
Abstract
The study aimed to investigate the phenotypic and genotypic identification of in vitro antimicrobial susceptibility of 21 Staphylococci (10 Staphylococcus 
aureus and 11 Coagulase Negative Staphylococci) isolated from bovine mastitis to 12 antimicrobial drugs frequently using in veterinary medicine in 
Algeria. Isolates of staphylococci from bovine mastitis were tested for antibiotics with disc-diffusion method according to the National Committee for 
Clinical Laboratory Standards guidelines in the Mueller-Hinton agar, and resistant genes mecA, blaZ, aac-aph, ermA, ermC, tetK and tetM were detected 
by PCR. Staphylococci isolates showed high resistance to penicillin (95.23%), oxacillin (80.95%), clindamycine (80.95%), and erythromycin (76.19%) 
but, no resistance in all these strains was detected for gentamicin. Among 21 isolates of Staphylococci, 20 were found to be methicillin and multidrug 
resistant. Multidrug resistant strains exhibited several antibiogram patterns (antibiotic I to XIII). The distribution of antibiotic-resistant genes was mecA 
(100%) and tetM (100) followed by blaZ (42.85%). In the present study, the significant determination was the high prevalence of methicillin-resistant 
Staphylococci, which were resistant to multiple antibiotics. The finding of methicillin-resistant staphylococci from bovine mastitis is the first report in 
Algeria and revealed the status of resistant isolates in herd that might be helpful in treatment, controlling of resistant strains and for deciding culling 
of cows.
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Cezayir’de İnek Mastitislerinden İzole Edilen Stafilokokların 
Antibiyotik Direncinin Fenotipik ve Moleküler Yöntemlerle 

Belirlenmesi 

Özet
Bu çalışma, Cezayir’de süt sığırlarındaki mastitis vakalarından izole edilen 21 stafilokok (10 Staphylococcus aureus ve 11 Koagulaz Negatif Stafilokok) 
suşunun Cezayir’de veteriner sahada sıklıkla kullanılan 12 antibiyotiğe karşı in vitro fenotipik ve genotipik direncinin belirlenmesi amacıyla yapıldı. 
Stafilokok izolatları disk difüzyon yöntemiyle test edildi. mecA, blaZ, aac-aph, ermA, ermC, tetK ve tetM direnç genleri ise PCR ile araştırıldı. Stafilokok 
izolatları penisilin (%95.23), oksasilin (%80.95), klindamisin (%80.95) ve eritromisine (%76.19) karşı yüksek oranda dirençli bulundu. 21 stafilokok 
izolatından 20 tanesinin metisilin dirençli ve çoklu antibiyotik direncine sahip olduğu belirlendi. Çoklu antibiyotik direncine sahip suşların bir çok 
antibiyotiğe karşı direnç paterni belirlendi antibiyotik I-XIII). Antibiyotik direnç genlerinin oranları ise mecA (%100), tetM (%100), blaZ (%42.85) şeklinde 
gerçekleşti. Bu çalışmada çoklu antibiyotik direncine de sahip metisilin dirençli stafilokokların yüksek prevalansı dikkat çekici idi. Bu çalışma Cezayir’de 
sığır mastitislerinden izole edilen stafilokoklarda metisilin direncini ortaya koyan ilk çalışmadır. Bu direncin ortaya konulması sürü bazında hastalığın 
tedavi, kontrol ve mastitis nedeniyle sürüden ayrılacak hayvanlar için karar verilmesine yardımcı olabilir.   

Anahtar sözcükler: Antibiyotik direnci, Sığır mastitisi, Metisilin dirençli Stafilokoklar, Direnç genleri
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INTRODUCTION 

Mastitis or the inflammation of mammary gland has 
been recognized as a complex and the most costly disease 
in dairy herds [1,2]. It imposes serious economic losses for 
the farmers and the dairy industry [3-5]. Among the various 
pathogens isolated as causative agents of bovine mastitis, 
Staphylococcus aureus is a predominant etiological agent 
of both subclinical and clinical forms of mastitis [6-8]. 
Coagulase Negative Staphylococci (CNS) have traditionally 
been considered as minor pathogens but, during the last 
years, their importance has clearly increased and they 
have become the predominant pathogens isolated from 
subclinical mastitis in several countries [9-12]. These bacteria 
can cause mainly subclinical mastitis [6], but some authors 
reported high percentage of clinical cases evoked by  
CNS [13,14]. The disease is the most frequent reason for the 
use of antimicrobial agents on dairy farms [15]. In numerous 
locations worldwide, cure rates of staphylococci infections 
are poor after antibiotic treatment [16-18]. In addition, multi-
antimicrobial resistance was often seen in staphylococci [19]. 
In fact, the main reason of low efficacy of antibiotic 
treatment of staphylococcal mastitis is among others 
the resistance of bacteria. On the other hand, during the 
past decade, bacteria that cause human diseases have 
developed resistance to many of the antibiotics commonly 
used for treatment. Furthermore, the number and 
proportion of MRS (Methicillin-Resistant Staphylococci) 
infections in different countries has increased. Similar results 
were reported for many countries in the world [6,20-30] but, in 
Algeria a little information was available on diversity of bovine 
staphylococcal mastitis isolates and their anti-bacterial 
resistance, because this problem is not well investigated 
before. Furthermore, there is dearth of information 
on MRS from food products including milk in Algeria.

The aim of the present study was to identify and 
determine the in vitro activity of 12 different antimicrobial 
drugs against staphylococci isolated from bovine mastitis 
and identify the antibiotic resistance genes by PCR.

MATERIAL and METHODS 

Sample Collection and Microbiological Analysis 

The antibiotic susceptibility test was carried out on 
21 staphylococcal strains isolated from bovine mastitis 
during the years 2011-2013 in Algeria. Before sampling the 
teat ends were cleaned with alcohol swabs and allowed 
to dry. The first few streams were discarded and then 
5 ml of secretion was collected in sterile tubes. Samples 
were immediately transported to laboratory by cooled 
container. Bacteriological examinations were performed 
according to the commonly accepted principles [31]. Briefly, 
from each milk sample, 0.1 ml was plated on Columbia 
Agar medium (Merck, Germany), containing 5% sheep 
blood, and incubated at 37°C for 48 h. The isolates were  

identified by conventional methods, including Gram 
staining, colony morphology, haemolysis, catalase and 
coagulase tests and anaerobic fermentation of mannitol. 
All the tests were performed as described by Koneman 
et al.[32]. The identification of the isolates was confirmed 
subsequently by PCR. To make PCR, all isolates were stored 
at -20°C in trypticase soy broth containing 20% of glycerol. 
Prior to the testing, the isolates were twice serially cultured 
on columbia agar medium, containing 5% of sheep blood, 
for 24 h at 37°C under aerobic conditions.

