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Abstract

The aim of this study was to examine phenotypic and genotypic antimicrobial resistance of
staphylococci from milk samples from cows with subclinical and clinical mastitis and from cows
without mastitis symptoms to methicillin, tetracyclines, macrolides and lincosamides (ML). Of 207
strains, including 34 S. aureus and 173 coagulase-negative staphylococci (CNS), 11 (6.4%) CNS
strains were phenotypically resistant to methicillin. The mecA gene was detected by PCR only in two
S. xylosus strains and one strain of S. epidermidis and S. simulans. No methicillin-resistant S. aureus
strains were observed. In methicillin-resistant strains with mecA, gene resistance to other investigated
antibiotics was not observed. Phenotypic resistance to tetracycline was detected in 11.0% of CNS
strains and 47.4% of them carried the tetK gene. Of 173 CNS strains studied, 27 (15.6%) were
resistant to at least one ML antibiotic. The resistance gene ermC was detected in 55.5% of the 27
ML-resistant strains. The ermA and ermB genes were detected in 14.8% and 11.1% of ML-resistant
CNS strains, respectively. Antimicrobial resistance to methicillin, tetracyclines and macrolides was
detected more frequently in staphylococcal strains from clinical mastitis compared to animals with
subclinical symptoms and without mastitis, while the resistance to lincosamides showed a similar
frequency in all groups of cows. In conclusion, CNS species from bovine milk differ in phenotypic and
genotypic antimicrobial resistance profiles, and the use of PCR technique alone for the detection of
methicillin, macrolide, lincosamide and tetyracycline resistance in CNS from cattle is not reliable.
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Introduction

Staphylococci are the predominant pathogen in
bovine mastitis (Taponen et al. 2006, Rajala-Schultz
et al. 2009, Sampimon et al. 2009a, Sawant et al. 2009).

Staphylococcus aureus is generally coagulase-posi-
tive and can cause clinical mastitis, as well as produc-
ing persistent subclinical mastitis (Malinowski et al.
2006a, Taponen and Pyorala 2009). Currently, coagu-
lase-negative staphylococci (CNS) are frequently iso-
lated from cows with clinical and subclinical mastitis
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in many modern dairy herds where efficient mastitis
control protocols are observed (Gillespie et al. 2009,
Sampimon et al. 2009a, Sawant et al. 2009).

Antimicrobials are commonly used for control of
bacteria causing mastitis on dairy farms (Sawant et al.
2005), but resistance to β-lactams, macrolides and lin-
cosamides (ML antibiotics) have been reported in
staphylococci from the milk of cows with mastitis (Lu-
thje and Schwarz 2006, Sawant et al. 2009). Tetracyc-
lines are widely used in veterinary medicine, in live-
stock rearing, in agriculture and in human medicine.
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A number of genes conferring resistance to these
groups of antibiotics have been identified in
staphylococci. Three determinants, ermA, ermB and
ermC, which confer resistance to macrolides, lin-
cosamindes and streptogramins, have been identified
(Lina et al. 1999). Tetracycline resistance coded by
a wide variety of determinants in different staphylococ-
cal species is frequently encountered (Trzcinski et al.
2000). The spread of antibiotic resistance among CNS
species in cattle may represent a hazard for human
health through transfer of resistance genes between
staphylococcal species, including S. aureus, and through
direct transmission of resistant pathogens between hu-
mans and animals (Walther and Perreten 2007).

The aim of this study was to determine phenotypic
and genotypic antimicrobial resistance of
staphylococci from milk of cows with and without
mastitis to antibiotics.

Materials and Methods

Quarter milk samples

Quarter milk samples from cows with subclinical
and clinical mastitis from twenty seven herds were col-
lected in the central part of Poland between February
2009 and March 2010. Quarter milk samples for
microbiological analysis were also collected from cows
without mastitis symptoms for comparison purposes.
The diagnosis of mastitis was made on the basis of
clinical examination of the udder by the veterinarian.
Additionally, a quarter was identified as infected
when somatic cell counts (SCC) were above 200
000/ml (Casadevall and Pirofski 2000, Malinowski et
al. 2006b). SCC were measured with FossomaticTMMi-
nor (Foss, Denmark). The quarter milk samples were
collected aseptically by scientific personnel of the De-
partment of Microbiology or by field veterinary sur-
geons. Before sample collection, the cow teats were
cleaned and dipped in an approved disinfectant. The
teat ends were then sanitized with swabs containing
70% isopropyl alcohol and allowed to dry. The first
few streams were discarded, and 10 ml of milk was
then collected aseptically into sterile vials. Milk
samples were cooled and immediately transported to
the laboratory.

