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To investigate occurrence of acquired antimicrobial resistance in udder pathogens MICs in Staphylococcus aureus (n=211), coagulase-negative staphylococci (CNS) (n=56), Streptococcus uberis (n=113), Streptococcus dysgalactiae (n=152), Streptococcus agalactiae (n=6), Escherichia coli (n=163), and Klebsiella spp. (n=42) were determined using microdilution. Isolates were from a nation wide survey employing strict inclusion criteria.

Presence of acquired resistance was evaluated by species-specific epidemiological cut-off values issued by EUCAST. Penicillin or methicillin resistance in staphylococci were however evaluated by β-lactamase production or presence of the mecA gene, respectively.

Staphylococci were mostly susceptible to antimicrobials tested but 7.1% of S. aureus and 12.5% of CNS were resistant to penicillin by β-lactamase production. Methicillin resistance was not found in S. aureus. All Streptococcus dysgalactiae and S. agalactiae were susceptible to penicillin. Bimodal MIC distributions for tetracycline in S dysgalactiae and S. uberis indicate acquired resistance in some isolates. Among E. coli 12.3 % of isolates were resistant to one or more antimicrobials. Resistance to streptomycin (11.0%), sulphametoxazole (8.6%), ampicillin (7.4%), or tetracycline (4.9%) were the most common traits. Klebsiella spp. were resistant to ampicillin and some isolates also to tetracycline (7.1%) or sulphonamide (9.5%).

The study shows that in Sweden bacteria associated with acute clinical mastitis for the most part are susceptible to antimicrobials used in therapy but resistance to penicillin in S. aureus is not uncommon. Penicillin is recommended for treatment of mastitis caused by gram-positive pathogens and regular monitoring of βlactamase production in S. aureus is therefore recommended in herds with udder health problems.

A c c e p t e d M a n u s c r i p t 1 Introduction

Acquired antimicrobial resistance in bacteria is an increasing threat in human as well as in veterinary medicine.

Hence, monitoring antimicrobial susceptibility in pathogenic as well as in commensal bacteria in animals is recommended by OIE [START_REF] Acar | Antimicrobial resistance: an overview[END_REF]. Such monitoring generates data of importance for therapeutic decisions and provides information on trends in resistance that might be cause for interventions regarding antimicrobial use.

Mastitis is one of the most costly diseases for the dairy industry [START_REF] Kossaibati | The costs of production diseases in dairy herds in England[END_REF] and antimicrobials are important parts of therapy of the disease, although not the solution for poor udder health. For the last twenty years, the Swedish recommended antimicrobial treatment for acute clinical mastitis caused by gram-positive bacteria is penicillin administered systemically for 3-6 days contingently in combination with intramammaries [START_REF] Ekman | Measures taken by veterinarians in Sweden in cases of bovine mastitis[END_REF]. Intramammary treatment alone, using penicillin, is recommended at drying off in cases of subclinical mastitis. Annually about one fifth of Swedish dairy cows are treated for mastitis during lactation [START_REF] Valde | Cumulative risk of bovine mastitis treatments in Denmark, Finland, Norway and Sweden[END_REF]) and thus mastitis is by far the disease in Swedish animal production where the largest amounts of antimicrobials are used [START_REF] Svarm | Swedish Veterinary Antimicrobial Resistance Monitoring[END_REF]. In Sweden, use of antimicrobials is on prescription only and a recent study revealed that most veterinarians comply with the therapeutic recommendations and that penicillin administered systemically is used in over 80% of treatments for mastitis [START_REF] Landin | Treatment of mastitis in Swedish dairy production (in Swedish with English summary)[END_REF]. The selective pressure enforced by this use might cause an increase in the prevalence of antimicrobial resistance and regular monitoring of susceptibility of udder pathogens is therefore warranted.

