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Summary

In this study, coagulase negative staphylococci (CoNS) (n = 70) isolated from subclinical sheep mastitis were screened for minimum
inhibitory concentration (MIC) to antimicrobials used commonly in veterinary field in Turkey. In addition, plasmid profiling and biofilm
production of CoNS isolates was investigated. All isolates were found to be susceptible to amoxycillin-clavulanic acid, cephalothin,
gentamicin, enrofloxacin and oxacillin. The highest resistance was observed in 42.9% (n = 30) of the isolates against the beta-lactam
antibiotics, penicillin and ampicillin. All beta-lactam resistant isolates produced beta-lactamase and carried blaZ. Tetracycline resistance
was observed in 11.4% (n = 8) of the isolates, either alone or in combination with beta-lactams and macrolides. Of the tetracycline
resistant 8 isolates, 5 carried the tetK gene, one carried the tetM and 2 isolates carried both genes together. Erythromycin resistance
was observed in 5.7% of the isolates; msrA was detected alone (one isolate) or in combination with mphC (one isolate) and ermC
(one isolate). ermA was observed only in one isolate. Most of the strains showed only a single plasmid band in size of 19.3 kb, but some
had 2 to 3 plasmids ranging from >19.3 kb to 0.9 kb. Out of 70 CoNS isolates, 28 (40%) were identified as biofilm producer by Congo
red agar (CRA) method, and 30 (42.9%) were positive for both icaA and icaD genes, which are known to be responsible for biofilm
formation in CoNS.
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Subklinik Koyun Mastitislerinden izole Edilen Koagulaz Negatif
Stafilokok Suslarinin Antibiyotik Duyarliliklari, Diren¢ Genlerinin
Varligi ve Biyofilm Sentezi

Ozet

Bu calismada, subklinik koyun mastitislerinden izole edilen koagulaz negatif stafilokoklarin (KNS) (n = 70) veteriner hekimlik alaninda
yaygin olarak kullanilan antimikrobiyallere minimal inhibitor konsantrasyonlari (MiK), plazmid profilleri ve biyofilm Gretimi arastirildi.
Tum izolatlar amoksisilin-klavulanik asid, cefalotin, gentamisin, enrofloksasin ve oksasiline duyarl bulundu. En yiiksek direng izolatlarin
%42.9'unda (n = 30) beta-laktam antibiyotiklere (penisilin ve ampisilin) karsi gézlendi. Beta-laktam antibiyotiklere direngli izolatlarin
tamami beta-laktamaz sentezledigi ve blaZ genini tasidigi belirlendi. Tetrasiklin direnci tek veya beta-laktam antibiyotikler ve makrolidlerle
kombine olarak izolatlarin %11.4'inde (n = 8) g6zlendi. Tetrasiklin direncli izolatlarin 5'inde tetK, birinde tetM ve ikisinde de her iki geni
birlikte bulundu. Eritromisin direnci izolatlarin %5.7'sinde (n = 4) bulundu. msrA, mphC, ermA birer izolatta, ermCise msrA geniile kombine
olarak bir izolatta tespit edildi. izolatlarin biiyiik kismi 19.3 kb biiytikligiinde tek plasmid gosterirken, bazi izolatlar biytikligi >19.3 kb
ile 0.9 kb arasinda degisen 2-3 plazmid tasidigi belirlendi. Yetmis KNS izolatindan 28'i (%40) Kongo Red Agar (KRA) metodu ile biyofilm
sentezi ve 30'unun da (%42.9) biyofilm sentezinden sorumlu olan icaA ve icaD genleri yoniinden pozitif oldugu saptandi.
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INTRODUCTION

Mastitis is recognised as one of the most important
diseases affecting dairy sheep industry resulting in sub-
stantial economic losses worldwide due to reduced milk
production, quality, and weak lambs 2. Although a variety
of microorganisms can be isolated from mastitis cases,
staphylococci are the most frequent ones encountered in
intramammal infections (IMI) of sheep. While Staphylococcus
aureus is the more frequently isolated from clinical
mastitis cases 3, coagulase negative staphylococci (CoNS)
are the predominant microorganism in subclinical sheep
mastitis “¢. CoNS are often the cause of persistent subclinic
mastitis in dairy cattle and sheep '. Currently, CoNS consist
of more than 30 species 7, Staphylococcus epidermidis,
Staphylococcus xylosus, Staphylococcus chromogenes and
Staphylococcus simulans being the most commonly
isolated CoNS species in persistent subclinical IMI of
sheep 2% The presence of different CoNS species could be
attributable to certain practices for controlling mastitis
such as protocol and type of disinfectant used for teat
dipping and dry-off treatments '.