Bacterial identification

A total of 71 staphylococcal isolates from milk of
cows with clinical mastitis and 73 isolates from milk of
cows with subclinical mastitis, as well as 63 isolates
from milk samples from cows without mastitis symp-
toms, were used in this study.

Preliminary identification of isolates was based on
colony and microscopic morphology, catalase test, co-
agulase testing with rabbit plasma and DNase activity.
Coagulase-positive staphylococci were streaked on
peptone agar (p-agar) (BBL, Becton Dickinson,
Sparks, Md.) supplemented with 7 mg/l of acriflavin
(Sigma-Aldrich, Steinheim, Germany), and incubated
at 37oC for 24 hours. Bacterial growth in the full
length of the streak on p-agar was considered confir-
mative of S. aureus (Capurro et al. 1999).

The presumptive isolates as CNS in the first stage
of identification were tested based on conventional
microbiological procedures which include haemolysis
patterns and use of biochemical profile (Bannerman
2003). Biochemical characteristics of isolates in-
cluded evaluation of ability to utilize the sugars:
xylose, arabinose, sucrose, trehalose, maltose, man-
nitol, lactose, xylitol, ribose, fructose, and mannose;
nitrate reduction, presence of urease and ornithine
decarboxylase, and resistance to novobiocin (5 μg)
characterized by inhibition zones measuring ≤ 16 mm
in diameter.

Finally, all isolates were identified to the species
level with an API Staph ID 32 system (bioMerieux,
Lyon, France). Apiweb software (bioMerieux) was
used to determine the probability of species identifi-
cation. Identification with a probability ≥ 90% was
considered acceptable (Taponen et al. 2006, Sam-
pimon et al. 2009b). Isolates for which the reliability
of identification was <90% were then subjected to
analysis with the VITEK GPI card system (VITEK
2 instrument, version 4.01, bioMérieux).

The isolates were stored at -80oC in Brain Heart
Infusion Broth (BHI; BBL, Becton Dickinson) with
15% glycerol.

Determination of phenotypic antimicrobial
resistance

Antibiotic resistances of staphylococci were tested
with a disc diffusion method according to the Clinical
and Laboratory Standards Institute (2011). The fol-
lowing antibiotic discs (Oxoid, Basingstoke, UK) were
used: erythromycin (15 μg), clindamycin (2 μg), and
tetracycline (30 μg). Cefoxitin (30 μg) was used for
detection of methicillin resistance of isolates
(Broekema et al. 2009). S. aureus ATCC 29213 and S.
aureus ATCC 25923 were used as control strains to
ensure accuracy of testing.

DNA isolation

Genomic DNA was isolated from resistant
staphylococci using the IT 1-2-3TM DNA Sample
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Table 1. Primers and PCR conditions.

Target Amplicon No. of PCR cycles
genes length (bp) (conditions)

Primer sequences (5’ → 3’) Reference

16SrDNA cagctcgtgtcgtgagatgt (F)
aatcatttgtcccaccttcg (R)

420 Strommenger et al.
2003

30 (2 min at 95oC; 1 min at 54oC;
1 min at 72oC)

mecA aaaatcgatggtaaaggttggc (F)
agttctgcagtaccggatttgc (R)

533 Merlino et al. 2002 35 (30 s at 94oC; 30 s at 55oC;
1 min at 72oC)

tet K gtagcgacaataggtaatagt(F)
gtagtgacaataaacctccta(R)

360 Strommenger et al.
2003

30 (30 s at 95oC; 30 s at 55oC;
30 s at 72oC)

tetM agtggagcgattacagaa(F)
catatgtcctggcgtgtcta(R)

158 Strommenger et al.
2003

Same as for tetK

ermA gttcaagaacaatcaatacagag(F)
ggatcaggaaaaggacattttac(R)

421 Leclercq et al. 1989 30 (30 s at 94oC; 30 s at 55oC;
1 min at 72oC)

ermB ccgtttacgaaattggaacaggtaaagggc(F)
gaatcgagacttgagtgtgc(R)

359 Trieu-Cuot et al. 1990 30 (30 s at 94oC; 30 s at 57oC;
1 min at 72oC)

ermC gctaatattgtttaaatcgtcaattcc(F)
ggatcaggaaaaggacattttac(R)

572 Leclercq et al. 1989 Same as for ermA

(F) – forward primers, (R) – reverse primers.

