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Staphylococcus aureus is an important pathogen in domestic ruminants. The main objective of this study was
to determine the similarity of epidemiologically unrelated S. aureus isolates from bovine, ovine, and caprine
mastitis. By pulsed-field gel electrophoresis, 160 different pulsotypes (PTs) were identified among 905 isolates
recovered from 588 herds in 12 counties in Norway. Based on estimates of similarity, using an 80% cluster
cutoff, the isolates were assigned to 47 clusters. One cluster included 62% of all the isolates and more than 45%
of the isolates from each host species. Twenty-three PTs included isolates from more than one host species;
these 23 PTs represented 72% of all the isolates. The six most prevalent PTs included isolates from all host
species and contained 45% of the bovine isolates, 54% of the ovine isolates, and 37% of the caprine isolates.
Antimicrobial susceptibility testing of 373 of the isolates revealed resistance to penicillin in 2.9% and to
streptomycin in 2.4%; only 1.9% were resistant to 1 of the other 11 antimicrobials tested. The results of this
study suggest that a small number of closely related genotypes are responsible for a great proportion of S.
aureus mastitis cases in cows, ewes, and goats in Norway and that these genotypes exhibit little or no host
preference among these species. Selection due to antimicrobial resistance appears not to have contributed to
the predominance of these genotypes.

Staphylococcus aureus is the cause of a variety of infections
in both humans and animals. It is a major pathogen of the
mammary gland and a common cause of bovine, ovine, and
caprine mastitis (5, 27). In Norway, two studies have found S.
aureus to be responsible for 46 and 68% of cases of clinical
mastitis in dairy heifers and ewes kept for meat production,
respectively (20, 37). A study including more than 2,000 cows
randomly selected from the Norwegian dairy cow population
revealed that approximately 22% of the animals shed coagu-
lase-positive staphylococci from at least one udder quarter at
any time (30).

Host species specificity has been described for a variety of
pathogenic bacterial species (29). Several studies have shown
that different S. aureus types preferentially colonize or infect a
single host species (9, 17, 18, 21, 28). Epidemiologic studies
have suggested that a few S. aureus types are responsible for
the majority of bovine intramammary infections and that these
types have a broad geographic distribution (7, 10, 17, 33). A
study of sheep dairy farms showed that most cases of S. aureus
mastitis were caused by a few closely related genotypes, which
were widely distributed (34).

Defined clonal lineages of methicillin-resistant S. aureus are
spread among patients in hospitals and in communities (2, 26,
39). In domestic ruminants, widespread use of antimicrobial
drugs for the treatment and prevention of mastitis may favor
the selection of resistant strains within ruminant S. aureus
populations. In many countries, a large proportion of S. aureus
isolates recovered from bovine mastitis produce �-lactamases
(35, 38), and multiresistant strains do occur (36, 38). In Nor-

way, however, the proportion of antibiotic-resistant S. aureus
isolates from ruminant mastitis is low (25). Bacterial popula-
tions with a low prevalence of antimicrobial-resistant strains
are well suited for studying factors, other than antimicrobial
usage, that may influence the dissemination of particular bac-
terial types. Improved knowledge of the epidemiology of S.
aureus associated with ruminant mastitis, including factors af-
fecting the spread and persistence of prevalent strains, would
form a better basis for implementing control measures tar-
geted at reservoirs and transmission routes.

In this study, typing of a large number of S. aureus isolates
recovered from cases of ruminant mastitis was performed us-
ing pulsed-field gel electrophoresis (PFGE). The aim was to
compare the distribution of pulsotypes (PTs) causing bovine,
ovine, and caprine mastitis and to examine whether PTs were
host species specific. Antimicrobial susceptibility testing of iso-
lates was performed in order to assess whether selection due to
antimicrobial resistance could have affected the observed pro-
portions of PTs.

MATERIALS AND METHODS

Bacterial isolates. A total of 905 S. aureus isolates were obtained from milk
collected from cases of bovine, ovine, and caprine clinical and subclinical mastitis
(23) in Norway between 1998 and 2004. Of these, 333 isolates were from 333
dairy cows, 384 isolates were from 332 ewes kept for meat production, and 188
isolates were from 180 dairy goats. The cows belonged to 287 herds located in 11
of the 19 counties in Norway, the ewes to 243 flocks located in 11 counties, and
the goats to 64 herds located in 10 counties. Five farms that kept both sheep and
dairy cows provided six ovine and six bovine S. aureus isolates, respectively. One
farm that kept both sheep and dairy goats supplied 10 ovine and 12 caprine
isolates.

