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Phenotypic and genotypic characterization of bacterial isolates 
causing bovine mastitis with reference to MALDI-TOF-MS for 
isolates’ identification

Introduction

Worldwide, bovine mastitis poses a considerable challenge to sus-
tainable dairy production, creating significant economic difficulties from 
decreased milk output, a decline in milk quality, increased veterinary 
costs, and premature culling of affected animals (Tomanić et al., 2025). 
Furthermore, beyond its financial impact, mastitis presents significant 
challenges pertaining to animal welfare and public health, particularly 
concerning the spread of antimicrobial-resistant bacteria in the dairy 
food supply (Paramasivam et al., 2023).

Historically, mastitis research has focused primarily on classical 
pathogens such as Staphylococcus aureus, Streptococci, and Escherichia 
coli. However, recent epidemiological studies have highlighted a no-
ticeable shift toward opportunistic and emerging pathogens, including 
Enterococcus faecalis, members of the Enterobacter cloacae complex, Ser-
ratia marcescens, Providencia rettgeri, Burkholderia cepacia complex, and 
Mycoplasma bovis (Cobirka et al., 2020; Tommasoni et al., 2023; Guaita et 
al., 2025). These organisms are increasingly associated with subclinical 
and chronic mastitis, mixed infections, and poor therapeutic outcomes, 
largely due to their enhanced virulence traits and intrinsic or acquired 
antimicrobial resistance (Roșu et al., 2025).

Effective disease control depends on the timely and accurate identi-
fication of microorganisms linked to mastitis (Duarte et al., 2015). Tradi-
tional bacteriological techniques that rely on culture traits and biochem-
ical reactions are still commonly utilized, but they often face challenges 
with lengthy turnaround times and inadequate differentiation, especially 
for closely related species and difficult-to-culture organisms like Myco-
plasma spp. These challenges can hinder timely treatment decisions and 
affect the management of mastitis. As a result, there is an increasing de-
mand for more advanced diagnostic methods that integrate speed, preci-
sion, and consistency (Storgårds et al., 2006; Gaur et al., 2025).

Matrix-Assisted Laser Desorption/Ionization–Time of Flight Mass 

Spectrometry (MALDI-TOF-MS) has emerged as a transformative tech-
nology in veterinary microbiology (Elbehiry and Abalkhail, 2025). By an-
alyzing unique protein mass spectra, MALDI-TOF-MS enables rapid and 
reliable species-level identification of bacterial isolates with minimal sam-
ple preparation. Recent applications in mastitis diagnostics have demon-
strated its superiority over traditional methods, particularly in resolving 
taxonomically complex groups and detecting uncommon or emerging 
pathogens. Its integration into routine diagnostic workflows has signifi-
cantly enhanced pathogen surveillance and epidemiological investiga-
tions in dairy herds (Clark et al., 2013; de Souza Ferreira et al., 2025).

In parallel with pathogen identification, the characterization of anti-
microbial susceptibility profiles has become increasingly critical. The ex-
tensive and sometimes indiscriminate use of antimicrobials in dairy pro-
duction has contributed to the global escalation of multidrug-resistant 
mastitis pathogens (Kiplimo et al., 2025). There is significant concern re-
garding the development of resistance mechanisms that are facilitated by 
transferable genetic elements, such as extended-spectrum β-lactamases, 
AmpC β-lactamases, carbapenem resistance factors, mobile colistin resis-
tance genes (mcr), and vancomycin resistance genes found in enterococ-
ci. The molecular identification of these resistance genes offers important 
insights into the genetic foundation of phenotypic resistance and aids in 
the risk assessment associated with antimicrobial usage and food safety 
(Potter et al., 2016; Nasrollahian et al., 2024).