Purification Kit (Idaho Technology Inc., Salt Lake
City, Utah, USA) according to the manufacturer’s
protocol. 2.5 μl of the total extracted material from
each test sample was used as a template DNA for
PCR application.

Detection of antibiotic resistance genes

The presence of the mecA gene responsible for
resistance to β-lactam antibiotics, the tetK and tetM
genes responsible for tetracycline resistance, and the
ermA, ermB, ermC genes responsible for macrolide
and lincosamide resistance were investigated by PCR.
Primers amplifying a specific staphylococcal
16SrDNA region were used for genotypic confirma-
tion of isolates belonging to Staphylococcus. The spe-
cific primers and the PCR conditions are shown in
Table 1. The primers were synthesized by
DNA-Gdańsk (Poland).

PCR was carried out on the staphylococcal iso-
lates displaying phenotypic resistance to at least one
of the antibiotics. Amplification of DNA was per-
formed using the Multi Gene II thermal cycler (Lab-
net International, Inc., USA).

A duplex PCR was used to detect the presence of
the tetK and tetM genes simultaneously. The PCR
mixture was performed in a 25-μl volume containing
2.5 μl of DNA template, 1 x PCR buffer, 0.2 mM each
of dATP, dCTP, dGTP, and dTTP (Fermentas,
Lithuania), 200 nM each of tetK and tetM pair of
primers, and 1 U of RedTag Genomic DNA poly-

merase (Sigma-Aldrich, Germany). A duplex PCR
was also used to detect the presence of the ermA and
ermC genes. The components of the PCR mixture
with 200 nM each of ermA and ermC primers were the
same as those for the tetK and tetM genes. The size of
the amplified fragment was 533 bp for the mecA gene.
DNA samples were amplified in a total of 25 μl of the
following reaction mixture: 1 x PCR buffer, 200 μM of
each dATP, dCTP, dGTP, dTTP (Fermentas), 200
nM mecA primers, and 1U RedTag Genomic DNA
polymerase (Sigma-Aldrich). The PCR mixture in 25
μl total volume was used for detection of the ermB
gene at final concentrations of 200 nM ermB primers
and for detection of 16SrDNA at final concentrations
of 100 nM 16SrDNA primers. Remaining reaction
components were the same as those for the mecA
gene.

A negative control with each of the reaction com-
ponents except for template DNA, positive control
with the genomic DNA from S. aureus for the mecA
gene, positive control with genomic DNA from S.
xylosus for the ermA, ermB, ermC genes, positive con-
trol with genomic DNA from S. xylosus for the tetK
gene and positive control with genomic DNA from
Staphylococcus spp. for the tetM gene, were included
with each test run. The PCR products were analyzed
by electrophoresis in 1.5% agarose gels stained with
ethidium bromide. Molecular size markers (GenoP-
last Biochemicals, Poland, and Sigma-Aldrich) were
also run for product size verification. The gel was
electrophoresed in 2 x Tris-borate buffer at 70 V for
1.5 h.
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Table 2. Distribution of antibiotic resistance genes among resistant staphylococcal strains isolated from milk of cows with clinical
and subclinical mastitis and from cows without mastitis symptoms.

No. of resistant strains Results (no. of strains) of PCR for:

FOX CM T E 16S
rDNA mecA tetK ermA ermB ermC

Strains (no.) Type of mastitis (no.)

