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Introduction 
Bovine mastitis remains one of the most common and 
economically detrimental diseases affecting dairy herds 
worldwide. It reduces milk yield, alters milk composition, 
increases culling rates, and results in substantial therapeutic 
and veterinary expenses. Annual global losses attributable to 
mastitis are estimated to reach billions of dollars, driven largely 
by reduced productivity, discarded milk, treatment costs, 
and premature culling [1-4]. Subclinical mastitis is particularly 
challenging because it often remains unnoticed, leading to 
chronic inflammation and sustained milk losses over time.

Mastitis-associated pathogens are broadly classified as 
contagious or environmental. Contagious agents primarily 
spread during milking; however, improved milking 
hygiene practices and dry-cow therapy have decreased 
their relative importance in many herds [5,6]. In parallel, 

environmental pathogens have become increasingly 
predominant, emphasizing the role of housing conditions, 
bedding, manure contamination, and overall farm 
management in mastitis epidemiology.

Among environmental pathogens, Streptococcus uberis is 
recognized as a major etiological agent of bovine mastitis 
[1]. Its prevalence varies substantially across regions and 
production systems, ranging from approximately 15-40% 
in Europe and North America and reaching higher levels in 
pasture-based systems [5,7,8]. In Türkiye, S. uberis has been 
increasingly reported in dairy herds, and humid, pasture-
influenced areas such as the Aegean Region may provide 
favorable conditions for persistence and transmission [9]. 
The pathogenic success of S. uberis is linked to a diverse 
set of virulence factors, including capsule-associated 
determinants that support immune evasion, adhesion-
related factors that facilitate colonization and persistence 
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Abstract

Bovine mastitis remains one of the most prevalent and economically damaging diseases 
of dairy herds, and Streptococcus uberis is a leading environmental pathogen implicated 
in both clinical and subclinical infections. In this study, we characterized S. uberis isolates 
from mastitis-suspected dairy cows in the Aegean Region of Türkiye using phenotypic and 
molecular identification, virulence and antimicrobial resistance (AMR) gene profiling, 
antimicrobial susceptibility testing, and ERIC-PCR genotyping. Overall, 167 milk 
samples were cultured and S. uberis was isolated from 11 samples (6.6%). Identification 
was performed with VITEK® 2 and confirmed by 16S rRNA PCR (1.400bp). Virulence 
genes were widely distributed, including capsule genes (hasB 91%, hasC 82%, hasA 73%) 
and adhesion/invasion-related loci (gapC and oppF 82% each, skc 91%, sua 64%, cfu 73%), 
whereas lbp showed lower prevalence (27%). AMR gene screening revealed high carriage 
of penicillin-binding protein genes (pbp1A, pbp2A, pbp2B 100%; pbp1B 90.9%), blaTEM 
(72.7%), blaZ (9.1%), ermA/ermB (100%), tetM (54.5%), and gyrA/parC (27.3% each). 
Phenotypically, resistance was frequent, notably to tetracycline (100%) and penicillin G 
(63.6%), with heterogeneous patterns to other agents, indicating multidrug resistance. 
ERIC-PCR demonstrated marked genetic heterogeneity, identifying two small clusters (2 
and 3 isolates) and six unique profiles at a 70% similarity cut-off, consistent with multiple 
environmental sources rather than a single dominant clone. These findings underscore the 
need for improved environmental hygiene and susceptibility-guided therapy, and support 
further molecular surveillance of circulating strains and resistance mechanisms.
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within the mammary gland, and additional components 
involved in tissue invasion and cytolytic activity [9,10].