Antimicrobial susceptibility of udder pathogens has been investigated on several occasions over the past fifty years in Sweden [START_REF] Wallmark | Bacteriophage-types and sensitivity to penicillin of Staphylococci isolated from bovine mastitis[END_REF][START_REF] Holmberg | Phage typing of Staphylococcus aureus strains isolated in Sweden from bovine milk[END_REF][START_REF] Franklin | Antimicrobial drug susceptibility of Staphylococcus aureus strains isolated from bovine milk[END_REF][START_REF] Robertsson | Antibiotic resistance of bacteria isolated from cases of acute mastitis in cows[END_REF]. The most recent nation-wide survey was performed in 1995 [START_REF] Nilsson | Antimicrobial drug susceptibility of bovine udder pathogens in Sweden[END_REF] and an update was therefore urgent. The objective of this study was to determine antimicrobial susceptibility of udder pathogens from Swedish dairy cows with acute clinical mastitis.

Materials and methods

Sampling

Isolates tested are from a study on prevalence of udder pathogens in acute clinical mastitis. In the study, 51 veterinary practices distributed thorough out Sweden collected milk samples from a specified number of cases, i.e. cows with acute clinical mastitis, during each of six consecutive two-month periods from May 1st 2002 to The objective was to obtain milk samples from 1000 cases distributed geographically in proportion to the number of dairy cows in different regions of the country.

Only lactating cows with macroscopically altered milk in one or more quarters and with no previous episode of clinical mastitis in the current lactation were sampled. Moreover, the previous routine cow composite milk somatic cell count (CSCC) of the cow should have been <200 000 cells/mL and the cow should not have been treated with antimicrobials in the preceding 30 days. When a case was identified, the responsible veterinarian collected individual milk-samples aseptically from all quarters with macroscopic signs of mastitis.

Bacteriological culture

Milk samples were cultured at the respective veterinary practice according to their routine procedures, usually employing blood-, mannitol-salt-and McConkey agar plates incubated at 37 0 C for 16-24 h. After evaluation at the practice, plates were sent to the National Veterinary Institute (SVA) irrespective of culture results. Most plates arrived within one week after sampling and mostly within four days (>80%). At SVA, growth on the plates was evaluated and additional laboratory tests performed in accordance with the routines at the Mastitis laboratory. Briefly, Staphylococcus aureus was identified by means of typical colony morphology, α-and βhaemolysis and positive coagulase reaction. Staphylococci other than S. aureus were identified by typical colony morphology and negative coagulase reaction but were not determined to species level. Streptococci were typed to species level employing the CAMP reaction and 12 biochemical reactions (hippurate, aesculin, salicine, sorbitol, mannitol, raffinose, lactose, saccharose, inuline, trehalose, starch, and glycerine). For isolates not identified with these methods, Lancefield grouping (Streptex, Murex Biotech limited, Dartford, UK) was used.

Gram-negative bacteria with typical colony morphology and positive for p-Nitrophenyl-β-Dglucupyranosiduronic acid (PGUA) and indole were considered Escherichia coli. For other Gram-negative bacteria, oxidase reaction and API 20 E or API 20 NE (Bio-Mérieux, France) was used. A milk sample was classified as positive if at least one colony-forming unit (CFU) of S. aureus or S. agalactiae was isolated. For other agents, the presence of at least three CFU was needed for positive classification. Samples were classified as contaminated and excluded from the study if three or more bacterial types were isolated from one milk sample and growth of a major udder pathogen was not identified.

A c c e p t e d M a n u s c r i p t 5 Isolates considered primary udder pathogens were kept frozen (-70°C) pending further analysis. From these isolates, Staphylococcus aureus, coagulase-negative staphylococci (CNS), Streptococcus uberis, Streptococcus dysgalactiae, Streptococcus agalactiae, Escherichia coli and Klebsiella spp. were selected for susceptibility testing. When the same bacterial species was isolated from more than one udder quarter in the same cow, only one isolate was included to avoid a clustering effect. Isolates of different bacterial species from different udder quarters in the same cow, or different species isolated from the same udder quarter, were included however.