S. aureus (34) Clinical (30) – 1 1 1 30 – +(1) – – +(1)
Subclinical (3) – – – – 3 – – – – –
Without mastitis (1) – – – – 1 – – – – –

S. xylosus (91) Clinical (25) 2 7 3 5 25 +(1) +(2) (+)1 (+)1 +(4)
Subclinical (33) 2 10 3 7 33 +(1) +(1) (+)1 (+)1 +(3)
Without mastitis (33) 3 – 2 1 33 – +(2) – – +(1)

S. sciuri (36) Clinical (2) 1 1 1 1 2 – – – – +(1)
Subclinical (22) – 3 3 1 22 – – – – –
Without mastitis (12) – – 1 – 12 – +(1) – – –

S. epidermidis (31) Clinical (6) 1 – 1 1 6 +(1) +(1) – – –
Subclinical (14) 1 2 1 1 14 – – +(1) – +(1)
Without mastitis (11) – 1 1 2 11 – +(1) – – +(1)

S. simulans (6) Clinical (3) 1 – – – 3 +(1) – – – –
Without mastitis (3) – – – – 3 – – – – –

S. lentus (4) Clinical (3) – 1 1 1 3 – +(1) – +(1) –
Without mastitis (1) – – 1 – 1 – – – – –

S. capre (2) Clinical (2) – 1 1 1 2 – – – – +(1)

S. equorum (3) Subclinical (1) – – – 1 1 – – – – +(1)
Without mastitis (2) – 1 – 2 2 – – +(1) – +(2)

Total (207) 11 28 20 25 207 4 10 4 3 16

Results

Resistance to methicillin, tetracyclines, macrolides
and/or lincosamides was investigated in 207 strains in-
cluding 34 S. aureus and 173 CNS originating from the
milk of cows with clinical or subclinical mastitis and
from the milk of cows without mastitis. Affiliation of
strains to Staphylococcus was confirmed by identifica-
tion of 420 bp PCR product specific for 16SrDNA
(Table 2). Resistance to cefoxitin was detected in 11
(6.4%) CNS strains, among which five strains were
isolated from milk samples of cows with clinical masti-
tis (12.2%), three strains from cases of subclinical
mastitis (4.3%) and three strains from milk samples of
cows with no signs of mastitis (4.8%). No methicil-
lin-resistant S. aureus strains were observed (Table 2).
Resistance to tetracycline was detected in 19 (11.0%)
of CNS strains. The percentage of tetracycline-resis-
tant CNS strains from milk samples of cows with clini-
cal mastitis was 17.1% and was higher than the per-
centage of tetracycline-resistant CNS strains from
cases of subclinical mastitis (10%) and from the milk
of cows without mastitis (8.1%). Resistance to clin-
damycin and erythromycin (ML antibiotics) was
found in one strain of S. aureus from clinical mastitis,
which was also resistant to tetracycline, and in 27
(15.6%) strains of CNS, which were resistant to at

least one ML antibiotic. The percentage of
clinadamycin-resistant CNS strains from clinical
(24.4%) and subclinical (21.4%) cases of mastitis was
similar. Among the most frequently isolated species
of CNS were S. xylosus, S. sciuri and S. epidermidis
and among of them 18.7%, 11.1% and 9.7% were
resistant to clindamycin, respectively. Among 173 of
CNS strains 24 (13.9%) showed phenotypic resis-
tance to erythromycin. The percentage of eryth-
romycin-resistant CNS strains from milk samples of
cows with clinical mastitis was 22% and was higher
than the percentage of erythromycin-resistant CNS
strains from cases of subclinical mastitis (14.3%) and
from the milk of cows without mastitis (8.1%). All S.
equorum strains were resistant to erythromycin. In
group of S. xylosus strains were 14.3% of eryth-
romycin-resistant strains. Phenotypic resistance to
methicillin, lincosamides, tetracyclines and macro-
lides was verified by PCR amplification of the
genomic DNA of the resistant strains.