Antimicrobials play an important role not only
in eliminating any existing IMI infection but also in
preventing new infections at dry (dry-off) period 8°.
Owing to the important role of antimicrobials in mastitis
control programs, the determination of antimicrobial
susceptibilities of mastitis pathogens is necessary for
therapy and monitoring the spread of resistant strains
among populations ', Also, antimicrobial resistant
bacteria of animal origin can be transfered to humans
via food chain and can pose public health problems ™.
Taponen and Pyoradla 7 have recently reported that CoNS
tends to be more resistant than S. aureus and easily develop
multiresistance. Studies from different parts of the world
have showed that antimicrobial resistance in CoNS isolates
of mastitis origin is on the rise, causing treatment failures.
Also, higher percentage of penicillin resistance for CoNS
isolated from bovine mastitis was reported 49.6% '* and
62.5% '*in Turkey. The ongoing rise in the antimicrobial
resistance in CoNS highlight the importance of prudent
antibiotic use in the control of mastitis and continuous
surveillance of resistance levels in CoNS isolated from IMls.

Biofilm production has been increasingly accepted to
play an important role in the pathogenesis of staphylococcal
mastitis '>'7. Biofilm is an exopolisaccharide matrix
formed around bacterial cells ™. Biofilm forming ability
of staphylococci helps in adherence and colonization of
the organism on mammary gland epitelium, and survival
in hostile environments within host. Exopolisaccharide
matrix surrounding bacterial colonies protects bacteria
from phagocytosis and high concentrations of anti-
microbials, and allows the persistence of the infection 7121,

The objectives of this study were to determine the

antibiotic susceptibility profiles of CONS strains from sub-
clinical sheep mastitis to nine antibiotics used commonly
in veterinary field in Turkey, to screen the distribution
of genetic determinants of antibiotic resistance, and to
investigate the biofilm forming ability and occurence of
the icaA and icaD genes.

MATERIAL and METHODS

Bacterial Strains

A total of 70 CoNS isolates were used in this study.
These strains were previously isolated and identified from
milk samples of sheep with subclinical ewe mastitis in
Hatay province of Turkey *.

Antibiotic Susceptibility Testing

Minimum inhibitory concentrations (MIC) of 9
antimicrobial agents (penicilin G, ampicillin, amoxycillin-
clavulanic acid, tetracyclin, gentamicin, cephalothin,
enrofloxacin, oxacillin, and erythromycin) were determined
using microbroth dilution susceptibility method in
accordance with instructions in M31-A2 of the Clinical
Laboratory Standards Institute 2. The MIC test was performed
using cation-adjusted Mueller-Hinton broth (MHB) (Merck,
Germany) containing each drug in concentrations ranging
from 0.06 to 256 pg/ml. The MHB supplemented with 2%
NaCl was used for determining the oxacillin MIC value.
Plates containing oxacillin were incubated at 35°C for
24 h, while other plates were incubated at 37°C for 18 h.
The MIC level was defined as the lowest concentration of
antimicrobial agents that inhibited visible growth.

S-lactamase Production

Beta-lactamase sticks (Oxoid, UK, Code no: BR0066)
impregnated with nitrocefin, a chromogenic cephalosporin,
were used for the detection of beta-lactamase production
by CoNS isolates. Development of a pink/red colour was
accepted as positive reaction, while no colour change was
regarded as negative reaction.

Biofilm

Biofilm formation was detected by cultivation on
Congo Red agar (CRA) as described by Freeman et al.%.
Strains producing black colonies with a rough, dry and
crystalline consistency were considered biofilm producers.
Strains producing red colonies with rough, dry and
crystalline consistency or smooth colonies were classified
as non-biofilm producers.