Sample collection. Milk samples were collected aseptically in 10-ml sterile
plastic vials by veterinarians and dairy hygiene advisers according to procedures
recommended by the International Dairy Federation (14). The samples were
either sent fresh to the National Veterinary Institute in Oslo immediately after
sampling or frozen and stored at �20°C until submission to the laboratory.
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Identification of S. aureus. Milk samples were examined and bacteria identified
as recommended by the International Dairy Federation (14). Ten microliters of
milk was plated on blood agar (Oxoid, Basingstoke, United Kingdom) containing
5% washed bovine erythrocytes and incubated for 24 h at 37°C. Cultures were
read at 24 and 48 h. If growth was not detected after incubation for 24 h, the
original sample was preincubated for 4 h at 37°C and 50-�l aliquots were sub-
sequently plated and incubated for 24 h.

All suspected staphylococcal colonies were tested using the tube coagulase test
(Becton Dickinson, Sparks, Md.). Coagulase-positive staphylococci were
streaked onto peptone agar (p-agar) (Difco, Sparks, Md.) supplemented with 7
mg/liter of acriflavin (Sigma-Aldrich Chemie, Steinheim, Germany) (8) and
incubated at 37°C for 24 h. Bacterial growth in the full length of the streak on
p-agar was considered to be a positive reaction and confirmation of S. aureus.
Isolates identified as S. aureus were stored at �70°C in heart infusion broth
(Difco) with 15% glycerol.

Antimicrobial susceptibility testing. Randomly selected subsets of S. aureus
isolates from each of the host species (i.e., 231 bovine, 82 ovine, and 60 caprine
isolates) were tested for susceptibility to 13 antimicrobial compounds. The 373
isolates were recovered from 332 different herds. For the bovine isolates, MICs
were determined by using Etest (AB Biodisk, Solna, Sweden) as recommended
by the manufacturer and as previously reported (24). The ovine and caprine
isolates were tested using a commercially available microdilution system (Vet-
MIC; Department of Antibiotics, National Veterinary Institute, Uppsala, Swe-
den), which is based on standard methods described by the National Committee
for Clinical Laboratory Standards (22). For sulfadiazine, Etest was used for all
373 isolates. S. aureus ATCC 29213 was used for quality control.

When available, breakpoint values were applied according to National Com-
mittee for Clinical Laboratory Standards guidelines (22). Wild-type breakpoint
values were used for fusidic acid, streptomycin, and trimethoprim (16). �-Lac-
tamase activity of all isolates of S. aureus was tested by the cloverleaf method
using S. aureus ATCC 25923 as the indicator strain (4, 15).

DNA isolation and digestion and PFGE. Preparation of chromosomal DNA
and enzymatic digestion were performed as described by Bannerman et al. (3),
with some modifications. The bacteria were grown in 5 ml brain heart infusion
broth (Difco) in a shaking incubator at 37°C overnight, harvested by centrifuga-
tion, and washed. The cells were redissolved in 250 �l EC buffer (0.01 M Tris Cl,
1 M NaCl, 0.2 M EDTA, 0.2% deoxycholate, 0.5% Sarkosyl), and 2 �l of a
1-mg/ml stock solution of lysostaphin (Sigma-Aldrich Chemie) and 250 �l 2%
low melting point agarose (Invitrogen Life Technologies, San Diego, Calif.) were
added to the suspension. The mixture was transferred to plug molds and allowed
to solidify. The plugs were placed in 2 ml EC buffer and lysed at 37°C for 1 h,
followed by washing in 3 ml TE buffer (10 mM Tris HCl, 1 mM EDTA) at 55°C
for 1 h. The plugs were then washed twice in TE buffer for 1 h with gentle
agitation at room temperature and finally stored in fresh TE buffer at 4°C until
further analysis.