The specific PCR product for the mecA gene was
detected in only two S. xylosus strains and one strain
of S. epidermidis and S. simulans (Table 2, Fig. 1A). In
methicillin-resistant strains with the mecA gene, resis-
tance to other investigated antibiotics was not ob-
served. The tetracycline resistance gene tetK was de-
tected in 50% of tetracycline-resistant strains. Strains
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A B

C D

533bp ( )mecA 360 bp ( tetK )

572 bp ( )ermC

421bp ( )ermA

359 bp ( )ermB

M 1 2 3 4 5 6 7 8 9 M 1 2 3 4 5 6

M 1 2 3 4 5 6 M 1 2 3 4 5 6

Fig. 1. Electrophoresis in 1.5% agarose gel PCR products obtained by using specific primers for mecA gene (A), tetK and tetM
genes (B), ermA and ermC genes (C), ermB gene (D).
A, B, C – Lines M – molecular weight markers (1000, 900, 800, 700, 600, 500, 400, 300, 250, 200, 150, 100, 50 bp – GenoPlast
Biochemicals); D – Line M – molecular weight markers (1000, 900, 800, 700, 600, 500, 400, 300, 200, 100 bp – Sigma-Aldrich);
A – Lines: 1 – 533 bp product obtained using genomic DNA of S. aureus strain (positive control); 2 – product obtained using
genomic DNA of S. simulans strain; 3, 5, 6, 7, 9 – no products using genomic DNA of S. sciuri, S. xylosus, S. epidermidis, S. xylosus
and Staphylococcus sp. strains; 4 – product obtained using genomic DNA of Staphylococcus sp. strain; 8 – product obtained using
genomic DNA of S. epidermidis strain.
B – Lines: 1 – 360 bp product obtained using genomic DNA of S. xylosus strain (positive control); 2, 4, 5 – no products using
genomic DNA of S. capre, S. lentus, S. sciuri strains; 3 – product obtained using genomic DNA of S. xylosus strain; 6 – product
obtained using genomic DNA of S. sciuri strain.
C – Lines: 1 – 572 bp and 421 bp products obtained using genomic DNA of S. xylosus strain (positive control); 2, 5, 6 – no
products using genomic DNA of S. sciuri, S. epidermidis, S. lentus strains; 3, 4 – products obtained using genomic DNA of S.
xylosus strains.
D – Lines: 1 – 359 bp product obtained using genomic DNA of S. xylosus strain (positive control); 2, 3, 4, 5 – no products using
genomic DNA of S. caprae, S. epidermidis, S. sciuri, S. equorum; 6 – product obtained using genomic DNA of S. xylosus strain.

in which the tetK gene was detected belonged to the
species S. aureus, S. xylosus, S. sciuri, S. epidermidis
and S. lentus (Fig. 1B). Half of the strains with the
tetK gene came from clinical cases of mastitis.

The most prevalent erm gene in CNS strains was
ermC, which was detected in 55.5% of 27 ML-resis-
tant strains and in one S. aureus strain isolated from
the milk of a cow with clinical mastitis. The ermA and
ermB genes were seldom detected in CNS strains, be-
cause specific products of PCR were obtained for
14.8% and 11.1% of ML-resistant strains, respective-
ly. The ermA gene was found in two strains of S.
xylosus and one strain of S. epidermidis and S.
equorum, whereas the ermB was detected in two
strains of S. xylosus and one strain of S. lentus (Table
2). Specific PCR products for ermA, ermB and ermC
are shown in Fig. 1C and D. The genotype of multi
resistant S. aureus was tetK+ermC. The combination

of tetK+ ermA+ermB+ermC was noted as a separate
genotype in two S. xylosus strains and the tetK+ermC
genotype was observed in one S. xylosus strain. The
ermA+ermC genotype was detected in one strain of S.
epidermidis and S. equorum. The ermC gene alone was
detected in 10 CNS strains. The tetK gene alone was
identified in 6 tetracycline-resistant CNS strains, and
with other resistance genes in 4 CNS strains.