DNA Isolation and PCR Amplification of
Resistance Genes

Genomic DNA was extracted from CoNS isolates as
reported previously by Hesselbarth and Schwarz . PCR
amplification of resistance genes in CoNS isolates was
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performed using primers described by Liithje and Schwarz %,
Choi et al.?%, Strommenger et al.”, Martineau et al.8, Jensen
et al.?%, Vesterholm-Nielsen et al.>°, and a primer specific to
16S rDNA described by Strommenger et al.?”. Also, primers
for the detection of intercelluler adhesion genes, icaA and
icaD, were used in this study as previously described '®
(Table 1).

Plasmid Profiling

Plasmid DNA was prepared according to the method
described by Anderson and McKay 3'. Plasmid DNA was
electrophoresed in 0.8% agarose gel in TAE buffer for 3
h at 60 V. At the end of electrophoresis, the gel without
ethidium bromide was stained in the same buffer
containing ethidium bromide (0.5 pug/mL). The gels were
then viewed with a transilluminator and the images were
captured by a video-camera as TIFF files.

RESULTS

Antimicrobial Susceptibility

The data on the antimicrobial susceptibility of 70 CoNS
strains are summarised in Table 1. A total of 30 (42.9%) CoNS
isolates were resistant to penicillin and ampicillin, 2 of
which were also resistant to tetracycline. While resistance to
tetracycline was found in 8 (11.4%) strains, only 4 (5.6%)
strains exhibited resistance to erytromycin. CoNS isolates
that were phenotypically resistant to penicillin and ampicillin
were also beta-lactamase producers by nitrocefin test. No
resistance was detected for amoxycillin-clavulanic acid,
gentamicin, cephalothin, enrofloxacin, or oxacillin.

Prevalence of Antimicrobial Resistance Genes

All penicillin (=0.25 pg/ml) and ampicillin resistant CoNS

Table 1. Oligonucleotide primers used in this study
Tablo 1. Calismada kullanilan primerler
Gene Sequence (5'—3’) Size (bp) References
GAA GTA CGC AGA AGA GA
aac(6’)/aph(2”) 491
ACATGG CAA GCT CTA GGA
AAATAC CGCTGC GTA
aph(3)-llla 242
CAT ACT CTT CCG AGC AA
Choi et al.?®
AAT CGG TAG AAG CCC AA
ant(4’)-la 135
GCA CCT GCCATTGCTA
CCT AGT AAA GCT CCG GAA
mecA 314
CTA GTC CATTCG GTC CA
TATTTT GGCTTT GTATTCTTT CAT
tetkK 360
GCT ATA CCT GTT CCCTCT GAT AA
Strommenger et al.”
AGTTTT AGCTCATGT TGATG
tetM 158
TCC GACTAT TTA GAC GAC GG
TCA AAG CCT GTC GGA ATT GG
ermA 440
AAG CGGTAA ACC CCT CTG AG
CATTTA ACG ACG AAA CTG GC
ermB 424 Jensen et al.?®
GGA ACATCT GTG GTATGG CG
ATCTTT GAA ATC GGC TCA GG
ermC 275
CAA ACC CGT ATT CCA CGATT
TCC AAT CATTGC ACA AAATC
msrA 230
AAA CGT CAC GCATGT CTT CA
Martineau et al.?®
mphC GAGACTACCAAGAAGACCTGACG .
CATACG CCG ATT CTC CTGAT
TAC AACTGT AAT ATC GGA GGG
blaz 517 Vesterholm-Nielsen et al.*®
CATTAC ACT CTT GGC GGTTTC
CAG CTC GTG TCG TGA GAT GT
16S rRNA 420 Strommenger et al.”
AAT CAT TTG TCC CAC CTT CG
CCT AACTAACGA AAG GTA G
icaA 1315
AAG ATATAG CGATAA GTG C Vasudevan et al.'¢
AAA CGT AAG AGA GGT GG
icaD 381
GGC AAT ATG ATCAAG ATA C
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(0.5 pg/ml) strains carried the blaZ that encode (-
lactamase (Fig. 1). Of the 4 erythromycin (=8 ug/ml)
resistant isolates, three carried msrA gene. This gene
occured alone (n=1) or in combination with mphC (n=1),
and ermC (n=1). ermA was observed in only one isolate
(Fig. 2). Of the 8 tetracycline resistant isolates (=16 ug/ml),
while five carried the tetK gene alone, 2 strains carried both
tetK and tetM, and one harbored tetM alone (Fig. 3). None
of the CoNS strains contained the genes mecA, aac(6’)/
aph(2”), aph(3’)-llla, ant(4’)-la, and ermB genes.