Moreover, virulence-associated phenotypes such as biofilm forma-
tion, proteolytic enzyme production, hemolytic activity, and oxidative 
stress tolerance play a pivotal role in bacterial persistence within the 
mammary gland (Ramírez-Larrota and Eckhard, 2022). These traits facili-
tate immune evasion, enhance colonization, and reduce antimicrobial ef-
ficacy, thereby contributing to treatment failure and recurrent infections. 
The combined evaluation of phenotypic virulence traits and genotypic 
resistance determinants offers a more comprehensive understanding of 
pathogen pathogenicity and adaptive capacity (Schroeder et al., 2017; 
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crobial susceptibility of the mastitis causative agents was evaluated through antimicrobial susceptibility testing 
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present. Foundationally, the molecular analysis of the pathogens confirmed the presence of multiple critical re-
sistance genes. Biofilm formation, as well as enzymes, were found to be elevated demonstrating the pathogens 
had the capacity to survive within their host’s mammary tissues. This investigation document MALDI-TOF-MS 
as a rapid and effective tool for identification of the causative agents of bovine mastitis. The results from this 
study support and reinforces the need for ongoing disease monitoring and responsible antibiotic usage for the 
control of mastitis in dairy cattle as well as for preventing the development of antibiotic resistance in dairy herds.
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Raymond, 2020).
The aim of this research was to provide a comprehensive description 

of the bacteria and Mycoplasma present in milk samples from cows with 
mastitis. It concentrated on using MALDI-TOF-MS for accurate identifi-
cation of pathogens, as well as conducting tests for antimicrobial sus-
ceptibility, profiling of virulence, and molecular detection of resistance 
genes. This thorough investigation offers a current understanding of the 
pathogens associated with bovine mastitis, aiding in the development of 
data-informed strategies for enhanced mastitis management and antimi-
crobial practices.

Materials and methods

Sample collection

From March 2023 to June 2024, ninety samples of raw milk were tak-
en from lactating cows in Fayoum and Giza, Egypt. The samples were 
collected aseptically from each quarter, in sterile containers, and moved 
in an ice box to the AHRI’s Bacteriology Lab in Dokki, Giza, Egypt, for 
bacterial analysis.

Screening for subclinical mastitis

All collected milk samples were screened for subclinical mastitis us-
ing the California Mastitis Test (CMT) following the standard protocol de-
scribed by Hogan et al. (1999).

Bacteriological phenotypic identification

Milk samples that tested positive for mastitis were cultured on Blood 
agar, MacConkey agar, and Salmonella–Shigella agar (HiMedia, India). 
The inoculated plates were incubated in aerobic conditions at 37°C for 
24 hours. 

The colonies that were recovered underwent Gram staining and ini-
tial identification through conventional biochemical tests, which include 
oxidase, catalase, IMViC tests (indole, methyl red, Voges–Proskauer, ci-
trate), Triple Sugar Iron (TSI) agar, urease assay, bile esculin hydrolysis, 
pyrrolidonyl arylamidase (PYR) test, and growth in brain heart infusion 
(BHI) broth augmented with 6.5% NaCl, according to Quinn et al. (2002).

Isolation and recognition of Mycoplasma spp.

Milk samples were inoculated into pleuropneumonia-like organism 
(PPLO) broth (Oxoid, UK) and incubated at 37°C for up to two weeks. Pos-
itive cultures were subcultured repeatedly to obtain pure colonies. Differ-
entiation between Mycoplasma and Acholeplasma genera was performed 
using the digitonin sensitivity test as described by Freundt (1973). Further 
biochemical characterization of Mycoplasma species was conducted us-
ing glucose fermentation and arginine deamination tests following the 
protocol of Ernø and Stipkovits (1973).

MALDI-TOF-MS identification

Confirmed bacterial isolates were classified at the species level 
through Matrix-Assisted Laser Desorption/Ionization–Time of Flight Mass 
Spectrometry (MALDI-TOF-MS) in accordance with the manufacturer’s 
guidelines. The spectral profiles were evaluated using the reference data-
base to guarantee precise identification and were contrasted with tradi-
tional phenotypic results for verification.