Antibiotic Susceptibility Test

Ten colonies from the Columbia blood agar medium, 
incubated at 37°C for 18 h, were suspended in 2 ml of 
sterile saline to a density approximately equal to McFarland 
Opacity Standard No. 0.5. A dry cotton wool swab was 
placed in the suspension and excess liquid was expressed 
against the inside of the tube. The bacterial suspension  
was inoculated onto Mueller-Hinton agar (Merck, Germany) 
with the swab in such a way that the whole surface of 
the agar was covered. The antibiotic disks, containing the 
antibiotics were dispensed on the surface of the medium 
and incubated aerobically at 37°C for 18 h.

Antimicrobial sensitivity was tested by the disk diffusion 
method on Mueller Hinton Agar and performed according 
to National Committee for Clinical Laboratory Standards 
guidelines (NCCLS) [33]. The following antibacterial agents 
were used: penicillin G (P) (6 µg, Oxoid), cefoxitin (FOX) 
(30 µg, Oxoid), amoxicillin + clavulanic acid (AMC) (10 µg, 
Oxoid), enrofloxacin (ENR) (5 µg, Oxoid), vancomycin (VA) 
(30 µg, Oxoid), trimethoprim-sulfamethoxazole (SXT) (25 
µg, Oxoid), clindamycin (CM) (2 µg, Oxoid), gentamicin 
(GM) (10 µg, Oxoid), tetracycline (TE) (30 µg, Oxoid), 
neomycin (N) (30 µg, Oxoid), and erythromycin (E) (15 µg, 
Oxoid). The results were recorded as resistant, intermediate 
or susceptible by the measurement of the inhibition 
zone diameter according to the interpretive standards of 
NCCLS [33]. All identified Staphylococci isolates were tested 
for phenotypic methicillin resistance by antibiotic disc 
diffusion susceptibility test with 1 µg oxacillin (OX) (Oxoid) 
and 30 µg cefoxitin discs. S. aureus ATCC 25923 strain 
was used as positive control. Resistance of Staphylococci 
isolates to three or more classes of antibiotics was 
considered as multidrug-resistance [34].

Genomic DNA Extraction

For nucleic acid isolation, isolates were activated on 
tripticase soya agar (bioMérieux, France). After overnight 
incubation at 37°C, single colony for each strain was 
resuspended on 500 μl of sterile phosphate buffer 
saline (PBS) (pH: 7.2). Bacterial cells were harvested by 
centrifugation at 3.000 × g for 10 min, the cell pellet was re-
suspended in 350 μl TE buffer [10 mM tris chloride, 1 mM 
EDTA (pH 8.0)] with 100 μg of lysostaphin (Sigma, USA) per 
ml, and incubated at 37°C for 1 h. Each tube was vortexed 
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once every 15 min. Then, 350 μl  10% SDS with 100 μg of 
proteinase- K (Vivantis Technologies, Malaysia) per ml, and 
incubated at 37°C for 2 h. Each tube was vortexed once 
every 15 min. The phenol/chloroform extraction method 
was used for nucleic acid extraction according to Sambrook 
and Russel [35].The DNA precipitate was dissolved in 100 μl 
of TE buffer [10 mM Tris chloride-1 mM EDTA (pH 8.0)], and 
stored at -20°C until processing.

PCR Analysis

Simplex PCR technique was used of each gene. Properties 
of primers used in this study are reported in Table 1.

All amplification reactions were prepared in a 25 µl 
volume containing: 10 mM Tris/ HCl (pH 8.3), 50 mM KCl, 3 
mM MgCl2, 200 mM each dNTPs, 10 pmol oligonucleotide 
primer, 1 U Taq polymerase and 2 μl template DNA. 

A pre-PCR step at 95°C for 5 min was applied. A 
total of 35 cycles were run at the following conditions: 
denaturation at 95°C for 30 sec, annealing (primer specific 
temperatures at Table 1) for 60 sec, and extension at 72°C 
for 60 sec. The reaction was achieved with a final extension 
at 72°C for 7 min. PCR products were checked using 1.5% 
agarose gel with 0.125 mg/l ethidium bromide. Only clear, 
unambiguous and reproducible bands were recorded.

Legal Permission-Ethics Committee Details

The name of institute  approves  the necessary 
ethical  commission report: Laboratory of biotechnology 
related to animal breeding, University Saad Dahleb,  
Blida, Algeria.

The serial number of the approval in the material and 
methods section: MSRV

Statistical Analysis

The results of the phenotypic analyses of the various 
strains were expressed as frequencies or probabilities of 
observing a positive result for each performed test in a 
given bacterium. 

Differences in frequencies of in vitro resistance to 
antimicrobials as β-lactams were determined by Pearson’s 
chi-square test to study the possible relationship between 
β-lactam resistance genes and others and phenotypic 
resistance to antimicrobials. Value of P<0.05 was 
considered significant.

RESULTS

The antimicrobial susceptibility results of isolates 
of Staphylococci are summarized in Table 2, 3, and 4, 
respectively.  

The sensitivity and resistance of the isolated strains 
were different depending on the antibiotic tested. 
Regarding to the agar diffusion test, a total of 17 isolates 
have shown to have a methicillin resistant phenotype 
(i.e., resistance to oxacillin and cefoxitin). Staphylococci 
were resistant mostly to penicillin (95.23%), clindamycin 
(80.95%), vancomycine (76.19%), erythromycin (76.19%) 
and Amoxicillin + Clavulanic Acid (66.67%). Whereas 
strains were most sensitive to neomycin and gentamycin 
(100%), in average. The next effective antibiotics were 

Table 1. Primers and properties used in the study

Tablo 1. Çalışmada kullanılan primerler ve özellikleri

Gene Primer Name Primer Sequences Annealingng 
Temperatur (°C)

Amplicon Size 
(bp) Reference

Staphylococcus spp.
Staph294-318 5′-GCCGGTGGAGTAACCTTTTAGGAGC-3’

55 106 bp [36]

Staph 1522-1540 5′-AGGAGGTGATCCAACCGCA-3’

S. aureus
Sau 327 5’-GGA CGA CAT TAG ACG AAT CA-3’

64 1318 bp [37]

Sau 1645 5’-CGG GCA CCT ATT TTC TAT CT-3’

Oxacillin/
Penicillin

mecA1 5’-CCTAGTAAAGCTCCGGAA-3’
54 314 bp [38]

mecA2 5’-CTAGTCCATTCGGTCCA-3’

Penicillin
blaZ1 5’-ACTTCAACACCTGCTGCTTTC-3’

56 173 bp [39]

blaZ2 5’-TGACCACTTTTATCAGCAACC-3’

Gentamicin
aacA-aphD 1 5’-TAA TCC AAG AGC AAT AAG GGC-3’

54 227 bp [40] 

aacA-aphD 2 5’-GCC ACA CTA TCA TAA CCA CTA-3’

Erythromycin
ermA 1 5’-AAG CGG TAA ACC CCT CTG A-3’

54 190 bp [40] 

ermA 2 5’-TTC GCA AAT CCC TTC TCA AC-3’