Plasmid Analysis

Plasmids were detected in 69 (98.6%) of CoNS strains

1 2 3

blaZ (517 bp)

Fig 1. Agarose gel electrophoresis of blaZ gene. Lane 1 = 100 bp DNA
marker (Fermentas) Lane 2 = blaZ, Lane 3 = negative control

Sekil 1. blaZ geninin agaroz jel elektroforez goriintlsu. Kuyucuk 1 =
100 bp DNA marker (Fermentas), Kuyucuk 2 = blaZ, Kuyucuk 3 = Negatif
kontrol

165 rRNA (410 bp)

tefK (360 bp)

tested in this study. Only one CoNS isolate did not yield any
plasmid of detectable size using the methods described in
materials and methods. Plasmid profiles of CONS strains are
shown in Fig. 4. Size of plasmids varied from >19.3 kb to 0.9
kb. Seven different plasmid sizes (>19.3, 19.3,7.7,4.2, 2.3,
1.8, 1.6, 1.4,0.9) were identified across the 69 isolates. Most
of the strains showed only single plasmid band with size
of 19.3 kb, but the rest of the strains had 2 to 3 plasmids
ranging from >19.3 kb to 0.9 kb. The most common plasmid
of 19.3 kb was detected in all strains. While 52 (74.3%) of
CoNS strains contained single plasmid, 17 (24.3%) strains
had multiple plasmids. We also attempted to determine
whether there was a correlation between antimicrobial
resistance and plasmid profiles of the CoNS isolates. As can
be seen from Table 2, the 19.3 kb size plasmid was detected
in every resistant isolate regardles of the resistance profile,
whereas the plasmids were less commonly associated with
a particular resistance phenotype. The single CoNS isolate
without any detectable plasmid did not show resistance
to any antimicrobials tested in this study. The observation
that almost all of the CoNS isolates had the 19.3 kb
plasmid, in addition to possessing other less commonly
found ones, indicates that the presence of these plasmids
alone was not sufficient to confer antimicrobial resistance
seen in the CoNS strains tested in our study. Therefore,
there is a possibility that the resistance confering genes
were present on different plasmids which were gone
undetected in this study and/or that the resistance
traits were associated with the chromosome in the anti-
microbial resistant CoNS. Although the suspect resistance-
incurring genes were detected in every resistant CoNS
isolate tested, the PCR was done with total genomic DNA
as template in this study, and thus, it is impossible to know
definitively the exact location (chromosome or plasmid) of
these genes.

Biofilm

Of the 70 CoNS isolates included in this study, 28 (40%)

Fig 2. Agarose gel electrophoresis of macrolide
resistance genes. Lane 1-7 = 100 bp molecular
weight marker (100 bp), Lane 2 = mphC, Lane 3 =
ermA, Lane 4 = ermC, Lane 5 = msrA, Lane 6 =
Negative control

Sekil 2. Makrolid direnc¢ genlerinin agaroz jel
elektroforezi. Kuyucuk 1-7 = 100 bp molekdiler
marker (Fermentas), Kuyucuk 2 = mphC, Kuyucuk
3 = ermA, Kuyucuk 4 = ermC, Kuyucuk 5 = msrA,
Kuyucuk 6 = Negatif kontrol

tefM (158 bp)
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1 23 45 67

mphC (723 bp)

ermA
ermC(295 bp)

msrA (230 bp)

Fig 3. Agarose gel electrophoresis of tetK and tetM genes. Lane 1-6 = 100
bp molecular marker (Fermentas), Lane 2 = 16S rRNA ve tetK, Lane 3 = 16S
rRNA and tetM, Lane 4 = 165 rRNA, tetK and tetM, Lane 5 = Negative control

Sekil 3. 16S rRNA, tetK ve tetM genlerinin agaroz jel elektroforez
gorintisu. Kuyucuk 1-6: 100 bp molekiler marker (Fermentas). Kuyucuk
2 = 16S rRNA ve tetK, Kuyucuk 3 = 16S rRNA ve tetM, Kuyucuk 4 = 16S
rRNA, tetK ve tetM, Kuyucuk 5 = Negatif kontrol