Susceptibility testing

Isolates were tested for antimicrobial susceptibility by determination of minimum inhibitory concentration (MIC) using a microdilution method. Testing was performed according to CLSI (formerly NCCLS) recommendations (NCCLS, 2002) using VetMIC™ panels (National Veterinary Institute, Uppsala, Sweden) and cation adjusted Mueller-Hinton broth (Becton Dickinson, Cockeysville, USA). Antimicrobials and range of concentrations tested are given in Tables 123. For testing of oxacillin susceptibility in staphylococci, 2% NaCl was added to the broth. Quality control strains, S. aureus ATCC 29213, S. aureus ATCC 25923 and E. coli ATCC 25922, tested in parallel with each batch of isolates, were on all occasions within acceptable ranges. All isolates of staphylococci were in addition examined for β-lactamase production by the "clover-leaf" method as described by [START_REF] Bryan | Beta-Lactam Antibiotics: Mode of action and bacterial resistance[END_REF]. Staphylococci with MIC for oxacillin >2 mg/L were retested using the same VetMIC panel but at a lower temperature, 30°C. Isolates with MIC >2 mg/L on retesting were examined for presence of the mecA-gene by PCR according to Smyth and others (2001).

Isolates were classified as susceptible or resistant based on species-specific epidemiological cut-off values issued by European Committee on Antimicrobial Susceptibility Testing (EUCAST) (http\\www.eucast.org). For staphylococci, the EUCAST cut-off value for clindamycin (>0.25 mg/L) could not be used since it is outside the range of tested concentrations. Moreover, in S. aureus the EUCAST cut-off value for neomycin (>1 mg/L) would have split the distribution of MICs an inappropriate way and a higher value (>2 mg/L) was therefore used.

For the same reason, a higher cut-off value (>4 mg/L) for gentamicin than recommended by EUCAST (>2 mg/L) was used in E. coli. Cut off-values used are given in Table 1-3. Classification of staphylococci as resistant to penicillin or oxacillin was based on production of β-lactamase and presence of mecA gene respectively. Isolates were not classified as susceptible or resistant when cut-off value from EUCAST were not available. In all, 987 udder quarters from 829 cows were sampled. The number of cases sampled per 1000 cows in each of 24 counties ranged between 0.3 and 3.5. In the majority, 19 counties, 1.4 to 2.5 cases per 1000 cows were sampled. In each of the six sampling periods, 126-152 cases were sampled. After exclusion of duplicate isolates of the same bacterial species within cows, 743 isolates from 694 udder quarters in 669 cows were tested for antimicrobial susceptibility: Staphylococcus aureus (n=211), CNS (n=56), Streptococcus uberis (n=113), Streptococcus dysgalactiae (n=152), Streptococcus agalactiae (n=6), Escherichia coli (n=163), and Klebsiella spp. (n=42). The results are given as distributions of MICs and, when appropriate cut-off values from EUCAST are available, as percent resistant isolates in Tables 123.

Twenty-four (11.3%) of 211 isolates of S. aureus, were resistant to one or more antimicrobial. Penicillin resistance, i.e. β-lactamase production, occurred in 15 isolates (7.1%) and was the most common trait (Table 1).

All these isolates had MICs for penicillin >0.12 mg/L. Four isolates (1.9%) were resistant to more than one antimicrobial: one isolate to penicillin and erythromycin, two isolates to neomycin and streptomycin and one isolate to penicillin, erythromycin, chloramphenicol, neomycin and streptomycin. The latter isolate also had high MICs to spiramycin (>32 mg/L) and clindamycin (>8 mg/L). Twelve (21.4%) of the 56 CNS isolates tested were resistant to one or more antimicrobial. Seven (12.5 %) isolates were resistant to penicillin through β-lactamase production, all of these had MICs for penicillin >0.12 mg/L (Table 1). Five isolates (8.5%) were resistant to more than one antimicrobial: three isolates to penicillin and in addition tetracycline, gentamicin or erythromycin, one isolate to erythromycin and tetracycline and one isolate to penicillin, oxacillin and tetracycline. The last also had high MICs to cephalothin (>1 mg/L) and streptomycin (64 mg/L).

One isolate of S. aureus and four of CNS had MIC >2 mg/L for oxacillin on testing at 37 °C. Two of the CNSisolates still had MICs >2 mg/L on retesting at 30 o C and in one of these the mecA gene was confirmed by PCR.