Antimicrobial therapy remains a cornerstone of mastitis 
control; nevertheless, treatment failure is increasingly 
reported due to escalating antimicrobial resistance. In 
S. uberis, β-lactam resistance has been associated with 
alterations in penicillin-binding proteins (e.g., pbp1A, pbp2A, 
pbp2B) and, less frequently, β-lactamase-related mechanisms 
(e.g., blaTEM, blaZ) [11]. Macrolide resistance is largely 
mediated by ermA and ermB, whereas tetracycline resistance 
is frequently linked to tetM. Emerging fluoroquinolone 
resistance has also been associated with mutations in key 
target genes such as gyrA and parC [12-15]. Genotyping studies 
frequently demonstrate high genetic diversity among S. 
uberis isolates, supporting the concept that many infections 
arise from environmental reservoirs rather than direct cow-
to-cow [6]. Therefore, the present study aimed to characterize 
S. uberis isolates obtained from mastitis-suspected (CMT-
positive) dairy cows in the Aegean Region of Türkiye through 
phenotypic and molecular identification, virulence gene 
profiling, antimicrobial susceptibility testing, detection of 
resistance determinants, and assessment of genetic diversity 
using ERIC-PCR. 

Material and Methods 
Ethical Statement 

All experimental procedures were approved by the Local 
Ethics Committee of the Bornova Veterinary Control 
Institute (Date: 01.04.2025, Decision No: 2025/2).

Sample Size Justification and Bacterial Identification 

Assuming an expected prevalence of approximately 10% 
for S. uberis in mastitic milk, the sample size was calculated 
under a binomial framework to estimate prevalence with 
acceptable precision [16]. A total of 167 CMT-positive 
quarter milk samples were collected from mastitis-
suspected dairy cows located in eight provinces of the 
Aegean Region of Türkiye, namely İzmir, Aydın, Manisa, 

Muğla, Denizli, Uşak, Kütahya, and Afyonkarahisar.

A descriptive, cross-sectional sampling strategy was used. 
Seven dairy farms were included from each province, 
resulting in a total of 56 farms. Three CMT-positive 
quarter milk samples were collected from each farm, 
except for one farm in Afyonkarahisar, from which 
two samples were obtained. Thus, the final sample size 
consisted of 167 milk samples. Quarter selection was 
based on the California Mastitis Test (CMT), and samples 
were collected from quarters with a CMT score ≥1+ [17,18].

Samples were submitted to the Bornova Veterinary Control 
Institute. Each sample was cultured on 5% ovine blood 
agar (Oxoid®, UK) and incubated aerobically at 37°C for 
24-48 h [19,20]. After incubation, colonies with streptococcal 
morphology were selected and examined by Gram staining; 
isolates showing Gram-positive cocci in chains and a 
negative catalase reaction with 3% H2O2 were considered 
consistent with streptococci [5,20]. Isolates were identified 
using the VITEK® 2 Compact system (bioMérieux, 
France) with GP identification cards according to the 
manufacturer’s instructions [9,19]. Genomic DNA was 
extracted from purified S. uberis isolates using the High 
Pure PCR Template Preparation Kit (Roche, Germany) 
according to the manufacturer’s instructions. The 
extracted DNA samples were stored at −20°C until further 
PCR analysis. Molecular confirmation was performed by 
PCR targeting the 16S rRNA gene using published primers 
(Forward, 5′-GAGAGTTTGATCCTGGCTCAGGA-3′; 
Reverse, 5′-CGGGTGTTACAAACTCTCGTGGT-3′); the 
expected 1,400bp amplicon was interpreted as positive [20].

Detection of Virulence Genes

Virulence-associated genes were screened in all S. uberis 
isolates by PCR using genomic DNA extracted as described 
above. The following loci were targeted: hasA, hasB, hasC, 
gapC, oppF, skc, sua, cfu and lbp, which are associated with 
adhesion, immune evasion, and persistence in the bovine 
mammary gland [9,20]. Published primer sets and expected 
amplicon sizes were used [20] (Table 1).

