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Mastitis is an inflammatory disease of the mammary gland that causes impaired milk production and
substantial economic losses in dairy herds. Among the bacterial agents associated with bovine masti-
tis, Enterococcus hirae has recently attracted attention as an opportunistic environmental pathogen
capable of colonising the mammary gland. The present study aimed to determine the virulence gene
profiles, biofilm-forming capacity, and antimicrobial resistance patterns of E. hirae isolates obtained
from mastitic bovine milk. Seven molecularly confirmed E. hirae isolates were screened for the pres-
ence of the gelE and esp genes by PCR. Biofilm formation was evaluated phenotypically using the
Congo Red Agar method, and antimicrobial susceptibility was determined by the disk diffusion meth-
od according to CLSI guidelines. The prevalence of E. hirae was 7%. The gelE and esp genes were
detected in 71.4% and 57.1% of the isolates, respectively, and 85.7% of isolates exhibited biofilm-
forming capacity. All isolates were susceptible to ampicillin, gatifloxacin, linezolid, and vancomycin,
whereas resistance was observed to chloramphenicol (42.9%) and erythromycin (42.9%). A statisti-
cally significant association was identified between the presence of the esp gene and resistance to
certain antibiotics (P<0.05). Although the prevalence of E. hirae was relatively low, the presence of
virulence determinants, frequent biofilm formation, and resistance to selected antibiotics suggest this
species as a clinically relevant opportunistic pathogen in bovine mastitis.
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INTRODUCTION

Bovine mastitis is an inflammatory dis- try worldwide. The disease leads to de-
ease of the mammary gland parenchyma creased milk yield, impaired milk quality,
primarily caused by microbial pathogens and substantial economic losses in dairy
and one of the most economically im- production systems (Sharun et al., 2021).

portant diseases affecting the dairy indus- Mastitis occurs in both clinical and sub-
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clinical forms, with subclinical infections
often remaining undetected for prolonged
periods; in such cases, elevated somatic
cell counts serve as an important diagnos-
tic indicator (Khan & Khan, 2006; Singh,
2022). If inadequately controlled, mastitis
may progress to chronic infection, result-
ing in irreversible mammary tissue dam-
age, premature culling, and increased
mortality (Wellenberg et al., 2002). In
addition, intensive genetic selection for
high milk yield has been suggested to in-
crease susceptibility to mastitis, potential-
ly compromising animal health and wel-
fare (Oltenacu & Broom, 2010; Brito et
al., 2021). Based on the source of infec-
tion, mastitis is generally classified as
contagious or environmental. Contagious
mastitis is mainly transmitted during milk-
ing and is commonly associated with
pathogens such as Staphylococcus aureus
and Streptococcus agalactiae, whereas
environmental mastitis is linked to oppor-
tunistic microorganisms present in the
animals’ surroundings, including Esche-
richia coli (Hillerton & Berry, 2003; Ho-
gan & Smith, 2012).

In recent years, increasing attention
has been directed toward Enterococcus
species isolated from mastitic milk due to
their emerging antimicrobial resistance
and potential pathogenic significance (Pe-
tersson-Wolfe er al., 2007). Enterococci
are recognised as resilient opportunistic
pathogens and important reservoirs of
antimicrobial resistance genes. Their in-
trinsic and acquired resistance mecha-
nisms, together with remarkable environ-
mental adaptability, allow them to survive
in diverse ecological niches and persist in
both clinical and environmental settings
(Domig et al., 2003; Klein, 2003; Zhen et
al., 2019). Several Enterococcus species
have been associated with bovine mastitis,
including Enterococcus faecalis, Entero-