This isolate was phenotypically resistant to the β-lactam antimicrobials penicillin and oxacillin and had a high MIC to cephalothin (>1 mg/L). In addition the isolate was resistant to tetracycline and had a high MIC to streptomycin (64 mg/L). The isolate was confirmed as S. epidermidis on typing using the Staph-Zym test (Rosco Diagnostics, Taastrup, Denmark). The results for streptococci are difficult to evaluate since EUCAST cut-off values are lacking for the species tested. Of the six S. agalactiae isolates, two were resistant to tetracycline (Table 2). One of these isolates had high MICs to clindamycin (>8 mg/L), erythromycin (1 mg/L) and spiramycin (>64 mg/L) indicating acquired resistance also to these antimicrobials. For both S. dysgalactiae and S. uberis there are no cut off values for tetracycline but distributions of MICs for this antimicrobial were bimodal indicating acquired resistance in some isolates (Table 2). One isolate of S. uberis had a deviating high MIC to trimethoprim sulphonamide (2 mg/L).

MICs to penicillin were below the epidemiological cut-off values in S. agalactiae and S. dysgalactiae. For S uberis there is no cut-off value for penicillin but seven isolates had deviating high MICs (0.12-0.25 mg/L) (Table 2).

The results for Klebsiella spp. are also difficult to interpret since cut-off values are lacking. However most isolates were resistant to ampicillin and a few also to tetracycline (7.1%) or sulphonamide (9.5%) (Table 3).

Bimodal distributions of MICs indicate acquired resistance in some isolates to streptomycin or trimethoprim.

Among E. coli, 20 isolates (12.3%) were resistant to one or more antimicrobial. Sixteen isolates (9.8%) were resistant to at least two, and 12 (7.4%) to three or more antimicrobials (Table 4). The most common traits were resistance to streptomycin (11.0%), sulphonamides (8.6%) or ampicillin (7.4%) (Table 3). Ten isolates (6.1%)

were resistant to all these antimicrobials.

Discussion

Udder pathogens were isolated from milk samples collected under strict inclusion criteria by systematic sampling from all parts of Sweden. Data presented should therefore provide a good estimate of antimicrobial susceptibility of udder pathogens encountered in acute clinical mastitis in the field. Susceptibility data was interpreted according to species-specific epidemiological cut-off values separating the wild type population from the subpopulation that has acquired reduced susceptibility, here classified as resistance. To identify acquired reduced susceptibility is most relevant for monitoring purposes and recommended by the European Food Safety Authority (EFSA, 2008) but it should be understood that reduced susceptibility not always implies clinical resistance. Susceptibility data presented as distributions of MICs, as in the present paper, can easily be reevaluated using other cut-off values and is thereby available for other interpretations.

A c c e p t e d M a n u s c r i p t 8

In Sweden systemic administration of penicillin is used in over 80 % of cows treated for clinical mastitis [START_REF] Landin | Treatment of mastitis in Swedish dairy production (in Swedish with English summary)[END_REF]. Therefore penicillin resistance in gram-positive udder pathogens is of greatest concern from a clinical perspective. In the present study 7.1% of S. aureus were resistant penicillin. This agrees with Swedish studies from 1982 (10.4%) and 1985 (10.0%) [START_REF] Franklin | Antimicrobial drug susceptibility of Staphylococcus aureus strains isolated from bovine milk[END_REF][START_REF] Robertsson | Antibiotic resistance of bacteria isolated from cases of acute mastitis in cows[END_REF] in which β-lactamase production was used to define resistance, as in the present study. In fact similar frequencies (10-13%) were found already in the 1950s, -60s and -70s using disc diffusion [START_REF] Holmberg | Phage typing of Staphylococcus aureus strains isolated in Sweden from bovine milk[END_REF] or agar-cup methods [START_REF] Wallmark | Bacteriophage-types and sensitivity to penicillin of Staphylococci isolated from bovine mastitis[END_REF]. Comparisons between studies should be made with caution and in the light of possible differences in methodology and selection of isolates but the prevalence of penicillin resistance among S. aureus seems to have changed very little over the last 25 years. In fact the prevalence in the present study (7.1%) is about the same (6.1%) as among 181 isolates from acute clinical mastitis tested in 1995 using the same methodology as in the present study [START_REF] Nilsson | Antimicrobial drug susceptibility of bovine udder pathogens in Sweden[END_REF]. In CNS occurrence of penicillin resistance was numerically higher in 1995 (25.7%) than in the present study (12.5%) but the limited number of isolates tested precludes conclusions on trends.