Table 1. Primers used for amplification of virulence-associated genes in S. uberis isolates

Gene Forward Primer (5′–3′) Reverse Primer (5′–3′) Amplicon (bp) Annealing Temperature (℃) Ref.

cfu TATCCCGATTTGCAGCCTAC CCTGGTCAACTTGTGCAACTG 205 59 [20]

hasA GAAAGGTCTGATGCTGAT TCATCCCCTATGCTTACAG 600 58 [20]

hasB TCTAGACGCCGATCAAGC TGAATTCCYATGCGTCGATC 300 58 [20]

hasC TGCTTGGTGACGATTTGATG GTCCAATGATAGCAAGGTACAC 300 58 [20]

gapC GCTCCTGGTGGAGATGATGT GTCACCAGTGTAAGCGTGGA 200 55 [20]

lbp CGACCCTTCAGATTGGATTC TAGCAGCATCACGTTCTTCG 698 53 [20]

oppF GGCCTAACCAAAACGAAACA GGCTCTGGAATTGCTGAAAG 419 54 [20]

skc CTCCTCTCCAACAAAGAGG GAAGGCCTTCCCCTTTGAAA 800 52 [20]

sua ACGCAAGGTGCTCAAGAGTT TGAACAAGCGATTCGTCAAG 776 58 [20]
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PCR was performed in 25 μL reaction volumes containing 
Xpert Fast Hotstart Mastermix (2×, GRiSP®, Portugal), 
gene-specific primers, nuclease-free water, and template 
DNA. All PCR assays were performed as separate single-
target reactions for each gene; no multiplex PCR protocol 
was used in this study. Cycling conditions consisted of 
an initial denaturation at 95°C for 3min, followed by 
35-40 cycles of 95°C for 30 s, gene-specific annealing 
for 30 s, and extension at 72°C for 30-60 s, with a final 
extension at 72°C for 5min. Amplicons were resolved by 
electrophoresis on 1.5% agarose gels and visualized under 
UV illumination. The presence of each gene was recorded 
based on the expected product size (Table 1).

Detection of Antimicrobial Resistance Genes

Antimicrobial resistance (AMR) genes were screened in 
all S. uberis isolates by PCR using genomic DNA prepared 
as described above. Eleven resistance-associated loci 
representing major antimicrobial classes were targeted: 
penicillin-binding protein genes (pbp1A, pbp1B, pbp2A, 
pbp2B), β-lactamase genes (blaTEM, blaZ), macrolide 
resistance genes (ermA, ermB), the tetracycline resistance 
gene (tetM), and quinolone resistance-associated genes 
(gyrA, parC) [13,21-23].

However, for pbp, gyrA, and parC, PCR positivity was 
interpreted only as the presence of the corresponding 
target locus/amplicon. Since sequence analysis was not 
performed, resistance-conferring mutations or allelic 
variations in these loci could not be demonstrated.

PCR was performed in 25 μL reaction volumes containing 
Xpert Fast Hotstart Mastermix (2×, GRiSP®, Portugal), 
gene-specific primer pairs, nuclease-free water, and 
template DNA. All PCR assays were performed as separate 
single-target reactions for each gene; no multiplex PCR 
protocol was used in this study. Cycling conditions 
followed published protocols: initial denaturation at 95°C 

for 3 min; 35-40 cycles of 95°C for 30 s, gene-specific 
annealing for 30s, and 72°C extension for 30-60 s; and 
a final extension at 72°C for 5 min [18,21,24-26]. Amplicons 
were resolved on 1.5% agarose gels and visualized under 
UV illumination. The presence of each gene was recorded 
according to the expected product size. Primer sequences 
and amplicon sizes are presented in Table 2.

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility of all S. uberis isolates was 
determined by the disk diffusion method on Mueller-
Hinton agar supplemented with 5% defibrinated sheep 
blood, in accordance with Clinical and Laboratory 
Standards Institute (CLSI) guidelines [29]. Bacterial 
suspensions were prepared in sterile saline and adjusted 
to 0.5 McFarland, and plates were inoculated by swabbing 
the entire agar surface. Commercial antimicrobial disks 
(Oxoid®, UK) were applied, and plates were incubated 
aerobically at 37°C for 18-24 h.