M1 2 3 45

Fig 4. Agarose gel electrophoresis of
plasmid patterns of representative

CoNS isolates. Lane M= pUC mix 19.3kb

marker (Fermentas), Lane 1-15 =

CoNS isolates of sheep subclinical

mastitis 32kb

Sekil 4. Temsili KNS izolatlarinin 1  1h

plasmid agaroz jel elektroforezis

gorintisi. Kuyucuk 1 = pUC miks 1.4kb

marker (Fermentas), Kuyucuk 1-15= 1.1 kb

KNS izolatlar e
0.9kb

were biofilm producers by CRA method, and 42 (60%)
were found to carry both both icaA and icaD genes (Fig.
5). Fourteen (20%) isolates were negative by CRA method
despite their biofilm positive genotype.

DISCUSSION

B-lactam antibiotics are among the most widely used
antimicrobials for the control and treatment of mastitis.
Higher resistance rates to 3-lactam antibiotics have been
reported among Staphylococcus spp. from mastitis cases
in different countries when compared with resistance
rates to other antimicrobial agents °3%33, In accordance
with previous studies, highest resistance frequency was
also observed against B-lactam antibiotics, penicillin
and ampicillin (42.8%) in the present study. However,
some authors emphasized species specific differences in
susceptibility patterns among CoNS isolated from mastitis
cases 8°, Higher resistance rates against B-lactam antibiotics
were also reported by authors studied on bovine mastitis
in different geographical regions of Turkey '31%333% The high
rate of resistance against -lactam antibiotics detected in

6 7 8 9 10 11 12 13 14 15

Table 2. Distribution of MIC values for the 70 CoNS strains from subclinical sheep mastitis to antimicrobials commonly used in veterinary medicine in Turkey
Tablo 2. Tiirkiye'de subklinik koyun mastitislerinden izole edilen 70 KNS susuna karsi veteriner hekimliginde yaygin kullanilan antimikrobiyallerin minimum
inhibitor konsantrasyon dederlerinin dagilimlari
No. of Isolates with MIC (mg/L) Resistant

Antimicrobial Agent(s)

0.03 | 0.06 |0.125| 0.25 | 0.5 1 2 4 8 16 32 64 | 128 | 256 | no %
Penicillin 38 - 1 1 - 2 1 1 1 2 6 5 1 - 30 | 429
Ampicillin 35 = 4 1 1 = 2 2 3 3 3 7 8 1 30 | 429
Amoxillin - Clavulanic Acid 26 = 11 5 5 15 8 = = = = = = = = =
Cephalothin 2 = 23 26 18 1 = = = = = = = = = =
Gentamicin 38 = 19 8 4 = = 64 = = = = = = = =
Erythromycin 10 1 49 5 1 = = = = = = 1 2 1 4 57
Tetracycline 23 - 37 1 1 - - - - - 2 2 4 - 8 114
Enrofloxacin 4 - 51 12 1 2 - - - - - - - - - -
Oaxcillin + 2% NaCl 10 - 26 34 - - - - - - - - - - - -
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1315 bp

381 bp

Fig 5. Amplification of icaA and icaD genes of CoNS strains of sheep
subclinical mastitis. Lane M = DNA molecular weight marker (Fermentas).
Lane1-2 = amplification of icaA and icaD

Sekil 5. Subklinikal koyun mastitislerinden izole edilen KNS suslarinda
icaA ve icaD genlerinin amplifikasyonu. Kuyucuk 1 = 100 bp molekdler
marker, Kuyucuk 1-2 = icaA ve icaD

Table 3. Correlation among resistance phenotype, genotype and plasmid
profiles

Tablo 3. Fenotip, genotip ve plasmid profilleri arasindaki iliski

Resistance No of | Antibiotic Plasmid
Phenotype | Isolates | Resistance Genes | DNA (kb)

P, AMP 19 blaz 19.3

P, AMP, TE 2 blaz, tetk 19.3

P, AMP 4 blaz >19.3,19.3

P, AMP, E 1 blaZ, msrA >19.3,19.3,7.7
P, AMP 1 blaz >19.3,19.3,23
P, AMP 1 blaz >19.3,19.3,1.8
P, AMP 1 blaz >19.3,19.3,4.2,1.6,0.9
P, AMP 1 blaz 193,14

TE, E 1 tet(K), ermA 19.3

TE 2 tet(K), tet(M) 19.3

E 1 msrA, mph(C) >19.3,19.3

E 1 ermB, msrA 19.3

TE 1 tet(M) 19.3

TE 2 tetK 19.3

this study could be explained by common and uncontrolled
use of these group antimicrobials.