Despite a substantial usage of penicillin the situation regarding resistance in S. aureus is favourable and appears stable. Current practice in Sweden includes bacteriological diagnosis of most cases of mastitis and examination of udder health before trade of animals. Cows with mastitis caused by S. aureus, and especially penicillin resistant strains, are to be milked separately and culled if bacteriological cure is not attained. Treatment of chronic cases is not recommended and trade of infected animals discouraged. These measures prevent spread of S. aureus within and between herds and thereby in combination with prudent use of antimicrobials probably also counteract an increase in prevalence of penicillin resistance. Most likely prevalence of penicillin resistance in S. aureus is largely influenced by spread of resistant clones as suggested by [START_REF] Aarestrup | Development of penicillin resistance among Staphylococcus aureus isolated from bovine mastitis in Denmark and other countries[END_REF]. Use of penicillin likely imposes a selection pressure by leaving animals with unresolved infections as reservoirs of resistant S. aureus. Resistance arising de novo is probably less important since horizontal transmission of the blaZ gene is an extremely rare event in staphylococci causing mastitis [START_REF] Olsen | Diversity and evolution of blaZ from Staphylococcus aureus and coagulase-negative staphylococci[END_REF]. This agrees with the predominance of a limited number of clones/types of S. aureus within a dairy herd or geographical region (Vintov et al., 2003;[START_REF] Anderson | Genetic diversity and antimicrobial susceptibility profiles among mastitis-causing Staphylococcus aureus isolated from bovine milk samples[END_REF] and the apparent association between resistance phenotype and strain type [START_REF] Waage | Spread of Staphylococcus aureus resistant to penicillin and tetracycline within and between dairy herds[END_REF]Vintov et al., 2003;[START_REF] Anderson | Genetic diversity and antimicrobial susceptibility profiles among mastitis-causing Staphylococcus aureus isolated from bovine milk samples[END_REF].

A c c e p t e d M a n u s c r i p t 9 All S. dysgalactiae and the majority of S. uberis had low MICs to penicillin indicating clinical susceptibility but seven isolates of the latter species had MICs 0.12-0.25 mg/L. Due to the range of concentrations tested it cannot be determined if the MIC distribution is bimodal but in other studies S. uberis with MICs for penicillin > 0.12 mg/L in deviate from the majority of isolates [START_REF] Guérin-Faublée | Antimicrobial susceptibility of Streptococcus species isolated from clinical mastitis in dairy cows[END_REF][START_REF] Rossitto | Antibiotic susceptibility patterns for environmental streptococci isolated from bovine mastitis in Central California dairies[END_REF]MARAN-2005).

Such bimodal MIC distributions indicate the presence of acquired resistance in a bacterial population [START_REF] Turnidge | Statistical characterisation of bacterial wild-type MIC value distributions and the determination of epidemiological cut-off values[END_REF] but it is unclear if MICs 0.12mg/L in S. uberis indicate reduced susceptibility of clinical importance.

Susceptibility data for tetracycline in S. uberis and S. dysgalactiae are good examples of bimodal MIC distributions where the majority of isolates had MICs ≤8 mg/L, but occasional isolates had MICs >32 mg/L. Similar bimodal distributions are reported elsewhere but with a substantially larger proportion (24-68%) of isolates with MICs >16 mg/L ( MARAN-2005;[START_REF] Guérin-Faublée | Antimicrobial susceptibility of Streptococcus species isolated from clinical mastitis in dairy cows[END_REF][START_REF] Rossitto | Antibiotic susceptibility patterns for environmental streptococci isolated from bovine mastitis in Central California dairies[END_REF].