Testing for antimicrobial susceptibility 

Antimicrobial susceptibility patterns of the isolates were assessed 
using the Kirby–Bauer disc diffusion technique. The analysis of inhibition 

zones was done based on CLSI (2020).
The antimicrobial agents tested included trimethoprim/sulfamethox-

azole (25 µg), ceftazidime (30 µg), gentamicin (30 µg), piperacillin/tazo-
bactam (100/10 µg) for both Gram-positive and Gram-negative bacteria, 
meropenem (10 µg) for Gram-negative isolates, and linezolid (30 µg), 
erythromycin (15 µg), and vancomycin (30 µg) for Gram-positive isolates. 
Mycoplasma isolates were tested against enrofloxacin (10 µg), florfenicol 
(30 µg), tylosin (15 µg), doxycycline (30 µg), and amoxicillin/clavulanic 
acid (30 µg).

Phenotypic virulence traits assays

Following species-level identification, all isolates were evaluated for 
selected phenotypic virulence traits.

Biofilm formation assay

All isolates, including Mycoplasma species, were evaluated for their 
capacity to produce biofilms on abiotic surfaces using a microtiter plate 
technique outlined by O’Toole (2011).

Hemolysin activity 

To measure haemolytic activity, isolates were transferred to Blood 
Agar media (HiMedia, India) supplemented with 5% horse blood. After a 
full day of incubation at 37°C, the plates were examined for haemolysis 
patterns, according to Wang et al. (2020), 

Gelatinase activity 

Gelatin medium (3%) was used to measure the breakdown of gelatin. 
According to Balan et al. (2012), all isolates aside from Mycoplasma spp. 
were incubated at 37°C for 48 hours, and the existence of a distinct halo 
encircling the colonies suggested gelatinase activity.

Casein Hydrolysis Assay

According to Hashem et al. (2021), after an overnight incubation 
period, non-Mycoplasma isolates were inoculated onto BHI agar supple-
mented with 5% (w/v) skim milk powder and examined for clear zones 
indicative of casein hydrolysis.

Catalase Activity in Mycoplasma isolates

By applying hydrogen peroxide (H2O₂) to bacterial cell suspensions 
and watching for the development of bubbles, catalase activity in Myco-
plasma isolates was assessed, as described by Pritchard et al. (2014).

Identification of Genes conferring antimicrobial resistance

Genomic DNA was extracted according to the manufacturer’s in-
structions using the COL-NA DNA Extraction Kit (REME-D, Egypt). The 
primers used for molecular identification and detection of antimicrobial 
resistance genes (Table 1).

Polymerase chain reaction (PCR) was performed using a Bio-Rad 
thermal cycler under appropriate cycling conditions specific for each 
primer set.

β-lactamase and resistance-associated genes (blaTEM, blaSHV, ampC, 
blaIPM, and mcr-1) were screened for Gram-negative bacterial iso-
lates. Vancomycin resistance genes (vanA and vanC) were detected in 
Gram-positive isolates. The genus-specific GPO (common Mycoplasma) 
primer and the Mycoplasma bovis-specific gene were used to molecularly 
confirm Mycoplasma isolates. checked for fluoroquinolone antibiotic re-
sistance (parC) as well (Table 1).
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Results

Bacteria isolated from mastitic milk samples

50 milk samples were confirmed as mastitic milk by CMT. Escherichia 
coli was the most frequently detected pathogen, being isolated from 43 
samples, which represents a prevalence of 86%. M. bovis were identified 
in 19 samples (38%). Enterococcus faecalis was recovered from 14 samples 
(28%), while Enterobacter hormaechei and Providencia rettgeri were each 
detected in 7 samples, corresponding to a prevalence of 14% for each 
pathogen. Serratia marcescens was isolated from 5 samples (10%), where-
as members of the Burkholderia cepacia complex occurred in 3 samples 
(6%).

Patterns of single and mixed bacteria existence in mastitic milk
 
Single-pathogen infections were detected in 13 samples (26%), with 

Escherichia coli being the most frequently isolated single pathogen (16%), 
followed by Enterococcus faecalis (10%) (Table 2).