The antimicrobial disks tested were penicillin G (10 
units), ampicillin (10 µg), erythromycin (15 µg), 
tetracycline (30 µg), oxytetracycline (30 µg), cefquinome 
(30 µg), trimethoprim–sulfamethoxazole (1.25/23.75 
µg), and chloramphenicol (30 µg). After incubation, 
inhibition zone diameters were measured in millimetres. 
Isolates were categorized as susceptible, intermediate, 
or resistant according to CLSI M100, 34th edition, 2024, 
where applicable. For antimicrobial agents without 
directly applicable CLSI interpretive criteria for S. uberis, 
interpretation was performed using published criteria from 
previous studies on mastitis-associated streptococci, as 
clearly indicated in Table 4 [26]. Streptococcus pneumoniae 
ATCC 49619 was used for quality control according to 
CLSI recommendations [29]. Phenotypic resistance results 
were compared descriptively with AMR-associated locus 
profiles.

Table 2. Primers used for amplification of antimicrobial resistance genes in S. uberis isolates

Gene Forward Primer (5′–3′) Reverse Primer (5′–3′) Amplicon (bp) Annealing Temperature (℃) Ref.

pbp1A GGCGACATCTGGATGAAAAT GCCATTGTTCCAACATAATCA 718 52 [21]

pbp1B CTTTGGCGGTTTGCTAGATG GGATGGCGTTGGCTAGATTA 890 52 [21]

pbp2A AGGGCTTGTTGGTCGTGTTA CGGTCTTGTTAAAACCGATCC 734 52 [21]

pbp2B CTATGTCGGGCTTGTCTCGT TGGCAACAGCTACTTCAGGA 879 52 [21]

blaZ TAAGAGATTTGCCTATGCTT TTAAAGTCTTACCGAAAGCAG 377 52 [23]

blaTEM ATGAGTATTCAACATTTTCGTG TTACCAATGCTTAATCAGTGAG 860 58 [27]

ermA TCAGGAAAAGGACATTTTACC ATACTTTTTGTAGTCCTTCTT 432 58 [28]

ermB TTTTTGAAAGCCATGCGTCT CTGTGGTATGGCGGGTAAGT 201 60 [13]

tetM GTGGACAAAGGTACAACGAG CGGTAAAGTTCGTCACACAC 406 55 [25]

gyrA CGATGTCGGTCATTGTTG ACTTCCGTCAGGTTGTGC 496 50 [22]

parC TGGGTTGAAGCCGGTTCA CAAGACCGTTGGTTCTTTC 361 58 [24]
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Genotyping by ERIC-PCR

Genetic relatedness among the isolates was assessed 
by Enterobacterial Repetitive Intergenic Consensus 
PCR (ERIC-PCR) using the ERIC-2 primer 
(5′-AAGTAAGTGACTGGGGTGAGCG-3′), and 
amplification was performed according to a previously 
described method [30]. Briefly, a 25 μL ERIC-PCR reaction 
mixture was prepared containing 1× PCR buffer, 2.5 mM 
MgCl₂, 200 μM of each dNTP, 2.5U Taq DNA polymerase, 
25 pmol primer, and 5 μL template DNA. Thermal cycling 
conditions comprised an initial denaturation at 94°C 
for 5 min, followed by 40 cycles of denaturation at 94°C 
for 1 min, annealing at 40°C for 1 min, and extension 
at 72°C for 3 min, with a final extension at 72°C for 7 
min [30]. Amplification products were separated on 1.5% 
agarose gels containing ethidium bromide (2 μg/mL) and 
visualized under UV illumination. ERIC-PCR banding 
patterns were analyzed to construct dendrograms using the 
unweighted pair-group method with arithmetic averages 
(UPGMA), and genetic relatedness was interpreted using 
a 70% similarity cut-off.

Results 
Isolation and identification of Streptococcus uberis 

A total of 167 CMT-positive quarter milk samples collected 
from mastitis-suspected dairy cows in eight provinces of 
the Aegean Region of Türkiye were examined. S. uberis 
was isolated from 11 samples, corresponding to an overall 
sample-level positivity rate of 6.6% and a farm-level 
positivity rate of 19.6% (11/56).