Erythromycin
ermC 1 5’-AAT CGT CAA TTC CTG CAT GT-3’

54 299 bp [40] 

ermC 2  5’-TAA TCG TGG AAT ACG GGT TTG-3’

Oxytetracyclin tetK 1  5’-GTA GCG ACA ATA GGT AAT AGT-3’
54  360 bp [40] 

tetK 2 5’-GTA GTG ACA ATA AAC CTC CTA-3’

Oxytetracyclin
tetM 1  5’-AGT GGA GCG ATT ACA GAA-3’

54 158 bp [40] 

tetM 2 5’-CAT ATG TCC TGG CGT GTC TA-3’
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enrofloxacin (90.47%), Trimethoprim-Sulfamethoxazole 
(80.95%) and tetracycline (61.90%) according to in vitro 
tests. Antibiogram results for the isolates were classified 
according to pattern of resistance (types I to IX) (Table 
3). The most frequent pattern of resistance was type VII, 
which was found in 10 isolates. Antibiogram pattern IX 
represents resistance to nine of the drugs that are most 
commonly used for treatment of mastitis in Algeria.  

PCR assay was made to determine whether the 
multidrug resistant MRS isolates from Algeria locations 
were genetically clustered (Table 4). This table has shown 
in party the phenomenon of multiple resistances to three 
or more antibiotics, none being resistant to only one or 
two antibiotics. The percentage of multiple resistance 
strains was 87.71% (18/21). 

Antimicrobial susceptibility testing reported a high 
resistance of Staphylococci strains to antimicrobial agents 
which was confirmed by PCR by the presence of mecA 
gene. Our results shows presence of mecA gene for all 
Staphylococci strains which were phenotypically resistant 
to cefoxitin and/or oxacillin.

In spite of the presence of some phenotypic resistance 
against erythromycin, no genotypic resistance genes were 
detected following researching erm (C) and erm (A). The 
blaZ gene was detected in 42.85% (9/21) of isolates.

Results presented in Fig. 1 show the presence of mecA 
gene from extracted DNA of all S. aureus and CNS strains 
tested; this result confirmed the antibiogram results for 
susceptibility to methicillin.

DISCUSSION 
Detection of the antibiotic resistance is important 

for controlling and treatment of the bacterial disease. 
The present study was carried out to investigate the 
antimicrobial susceptibilities and resistance genes in 
staphylococci isolated from lactating cows with clinical or 
subclinical mastitis cases in Algeria. 

The rate of penicillin resistance (100%) detected in  
this study is much higher than those reported in other  
countries such as Korea (52.9%), Switzerland (31%), 
Finland (32%), USA (22.1%) [41] and Brazil [42]. Strains isolated  
from  mastitis  cases were  resistant  to  some antibiotics  
commonly used in treatment of cow mastitis in Algeria.  
Almost  the  same  results were reported by other authors [28,29], 
especially on resistance to penicillin and oxacillin. The 
existence of antibiotic-resistant in a selective area might 
be due the frequent and continuing use of the same 
antimicrobials [18]. In fact, the antibiotics such as penicillin-G, 
oxacillin, streptomycin, ampicillin, amoxycillin, cloxacillin 

Table 2. Susceptibility to various antibiotics of staphylococci strains isolated from bovine mastitis

Tablo 2. Sığır mastitislerinden izole edilen Stafilokokların çeşitli antibiyotiklere karşı duyarlılıkları

Antibiotics Total Profile
Break Points

Staphylococci (n= 21 isolates: 10 S. aureus and 11 CNS)

Sensitive Resistance Intermediate  Sensitive

Number % Number % Number %

P ≤ 28-29≥ 1 04.76 20 95.23 0 0

OX ≤10-13 ≥ 4 19.04 17 80.95 0 0

FOX ≤24-25≥ 7 33.33 10 47.61 4 19.04

AMC ≤ 19-20≥ 7 33.33 14 66.67 0 0

ENR ≤16-23≥ 19 90.47 2 09.52 0 0

VA ≥15 5 23.80 16 76.19 0 0

SXT ≤10-16 ≥ 17 80.95 1 04.76 3 14.28

CM ≤14-17≥ 4 19.04 17 80.95 0 0

GM ≤12-15≥ 21 100 0 0 0 0

TE ≤14-19 ≥ 13 61.90 8 38.09 0 0

N ≤ 13-18≥ 20 95.23 1 04.76 0 0

E ≤ 13-23≥ 2 09.52 16 76.19 3 14.28

Table 3. Antibiotic resistance patterns of 21 staphylococci isolates

Tablo 3. 21 adet Stafilokok izolatının antibiyotik direnç profilleri

Pattern Resistance Profile 1
Resistant Isolates

Number %

1 P, TE 1  04.76

2 ENR, TE 1  04.76

3 P, OX, AMC, VA, CM, TE 2  09.52

4 P, OX, FOX, AMC, VA, CM, E 7  33.34

5 P, OX, FOX, AMC, VA, CM, E 1  04.76

6 P, OX, FOX, AMC, ENR, VA, CM, TE, E 1  04.76

7 P, OX, TE 1  04.76

8 P, VA, SXT, CM, E 1  04.76

9 P, OX, VA, CM, TE, N, E 1  04.76

10 P, OX, CM, E 1  04.76

11 P, OX, FOX, AMC, VA, CM 1  04.76

12 P, OX, AMC, VA, CM, E 1  04.76

13 P, OX, AMC, VA, CM, TE, E 1  04.76

14 P 1  04.76



517

and tetracycline are frequently used in veterinary clinics of 
herd selected for this study.

In the study, incidence of vancomycin-resistant isolates 
of S. aureus was observed with frequency of 76.2%. 
Elsewhere, none of the studies have been reported the 
vancomycin-resistant S. aureus in bovine mastitis. On the 
other hand, vancomycin-resistant enterococci have been 
reported in cattle mastitis [43].

Staphylococci examined in this study were more 
resistant to antibiotics than bacteria isolated earlier in 
Algeria [44]. But, the in vitro resistance to antibiotics of 
bacteria isolated in the same farm can change from one 
year to the next one [27]. 

The majority of authors have noted the increase in  
the resistance to antibiotics of staphylococci isolated  
from mastitis [6,19-30]. Therefore, it seems that our results 
are in accordance with them. The most important factor  
affecting the cure rates from clinical Staphylococcal 
mastitis was the capacity of the strain to produce  
β-lactamase [16]. Apart from this, Watts and Salmon [26] 

highlight the need to identify methicillin resistant S. aureus 
(MRSA) accurately, because these strains are resistant 
to all compounds currently approved for treatment of 
bovine mastitis. On the contrary, de Oliveira et al.[45] 

found that overall level of resistance was generally low to 
all antimicrobial agents that are currently commercially 
available to treat bovine mastitis. 