Mixed bacterial infections were identified in the majority of samples. 
Mixed infections involving two different pathogens were the most preva-
lent, accounting for 31 cases (62%). Among these, co-infection with E. coli 
and Mycoplasma bovis was the most common pattern, detected in 30% of 
samples. The other two-pathogen combinations included E. faecalis + E. 
coli (10%), E. coli + Providencia rettgeri (14%), E. coli + Enterobacter hor-
maechei (4%), and E. hormaechei + Burkholderia cepacia complex (4%).

Mixed infections involving three bacterial pathogens were identified 

in 8%. These included co-infections of E. coli + S. marcescens + E. faecalis 
(4%) and E. coli + E. faecalis + M. bovis (4%). Infections involving four dif-
ferent bacterial pathogens were the least frequent, detected in 2 samples 
(4%), characterised by the simultaneous presence of E. coli, S. marcescens, 
E. hormaechei, and M. bovis.

Antimicrobial susceptibility patterns

Overall, marked variability in antimicrobial response was observed 
among the different bacterial species.

Among E. coli isolates, moderate susceptibility was observed to tri-
methoprim/sulfamethoxazole, azithromycin, and gentamicin, with 60% of 
isolates showing sensitivity to each agent. In contrast, low susceptibility 
was detected to meropenem (21%), while complete resistance (100%) was 
observed against ceftazidime, piperacillin/tazobactam, and enrofloxacin.

Enterococcus faecalis isolates exhibited moderate susceptibility to 
gentamicin (67%), linezolid (60%), and vancomycin (67.7%). However, 
100% of the isolates were resistant to trimethoprim/sulfamethoxazole, 
ceftazidime, piperacillin/tazobactam, and erythromycin.

Enterobacter hormaechei isolates showed high susceptibility to gen-
tamicin (100%) and trimethoprim/sulfamethoxazole (71%), while com-
plete resistance was recorded against meropenem, azithromycin, ceftazi-
dime, piperacillin/tazobactam, and enrofloxacin.

Members of the Burkholderia cepacia complex demonstrated moder-
ate susceptibility to trimethoprim/sulfamethoxazole (67%) and meropen-
em (67%), but were resistant to ceftazidime. Serratia marcescens isolates 
were fully susceptible to gentamicin (100%) but exhibited complete resis-
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Sequence of Primer Annealing temperature Product Size (bp) Reference 

blaTEM
F: TTGCTCACCCAGAAACGCTGGTG
R: TACGATACGGGAGGGCTTACC

63°C
708

(Mataseje et al., 2012)
blaSHV

F: CGCCGGGTTATTCTTATTTGTCGC
R: TCTTTCCGATGCCGCCGCCAGTCA 1016

ampC F: GATCGTTCTGCCGCTGTG
R: GGGCAGCAAATGTGGAGCAA 56°C 271 (Oliver et al., 2002)

blaIPM
F: TCGTTTGAAGAAGTTAACG
R: ATGTAAGTTTCAAGAGTGATGC

60°C
568 (Mahmoud et al., 2020

mcr1 F: CGGTCAGTCCGTTTGTTC
R: CTTGGTCGGTCTGTAGGG 308 (Newton-Foot et al., 2017)

vanA F: GGG AAA ACG ACA ATT GC
R: GTA CAA TGCG GCC GTT 59°C 732 (Karsidani et al., 2010)

VanC1,2 F: ATGGATTGGTAYTKGTAT
R:TAGCGGGAGTGMCYMGTAA 54°C 815/827 Depardieu et al., 2004

GPO F: TGGGGAGCAAACAGGATTAGATACC
R: TGCACCATCTGTCACTCTGTTAACCTC 53°C 275 (Cetinkaya et al., 2009)

M. bovis F: CCT TTT AGA TTGGGATAGCGGATG   
R: CCGTCAAGGTAGCGTCAT TTCCTAC 60°C 360 (Yleana et al., 1995)

parC F: GAGCA ACAGTTAAACGATTTG
R: GGCATAAC AACTGGCTCTT 54oC 488 (Lysnyansky et al., 2009)

 Table 1. The target genes, primer sequences, that are used for genomic analysis of E. coli and E. faecalis isolates and M. bovis.