Among the 11 S. uberis-positive samples, three isolates 
were obtained from three different farms in İzmir, two 
isolates from two farms in Aydın, and two isolates from 
two farms in Manisa. In addition, one isolate each was 
recovered from a single farm in Muğla, Denizli, Uşak, and 
Afyonkarahisar. No S. uberis isolate was recovered from 
Kütahya. S. uberis was isolated from 11 samples (6.6%) 
(Table 3).

On 5% ovine blood agar, isolates produced 1-3 mm, 
opaque S-type colonies. Gram staining revealed Gram-
positive cocci in chains, and all isolates were catalase-
negative. Species identification was performed using the 

Table 3. Provincial and farm-level distribution of milk samples and S. uberis isolates

Province No. of Farms 
Sampled

No. of Milk 
Samples

No. of S. uberis-Positive 
Farms

No. of S. uberis-
Positive İsolates

Sample-Level 
Positivity (%)

Farm-Level 
Positivity (%)

İzmir 7 21 3 3 14.3 42.9

Aydın 7 21 2 2 9.5 28.6

Manisa 7 21 2 2 9.5 28.6

Muğla 7 21 1 1 4.8 14.3

Denizli 7 21 1 1 4.8 14.3

Uşak 7 21 1 1 4.8 14.3

Kütahya 7 21 0 0 0.0 0.0

Afyonkarahisar 7 20 1 1 5.0 14.3

Total 56 167 11 11 6.6 19.6

Table 4. Antimicrobial susceptibility profiles of S. uberis isolates (n = 11)

Antimicrobial Agent Disk Content Interpretive 
Reference Resistant (n) Susceptible (n) Resistance (%) Detected Related AMR Genes/

loci

Penicillin G 10 units [29] 7 4 63.6 pbp1A, pbp1B, pbp2A, pbp2B, 
blaTEM, blaZ

Ampicillin 10 µg [29] 1 10 9.1 pbp1A, pbp1B, pbp2A, pbp2B, 
blaTEM, blaZ

Erythromycin 15 µg [26,29] 5 6 45.5 ermA, ermB

Tetracycline 30 µg [26,29] 11 0 100.0 tetM

Oxytetracycline 30 µg [26] 10 1 90.9 tetM

Cefquinome 30 µg [26] 11 0 100.0 pbp1A, pbp1B, pbp2A, pbp2B, 
blaTEM, blaZ

TMP-SMX 1.25/23.75 µg [26,29] 11 0 100.0 Not investigated

Chloramphenicol 30 µg [26,29] 11 0 100.0 Not investigated
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VITEK® 2 GP system and molecular confirmation was 
conducted by PCR targeting the 16S rRNA gene, yielding 
the expected 1.400bp amplicon in all 11 isolates (Fig. 1).

The overall sample-level positivity rate was 6.6% (11/167; 
95% Wilson CI: 3.7-11.4%). Provincial positivity rates 
ranged from 0.0% to 14.3%, with the highest rate observed 
in İzmir (3/21; 14.3%; 95% CI: 5.0-34.6%), followed by 
Aydın and Manisa (2/21 each; 9.5%; 95% CI: 2.7-28.9%). 
Lower rates were detected in Muğla, Denizli, Uşak, and 
Afyonkarahisar, whereas no S. uberis isolate was recovered 
from Kütahya. Although numerical differences were 
observed among provinces, the difference in sample-level 
positivity was not statistically significant by chi-square test 
(χ² = 4.52, df = 7, P=0.719). Because of the small number 
of positive isolates and low expected cell counts, the result 
was also checked using the Fisher-Freeman-Halton exact 
test with Monte Carlo simulation, which similarly showed 
no significant provincial difference (P=0.778).

At the farm level, S. uberis was detected in 11 of 56 sampled 
dairy farms, corresponding to a farm-level positivity 
rate of 19.6% (95% Wilson CI: 11.3-31.8%). Farm-level 
positivity varied from 0.0% in Kütahya to 42.9% in İzmir. 
However, this variation was not statistically significant 
among provinces either by chi-square test (χ² = 5.32, df = 
7, P=0.621) or by Fisher-Freeman-Halton exact test with 
Monte Carlo simulation (P=0.783). Therefore, although 
İzmir showed the highest numerical positivity, the present 
data do not support a statistically significant provincial 
clustering of S. uberis positivity.