SAIDI, CANTEKİN, KHELEF
ERGÜN, SOLMAZ, KAIDI 

Table 4. Correlation between phenotypic antibiotic resistance and PCR results

Tablo 4. Fenotipik antibiyotik direnci ile PCR sonuçları arasındaki bağlantı

Strains Resistance Phenotype
Presence of Fragment

BlaZ mecA aacA-aphD Erm (A) Erm (C) tetK TetM

1 P, TE - + - - - - +

2 P, AMC, VA, CM, TE, E - + - - - - +

3 OX, P, FOX, AMC, VA, CM, E - + - - - - +

4 OX, P, FOX, AMC, VA, CM, E - + - - - - +

5 OX P, FOX, AMC, VA, CM - + - - - - +

6 OX, P, FOX, AMC, ENRO, VA, CM, TE, E + + - - - - +

7 OX, P, FOX, AMC, VA, CM, E - + - - - - +

8 OX, P, FOX, AMC, VA, CM, E + + - - - - +

9 OX, P, TE + + - - - - +

10 OX, P, VA, SXT, CM, E - + - - - - +

11 P, VA, CM, TE,   N, E - + - - - - +

12 OX, P, FOX, AMC, VA, CM, TE, E - + - - - - +

13 OX, P + + - - - - +

14 P, CM, E - + - - - - +

15 OX, P, FOX, AMC, VA, CM + + - - - - +

16 OX, P, AMC, VA, CM, E - + - - - - +

17 OX, P, AMC, VA, CM, TE, E + + - - - - +

18 OX, P, AMC, VA, CM, E + + - - - - +

19 OX, P, FOX, AMC, VA, CM, E + + - - - - +

20 OX, P, FOX, AMC, VA, CM, E + + - - - - +

21 OX, ENR, TE, E  - + - - - - +

Fig 1. Agarose gel electrophoresis of mecA gene targeted PCR. M: Marker, 100 bp plus (brand). 
Lines 1-35: Amplified products of mecA specific PCR (Bands 314 bp)

Şekil 1. MecA gen hedefli PCR’nin agaroz jel elektroforezi. M: Marker, 100 bp plus (brand). 
Kuyucuklar 1-35: MecA spesifik PCR amplifiye ürünleri (314 bp)
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In literature, a few studies have reported the 
occurrence of MRSA from bovine mastitis and proportion 
of resisting isolates was low [18,46,47]. In this study, 100% of 
isolates of S. aureus and CNS were methicillin-resistant. The 
isolates appeared to demonstrate privileged expression 
of mecA genes or production of methicillinase or appear 
to overproducing beta-lactamase [18,47]. The phenotypic 
expression of resistance could vary due to growth 
conditions or might be limitations in detection in micro-
biological methods [48]. Because of prolonged treatments 
with same antibiotics frequently is noticed the emergence 
of resistant variants of bacterial strains. In addition, it is 
well reported that emergence of drug resistance is the 
consequence of the inappropriate use of antimicrobials [49].

Analyzing the antibiograms’ results of staphylococci 
strains it was observed that in the isolates was revealed 
the phenomenon of multiple resistances to three or 
more antibiotics, none being resistant to only one or 
two antibiotics. In the present study, the percentage of 
multiple resistance strains was 87.71% (18/21). Our finding 
that 18 of the isolates tested were multidrug resistant  
MRS isolates indicates that antibiotic resistance has 
emerged in dairy cattle in Algeria. In literature, multiple 
antimicrobial resistance is defined as resistance to three [34], 
four or more antimicrobials [50]. Furthermore, Waage et 
al.[51] reported that S. aureus has developed multidrug 
resistance with a wide variation from herd to herd. Memon 
et al.[52] reported that 100% of S. aureus isolates were multi-
drug resistant. While, comparatively a less percentage 
(52%) of isolates were also reported as multi drug resistant 
in Ethiopia [53]. Bardiau et al.[54] reported that all isolates 
were resistant to at least three antibiotics, and two-thirds  
of the strains (58%) were resistant to at least six antibiotics. 
As multiple antibiotic resistance, high resistance rates 
presenting was observed in study conducted by Tel et 
al.[55]. This is in accordance with our study. Using various 
antibiotics can create selection pressure, ultimately 
resulting in the development of antibiotic resistance [56].

Methicillin resistance was found in high  percentage 
of S. aureus and CNS isolates (100%) which is greater than 
reported in Korea and India [18,44]. Furthermore, there was 
mecA gene in all isolates. The S. aureus exhibit resistance 
to methicillin was first reported in 1960, by the time 
MRSA gradually developed multiple resistances and 
became a source of causing serious nosocomial infections, 
worldwide [57]. 

In mastitis, most studies report a low prevalence 
of MRSA [46,58] but in Belgium, an unpredictably high 
prevalence of mastitis-associated MRSA was reported [59]. 
Besides to their resistance to all types of beta-lactam 
antibiotics, MRSA strains illustrate resistance to other anti- 
microbial agents, also used for treatment and prevention 
of mastitis [60]. Susceptibility tests showed here a wide 
variety of nine different resistance patterns among the 
isolates. In this study, all isolates except one were resistant 

to at least three antibiotics, and two-thirds of the isolates 
were resistant to at least six of the twelve antibiotics. In 
addition to oxacillin, all of our MRS isolates were resistant 
to penicillin and tetracycline. This result is in accordance 
with other studies [59,61]. However, these strains showed 
more resistance to erythromycin and clindamycin than 
previously reported [59,61,62]. Furthermore, this high resistance 
rate to some antibiotics can be explained by their 
frequent use in veterinary practice in Algeria. Resistance 
against beta-lactams and presence of blaZ gene in our 
isolates is in agreement with the result of Green and 
Bradley [63]. But Haveri et al.[64] found that the blaZ gene 
detected in majority of isolates and mecA was not found 
in any isolates, these findings are consistent with previous 
report. Detection of genes of old generation antibiotics 
(gentamycin and tetracycline) is also necessary. Also, 
a number of isolates revealed tetK and tetM genes and 
results are in concurrence with phenotypic observations. 
All isolates were found sensitive to gentamycin pheno-
typically and also negative to aac-aph gene. Following 
researching aac-aph gene from isolates which 100% 
phenotypically sensitive to gentamycin, no aac-aph 
gene was found. So, the aacA-D gene has been reported 
less prevalent in the mastitis isolates and results of  
the present study are in disagreement with a previous 
report [42]. Furthermore, occurrence of tetracycline-resistant 
genes among the bovine staphylococci isolates has been 
previously observed [65]. Tetracycline resistance encoding 
gene tetM was present in 100% of isolates which is higher 
than previously detected in china by Gao et al.[66]. The 
proportion of the tetracycline genes is almost similar with 
the previous reports [65]. Li et al.[67] reported that there is a 
common use of penicillin, tetracycline and erythromycin 
for the treatment of mastitis in China. Moreover, 76.19% 
of isolates were phenotypically resistant to erythromycin 
but all of them were negative for ermA and ermC genes. 
This finding is in disagreement with those from in northern 
China [66]. Acquisition of resistance in S. aureus isolates 
attributed to mutation in gene or due to exchange of 
genetic material between organisms, since resistance 
genes carrying mobile genetic elements of S. aureus have 
exceedingly been explored [68].