n= of detected bacteria in samples Type of bacteria Frequency %

1 E. faecalis 
E. coli 

5
8

10
16

2

E. faecalis + E. coli 
E. coli+ E. hormaechei 
E. coli + Mycoplasma species
E. hormaechei + Burkholderia cepacia complex
E. coli + Providencia rettgeri

5
2
15
2
7

10
4
30
4
14

3 E. coli + Serratia marcescens + E. faecalis
E. coli + E. faecalis +Mycoplasma species

2
2

4
4

4 E. coli + Serratia marcescens +   Enterobacter hormaechei + Mycoplasma bovis 2 4

Table 2. Patterns of single and mixed bacterial infections detected in bovine mastitis.



tance to meropenem, ceftazidime, and piperacillin/tazobactam.
Providencia rettgeri isolates showed variable susceptibility, with mod-

erate sensitivity to trimethoprim/sulfamethoxazole (57%) and piperacil-
lin/tazobactam (57%), while complete resistance was observed against 
gentamicin, meropenem, ceftazidime, and azithromycin.

All Mycoplasma isolates demonstrated complete susceptibility to 
enrofloxacin (100%) and florfenicol (100%). Moderate susceptibility was 
observed to tylosin (63%) and doxycycline (37.3%), whereas low suscepti-
bility was detected against amoxicillin/clavulanic acid (21%).

Phenotypic virulence factors 

The distribution of phenotypic virulence factors among bacterial and 
Mycoplasma isolates recovered from mastitic milk samples is presented 
in Figure 1. Considerable variation in virulence-associated traits was ob-
served among the different bacterial species.

Among Escherichia coli isolates, gelatinase activity was detected in 
32.5% of isolates. Biofilm formation was highly prevalent, with 51.2% 
classified as moderate biofilm producers (MBP), 32.5% as non-biofilm 
producers (NBP), and 16.3% as strong biofilm producers (SBP). Casein-
ase activity and hemolytic activity were each recorded in 16.3% of E. coli 
isolates.

Enterococcus faecalis isolates demonstrated lower overall virulence 
factor prevalence. Gelatinase production was detected in 14.3% of iso-
lates. Biofilm formation was common, with 57.1% identified as moderate 
biofilm producers, 28.6% (4/14) as non-biofilm producers, and 14.3% as 
strong biofilm producers. Caseinase and hemolytic activities were each 
detected in 14.3% of isolates.

Providencia rettgeri isolates showed no gelatinase activity. However, 
all isolates (100%) were founded as strong biofilm producers. Caseinase 
activity was detected in 42.8% of isolates, while no hemolytic activity was 
observed.

In Enterobacter hormaechei, gelatinase and caseinase activities were 
each detected in 28.6% (2/7) of isolates. All isolates (100%) were iden-
tified as moderate biofilm producers, while hemolytic activity was not 
detected.

All Mycoplasma isolates exhibited catalase activity (100%). Biofilm 
formation was detected in a subset of isolates, with 21.1% classified as 
strong biofilm producers and 26.3% as non-biofilm producers. Hemolytic 
activity was observed in 26.3% of Mycoplasma isolates.

Members of the Burkholderia cepacia complex did not exhibit gelati-
nase or hemolytic activity. However, all isolates (100%) demonstrated 
moderate biofilm formation, and caseinase activity was detected in 33.3% 
of isolates.

Serratia marcescens isolates showed the highest virulence profile, 
with gelatinase and caseinase activities detected in all isolates (100%). 

All isolates were also detected to be moderate biofilm producers, while 
hemolytic activity was not observed.

Identification of Genes conferring antimicrobial resistance

The blaTEM and BlaIPM genes had been detected in 20% of E. coli iso-
lates and Providencia rettgeri isolates, respectively. However, these genes 
were not found in isolates of Serratia, Enterobacter hormaechei, or the 
Burkholderia cepacia complex. The ampC gene was present in all isolates, 
whereas the blaSHV gene was not detected. The mcr1 gene was found in 
20% of the Providencia rettgeri strains only. Additionally, the vanA and 
vanC genes were detected in 40% and 20% of E. faecalis isolates, respec-
tively. The parC was detected in 10% in M. bovis isolates.