Discussion

In our study we investigated the distribution of
genetic resistance determinants in staphylococcal
strains from the milk of cows with and without masti-
tis which were methicillin-resistant or resistant to at
least one of the antibiotics such as clindamycin, tet-
racycline and erythromycin. Methicillin-resistant
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staphylococci are considered resistant to β-lactams
which are important antimicrobial agents used for the
prevention and treatment of mastitis in dairy cows
(Sawant et al. 2009). In this study the mecA gene en-
coding PBP2a (penicillin-binding protein) was detec-
ted only in four of 11 phenotypic methicillin-resistant
NS strains. Tenover et al. (1999) also observed
mecA-negative CNS strains which were classified as
methicillin-resistant by both the MIC and disc diffu-
sion method. Resistance in these isolates may be due
to changes in penicillin binding proteins (PBPs) other
than PBP2. Changes in PBPs1 and 4 in methicil-
lin-resistant and mecA-negative S. haemolyticus and S.
saprophyticus strains were reported by Suzuki et al.
(1992). York et al. (1996) showed discrepancies be-
tween the results of phenotypic methicillin resistance
and mecA results, particularly in S. saprophyticus. In
our study, the mecA gene was not detected in five S.
xylosus strains, and in one S. sciuri and S. epidermidis
strain, which showed phenotypic methicillin resis-
tance. Martin et al. (2006) reported the presence of
the mecA gene in only 3.6% of 194 S. xylosus and
none of 11 S. carnosus strains. Resch et al. (2008) did
not detect the mecA gene in any of the phenotypically
resistant CNS strains associated with food using PCR
and specific primers. One of 12 S. epidermidis strains
from bovine milk which was resistant to methicillin
did not carry mecA (Sawant et al. 2009). It indicates
that detection of methicillin resistance in CNS strains
could not be limited only to a search for the mecA
gene because absence of this gene does not confirm
susceptibility of CNS strains to β-lactams. In our study
we did not detect other resistance genes in methicil-
lin-resistant staphylococci.

Macrolide and lincosamide resistance have been
observed in various CNS from cows with mastitis
(Lüthje and Schwarz 2006). Macrolide-lincosamide
resistance in staphylococci is mainly based on the
dimethylation of an adenine residue in the 23S rRNA
(Werckenthin et al. 1999). Among the methylase
genes (ermA, B, C and F), the plasmid-encoded gene
ermC is most widely distributed in human and animal
staphylococci (Lina et al. 1999, Khan et al. 2002,
Simeoni et al. 2008). In our study ermC was detected
in one S. aureus strain from the milk of cows with
clinical mastitis and in 55.5% of the ML-resistant
strains. The highest percentage (75.8%) of
staphylococci isolates with the ermC gene, from an
entire swine production chain, was obtained by
Simeoni et al. (2008). In our study we detected ermA
and ermB genes in 14.8% and 11.1% of ML-resistant
CNS strains, respectively. The ermA gene was also
detected by Simeoni et al. (2008) in a low number of
staphylococcal isolates from the food production
chain, but the ermB gene was detected in 56.1% of
isolates.

In this study, among 20 strains resistant to tet-
racycline 50% carried the tetK gene and in none of
them was the tetM gene detected. The tetK gene is
located on small multicopy plasmids and tetM on con-
jugative transposons (Chopra and Roberts 2001)
which may be lost as a result of the passage of strains
on the culture media, which may explain the lack of
specific PCR products for these genes. High incidence
of tetK and tetM genes was observed in staphylococci
from the food production chain (Simeoni et al. 2008).
The widespread occurrence of the tetK gene in
food-associated CNS was reported by Resch et al.
(2008), who simultaneously did not detect the tetM
gene in any tetracycline-resistant strains using PCR
and specific primers.

In our study, phenotypic antimicrobial resistance
of CNS strains to methicillin, tetracyclines and macro-
lides was detected more frequently in strains isolated
from cases of clinical mastitis compared to isolates
from subclinical cases and from healthy cows, while
the percentage of lincosamide-resistant CNS strains
was similar in isolates from clinical and subclinical
mastitis. Malinowski et al. (2002) showed that
staphylococcal strains isolated from clinical mastitis
did not differ in their sensitivity from strains isolated
from subclinical mastitis.

Antimicrobial therapy using β-lactams, lincosam-
ides, macrolides or tetracyclines is not always effective
due to the prevalence of antibiotic resistance in vari-
ous CNS which cause mastitis in cows. Therefore, the
evaluation of antimicrobial susceptibility of individual
CNS species is necessary before antimicrobial therapy
of mastitis caused by these microorganisms. The PCR
technique, however, is not sufficient to confirm the
antimicrobial susceptibility of CNS.

Occurrence of antibiotic resistance in various
CNS, which in the last two decades have emerged as
significant pathogens both in human and veterinary
medicine, may cause problems due to the risk of hori-
zontal transfer of antibiotic resistance determinants to
commensals or pathogenic bacteria.
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