These results indicate that, these isolates are resistant 
at high rates to the beta-lactam antibiotics which are 
intensively used in the control and treatment of mastitis 
without any antibiogram test in Algeria. The results of 
present study showed some similarities with previous 
studies to the same antibiotics [47,69]. The presence of 
antibiotic-resistant genes and similar antibiotic-resistant 
patterns among isolates of staphylococci indicates possible 
diffusing or spreading of isolates between animals.

Almost of staphylococcal strains tested had an increased 
susceptibility to neomycin and gentamicin (100%) and 
all of them are resistant to penicillin (100%). The data on 
antimicrobial susceptibility can help determine the choice 



519

of empirical initial treatment. Our investigations revealed 
high prevalence of different antibiotic-resistant genes 
(especially mecA and tetM) among isolates. 

This study reports high prevalence of MRS isolates with 
having mecA gene. That is to say a significant observation 
was prevalence of methicillin-resistant isolates in the 
herd. These findings can be considered in designing 
strategic plans for treatment, prevention and control of 
Staphylococcal mastitis in Algeria. Occurrence of such 
isolates, among the mastitis cases needs attention of 
veterinarians and managers of herds. The findings might  
be helpful to control, transfer or dissemination of  
pathogenic strains, segregation of cows for reduction of 
mastitis and can be applied for treatment policies and 
antimicrobials strategies. The present study demonstrated 
that the existence of alarming level of resistance of 
frequently isolated mastitis agents to commonly used 
against antimicrobial agents in the farms in Algeria. 
Consequently, it is very important to implement a 
systematic application of an in vitro antibiotic susceptibility 
test prior to the use of antibiotics in both treatment and 
prevention of mastitis. The increasing occurrence of MRSA 
and MR-CNS should be under consideration from the 
point of view of antibiotic selection for mastitis treatment 
and prevention, especially if the possibility exists of the 
resistance transfer in or between bacteria. The results of this 
study can be used as a baseline for further investigations. 

REFERENCES 

1. Hussain R, Javed MT, Khan A: Changes in some biochemical parameters 
and somatic cell counts in the milk of buffalo and cattle suffering from mastitis. 
Pak Vet J, 32, 418-421, 2012.
2. Intrakamhaeng M, Komutarin T: Antibiotics resistance and RAPD-PCR  
typing of multidrug resistant MRSA isolated from bovine mastitis cases in Thailand. 
Sci Asia, 38, 30-35, 2012. DOI: 10.2306/scienceasia1513-1874.2012.38.030
3. Hata E, Katsuda K, Kobayashi H, Nishimori K, Uchida I, Higashide 
M, Ishikawa E, Sasaki T, Eguchi M: Bacteriological characteristics of 
Staphylococcus aureus isolates from humans and bulk milk. J Dairy Sci, 91, 564-
569, 2008. DOI: 10.3168/jds.2007-0457
4. Thorberg BM, Dnielsson-Tham EL, Emanuelson U, Waller P: Bovine sub-
clinical mastitis caused by different types of coagulase negative staphylococci. 
J Diary Sci, 92, 4962-4970, 2009. DOI: 10.3168/jds.2009-2184
5. Atasever S: Estimation of correlation between somatic cell count and 
coagulation score of bovine milk. Int J Agric Biol, 14, 315-317, 2012. 
6. Myllys V, Asplund K, Brofeldt E, Hirvelä-Koski V, Honkanen-Buzalski T, 
Juntilla J, Kulkas L, Myllykangas O, Niskanen M, Saloniemi H, Sandholm 
M, Saranpää T: Bovine mastitis in Finland in 1998 and 1995 - Changes in 
prevalence and antimicrobial resistance. Acta Vet Scand, 39, 119-126, 1998. 
7. Le Marechal C, Thiery R, Leloir Y: Mastitis impact on technological 
properties of milk and quality of milk products - A review. Dairy Sci Technol, 91, 
247-282, 2011. DOI: 10.1007/s13594-011-0009-6
8. Türkyılmaz S, Yıldız Ö, Oryaşın E, Kaynarca S, Bozdoğan B: Molecular 
identification of bacteria isolated from dairy herds with mastitis. Kafkas Univ 
Vet Fak Derg, 16, 1025-1032, 2010. DOI: 10.9775/kvfd.2010.2300
9. Cantekin Z, Ergün Y, Doğruer G, Saribay MK, Solmaz H: Comparison of 
PCR and culture methods for diagnosis of subclinical mastitis in dairy cattle. 
Kafkas Univ Vet Fak Derg, 21, 277-282, 2015. DOI: 10.9775/kvfd.2014.12309
10. Ergün Y, Aslantaş O, Kirecci E, Ozturk F, Ceylan A, Boyar Y: Antimicrobial 
susceptibility, presence of resistance genes and biofilm formation in coagulase 
negative Staphlococci isolated from subclinical sheep mastitis. Kafkas Univ Vet 
Fak Derg, 18, 449-456, 2012. DOI: 10.9775/kvfd.2011.5643
11. Taponen S, Koort J, Bjorkroth J, Saloniemi H, Pyorala S: Bovine intra-