Digestion of DNA was performed with 20 U of the restriction enzyme SmaI
(New England Biolabs, Beverly, Mass.). Digested DNA was electrophoresed in
1% SeaKem Gold Agarose (BioWhittaker Molecular Applications, Rockland,
Maine) using CHEF-DR III (Bio-Rad Laboratories, Hercules, Calif.). Low
Range PFGE Marker (New England Biolabs) was used as size standards in the
first and last lanes of each gel. One strain of S. aureus (1685-4) isolated from a
cow with clinical mastitis was used as a reference strain and run on every gel.
Electrophoresis was performed as described by Bannerman et al. (3), with some
modifications. The gel was run in 0.5� Tris-borate-EDTA buffer at 14°C with an
initial switch time of 5 s to a final switch time of 40 s and a run time of 19 h. After
electrophoresis, gels were stained for 20 min in ethidium bromide (1 �g/ml),
destained for about 10 min in distilled water, and photographed under UV light
using the GeneGenius gel documentation and analysis system (Syngene, Cam-
bridge, United Kingdom).

Differentiation of PFGE profiles. The number and sizes of electrophoretically
separated DNA fragments were assessed both using the BioNumerics software
(version 3.0; Applied Maths, Kortrijk, Belgium) and visual inspection. The soft-
ware was used to calculate Dice coefficients of similarity and to cluster the strains
and generate dendrograms by the unweighted-pair group method using average
linkages. DNA fragments between approximately 45 kb and 650 kb were included
in the analysis. A PT was defined as a unique electrophoretic banding pattern
defined by a combination of computer-aided and visual interpretations. Banding
patterns differing by less than one bandwidth for any band position were assigned
to the same PT. Banding patterns were compared according to criteria defined by
Tenover et al. (32). PTs with one to three band differences were considered
closely related.

When discrepancies between visual and computer-aided interpretations were
detected, the isolates in question and a subset of isolates with indistinguishable

banding patterns recovered from more than one host species were run electro-
phoretically side by side on new gels in order to ease visual interpretation. One
representative isolate from each PT was selected to create a dendrogram with
optimization and position tolerance settings of 1%. The cluster cutoff was set at
80%, and all clusters were given arabic identification numbers.

A data subset was generated by the fingerprints of all S. aureus isolates
belonging to PTs that included isolates from more than one of the three host
species. One fingerprint from each of these PTs was selected for presentation.

A similarity of 98.2% was obtained by comparison (n � 83) of the internal
control strain (1685-4) when analyzed in BioNumerics using the same settings as
used for the cluster analysis.

RESULTS

PFGE profiles. The 905 ruminant S. aureus isolates were
assigned to 160 different PTs. The 333 bovine isolates belonged
to 71 PTs, the 384 ovine isolates to 75 PTs, and the 188 caprine
isolates to 48 PTs.

Cluster analysis. Forty-seven clusters were identified by
computer analysis (Fig. 1). Cluster 8 was the dominant cluster
and included 51 PTs and 62.1% of the isolates. Cluster 11 was
the second largest cluster and included 13 PTs and 8.0% of the
isolates. Twenty-two single-PT clusters were identified; 17 of
these were represented by one isolate. The remaining five
single-PT clusters contained two or three isolates.

Distribution of PTs among host species. Of the 905 isolates,
28.4% belonged to 137 PTs that contained isolates from only
one host species, 8.5% to six PTs that contained isolates of
bovine and ovine (BO) origin, 6.0% to six PTs that contained
isolates of ovine and caprine (OC) origin, and 57.1% to 11 PTs
that contained bovine, ovine, and caprine (BOC) isolates. Ta-
ble 1 shows the corresponding distribution of isolates originat-
ing from each of the host species.

Six hundred forty-eight isolates were assigned to the 23 PTs
that included isolates from more than one host species. The
distribution of these isolates by PT is shown in Table 2. Twelve
of the 23 PTs, including 73.0% of the isolates assigned to these
PTs, belonged to cluster 8, while 3 of the 23 PTs, including
8.6% of the isolates, belonged to cluster 11.

The six most frequently occurring PTs (BOC 1 through BOC
6) contained 47.2% of all isolates, including 45.0% of the
bovine, 54.2% of the ovine, and 36.7% of the caprine isolates.
Isolates belonging to each of these PTs were found in 8 to 11
of the 12 counties.

Of the PTs that included isolates from only one host species,
54 contained bovine, 52 ovine, and 31 caprine isolates. None of
these PTs contained more than 13 isolates.

Of the PTs that contained more than four isolates, 2 of 9
single-species PTs and none of 18 PTs common to more than
one species were found in a single county.