coccus faecium, Enterococcus durans,
and Enterococcus hirae (Raza et al.,
2018; Krawczyk et al, 2021). Among
these, E. hirae has attracted increasing
attention due to its environmental resili-
ence, genomic plasticity, and ability to
acquire genes through horizontal gene
transfer, which may contribute to its per-
sistence and involvement in various infec-
tions, including mastitis (Hancock et al.,
2014; Xiong et al., 2022). Virulence de-
terminants such as esp, gelE, agg, cyl, and
hyl play important roles in adhesion, bio-
film formation, tissue invasion, and eva-
sion of host immune responses (Fiore et
al.,, 2019). Biofilm formation, in particu-
lar, represents a key survival strategy that
enhances bacterial persistence and con-
tributes to chronic infection by limiting
antimicrobial penetration (Gupta et al,
2020; Silva et al., 2025). In addition,
genes such as sodA4, involved in oxidative
stress response, and fuf, associated with
protein synthesis, are considered im-
portant for bacterial adaptation to stressful
environmental conditions (Yesilkaya et
al., 2000; Arenz & Wilson, 2016). De-
spite these observations, studies investi-
gating the virulence gene profiles, bio-
film-forming capacities, and antimicrobial
resistance patterns of mastitis-associated
E. hirae isolates remain limited. There-
fore, the present study aimed to character-
ise these virulence and antimicrobial re-
sistance traits in E. hirae isolates obtained
from mastitic bovine milk and to evaluate
potential associations among these pheno-
typic and genotypic characteristics.

MATERIALS AND METHODS

Sample collection

This study was conducted between March
and June 2025 using 100 milk samples
collected from cows diagnosed with mas-
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titis and submitted to the Department of
Microbiology, Faculty of Veterinary Med-
icine, Aydin Adnan Menderes University.
To minimise interference with bacterial
isolation and antimicrobial resistance pro-
filing, only samples obtained from ani-
mals that had not received antimicrobial
treatment for at least two weeks prior to
sampling were included. Milk samples
were collected from a single mammary
quarter. Teat ends were disinfected with
70% alcohol, the first 10 mL of milk was
discarded to reduce contamination, and
approximately 10 mL of mastitic milk was
aseptically collected into sterile Falcon
tubes. Samples were transported to the
laboratory at 4 °C and processed within 2
hours of collection.

Bacterial isolation and phenotypic
identification

Isolation and confirmation of Enterococ-
cus hirae were performed using cultural
and biochemical methods. Milk samples
were initially inoculated into Enteroco-
ccosel Broth (Condalab, Madrid, Spain)
for pre-enrichment, followed by subcul-
ture onto Enterococcosel Agar (Condalab,
Madrid, Spain) and incubation at 37 °C
for 24 h. Colonies producing characteris-
tic black pigmentation were presumptively
identified as Enterococcus spp. Genus-
level confirmation was performed using
Gram staining (Merck, Darmstadt, Ger-
many), catalase testing, and assessment of
growth in 6.5% NaCl. Isolates that were
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Gram-positive, catalase-negative, and ca-
pable to grow in 6.5% NaCl were consid-
ered Enterococcus spp. (Lebreton et al,
2014).

Genotypic identification

PCR assays were performed to confirm
genus and species identification. Genomic
DNA was extracted using the boiling
method and stored at —20 °C until analysis
(Loberiza et al., 2025). Primer pairs tar-
geting the fuf gene for genus-level identi-
fication and the sodA gene for species-
level identification of E. hirae were used.
Amplification of the 112 bp tuf gene
fragment confirmed the presence of En-
terococcus spp., while amplification of the
187 bp sodA gene fragment confirmed E.
hirae (Table 1) (Ke et al., 1999; Jackson
et al., 2004). Isolates positive for the sod4
gene were identified as E. hirae. To eval-
uate the specificity of PCR amplifications,
E. faecalis ATCC 29212 was used as the
positive control and E. coli ATCC 25922
as the negative control for genus level
identification. Previously sequenced field
isolates of E. hirae were used as positive
controls for species level identification.
PCR reactions were prepared in a total
volume of 30 pL containing 1.5 U Taq
DNA polymerase (Thermo Scientific, Vil-
nius, Lithuania), 1x reaction buffer, 2 mM
MgCl,, 0.2 mM dNTPs, 0.4 pmol of each
primer, and 2 pL of template DNA. Am-
plification conditions included an initial
denaturation at 94 °C for 3 min, followed