Methicillin resistance was not found in S. aureus but was confirmed in one isolate of CNS identified as S.

epidermidis. Reports on methicillin resistance in CNS associated with mastitis are rare but it has been demonstrated in S. epidermidis [START_REF] Kaszanyitzky | Staphylococci isolated from animals and food with phenotypically reduced susceptibility to betalactamase-resistant beta-lactam antibiotics[END_REF] and S. sciuri [START_REF] Devriese | Identification and antimicrobial susceptibility of Staphylococcus chromogenes isolates from intramammary infections of dairy cows[END_REF][START_REF] Guérin-Faublée | In vitro activity of 10 antimicrobial agents against bacteria isolated from cows with clinical mastitis[END_REF]. Likewise, there are only a few reports on methicillin resistant S. aureus (MRSA) associated with mastitis [START_REF] Devriese | Epidemiology of methicillin-resistant Staphylococcus aureus in dairy herds[END_REF][START_REF] Kaszanyitzky | Staphylococci isolated from animals and food with phenotypically reduced susceptibility to betalactamase-resistant beta-lactam antibiotics[END_REF][START_REF] Lee | Occurrence of methicillin-resistant Staphylococcus aureus strains from cattle and chicken, and analyses of their mecA, mecR1 and mecI genes[END_REF]. In contrast, MRSA are increasingly reported in companion animals and horses (for a review see [START_REF] Leonard | Meticillin-resistant Staphylococcus aureus in animals: A review[END_REF] and the common occurrence in livestock such as pigs and veal calves in some countries could be an important reservoir for human infections (Wulf and Voss, 2008). In human healthcare, MRSA is considered a great threat and animal reservoirs of such bacteria are of concern from a zoonotic point of view. Infections in animals could also be of concern from a clinical perspective since all β-lactams, including cephalosporins, would be lost from the therapeutic arsenal. Detection and containment in dairy herds of MRSA associated with mastitis is therefore essential.

Only a few isolates of E. coli and Klebsiella spp. were resistant enrofloxacin or the combination trimethoprim/sulphonamide i.e. antimicrobials in Sweden used for therapy of mastitis caused by gram-negative bacteria. Three isolates (1.8%) of E. coli were resistant to enrofloxacin. Enrofloxacin resistance in E. coli associated with mastitis is reported elsewhere [START_REF] Kaspar | Results of the antimicrobial agent susceptibility study raised in a representative, crosssectional monitoring study on a national basis[END_REF] but was not observed in the Swedish study from A c c e p t e d M a n u s c r i p t 10 1995 [START_REF] Nilsson | Antimicrobial drug susceptibility of bovine udder pathogens in Sweden[END_REF]. This could be because a higher breakpoint for resistance (>0.5 mg/L) than in the present study was used but probably reflects that enrofloxacin was introduced on the Swedish market in the early 1990s, i.e. shortly before the study in 1995.

Resistance to more than one antimicrobial was rare among staphylococci and streptococci, which is consistent with other studies on isolates from bovine mastitis [START_REF] Sabour | Molecular typing and distribution of Staphylococcus aureus isolates in Eastern Canadian dairy herds[END_REF][START_REF] Anderson | Genetic diversity and antimicrobial susceptibility profiles among mastitis-causing Staphylococcus aureus isolated from bovine milk samples[END_REF]. In contrast, E. coli were often resistant to more than one antimicrobial. Half of the 20 resistant E. coli isolates had streptomycin, sulphonamide and ampicillin resistance in their phenotype and six also tetracycline resistance. All these resistance traits, often in combination, are common in E. coli from the gastrointestinal tract of young cattle in Sweden [START_REF] Svarm | Swedish Veterinary Antimicrobial Resistance Monitoring[END_REF] but rare in E. coli from the gastrointestinal tract of healthy dairy cows [START_REF] Svarm | Swedish Veterinary Antimicrobial Resistance Monitoring[END_REF].

Since ampicillin and tetracycline are rarely used for treatment of mastitis in Sweden, selection of resistant E. coli clones and/or resistance determinants probably occurs outside the udder by use of antimicrobials for treatment of other diseases than mastitis and possibly in other animal categories than adult dairy cows. This is consistent with a high genetic diversity of E. coli associated with mastitis, as reported by [START_REF] Srinivasan | Phenotypic and genotypic antimicrobial resistance patterns of Escherichia coli isolated from dairy cows with mastitis[END_REF].