Band comparisons of PFGE profiles. The most frequently
occurring PT (BOC 1) included 128 (14.1%) isolates and had
two bands that were different from the banding patterns of the
second (BOC 2, 123 isolates), third (BOC 3, 66 isolates), and
fourth (BOC 4, 43 isolates) most frequently occurring PTs
(Table 2; Fig. 2). Seventeen of the PTs that included isolates
from more than one host species had six bands or fewer that
were different from BOC 1; these 18 PTs contained 89.0% of
the 648 isolates assigned to the 23 PTs shared by isolates from
more than one host species. PFGE profiles of isolates repre-
senting each of these 23 PTs are shown in Fig. 2.

In addition to BOC 1, cluster 8 contained 50 PTs; 35 of these
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FIG. 1. Dendrogram generated by cluster analysis using the unweighted-pair group method using average linkages, based on the Dice
coefficient. Band position tolerances and optimization were set to 1%. The 47 clusters were obtained from PFGE of SmaI-digested DNAs from
905 ruminant S. aureus mastitis isolates. The cluster cutoff was set at 80% similarity. For each cluster with more than one PT, the number of PTs,
the number of isolates, and the number of isolates belonging to PTs found in more than one host species (interspecies PTs, ISPTs*) are presented
next to the cluster triangle and cluster designation. The base of each cluster triangle is proportionate to the number of PTs within the cluster.
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PTs differed from BOC 1 by three bands or fewer, and the
remaining 15 PTs differed from BOC 1 by four to six bands.

Antimicrobial susceptibility. Results of the antimicrobial
susceptibility testing are shown in Table 3. Three hundred
fifty-one isolates (94.1%) were susceptible to all 13 antimicro-
bial agents, 17 isolates (4.6%) were resistant to 1 agent, and 5
isolates were resistant to 2 agents. The following resistance
combinations were found in isolates resistant to two agents:
penicillin and fusidic acid (one bovine isolate), tetracycline and
trimethoprim (one bovine isolate), tetracycline and streptomy-
cin (one ovine isolate), and penicillin and streptomycin (two
caprine isolates). Eight of the 11 penicillin-resistant isolates
belonged to PTs that each contained single isolates. The re-
maining 3 isolates were assigned to PTs that each contained
fewer than 18 isolates, 2 of which were caprine isolates resis-
tant to both penicillin and streptomycin. No penicillin-resistant
isolates were found among the six most frequently occurring

PTs. One of the nine streptomycin-resistant isolates belonged
to a PT that contained a single isolate, and one isolate be-
longed to BOC 3. None of the remaining 7 isolates belonged to
PTs containing more than 18 isolates.

DISCUSSION

S. aureus mastitis in domestic ruminants in Norway appear
to a great extent to be caused by PTs shared by at least two host
species. Of the 905 isolates, more than 70% belonged to PTs
that included isolates from more than one species. Also, within
each subset of bovine, ovine, and caprine isolates, respectively,
between 70 and 74% of the isolates were assigned to PTs
shared by one or two of the other host species.

Considerable genetic diversity was observed among the iso-
lates. A total of 160 different PTs were identified, and with an
80% similarity cutoff they were assigned to 47 clusters. PTs
including isolates from more than one ruminant species were

FIG. 2. PFGE of SmaI-digested DNAs of S. aureus isolates repre-
senting the 23 PTs that included isolates from more than one ruminant
species; B, bovine; O, ovine; C, caprine. The band differences (BD*)
between the most commonly occurring PT (BOC 1) and the 22 other
PTs are indicated to the right of the PT designation. The banding
pattern above BOC 1 represents lambda ladder size standards, with
numbers indicating molecular sizes (kilobases).

TABLE 1. Distribution of S. aureus isolates recovered from bovine,
ovine, or caprine mastitis according to the host spectrum of the

PFGE PTs to which the isolates belong

Host origin No. of
isolates

% of isolates in PTs grouped by host categorya

B O C BO BC OC BOC

Bovine 333 26.4 14.1 0 59.5
Ovine 384 29.7 7.8 3.4 59.1
Caprine 188 29.3 0 21.8 48.9

a Abbreviations: B, PTs with only bovine isolates; O, PTs with only ovine
isolates; C, PTs with only caprine isolates; BO, PTs with bovine and ovine
isolates; OC, PTs with ovine and caprine isolates; BOC, PTs with bovine, ovine,
and caprine isolates.