Staphylococci develop resistance to 3-lactam anti-
biotics with two mechanism: the production of B-
lactamases encoded by the blaZ gene and by the
production of altered form of penicillin binding protein,
PBP20., encoded by the mecA gene *. All penicillin and

ampicillin resistant CoNS strains were also B-lactamase
producers and carried blaZ gene in this study.

The presence of mecA mediated methicillin resistance
has been reported in different species of staphylococci by
Zhang et al.* from various animal species and by Sawant
et al.? from bovine milk. Based on results of the present
study, none of CoNS strains exhibited methicillin resistance
both at phenotypic and genotypic level. MIC values of
CoNS strains to oxacillin were between 0.03-0.125 pg/ml.

Tetracyclines are another group antimicrobials widely
used in humans and animals for therapy and prevention
of bacterial infections. As a consequence of misuse
and overuse of tetracyclines, occurrence of tetracycline
resistance in bacteria is very high. Following B-lactam
resistance, second highest resistance rate was detected
against tetracycline in this study, although it was relatively
low (11.4%). The occurence of tetracycline resistant genes
were reported among S. aureus isolated from mastitic
milk. Schwarz et al.* reported tetracyclin resistance 11.5%
(n:9) of 78 S. aureus from subclinical mastitis, of which tetK
in 6 isolates, tetL in 2 isolates, and tetL-tetM in one isolate
were detected. While tetK located on plasmid mediates
resistance by active efflux mechanism, tetM located in
chromosome confers resistance by ribosomal protection ¥'.
Of the 8 tetracycline resistant isolates found in this
investigation, tetK gene alone was present in 5 isolates,
tetM alone was detected in only 1 isolate, and both genes
were detected together in 2 isolates.

When erythromycin resistance genes were examined
in the 4 resistant isolates found in our study (5.7%), msrA
gene was detected either alone (one isolate) or in
combination with mphC (one isolate) and ermB (one
isolates). ermA alone was observed in one isolate. In
accordance with these findings, Liithje and Schwarz %
also reported macrolide and lincosamide (ML) resistance
and the presence of the associated genes in various
CoNS isolates from bovine subclinical mastitis cases in
Germany.

Carriage of antibiotic resistance genes on plasmids
can readily lead to the transfer of resistance from one
staphylococcal species to another via horizontal gene
transfer and may result in the spread of resistant strains
and persistent subclinical mastitis caused by multi-drug
resistant staphylococci °. Although most of CoNS isolates
harbored plasmids of various size, no apparent relationship
between carriage of plasmids and antimicrobial resistance
were observed in this study.

The ability of staphylococci to bind to inert or living
surfaces is associated with the production of biofilm 3, It
has been shown that bacteria growing in biofilm are highly
resistant to antimicrobial agents compared with non-
biofilm producing bacteria due to the decreased diffussion
of antimicrobials inside biofilms . High frequency rate



455

ERGUN, ASLANTAS, KIRECCI
OZTURK, CEYLAN, BOYAR

of icaA and icaD genes were reported in S. aureus strains
from bovine mastitis earlier studies '8, In this study, 28
isolates (40%) were detected as biofilm producers by CRA
method, while 42 isolates (60%) were positive for both
icaA and icaD. This disagreement between phenotypic and
genotypic results could possibly be explained by point
mutations in the locus that negatively influence biofilm
formation 32, Similar observations have also been reported
previously by Vasudevan et al.”® and Dhanawade et al.™®.

The results from our study demonstrate that CoNS
isolates from sheep subclinical mastitis are frequently
resistant to [3-lactam antibiotics. Resistance rates to tetra-
cycline and erythromycin were relatively low, and no
resistance was observed against the other antimicrobials
tested. These findings suggest that antimicrobials should
be used cautiously to prevent the emergence and the
spread of resistant bacteria. Therefore, routine isolation of
mastitis pathogens and antimicrobial susceptibility testing
are essential to achive effective therapy.
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