Table 1. Primer sequences and amplicon sizes used for molecular identification of Enterococcus spp.

and E. hirae (Ke et al., 1999; Jackson et al., 2004)

Target gene Primer

Amplicon size

TACTGACAAACCATTCATGAT
tuf AACTTCGTCACCAACGCGAAC 112bp

CTTTCTGATATGGATGCTGTC

sodA

TAAATTCTTCCTTAAATGTTG

187 bp
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Table 2. Primer sequences and amplicon sizes used for the detection of virulence genes (Eaton &

Gasson, 2001)

Target gene Primer Amplicon size
ACCCCGTATCATTGGTTT
gelE ACGCATTGCTTTTCCATC 419 bp
TTGCTAATGCTAGTCCACGACC
933 bp

ep GCGTCAACACTTGCATTGCCGAA

by 30 cycles of denaturation at 94 °C for
15 s, annealing at 55 °C (fuf') or 57 °C
(sodA) for 15 s, extension at 72 °C for 30
s, and a final extension at 72 °C for 7 min
(Ke et al., 1999; Jackson et al., 2004).

PCR products were analysed by elec-
trophoresis on 2% agarose gel (Sigma-
Aldrich, St. Louis, MO, USA) stained
with ethidium bromide (Merck, Darm-
stadt, Germany) and visualised with Vil-
ber Lourmat Infinity VX2 gel documenta-
tion system (Vilber Lourmat, Collégien,
France). Bands of 112 bp and 187 bp cor-
responded to the fuf and sodA genes, re-
spectively (Ke et al., 1999; Jackson et al.,
2004).

PCR detection of gelE and esp
virulence genes

The presence of the virulence genes gelE
and esp in E. hirae isolates was investi-
gated by PCR using gene-specific primers
(Table 2). PCR reactions were prepared in
a 50 uL containing 1 U Taq DNA poly-
merase, 1x reaction buffer, 1.5 mM
MgCl,, 20 pmol of each primer, and 5 puL
of template DNA (Eaton & Gasson,
2001). Amplification was performed with
an initial denaturation step at 94 °C for 2
min, followed by 29 cycles of denatura-
tion at 94 °C for 15 s, annealing at 56 °C
(gelE) or 62 °C (esp) gene for 15 s, and
extension at 72 °C for 15 s with a final
extension at 72 °C for 2 min (Eaton &
Gasson, 2001).

PCR products were separated on 2%
agarose gel stained with ethidium bromide
and visualised under UV light. Bands of
419 bp and 933 bp indicated the presence
of the gelE and esp genes, respectively
(Eaton & Gasson, 2001).

Determination of biofilm formation

Biofilm-forming capacity of E. hirae iso-
lates was qualitatively evaluated using the
Congo Red Agar (CRA) method described
by Freeman et al. (1989). After incubation
on CRA medium, colony morphology was
assessed visually. Biofilm-producing iso-
lates formed black or dark burgundy, dry,
rough colonies, whereas non-biofilm-pro-
ducing isolates produced reddish, smooth
colonies (Freeman et al., 1989).

Determination of antimicrobial
susceptibility

Antimicrobial susceptibility of E. hirae
isolates was determined using the Kirby—
Bauer disk diffusion method according to
Clinical and Laboratory Standards Insti-
tute guidelines (CLSI, 2023). Pure colo-
nies were inoculated into Brain Heart In-
fusion Broth (BHIB) and incubated at 37
°C for 18-24 h. Bacterial suspensions
were adjusted to the 0.5 McFarland stand-
ard and 100 pL was spread onto Mueller—
Hinton Agar (MHA) plates. After drying,
antibiotic disks were placed on the agar
surface and plates were incubated at 37 °C
for 24 h. Inhibition zone diameters were
measured and interpreted as susceptible,
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intermediate, or resistant according to
CLSI (2023) criteria. MDR was defined
as resistance to at least one agent in three
or more antimicrobial classes (Magiora-
kos et al.,, 2012). Staphylococcus aureus
ATCC 25923 was used as the quality con-
trol strain.