TABLE 2. Distribution of 245 bovine, 270 ovine, and 133 caprine
S. aureus mastitis isolates assigned to 23 PTs containing isolates

from two or three domestic ruminant species

PTa Clusterb
No. (%) of isolates

Bovine Ovine Caprine All

BOC 1 8 34 (13.9) 84 (31.1) 10 (7.5) 128 (19.8)
BOC 2 8 47 (19.2) 58 (21.5) 18 (13.5) 123 (19.0)
BOC 3 8 33 (13.5) 27 (10.0) 6 (4.5) 66 (10.2)
BOC 4 8 18 (7.3) 16 (5.9) 9 (6.8) 43 (6.6)
BOC 5 1 2 (0.8) 13 (4.8) 24 (18.0) 39 (6.0)
BOC 6 8 16 (6.5) 10 (3.7) 2 (1.5) 28 (4.3)
OC 1 8 0 6 (2.2) 20 (15.0) 26 (4.0)
BOC 7 11 10 (4.1) 7 (2.6) 8 (6.0) 25 (3.9)
BO 1 8 4 (1.6) 21 (7.8) 0 25 (3.9)
BOC 8 17 12 (4.9) 5 (1.9) 2 (1.5) 19 (2.9)
BOC 9 11 4 (1.6) 4 (1.5) 9 (6.8) 17 (2.6)
BOC 10 8 13 (5.3) 2 (0.7) 2 (1.5) 17 (2.6)
BO 2 12 16 (6.5) 1 (0.4) 0 17 (2.6)
BO 3 45 14 (5.7) 1 (0.4) 0 15 (2.3)
BO 4 11 9 (3.7) 5 (1.9) 0 14 (2.2)
OC 2 5 0 1 (0.4) 12 (9.0) 13 (2.0)
BOC 11 12 9 (3.7) 1 (0.4) 2 (1.5) 12 (1.9)
OC 3 8 0 3 (1.1) 5 (3.8) 8 (1.2)
BO 5 8 3 (1.2) 1 (0.4) 0 4 (0.6)
OC 4 8 0 1 (0.4) 2 (1.5) 3 (0.5)
OC 5 4 0 1 (0.4) 1 (0.8) 2 (0.3)
OC 6 8 0 1 (0.4) 1 (0.8) 2 (0.3)
BO 6 27 1 (0.4) 1 (0.4) 0 2 (0.3)

a PTs containing isolates from various combinations of host species. B. bovine;
O, ovine; C, caprine.

b The cluster to which each PT belonged is given (Fig. 1).
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found in all seven clusters that contained more than 10 isolates.
However, a great proportion (40%) of the 905 isolates be-
longed to four PTs, BOC 1 through BOC 4, each found in all
three ruminant species. The most common of these, BOC 1,
was considered closely related to each of the others since it
differed by only two bands from BOC 2 through BOC 4 (32).

When aiming to describe and compare strain distribution of
bacterial populations in different host species, studies should
be based on isolates that reflect the actual bacterial popula-
tions. The S. aureus isolates included in this study were ob-
tained from cases of ruminant mastitis on 588 different farms
in 12 of the 19 counties of Norway during a 7-year period.
Except for six farms from which isolates were recovered from
two host species, there was no known animal-to-animal contact
between the cases of the different ruminant species. Sixty pairs
of isolates from ewes and goats that were infected with S.
aureus in both mammary glands and a limited number of iso-
lates from different animals in the same herd or flock were
included. However, the great majority of isolates within each of
the host species were considered epidemiologically unrelated.
Isolates from healthy carriers may not be representative when
the purpose is to compare the occurrence of disease-causing
organisms in different host species. In this study, all isolates
were from infected mammary glands. Thus, it is not unreason-
able to assume that the isolates included in this study were
representative of S. aureus populations that cause ruminant
mastitis in Norway. The frequent occurrence of a few closely
related PTs in all ruminant species suggests that the S. aureus
strains most commonly associated with mastitis in domestic
ruminants exhibit little or no host specificity.

The predominance of a small number of genotypes among S.
aureus isolates associated with bovine mastitis has also been
reported in other countries (7, 10, 17, 33). The reason for the
clustering of these genotypes is unclear, but it might be due to
a tropism for mammary gland tissues of domestic ruminants. A
DNA microarray analysis of S. aureus strains selected from a
large collection of isolates found that the most prevalent bo-
vine and ovine strains causing mastitis were closely related

(11). The authors concluded that a similar gene complement
may be required to cause bovine and ovine mastitis. Evolution-
ary anatomic-site adaptation and development of S. aureus
isolates with a particular preference for certain organs have
been proposed on the basis of associations between S. aureus
PTs and the sites of isolation (mammary secretions and healthy
bovine skin) (40). The present observation, that certain fre-
quently occurring PTs caused mastitis in different ruminant
species, may indicate the existence of an anatomic-site speci-
ficity independent of the host species in such strains. The
possible existence of organ specificity is supported by a study of
S. aureus isolates from different human diseases (6). The au-
thors of that study found that PFGE profiles of S. aureus from
respiratory tracts differed significantly from isolates from other
infection sites.