mammary infections caused by coagulase-negative staphylococci may persist 
throughout lactation according to amplified fragment length polymorphism-
based analysis. J Dairy Sci, 90, 3301-3307, 2007. DOI: 10.3168/jds.2006-860
12. Waller KP, Aspa A, Nyman A, Persson Y, Andersson UG: CNS species 
and antimicrobial resistance in clinical and subclinical bovine mastitis. Vet 
Microbiol, 152, 112-116, 2011. DOI: 10.1016/j.vetmic.2011.04.006
13. Bradley AJ, Leach KA, Bren JE, Gren LE, Gren J: Survey of the incidence 
and aetiology of mastitis on dairy farms in England and Wales. Vet Rec, 160, 
253-257, 2007. DOI: 10.1136/vr.160.8.253
14. Sampimon OC, Lam TJGM, Mevius DJ, Schukken YH, Zadoks RN: 
Antimicrobial susceptibility of coagulase-negative staphylococci isolated 
from bovine milk samples. Vet Microbiol, 150, 173-179, 2011. DOI: 10.1016/j.
vetmic.2011.01.017
15. Erskine R: Antimicrobial drug use in bovine mastitis. In, Prescott JF, 
Baggot JD, Walker RD (Eds): Antimicrobial Therapy in Veterinary Medicine. 712-
734, Iowa Stae University Press, Ames, 2000.
16. Pyörälä S, Taponen S, Jantmen A, Pyörälä E: Efficacy of targeted 5-day 
parenteral and intramammary treatment of clinical Staphylococcus aureus 
mastitis caused by penicillin-susceptible or penicillin-resistant bacteria strain. 
Proc. IDF, International Symp.  Immunology of Ruminant Mammary Gland. Stresa, 
Italy, 382-384, 2000. 
17. Barkema HW, Schukken YH, Zadoks RN: Invited review: The role of 
cow, pathogen, and treatment regimen in the therapeutic success of bovine 
Staphylococcus aureus mastitis. J Dairy Sci, 89, 1877-95, 2006. DOI: 10.3168/jds.
S0022-0302(06)72256-1
18. Moon JS, Lee AR, Kang HM, Lee ES, Kim MN, Paik YH, Park YH, Joo 
YS, Koo HC: Phenotypic and genetic antibiogram of methicillin-resistant 
staphylococci isolated from bovine mastitis in Korea. J Dairy Sci, 90, 1176-1185, 
2007. DOI: 10.3168/jds.S0022-0302(07)71604-1
19. Pyörälä S, Taponen S: Coagulase-negative staphylococci emerging mastitis 
pathogens. Vet Microbiol, 134, 3-8, 2009. DOI: 10.1016/j.vetmic.2008.09.015
20. Sahin M, Colak, A, Otlu S, Aydın F, Genç O, Güler MA, Oral H: Studies 
on the prevalence of subclinical and clinic mastitis and antibiotic sensitivity in 
imported simental cows in Kars district. Kafkas Univ Vet Fak Derg, 3, 49-55, 1997.
21. Ünal N, Yildirim M: Antibiotic resistance profiles of Staphylococci species 
isolated from milks, teat skins and noses mucous of cows. Kafkas Univ Vet Fak 
Derg, 16, 389-396, 2010. DOI: 10.9775/kvfd.2009.833
22. Aslantas Ö, Türkyılmaz S, Yılmaz MA, Yılmaz ES: Prevalence of 
methicillin-resistant Staphylococci in dogs. Kafkas Univ Vet Fak Derg, 19, 37-42, 
2013. DOI: 10.9775/kvfd.2012.7073
23. Findik A, Akan N, Onuk EE, Çakiroğlu D, Çiftci A: Methicillin resistance 
profile and molecular typing of Staphylococcus aureus strains isolated from 
noses of the healthy dogs. Kafkas Univ Vet Fak Derg, 15, 925-930, 2009. DOI: 
10.9775/kvfd.2009.319
24. Kaynarca S, Türkyilmaz S: Sığır mastitislerinden izole edilen Stafilokoklarda 
metisilin direnci ve slaym pozitifliği. Kafkas Univ Vet Fak Derg, 16, 567-572, 
2010. DOI: 10.9775/kvfd.2009.1142
25. Pehlivanoglu F, Yardimci H: Detection of methicillin and vancomycin 
resistance in Staphylococcus strains isolated from bovine milk samples 
with mastitis. Kafkas Univ Vet Fak Derg, 18, 849-855, 2012. DOI: 10.9775/
kvfd.2012.6642 
26. Watts JL, Salmon JA: Activity of selected antimicrobial agents against 
strains of Staphylococcus aureus isolated from bovine intramammary infections 
that produce β-lactamase. J Dairy Sci, 80, 788-791, 1997. DOI: 10.3168/jds.
S0022-0302(97)75999-X
27. Garrison LL, Schukken YH, Hilton B: Antibiotic susceptibility patterns for 
various bacterial  intramammary pathogens over 15 years: Results and analysis of 
a database. Proc  National Mastitis Council Annual Meeting. Atlanta, 215-216, 2000. 
28. Gentilini E, Denamiel G, Llarente P, Godaly S, Rebuelto M, DeGregorio 
O: Antimicrobial susceptibility of Staphylococcus aureus isolated from bovine 
mastitis in Argentina. J Dairy Sci, 83, 1224-1227, 2000. DOI: 10.3168/jds.S0022-
0302(00)74988-5
29. Chertcoff RE, Acuňa CN, Izak E: Prevalence and antimicrobial  
susceptibilities of  mastitis  pathogens  from  clinical cases  of  Argentina  
dairy  cows. Proc. 2nd International Symposium on  Mastitis  and  Milk  Quality. 
Vancouver, Canada, 418-419, 2001. 
30. Smith TC, Pearson N: The emergence of Staphylococcus aureus ST398. 
Vector Borne Zoonotic Dis, 11, 327-339, 2011. DOI: 10.1089/vbz.2010.0072
31. Quinn PJ, Markey BK, Carter ME, Donnelly WJ, Leonard FC: Veterinary 
Microbiology and Microbial Disease. Section 1: Introductory to Bacteriology. 
162-167, Blackwell Science, Oxford, 1994.

SAIDI, CANTEKİN, KHELEF
ERGÜN, SOLMAZ, KAIDI 

http://www.pvj.com.pk/pdf-files/32_3/418-421.pdf
http://scienceasia.org/2012.38.n1/scias38_30.pdf
http://www.sciencedirect.com/science/article/pii/S0022030208713985
http://www.sciencedirect.com/science/article/pii/S0022030209708276
http://www.fspublishers.org/published_papers/9852_..pdf
http://europepmc.org/abstract/med/9592952
http://link.springer.com/article/10.1007%2Fs13594-011-0009-6
http://vetdergi.kafkas.edu.tr/extdocs/2010_6/1025_1032.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2015_2_1/277-282.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2012_3/449-456.pdf
http://www.sciencedirect.com/science/article/pii/S0022030207717812
http://www.sciencedirect.com/science/article/pii/S0022030207717812
http://www.sciencedirect.com/science/article/pii/S0378113511002203
http://veterinaryrecord.bmj.com/content/160/8/253
http://www.sciencedirect.com/science/article/pii/S0378113511000368
http://www.ncbi.nlm.nih.gov/pubmed/16702252
http://www.sciencedirect.com/science/article/pii/S0022030207716041
http://www.sciencedirect.com/science/article/pii/S037811350800357X
http://vetdergi.kafkas.edu.tr/extdocs/3_1/49_55.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2010_3/389_396.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2013_1/37-42.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2009_6/925_930.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2010_4/567_572.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2012_5/849-855.pdf
http://www.sciencedirect.com/science/article/pii/S002203029775999X
http://www.sciencedirect.com/science/article/pii/S0022030200749885
http://online.liebertpub.com/doi/abs/10.1089/vbz.2010.0072


520
Antibiotic Susceptibility and ...

32. Koneman EW, Allen SD, Janda WM, Schreckenberger PC, Winn WC: 
Gram-positive cocci, Part I: Staphylococci and related organisms. In, Color  
Atlas and Textbook of Diagnostic Microbiology. 405-429, JP Lippincott 
Company, Philadelphia, 1992.

33. National Committee for Clinical Laboratory Standards (NCCLS): 
Performance Standards for Antimicrobial Susceptibility Testing. Eleventh 
Informational Supplement,  NCCLS  document  M  100-911(ISBN  1-56238-426-
0). NCCLS, Pensylvania, USA, 2001. 

