759493) and 
(MG759487) are clustered together, even the 
strain which has accession number (MG759487) 
belongs to the type t164. These strains are very 
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closely related and differed in one repeated 
sequence, which may be due to a mutation in 
that repeated sequence. The strains which have 
the accession numbers (MG759493) and 
(MG759487) were recovered from a BTM sample 
and nasal swabs from farm workers from farm K 
and farm I, respectively. According to the ERIC-
PCR profiles, there were 5 ICs isolated from 
BTM samples, environmental sources and nasal 
swabs from farm workers. Also, the strains of the 
same clone, which had indistinguishable ERIC-
PCR profiles, were circulated at more than one 
bovine dairy farm. Eleven CRCs isolated from 
different sample sources were also detected. The 
strains of these CRCs, which have closely-
related fingerprint patterns circulated at different 
farms. The strains which had closely-related 
ERIC-PCR fingerprint patterns were probably 
derived from a single parental organism but 
possibly have changed over a long period. This 
change may be due to some factors such as 
mutations due to deletion or replacement of 
nucleotides, activation of transposons, developed 
mutations caused by defect in DNA repairing 
system and genomic recombinants caused by 
genomic alteration [31]. 
 
Pulsed-field gel electrophoresis (PFGE) is 
accepted as a “gold standard” for typing several 
Gram-positive and Gram-negative bacteria. It is 
considered a highly discriminatory and sensitive 
technique for distinguishing strains of S. aureus. 
However, this technique requires expertise, a 
special instrument, and takes time and effort to 
conduct [32]. PCR-based typing methods provide 
a feasible alternative tool, which is more rapid 
and cost-effective than other molecular typing 
systems [33]. The repetitive sequence-based 
PCR method is considered one of the molecular 
epidemiologic typing techniques, which enables 
the generation of DNA fingerprinting that can 
discriminate bacterial strains. This method is 
simple and rapid for distinguishing closely related 
strains to explain phylogenetic relationships 
between strains. Three types of repetitive 
sequences can be studied using molecular 
epidemiologic techniques, including repetitive 
extragenic palindromic (REP), enterobacterial 
repetitive intergenic consensus (ERIC), and box 
element sequences [31]. Sequenced-based 
typing methods have been developed and are 
now widely used, such as multilocus sequence 
typing (MLST) and spA typing, which are most 
frequently used for S. aureus. DNA sequence-
based typing methods, especially the spA-typing 
method, have advantages due to the high 
discriminatory power, typing accuracy, speed, 

reproducibility, ease of interpretation, generation 
of unambiguous and portable data, amenability 
to create central databases, which facilitates 
communication and enables the data comparison 
between national and international clinical 
laboratories [21,34]. 
 
These results support that the presence of 
MRSA strains in both bovine milk and dairy farm 
environments present a major threat to farm 
workers who are in close contact with cattle, 
veterinarians, and animals that are exposed to 
infected cattle [3,4]. This evidence suggested 
that these strains of the same clone or spA type 
could be circulated between cattle and humans. 
The transmission of this spA type between two 
hosts (humans and cattle) may be due to 
adaptation. This result was in agreement with 
other previous studies which showed that some 
strains were circulated between humans and 
cattle [9,19,35]. 
 

5. CONCLUSION 
 

This study characterized S. aureus isolated from 
BTM samples, environmental sources and 
humanitarian workers in close contact with these 
bovine dairy farms. Results of this study showed 
that Palestine BTM samples are a familiar source 
of MRSA. The presence of MRSA isolates in 
BTM may present a potential public health risk. 
Therefore, careful monitoring of the resistance 
status of S. aureus in cattle, farm workers, and 
dairy environmental surfaces is required, due to 
some clones that circulate among them and play 
a significant threat to farm workers who are in 
close contact with cattle. 
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