Distribution of Virulence Genes 

All S. uberis isolates were screened for virulence-associated 
genes. Capsular synthesis–related genes were frequently 
detected (hasB 91%, hasC 82%, hasA 73%). Adhesion-
associated genes were also common (gapC 82%, oppF 82%, 
sua 64%). The skc gene was present in 91% of isolates, 

whereas cfu was detected in 73%. The lbp gene showed 
the lowest prevalence (27%). Overall, most isolates carried 
multiple virulence determinants (Fig. 2).

Detection of Antimicrobial Resistance Genes 

All S. uberis isolates were screened for 11 AMR-associated 
genes. Penicillin-binding protein genes were frequently 
detected: pbp1A, pbp2A, and pbp2B were present in all 
isolates (100%, 11/11), whereas pbp1B was detected 
in 90.9% (10/11). Among β-lactamase genes, blaTEM 
was identified in 72.7% (8/11), while blaZ was detected 
in 9.1% (1/11). Macrolide resistance genes (ermA and 
ermB) were detected in all isolates (100%, 11/11), and the 
tetracycline resistance gene tetM was present in 54.5% 
(6/11). Quinolone resistance-associated genes gyrA and 
parC were each detected in 27.3% (3/11). Overall, most 
isolates carried multiple AMR determinants (Fig. 3). 

Antimicrobial Susceptibility Results

Antimicrobial susceptibility testing demonstrated 
heterogeneous resistance patterns among the S. uberis 
isolates (Table 4). Resistance to penicillin G was observed 

Fig 1. Agarose gel electrophoresis image of PCR amplification of the 
16S rRNA gene, showing the expected 1,400bp amplicon. Lanes 1-5: test 
samples/isolates, P: positive control, N: negative control, M: DNA marker

Fig 2. Agarose gel electrophoresis images of PCR amplicons for the 
virulence genes investigated in this study. A: cfu (205bp), B: hasA (600bp), 
C: hasB (300bp), D: hasC (300bp), E: gapC (200bp), F: lbp (698bp), G: oppF 
(419bp), H: skc (800bp), I: sua (776bp). P: positive control, N: negative 
control, 1: test sample/isolate, M: DNA marker
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in 63.6% (7/11) of isolates, whereas most isolates remained 
susceptible to ampicillin (90.9%, 10/11). All isolates were 
resistant to tetracycline, cefquinome, trimethoprim-
sulfamethoxazole, and chloramphenicol (each 100%, 
11/11), and resistance to oxytetracycline was also high 
(90.9%, 10/11). Erythromycin resistance was detected 
in 45.5% (5/11). Collectively, the susceptibility profiles 
indicate a high prevalence of multidrug resistance in the 
study population (Table 4). Molecular results indicate 
PCR detection of related AMR genes/loci in the isolate 
collection and do not necessarily indicate phenotypic 
resistance in each isolate.

ERIC-PCR Genotyping Results

ERIC-PCR fingerprinting generated clear and reproducible 
banding patterns (Fig. 4). At a 70% similarity cut-off, two 
clusters were identified: one comprising two isolates (RG1 
and RG2) and another comprising three isolates (RH1-
RH3). The remaining six isolates (RA-RF) exhibited 
unique profiles and did not cluster with other isolates 
at this threshold. Overall, ERIC-PCR indicated marked 
genetic heterogeneity among the isolates, consistent with 
the presence of multiple genotypes rather than a single 
dominant clone (Fig. 4).