34. Waters A, Contente-Cuomo T, Buchhagen J, Liu C, Watson L, Pearce 
K, Foster J, Bowers J, Driebe E, En-gelthaler D, Keim P, Price L: Multidrug-
resistant Staphylococcus aureus in US meat and poultry. Clin Infect Dis, 52, 
1227-1230, 2011. DOI: 10.1093/cid/cir181

35. Sambrook J, Russell W: Molecular Cloning: A Laboratory Manual, 3rd ed., 
Cold Spring Harbor Press, New York, 2001.

36. Schmitz FJ, MacKenzie CR, Hofmann B, Verhoef J, Finken-Eigen M, 
Heinz HP, Kohrer K: Specific information concerning taxonomy, pathogenicity 
and methicillin resistance of staphylococci obtained by a multiplex PCR. J Med 
Microbiol, 46,773-778, 1997. DOI: 10.1099/00222615-46-9-773

37. Riffon R, Sayasith K, Khalil H, Dubreuil P, Drolet M, Lagace A: 
Development of a rapid and sensitive test for identification of major pathogens 
in bovine mastitis by PCR. J Clin Microbiol, 39, 2584-2589, 2001. DOI: 10.1128/
JCM.39.7.2584-2589.2001

38. Choi SM, Kim SH, Kim HJ, Lee DG, Choi JH, Yoo JH, Kang JH, Shin WS, 
Kang MW: Multiplex PCR for the detection of genes encoding aminoglycoside 
modifying enzymes and methicillin resistance among Staphylococcus species. 
J Korean Med Sci, 18, 631-636, 2003.

39. Martineau F, Picard FJ, Lansac N, Menard C, Roy PH, Ouellette M, 
Bergeron MG: Correlation between the resistance genotype determined by 
multiplex PCR assays and the antibiotic suseptibility patterns of Staphylococcus 
aureus and Staphylococcus epidermidis. Antimicrob Agents Chemother, 44, 231-
238, 2000.

40. Strommenger B, Kettlitz C, Werner G, Witte W: Multiplex PCR assay for 
simultaneous detection of nine clinically relevant antibiotic resistance genes 
in Staphylococcus aureus. J Clin Microbiol, 41, 4089-4094, 2003. DOI: 10.1128/
JCM.41.9.4089-4094.2003

41. Rajala-Schultz PJ, Torres AH, Degraves FJ, Gebreyes WA, Patchanee 
P: Antimicrobial resistance and genotypic characterization of coagulase-
negative staphylococci over the dry period. Vet Microbiol, 134, 55-64, 2009. 
DOI: 10.1016/j.vetmic.2008.09.008

42. Rabello RF, Souza CR, Duarte RS, Lopes RMM, Teixeira LM, Castro ACD: 
Characterization of Staphylococcus aureus isolates recovered from bovine 
mastitis in Rio de Janeiro, Brazil. J Dairy Sci, 88, 3211-3219, 2005. DOI: 10.3168/
jds.S0022-0302(05)73004-6

43. Sung JML, Lindsay JA: Staphylococcus aureus strains that are hyper-
susceptible to resistance gene transfer from enterococci. Antimicrob Agents 
Chemother, 51, 2189-2191, 2007. DOI: 10.1128/AAC.01442-06

44. Bouaziz O: Contribution to the study of intra-mammary infections in 
dairy cows in Eastern Algeria. PhD Thesis, Department of Veterinary Science, 
University of Constantine, Algeria, 2005.

45. De Oliveira AP, Watts JL, Salmon SA, Aerestrup FM: Antimicrobial 
susceptibility  of  Staphylococcus  aureus  isolated  from  bovine  mastitis  in  
Europe and in the United States. J Dairy Sci, 83, 855-862, 2000. DOI: 10.3168/
jds.S0022-0302(00)74949-6

46. Hendriksen RS, Mevius DJ, Schroeter A, Teale C, Meunier D, Butaye 
P, Franco A, Utinane A Amado A, Moreno M,  Greko C,  Stärk K,Berghold 
C,  Myllyniemi AL,  Wasyl D,  Sunde M,  Aarestrup FM: Prevalence of 
antimicrobial resistance among bacterial pathogens isolated from cattle in 
different European countries: 2002-2004. Acta Vet Scand, 50, 1-10, 2008. DOI: 
10.1186/1751-0147-50-28

47. Turutoglu H, Hasoksuz M, Ozturk D, Yildirim M, Sagnak S: Methicillin 
and aminoglycoside resistance in Staphylococcus aureus isolates from bovine 
mastitis and sequence analysis of their mecA genes. Vet Res Commun, 33, 945-
956, 2009. DOI: 10.1007/s11259-009-9313-5 

48. Zmantar T, Chaieb K, Ben Abdallah F, Ben Kahla-Nakbi A, Ben Hassen 
A,  Mahdouani K, Bakhrouf A: Multiplex PCR detection of the antibiotic 
resistance genes in Staphylococcus aureus strains isolated from auricular 
infections. Folia Microbiol, 53, 357-362, 2008. DOI: 10.1007/s12223-008-0055-5

49. Kumar R, Yadav BR, Singh RS: Genetic determinants of antibiotic 
resistance in Staphylococcus aureus isolates from milk of mastitic crossbred 
cattle. Curr Microbiol, 60, 379-386, 2010. DOI: 10.1007/s00284-009-9553-1

50. Teale CJ, Cobb S, Martin PK, Watkins G: VLA Antimicrobial Sensitivity 

Report Norwich, pp.19-21, 2002.

51. Waage S, Bjorland J, Caugant DA, Oppegaard H, Tollersrud T, Mork 
T, Aarestrup FM: Spread of Staphylococcus aureus resistant to penicillin and 
tetracycline within and between dairy herds. Epidemiol Infect, 129, 193-202, 
2002. DOI: 10.1017/S095026880200715X

52. Memon J,Yang Y, Kashif J, Yaqoob M, Buriro R, Soomro J, Liping W, 
Hongjie F: Genotypes, virulence factors and antimicrobial resistance genes 
of Staphylococcus aureus isolated in bovine subclinical mastitis from Eastern 
China. Pak Vet J, 33, 170-174, 2013.

53. Sori T, Hussien J, Bitew M: Prevalence and susceptibility assay of 
Staphylococcus aureus isolated from bovine mastitis in dairy farms of Jimma 
town, South-West Ethiopia. J Anim Vet Adv, 10, 745-749, 2011. DOI: 10.3923/
javaa.2011.745.749

54. Bardiau M,Yamazaki K, Duprez JN, Taminiau B, Mainil JG, Ote I: Genotypic 
and phenotypic characterization of methicillin-resistant Staphylococcus aureus 
(MRSA) isolated from milk of bovine mastitis. Letters App Microbiol, 57, 181-186, 
2013. DOI: 10.1111/lam.12099

55. Tel OY, Bayraktar M, Keskin O: Investigation of antibiotic resistance 
among Staphylococcus aureus strains of human and bovine origin. Ankara Univ 
Vet Fak Derg, 59, 191-196, 2012.