Statistical analysis

Associations between virulence genes
(gelE and esp) and biofilm formation were
evaluated using cross-tabulation analysis.
Due to the small sample size, statistical
significance between categorical variables
was assessed using Fisher’s exact test. All
analyses were performed using Jamovi
software (version 2.6).

RESULTS

Bacterial isolation and identification

A total of 100 milk samples obtained from
cattles with suspected mastitis were exam-
ined using conventional culture methods.
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After selective enrichment and cultivation
on Enterococcosel Agar, colonies produc-
ing black pigmentation due to esculin hy-
drolysis were selected for further analysis.
Phenotypic examination revealed that 20
Enterococcus spp. isolates from the 100
milk samples, corresponding to an overall
prevalence of 20%. Colonies appeared
round, smooth-edged, and black-pigmen-
ted, while microscopic examination con-
firmed Gram-positive cocci. All isolates
were catalase-negative and capable to
grow in 6.5% NaCl.

PCR analyses were performed to con-
firm the genus and species level identity
of the 20 isolates phenotypically identified
as Enterococcus spp. PCR analysis target-
ing the 112 bp fuf gene confirmed all 20
isolates as Enterococcus spp. (Fig. 1).

Species-level identification based on
amplification of the 187 bp sod4 gene
revealed that 7 of the 20 isolates were
Enterococcus hirae (Fig. 2). Accordingly,
E. hirae was detected in 7% of the
mastitic milk samples examined (7/100)

Fig. 1. Agarose gel electrophoresis image of the fuf gene PCR products.
M: DNA Ladder (100 bp); P: positive control; N: negative control; 1-7: positive samples.

M N 1 2

3

4 5 6 7

Fig. 2. Agarose gel electrophoresis image of sod4 gene PCR products.
M: DNA Ladder (100 bp); P: positive control; N: negative control; 1-7: positive samples.
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Fig. 3. Agarose gel electrophoresis image of gelE gene PCR products. M: DNA Ladder (100 bp);
P: positive control; N: negative control; 1,6: negative samples; 2,3,4,5,7: positive samples.

Fig. 4. Agarose gel electrophoresis image of esp gene PCR products. M: DNA Ladder (100 bp);
P: positive control; N: negative control; 1,2,3,7: positive samples; 4,5,6: negative samples.

and accounted for 35% of the isolated
Enterococcus spp. strains (7/20).

Distribution of virulence genes

Virulence gene profiles of the seven E.
hirae isolates were determined by PCR
detection of the gelE and esp genes. Am-
plification products of 419 bp and 933 bp
corresponded to the gelE and esp genes,
respectively (Fig. 3 and 4).

Analysis revealed genetic variability
among the isolates (Table 3). Three iso-
lates (EH2, EH3, EH7; 42.9%) carried
both gelE and esp, two isolates (EH4,
EHS5; 28.6%) carried only gelE, and one
isolate (EH1; 14.3%) carried only esp.
One isolate (EH6; 14.3%) was negative
for both genes.

Biofilm formation properties

Biofilm formation was detected in six of
the seven E. hirae isolates (85.7%),
whereas one isolate (14.3%) was biofilm-
negative (Fig. 5).

Antibiogram results

Antimicrobial susceptibility testing re-
vealed generally high susceptibility
among the isolates (Table 4). All E. hirae
isolates were susceptible to ampicillin, ga-
tifloxacin, linezolid, and vancomycin
(100%). In contrast, resistance to chlo-
ramphenicol and erythromycin was de-
tected in 42.9% of the isolates, while re-
sistance to nitrofurantoin was observed in
28.6%. For tetracycline, 57.1% of isolates
were susceptible, 28.6% resistant, and
14.3% showed intermediate susceptibility.