Discussion

The present study highlights the diverse bacterial etiology of bovine 
mastitis, with notable differences in the prevalence of isolated pathogens. 
E. coli was found to be the most prevalent bacterium in bovine mastitic 
milk. These results align with earlier research Abed et al. (2021; Ahmed 
et al. (2023).  

The detection of M. bovis in 38% of mastitic milk samples confirms its 
substantial contribution to mastitis cases and supports growing evidence 
that M. bovis mastitis is becoming more common, especially in intensive 
dairy systems, according to recent studies (Nicholas et al, 2008; Gelgie 
et al., 2024). Recent studies have emphasized the increasing prevalence 
of M. bovis mastitis, particularly in intensive dairy systems, where Li et al. 
(2021) and Ahmed et al. (2023) found Mycoplasma species in milk sam-
ples at rates of 42.3% and 51.5%, respectively. 

The relatively high prevalence of Enterococcus faecalis (28%) observed 
in this study aligns with recent reports identifying enterococci as emerg-
ing mastitis pathogens of environmental origin. E. faecalis is increasingly 
recognized for its ability to persist in the dairy farm environment (Abed et 
al., 2021; Liu et al., 2024). 

Enterobacter hormaechei and Providencia rettgeri have been detect-
ed at equal prevalence levels (14% each) highlights the importance of 
opportunistic Gram-negative bacteria in the aetiology of bovine masti-
tis. Members of both species have been increasingly reported in mastitis 
cases and are often associated with environmental contamination and 
inadequate milking hygiene (Ayyal, 2020; Dubey et al., 2025). 

Serratia marcescens, isolated from 10% of the samples, is a well-es-
tablished environmental mastitis pathogen frequently linked to contam-
inated disinfectants, teat dips, and milking equipment. Recent outbreaks 
of S. marcescens mastitis have been reported in dairy herds (Moreira et 
al., 2025). 

Although the Burkholderia cepacia complex members were the least 
frequently detected (6%), their presence remains epidemiologically sig-
nificant. Recent studies have documented their involvement in persistent 
and difficult-to-control mastitis cases, highlighting their clinical relevance 
despite low prevalence (Zhang et al., 2023).

The moderate susceptibility of Escherichia coli isolates to trimetho-
prim/sulfamethoxazole, azithromycin, and gentamicin contrasts sharply 
with the complete resistance observed against ceftazidime, piperacillin/
tazobactam, and enrofloxacin. These phenotypic resistance patterns are 
partly explained by the detection of blaTEM and blaIPM genes in 20% of E. 
coli isolates. The presence of these β-lactamase genes has been increas-
ingly reported in mastitis-associated E. coli and is strongly associated with 
resistance to extended-spectrum β-lactams and reduced susceptibility 
to carbapenems (Różańska et al., 2021). The universal detection of the 
ampC gene among isolates further supports the widespread cephalo-
sporin resistance observed phenotypically and aligns with recent reports 
highlighting the dominance of AmpC-producing Enterobacterales in bo-
vine mastitis (Subhi et al., 2023). In contrast, the absence of the blaSHV 
gene suggests that resistance in the present isolates is primarily driven 

Figure 1. Heatmap of phenotypic virulence factors among bacterial pathogens isolated from 
bovine mastitic milk. Rows represent bacterial species, while columns indicate virulence 
traits, including gelatinase, biofilm formation (strong, moderate, and non-biofilm produc-
ers), caseinase, hemolysis, and catalase activity. Color intensity corresponds to the percent-
age of positive isolates, with higher intensities indicating greater prevalence.
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by blaTEM-, blaIPM-, and ampC-mediated mechanisms rather than classical 
ESBLs.