Although domestic ruminants are generally not housed or
grazed together today, about 10% of the sheep flocks and dairy
cow and dairy goat herds are located on farms with more than
one ruminant species (31). In times past, trade of ruminants
and the keeping of two or three ruminant species on the same
farm were common in many parts of the country (12, 19). Thus,
cows, sheep, and goats may have shared an S. aureus-contam-
inated environment through a period of several hundred years.
This exposure may have induced an adaptation to ruminant
udders among a small number of S. aureus genotypes.

Interestingly, the distribution of isolates by PT as observed
in dairy cows and dairy goats was quite similar to that in ewes,
the latter being kept for meat production. In dairy ruminants,
spread during milking is considered to be the most important
mode of transfer of contagious mastitis pathogens, thus allow-
ing certain S. aureus strains to become prevalent within herds.
However, the present sampling strategy limited the number of
isolates obtained from single herds and prevented the potential
overrepresentation of certain PTs as a result of strain cluster-
ing within herds. In meat-producing sheep, the epidemiology
of S. aureus mammary pathogens is largely unknown.

For several decades, penicillin has been the antimicrobial
compound most commonly used for the treatment of staphy-
lococcal infections in ruminants in Norway (13, 25). Until re-
cently, sulfonamides administered orally have also been used
frequently to treat mastitis and other infections in sheep. Less
than 6% of the isolates tested were resistant to any of the 13
antimicrobials, which is considerably lower than that reported
for ruminant S. aureus in other countries (1, 35, 38). Only 11
(2.9%) of the isolates were resistant to penicillin, all of which
produced �-lactamase. Eight of these isolates belonged to sin-
gle-isolate PTs, and the remaining three belonged to PTs with
a low prevalence that also contained penicillin-sensitive iso-
lates. One of the nine streptomycin-resistant isolates was as-
signed to a PT that also contained 65 streptomycin-sensitive
isolates. The remaining streptomycin-resistant isolates and
those resistant to sulfonamides (0.3%) or any of the other
antimicrobials tested (1.6%) were assigned to PTs with a low
prevalence. Thus, antimicrobial resistance does not appear to
have been a factor determining the strain distribution observed
in this study.

The present results suggest that a limited number of closely
related PTs are responsible for a great proportion of the cases
of S. aureus mastitis in domestic ruminants in Norway. The
most prevalent S. aureus PTs were almost equally represented

TABLE 3. Antimicrobials, breakpoint values for resistance, and
frequency of resistance in 231 bovine, 82 ovine, and 60 caprine S.

aureus mastitis isolates from Norway

Antimicrobial Breakpoint
(�g/ml)

No. (%) of resistant isolates

Bovine Ovine Caprine All

Cephalothin �32 0 0 0 0
Chloramphenicol �32 0 0 0 0
Clindamycin �4 0 0 0 0
Enrofloxacin �4 0 0 0 0
Erythromycin �8 0 0 0 0
Fusidic acid �1 2 (0.9) 0 0 2 (0.5)
Gentamicin �16 0 0 0 0
Oxacillin �4 0 0 0 0
Penicillina �0.25 6 (2.6) 2 (2.4) 3 (5.0) 11 (2.9)
Streptomycin �32 5 (2.2) 1 (1.2) 3 (5.0) 9 (2.4)
Sulfadiazin �512 1 (0.4) 0 0 1 (0.3)
Oxytetracycline �16 1 (0.4) 1 (1.2) 0 2 (0.5)
Trimethoprim �8 1 (0.4) 1 (1.2) 0 2 (0.5)

a �-Lactamase production of all isolates was determined. All �-lactamase-
positive isolates had a MIC of �0.125 �g/ml, and all �-lactamase-negative
isolates had a MIC of �0.125 �g/ml.
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among mastitis isolates from cows, ewes, and goats. For rea-
sons not fully understood, these genotypes are successful mam-
mary pathogens in ruminants without discriminating among
the three domestic ruminant species.
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