Overall, four isolates (57.1%) were
susceptible to all tested antibiotics, whe-
reas three isolates (42.9%) exhibited mul-
tidrug resistance (MDR). Multidrug-resis-
tant isolates were primarily resistant to
chloramphenicol and erythromycin, with
additional resistance patterns observed for
tetracycline and nitrofurantoin in some
strains.
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Associations between virulence
genes,biofilm formation and antimicrobi-
al susceptibility

The association between biofilm for-
mation and the presence of gelE and esp
genes was evaluated using Fisher’s exact
test. Among gelE-positive isolates, four
(80%) were biofilm-positive and one
(20%) was biofilm-negative, whereas both
gelE-negative isolates were biofilm-
positive. No statistically significant asso-
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ciation was detected between gelE and
biofilm formation (P=1.000). Similarly,
three of the four esp-positive isolates
(75%) were biofilm-positive, while all
esp-negative isolates produced biofilm.
No significant association was observed
between esp presence and biofilm for-
mation (P=1.000).

No statistical analysis was performed
for ampicillin, gatifloxacin, linezolid, and
vancomycin because all isolates were sus-

Table 3. Distribution of virulence genes among E. hirae isolates

Virulence genes Isolates Percentage (%)
gelE EH4, EH5 28.6
esp EH1 14.3
gelE + esp EH2, EH3, EH7 42.9
Negative EH6 14.3

Fig. 5. Biofilm formation of E. hirae isolates on Congo Red Agar (CRA). A. Colony morphology on
CRA medium; B. Representative biofilm-positive (black) and biofilm-negative (red) colonies.

Table 4. Antimicrobial susceptibility profiles of E. hirae isolates

Isolates AMP C E GAT LZD TE NIT VAN
EH1 S S S S S S S S
EH2 S S S S S S S S
EH3 S S S S S S S S
EH4 S R R S S I R S
EHS S R R S S R S S
EH6 S R R S S S S S
EH7 S S S S S S S S

AMP: ampicillin, C: chloramphenicol, E: erythromycin, GAT: gatifloxacin, LZD: linezolid, TE:
tetracycline, NIT: nitrofurantoin, VAN: vancomycin, S: susceptible, R: resistant.
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ceptible. A significant association was de-
tected between the presence of the esp
gene and resistance to chloramphenicol
and erythromycin (P=0.029). No signifi-
cant association was observed between
esp and resistance to nitrofurantoin or
tetracycline, nor between gelE and re-
sistance to any tested antibiotic (P>0.05).

In this study, no statistically significant
association was detected between biofilm
formation and antimicrobial resistance
(P>0.05). However, the small number of
isolates limited the statistical power of the
analysis.

DISCUSSION

Enterococci are increasingly recognised as
opportunistic pathogens associated with
bovine mastitis. Among them, E. hirae has
gained attention as an animal-associated
species with emerging clinical relevance
in mastitis and other veterinary infections.
Although human infections are uncom-
mon, closer surveillance in veterinary
settings may be warranted (Zaidi et al,
2022; Liu et al., 2024).

In the present study, E. hirae was iso-
lated from 7% of mastitic milk samples.
This prevalence is higher than that report-
ed in some regions but comparable to
findings from others. For example, in
China, E. hirae accounted for only 0.4%
of 466 Enterococcus spp. isolates ob-
tained from bovine mastitis samples
(Zaidi et al., 2022). Similarly, in Korea,
only 5 of 105 mastitis-associated Entero-
coccus spp. isolates were identified as E.
hirae, corresponding to 4.76% of
enterococcal isolates (Nam et al., 2010).
In Uganda, four E. hirae isolates were
reported among mastitic milk samples
(Kateete et al., 2013). Data from Tiirkiye
also indicate a relatively low but con-
sistent occurrence of this species in bo-

vine mastitis. In the Aydin region, E.
hirae represented 11.7% of 94 Enterococ-
cus spp. isolates (1.83% of all milk sam-
ples) (Erbas et al., 2016), while another
study reported that 9.6% of mastitis-
associated enterococcal isolates were
identified as E. hirae using sodA-targeted
PCR (Kaya & Tirkyilmaz, 2019). These
comparisons suggest that the prevalence
of E. hirae varies across regions and may
be influenced by herd hygiene, environ-
mental conditions, and methodological
differences.