Conclusions

This study shows that in Sweden bacteria associated with acute clinical mastitis mostly are susceptible to antimicrobials used in therapy. Most important, the majority of streptococci and staphylococci were sensitive to penicillin, the drug recommended for treatment of mastitis caused by these bacteria. Accordingly, antimicrobial resistance is probably not a major cause for therapeutic failures in treatment of acute clinical mastitis in Swedish dairy cows. However, 7.1% of S. aureus were resistant to penicillin. Therefore, to guide therapy and measures to counteract spread of resistant clones, isolates of this bacterium should be tested for β-lactamase production on a regular basis in herds with udder health problems. b No cut-off value given, classification according to beta-lactamase production. c Concentration of trimethoprim given, tested in concentration ratio 1/20 (trimethoprim/sulphamethoxazole). d these isolates (1 S. aureus and 2 CNS) had MICs for oxacillin 0.5-1 mg/L on retesting at a lower temperature (30 0 C). e these two isolates had MIC for oxacillin >4 mg/L also on retesting at a lower temperature (30 0 C), one of the isolates carried the mecA-gene.
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Table 1 .

 1 Resistance (percent, 95% CI in brackets) and distribution (percent) of MIC for Staphylococcus aureus (n=211) and coagulase negative staphylococci (CNS)(n=56) from acute clinical mastitis in dairy cows. White fields denote range of dilutions tested for each substance. MICs above the range are given as the concentration closest to the range. MICs equal to or lower than the lowest concentration tested are given as the lowest tested concentration. Bold vertical lines indicate EUCAST epidemiological cut-off values. When no cut-off value is available isolates are not classified as susceptible or resistant.

	Substance	Species	Resistance (%)	0.06 0.12 0.25 0.5	1	Distribution (%) of MICs (mg/L) 2 4 8 16 32	64 128 256 >256
	Cephalothin	S. aureus CNS	0 (0.0-1.7) -	19.9 72.0 8.1 8.9 66.1 23.2			1.8
	Chloramphenicol	S. aureus CNS	0.9 (0.1-3.4) 0 (0.0-6.4)				10.4 87.7 0.9 8.9 50.0 41.1	0.9
	Clindamycin	S. aureus CNS	--		99.1 0.5 94.6 5.4	0.5
	Erythromycin	S. aureus CNS	1.9 (0.5-4.8) 3.6 (0.4-12.3)	62.1 36.0 73.2 23.2	1.4	0.5 3.6
	Gentamicin	S. aureus CNS	0.5 (0.0-2.6) 1.8 (0.0-9.6)	13.7 53.6 27.5 4.7 73.2 25.0 1.8	0.5
	Neomycin	S. aureus CNS	2.4 (0.8-5.4) -		84.8 12.8 2.4 98.2 1.8
	Oxacillin a	S. aureus CNS	0 (0.0-1.7) 1.8 (0.0-9.6)	20.9 52.6 26.1 0.5 d 42.9 35.7 14.3 3.6 d 3.6 e
	Penicillin b	S. aureus 7.1 (4.0-11.4) 81.5 11.4 CNS 12.5 (5.2-24.1) 76.8 10.7 1.8 1.8 3.6 0.5	0.5	1.9	0.5 1.8	3.8 3.6
	Spiramycin	S. aureus CNS	--					1.9 10.7 21.4 64.3 3.6 5.2 77.7 14.7 0.5
	Streptomycin	S. aureus CNS	1.9 (0.5-4.8) -				3.8 41.2 41.2 11.8 48.2 37.5 10.7	1.4	0.5 1.8 1.8
	Tetracycline	S. aureus CNS	0 (0.0-1.7) 5.4 (1.1-14.9)	80.6 19.4 82.1 12.5		1.8 3.6
	Trim/sulpha c	S. aureus CNS	0 (0.0-1.7) 7.2 (2.0-17.3)	98.6 1.4 69.1 23.6 3.6		1.8	1.8

a No cut-off value given, classification according to presence of the mecA-gene.
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