The 20% of the Providencia rettgeri isolates harboured the mcr-1 
gene, despite phenotypic resistance to multiple antimicrobials, which is 
particularly concerning. Recent studies have emphasised the emergence 
of mcr-1 in food-producing animals as a critical public health threat be-
cause of its potential for horizontal transfer and its association with mul-
tidrug-resistant Gram-negative bacteria (Ayyal, 2020). 

In Enterococcus faecalis, the moderate susceptibility to gentamicin, 
linezolid, and vancomycin observed phenotypically corresponds with 
the molecular detection of vancomycin resistance genes. The presence 
of vanA in 40% and vanC in 20% of isolates provides a molecular expla-
nation for the reduced susceptibility to vancomycin and highlights the 
increasing occurrence of vancomycin-resistant enterococci (VRE) in dairy 
environments (Massella et al., 2025; Babacan, 2025). The coexistence of 
these resistance genes with biofilm-forming ability, as demonstrated in 
this study, further exacerbates treatment challenges and enhances the 
persistence of E. faecalis in the mammary gland.

The phenotypic resistance profiles of Enterobacter hormaechei, Ser-
ratia marcescens, and members of the Burkholderia cepacia complex—
characterized by extensive resistance to β-lactams and variable suscepti-
bility to other agents—are consistent with their known intrinsic resistance 
mechanisms. These species are well recognized for harbouring chromo-
somal ampC β-lactamases, efflux pumps, and reduced outer membrane 
permeability, which collectively limit antimicrobial efficacy (Rhodes and 
Schweizer, 2016; Yeh et al., 2022). The absence of blaTEM, blaSHV, and blaIPM 
genes in these species suggests that resistance is predominantly chromo-
somally encoded rather than plasmid-mediated, a finding supported by 
recent genomic studies (Liakopoulos et al., 2016).

In contrast to bacterial pathogens, Mycoplasma isolates exhibited 
complete susceptibility to enrofloxacin and florfenicol, consistent with 
the absence of a cell wall and the intrinsic resistance of Mycoplasma spp. 
to β-lactam antibiotics. Recent investigations have similarly reported flu-
oroquinolones and phenicols as the most effective therapeutic options 
for Mycoplasma bovis mastitis (Nicholas and Ayling, 2022; Zhang et al., 
2023). However, the reduced susceptibility to doxycycline and amoxicil-
lin/clavulanic acid underscores the narrowing spectrum of effective an-
timicrobials and raises concerns regarding the emergence of resistance 
mediated by target-site mutations and efflux mechanisms. The findings 
of parC were comparable with recent studies from different geograph-
ic regions, where parC mutations were detected at variable frequencies 
among M. bovis isolates, reflecting localized antimicrobial usage patterns 
and selective pressure within dairy herds (Gautier-Bouchardon, 2014; 
Khalil et al., 2017). 

Interestingly, despite the presence of parC in a subset of isolates, 
phenotypic susceptibility to enrofloxacin remained high in this study, 
suggesting that the detected parC variants may represent early or par-
tial resistance determinants rather than fully established resistance 
phenotypes. This observation aligns with recent reports indicating that 
high-level fluoroquinolone resistance in M. bovis typically requires the ac-
cumulation of multiple mutations in both parC and gyrA genes (Maunsell 
et al., 2011; Abd El Tawab et al., 2019).

Among Escherichia coli isolates, the high prevalence of biofilm forma-
tion particularly moderate biofilm producers corroborates recent studies 
identifying biofilm-associated E. coli as a major contributor to chronic and 
recurrent mastitis cases (Zuo et al., 2025). Biofilm formation in E. coli en-
hances resistance to host immune mechanisms and antimicrobials, while 
the concurrent detection of gelatinase, caseinase, and hemolytic activi-
ties in a subset of isolates suggests enhanced tissue damage potential 
and nutrient acquisition within the mammary gland (Zaatout et al., 2022). 
These combined virulence traits may explain the frequent involvement of 
E. coli in severe clinical and persistent mastitis.