Discussion 
This study determined a S. uberis isolation rate of 6.6% 
from 167 milk samples collected from mastitis-suspected 
(CMT-positive) dairy cows in the Aegean Region of 
Türkiye. This rate is close to the lower bound of the 10-25% 
range reported in some previous studies from Türkiye and 
may reflect differences in herd type, sampling strategy, 
seasonal/environmental conditions, and management 
practices [9]. A previous study from Aydın Province, 
located within the Aegean Region, reported the detection 
of virulence genes in S. uberis isolates from bovine 
mastitis cases [9]. The presence of this earlier regional 
report supports the relevance of S. uberis as a mastitis-
associated pathogen in the Aegean Region. However, 
the present study differs by including isolates obtained 
from multiple provinces of the region and by evaluating 
virulence-associated genes together with antimicrobial 
susceptibility, resistance-associated loci, and ERIC-PCR 
genotyping. Therefore, our findings expand the available 
regional data beyond a single-province observation. 
Globally, S. uberis prevalence has been reported to vary 
widely, ranging approximately from 15% to 40% in Europe 
and North America, and reaching higher levels in pasture-
based systems [5,6,8]. Therefore, the relatively low isolation 
rate observed in the present study does not diminish the 
regional relevance of this pathogen; rather, its virulence 
potential and treatment challenges highlight that it 
remains economically and clinically important in mastitis 
management. 

The high detection frequencies of virulence-associated 
genes in our isolates suggest that S. uberis circulating 
in the region may possess substantial genetic capacity 
for mammary gland colonization and persistence. In 
particular, the capsule synthesis-related genes hasA (73%), 
hasB (91%), and hasC (82%) were widely distributed. This 
distribution is in line with previous studies from Türkiye 
and other regions, which have shown a high prevalence of 
capsule-associated genes and support the importance of 
the capsule as a conserved virulence determinant involved 
in immune evasion and persistence [9,20,30-32].

Fig 3. Agarose gel electrophoresis images of PCR amplicons targeting 
β-lactam resistance, macrolide resistance, tetracycline resistance, and 
quinolone resistance-associated genes. Panels: A: pbp1A, 718bp; B: pbp1B, 
890bp; C: pbp2A, 734bp; D: pbp2B, 879bp, E: blaZ, 377bp; F: blaTEM, 
860bp; G: ermA, 432bp; H: ermB, 201bp; I: tetM, 406bp; J: gyrA, 496bp; K: 
parC, 361bp. P: positive control; N: negative control; 1: test isolate/sample; 
M: DNA size marker

Fig 4. ERIC-PCR banding patterns and corresponding dendrogram of S. 
uberis isolates
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The detection of adhesion-associated genes oppF (82%), 
gapC (82%), and sua (64%) indicates a strong potential 
for early adherence to the mammary epithelium 
and persistence during intramammary infection. 
These findings are consistent with previous reports 
demonstrating the presence of adhesion-related genes 
in S. uberis isolates and support their possible role in 
colonization and persistence during infection [9]. In 
addition, the detection of sua and gapC may indicate a 
potential association with a prolonged clinical course and 
a tendency toward chronic mastitis [33]. Taken together, the 
adhesion gene patterns observed here suggest that, despite 
its predominantly environmental origin, S. uberis may 
establish persistent infections in mammary tissue.

Virulence determinants associated with tissue invasion 
and cellular damage were also frequently detected, 
including skc (91%) and cfu (73%). This profile suggests 
a notable virulence potential among the isolates. The high 
prevalence of cfu in the present study is in agreement with 
previous findings reporting this gene at high frequency 
among S. uberis isolates, further supporting its potential 
role in the pathogenesis of bovine mastitis [9,20]. In contrast, 
the relatively low prevalence of lbp (27%) may reflect 
strain-to-strain variability in iron acquisition mechanisms 
and possible regional differences in adaptation. Overall, 
the co-occurrence of multiple virulence genes in most 
isolates indicates a multifactorial pathogenic profile and 
further supports the continuing importance of S. uberis as 
a mastitis pathogen [9,10,19].

Phenotypic antimicrobial susceptibility results indicated a 
high resistance burden, particularly against tetracyclines 
and several other agents. These findings highlight the 
limitations of empirical therapy in mastitis cases and 
underscore the need for treatment strategies guided by 
isolation, identification, and susceptibility testing. For 
β-lactams, resistance to penicillin (63.6%) together with 
largely preserved susceptibility to ampicillin suggests 
that resistance may not be explained solely by classical 
β-lactamase presence, but could involve target alterations 
and/or differences in breakpoint interpretation. In this 
context, the presence of PBP-related genes alone may be 
insufficient to predict phenotype; rather, allelic variation/
mutations and expression or regulatory differences are 
likely to be more decisive [21,32-35]. Local data from Türkiye 
reporting frequent detection of pbp genes, yet incomplete 
concordance with phenotypic resistance, are compatible 
with this interpretation [36,37].