56. Okuma K, Iwakawa K, Turnidge J, Grubb WB, Bell JM, O’Brien FG, 
Coombs GW, Pearman JW, Ten-over FC, Kapi M, Tiensasitorn C, Ito T, 
Hiramatsu K: Dissemination of new methicillin-resistant Staphylococcus 
aureus clones in the community. J Clin Microbiol, 40, 4289-4294, 2002. DOI: 
10.1128/JCM.40.11.4289-4294.2002

57. David MZ, Daum RS: Community-associated methicillin-resistant 
Staphylococcus aureus: epidemiology and clinical consequences of an emerging 
epidemic. Clin Microbiol Rev, 23, 616-687, 2010. DOI: 10.1128/CMR.00081-09

58. Juhasz-Kaszanyitzky E, Janosi S, Somogyi P, Dan A, van der Graaf-van 
Bloois L, van Duijkeren E, Wagenaar JA: MRSA transmission between cows 
and humans. Emerg Infect Dis, 13, 630-632, 2007. DOI:  10.3201/eid1304.060833

59. Vanderhaeghen W, Cerpentier T, Adriaensen C, Vicca J, Hermans K, 
Butaye P: Methicillin-resistant Staphylococcus aureus (MRSA) ST398 associated 
with clinical and subclinical mastitis in Belgian cows. Vet Microbiol, l1, 166-171, 
2010. DOI: 10.1016/j.vetmic.2009.12.044

60. Sawant AA, Sordillo LM, Jayarao BM: A survey on antibiotic usage in 
dairy herds in Pennsylvania. J Dairy Sci, 88, 2991-2999, 2005. DOI: 10.3168/jds.
S0022-0302(05)72979-9

61. Huber H, Koller S, Giezendanner N, Stephan R, Zweifel C: Prevalence 
and characteristics of methicillin-resistant Staphylococcus aureus in humans 
in contact with farm animals, in livestock, and in food of animal origin, 
Switzerland, 2009. Euro Surveill, 22, 15, pii: 19542, 2010.

62. Turkyilmaz S, Tekbiyik S, Oryasin E, Bozdogan B: Molecular 
epidemiology and antimicrobial resistance mechanisms of methicillin resistant 
Staphylococcus aureus isolated from bovine milk. Zoonoses Public Health, 57, 
197-203, 2010. DOI: 10.1111/j.1863-2378.2009.01257.x

63. Green M, Bradley A: Clinical Forum- Staphylococcus aureus mastitis in 
cattle. UK Vet, 9, 1-9, 2004.

64. Haveri M, Roslof A, Rantala, L, Pyorala S: Virulence genes of bovine 
Staphylococcus aureus from persistent and nonpersistent intramammary 
infections with different clinical characteristics. J Appl Microbiol, 103, 993-1000, 
2007. DOI: 10.1111/j.1365-2672.2007.03356.x

65. Schwarz S, Roberts MC, Werckenthin C, Pang Y, Lange C: Tetracycline 
resistance in Staphylococcus spp. from domestic animals. Vet Microbiol, 63, 217-
227, 1998. DOI: 10.1016/S0378-1135(98)00234-X

66. Gao J, Ferreri M, Liu XQ, Chen LB, Su JL, Han B: Development of multiplex 
polymerase chain reaction assay for rapid detection of Staphylococcus aureus 
and selected antibiotic resistance genes in bovine mastitic milk samples. J Vet 
Diagn Invest, 23, 894-901, 2011. DOI: 10.1177/1040638711416964

67. Li JP, Zhou HJ, Yuan L, He T, Hu SH: Prevalence, genetic diversity, and 
antimicrobial susceptibility profiles of Staphylococcus aureus isolated from 
bovine mastitis in Zhejiang Province, China. J Zhejiang Univ Sci B, 10, 753-760, 
2009. DOI:  10.1631/jzus.B0920072

68. Teruyo I, Okuma K, Xue Ma X, Yuzawa H, Hiramatsu K: Insights on 
antibiotic resistance of Staphylococcus aureus from its whole genome: 
Genomic island SCC. Drug Resist Update, 6, 41-52, 2003. DOI: 10.1016/S1368-
7646(03)00003-7

69. Virdis S, Scarano C, Cossu F, Spanu V, Spanu C, De Santis EPL: Antibiotic 
resistance in Staphyloccoccus aureus and coagulase negative staphylocci 
isolated from goats with subclinical mastitis. Vet Med Int, 517060, 2010. DOI: 
10.4061/2010/517060

http://cid.oxfordjournals.org/content/52/10/1227
http://jmm.sgmjournals.org/content/46/9/773
http://jcm.asm.org/content/39/7/2584
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3055104/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC89663/
http://jcm.asm.org/content/41/9/4089
http://www.sciencedirect.com/science/article/pii/S0378113508003647
http://www.sciencedirect.com/science/article/pii/S0022030205730046
http://aac.asm.org/content/51/6/2189
http://www.sciencedirect.com/science/article/pii/S0022030200749496
http://www.actavetscand.com/content/50/1/28
http://link.springer.com/article/10.1007%2Fs11259-009-9313-5
http://link.springer.com/article/10.1007%2Fs12223-008-0055-5
http://link.springer.com/article/10.1007%2Fs00284-009-9553-1
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=117795&fileId=S095026880200715X
http://www.researchgate.net/publication/259193026_Genotypes_Virulence_Factors_and_Antimicrobial_Resistance_Genes_of_Staphylococcus_aureus_Isolated_in_Bovine_Subclinical_Mastitis_from_Eastern_China
http://www.medwelljournals.com/abstract/?doi=javaa.2011.745.749
http://onlinelibrary.wiley.com/doi/10.1111/lam.12099/abstract
http://dergiler.ankara.edu.tr/dergiler/11/1654/17672.pdf
http://jcm.asm.org/content/40/11/4289
http://cmr.asm.org/content/23/3/616
http://wwwnc.cdc.gov/eid/article/13/4/06-0833_article
http://www.sciencedirect.com/science/article/pii/S0378113510000167
http://www.sciencedirect.com/science/article/pii/S0022030205729799
http://www.eurosurveillance.org/images/dynamic/ee/v15n16/art19542.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1863-2378.2009.01257.x/abstract
http://www.ovg.co.uk/Staph%20aureus%20mastitis%20in%20cattle.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.2007.03356.x/abstract
http://www.sciencedirect.com/science/article/pii/S037811359800234X
http://vdi.sagepub.com/content/23/5/894
http://link.springer.com/article/10.1631%2Fjzus.B0920072
http://www.sciencedirect.com/science/article/pii/S1368764603000037
http://www.hindawi.com/journals/vmi/2010/517060/