The relatively lower virulence factor expression observed in Entero-
coccus faecalis isolates aligns with recent reports describing enterococci 

as opportunistic mastitis pathogens with moderate pathogenicity but 
strong persistence capabilities (Lui et al., 2024). Despite limited gelatinase, 
caseinase, and hemolytic activity, the high proportion of biofilm-produc-
ing E. faecalis isolates supports their role in subclinical and chronic infec-
tions. Biofilm-associated enterococci are particularly problematic due to 
their ability to act as reservoirs of antimicrobial resistance genes, posing 
both animal health and public health risks.

Providencia rettgeri demonstrated a striking virulence profile char-
acterized by universal strong biofilm formation despite the absence of 
gelatinase and hemolytic activity. This finding supports emerging evi-
dence that Providencia species rely primarily on biofilm-mediated per-
sistence rather than classical enzymatic virulence mechanisms (Silva et 
al, 2022). The detection of caseinase activity in nearly half of the isolates 
further suggests an ability to exploit milk proteins, facilitating survival and 
colonization within the mammary environment.

Similarly, Enterobacter hormaechei isolates exhibited consistent mod-
erate biofilm formation, with limited gelatinase and caseinase activity and 
no detectable hemolysis. Members of the Enterobacter cloacae complex 
are increasingly recognized as mastitis-associated pathogens, particularly 
in environments with suboptimal hygiene (Annavajhala et al., 2019). Their 
pathogenic success appears to be driven more by biofilm formation and 
antimicrobial resistance than by aggressive tissue-destructive virulence 
factors.

All Mycoplasma isolates displayed universal catalase activity, consis-
tent with previous studies indicating the role of oxidative stress resistance 
in Mycoplasma survival within the host (Pritchard et al., 2015; Nicholas 
and Ayling, 2022). The detection of biofilm formation and hemolytic ac-
tivity in a subset of isolates further supports recent evidence that Myco-
plasma bovis can form biofilm-like structures, contributing to chronicity 
and poor therapeutic outcomes in mastitis (Zhang et al., 2023; Bürki et al., 
2015). These traits partly explain the difficulty in eradicating Mycoplas-
ma-associated mastitis from affected herds.

Members of the Burkholderia cepacia complex exhibited moderate 
biofilm forming ability in all isolates, despite lacking gelatinase and he-
molytic activity. This is consistent with the well-documented ability of B. 
cepacia complex organisms to persist in moist environments and resist 
disinfectants through biofilm-based survival strategies (Murphy and 
Caraher, 2015; Tavares et al., 2020). Even at low prevalence, their bio-
film-forming capacity makes them epidemiologically significant in mas-
titis control programs.

Serratia marcescens exhibited the most pronounced virulence profile, 
characterised by universal gelatinase and caseinase production and con-
sistent biofilm formation. These findings align with recent reports identi-
fying S. marcescens as a highly virulent environmental mastitis pathogen 
capable of causing outbreaks linked to contaminated milking equipment 
and disinfectants (Friman et al., 2019; Moreira et al., 2025). The strong 
proteolytic activity observed may contribute to extensive mammary 
tissue damage and persistent infection. Further detailed studies are re-
quired for the recent pathogens causing mastitis, including Providencia 
hormaechei and Burkholderia.

Conclusion

The findings reveal a diverse range of microorganisms causing bo-
vine mastitis, highlighting both traditional pathogens and emerging op-
portunistic ones, often in mixed infections. The use of MALDI-TOF-MS 
proved effective for accurate species identification, especially for rare 
isolates, and when paired with conventional methods, it enhanced di-
agnostic accuracy. Antimicrobial susceptibility testing showed significant 
variability in resistance patterns, reflecting the impact of antibiotic use 
in dairy herds. Notable resistance genes were identified, indicating the 
public health risks associated with resistant mastitis pathogens. Addition-
ally, the presence of virulence traits such as biofilm formation suggests 
a potential for chronic infections. The parC gene found in some M. bovis 
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isolates points to emerging fluoroquinolone resistance, underscoring the 
need for vigilant surveillance. This integrated approach offers insights 
into the changing epidemiology of bovine mastitis, aiding in the develop-
ment of better diagnostic and treatment strategies and ensuring animal 
health and dairy safety.
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