For macrolides, erythromycin resistance was 45.5%, 
whereas all isolates carried ermA/ermB, indicating 
that gene presence and phenotypic resistance may 
not fully coincide. This discrepancy may be related to 
inducible expression of erm genes, regulatory variation, 
or contributions of non-erm mechanisms such as efflux 

systems [13,14,22,32,38,39]. Similarly, the observation of 100% 
phenotypic tetracycline resistance despite tetM positivity 
of 54.5% suggests that additional genes (e.g., tetO/tetL) 
or efflux mechanisms may contribute. Detection of 
fluoroquinolone target gene alterations (gyrA and parC) 
at 27.3% may reflect a limited but present selection 
pressure in the region; given their potential contribution 
to treatment failure, these markers warrant continued 
monitoring [14,22]. Therefore, the molecular findings for 
pbp, gyrA, and parC should be interpreted with caution, 
as sequencing was not performed to confirm resistance-
associated mutations.

Finally, ERIC-PCR genotyping revealed marked genetic 
heterogeneity among the isolates. As shown in Fig. 4, 
the presence of two small clusters at the 70% similarity 
threshold (RG1-RG2 and RH1-RH3) together with 
multiple unique profiles indicates that cases were 
associated with circulation of multiple genotypes rather 
than a single dominant clone. This finding is consistent 
with the prevailing concept that S. uberis mastitis 
frequently arises from environmental sources via multiple 
introductions and that substantial molecular diversity 
may occur within and between herds [22,40].

This study has some limitations. First, although the 
study provides regional data on S. uberis isolates from 
mastitic dairy cows in the Aegean Region of Türkiye, it 
was designed as a descriptive, cross-sectional study and 
should not be interpreted as a randomized prevalence 
survey representing all dairy herds in the region. Second, 
the methods used, including bacterial isolation, PCR-
based gene screening, antimicrobial susceptibility testing, 
and ERIC-PCR, are conventional and do not provide the 
resolution of sequencing-based approaches. In particular, 
sequence analysis of pbp, gyrA, and parC loci was not 
performed; therefore, resistance-associated mutations 
or allelic variations could not be confirmed. Further 
studies using larger isolate collections and whole-genome 
sequencing are needed to clarify the epidemiology, 
virulence potential, and resistance mechanisms of S. 
uberis in Türkiye.

In conclusion, this study demonstrated that S. uberis 
isolates recovered from bovine mastitic dairy cows in the 
Aegean Region of Türkiye harbor a substantial repertoire 
of virulence-associated genes, exhibit pronounced 
antimicrobial resistance patterns, and display marked 
genetic heterogeneity. Collectively, these findings 
support the role of S. uberis as an important pathogen in 
environmentally acquired intramammary infections and 
suggest a considerable potential for persistence within the 
mammary gland. The high resistance observed to several 
commonly used antimicrobials underscores the need 
to curb indiscriminate antibiotic use and highlights the 
importance of susceptibility-guided therapy. Although 
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the study does not provide methodological novelty, 
it contributes regional baseline data by evaluating 
phenotypic characteristics, virulence-associated genes, 
antimicrobial susceptibility profiles, resistance-associated 
loci, and ERIC-PCR genotypes of S. uberis isolates from 
mastitic dairy cows in the Aegean Region of Türkiye. 
Accordingly, improving environmental hygiene, 
implementing appropriate herd management practices, 
and selecting antimicrobials based on susceptibility testing 
should be prioritized for effective mastitis control. Further 
molecular and genomic investigations are warranted to 
better elucidate the epidemiology of circulating strains 
and the underlying resistance mechanisms.
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