Virulence gene analysis showed that
71.4% of the isolates carried gelE and
57.1% carried esp, indicating that most
isolates possessed at least one virulence
determinant. The gel/lE gene encodes
gelatinase, which contributes to degrada-
tion of host proteins and may facilitate
bacterial invasion, while also participating
in biofilm development. The esp gene
encodes the enterococcal surface protein
associated with adhesion, colonisation,
and biofilm formation (Eaton & Gasson,
2001; Shankar et al., 2001). Similar viru-
lence determinants, including gelE, esp,
asal, and ccf, have been reported in mas-
titis-associated Enterococcus spp., high-
lighting their role in enterococcal patho-
genicity (Fiore et al., 2019). However, the
presence of virulence genes did not al-
ways correspond with phenotypic expres-
sion. For example, isolate EH2 carried
both gelE and esp but did not produce
biofilm, whereas EH6 lacked both genes
yet exhibited a biofilm-positive pheno-
type. This observation suggests that bio-
film formation may depend not only on
gene presence but also on gene regulation,
environmental factors, and host interac-
tions (Fiore et al., 2019).

In the present study, 85.7% of the iso-
lates exhibited biofilm formation. Biofilm
production enhances bacterial persistence
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and may contribute to infection persis-
tence and reduced treatment success in
bovine mastitis (Uruén et al., 2020; Silva
et al, 2025). Similar variability among
Enterococcus spp. isolates has been re-
ported previously (El-Zamkan & Mo-
hamed, 2021; Nair et al., 2024).

Antimicrobial susceptibility testing
showed that all isolates were susceptible
to ampicillin, gatifloxacin, linezolid, and
vancomycin, suggesting that these antibi-
otics may remain effective treatment op-
tions in the studied region. However, re-
sistance to chloramphenicol and erythro-
mycin was detected in 42.9% of the iso-
lates. Previous studies have reported vari-
able antimicrobial resistance patterns
among mastitis-associated Enterococcus
spp., with differences likely influenced by
antimicrobial usage practices, farm man-
agement conditions, and strain diversity
(Nam et al., 2010; Fiore et al., 2019).

A statistically significant association
was detected between the presence of the
esp gene and resistance to chlorampheni-
col and erythromycin. Although this find-
ing should be interpreted cautiously due to
the small number of isolates, it may indi-
cate that esp-positive strains have a great-
er tendency to carry resistance-associated
traits. This observation is biologically
plausible, as esp has been associated with
persistence and may coexist with other
determinants located on mobile genetic
elements (Eaton & Gasson, 2001). In con-
trast, no significant association was ob-
served between gelE and antimicrobial
resistance or between biofilm formation
and resistance phenotypes.

From a clinical perspective, the coex-
istence of virulence genes, frequent bio-
film formation, and multidrug resistance
in some isolates is noteworthy. In particu-
lar, isolates EH4, EH5, and EH6 com-
bined biofilm positivity with multidrug
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resistance, suggesting that certain E. hirae
strains may represent a greater therapeutic
challenge. This heterogeneity highlights
the importance of strain-level characteri-
sation rather than assuming uniform be-
haviour within the species.

The spread of antimicrobial resistance
among mastitis pathogens represents an
important concern for both veterinary and
public health. Horizontal transfer of re-
sistance determinants between commensal
and pathogenic bacteria may accelerate
the dissemination of resistance within
animal-associated microbial communities
(Kazemzadeh et al., 2025). Therefore,
prudent antimicrobial use and continuous
monitoring of mastitis-associated entero-
cocci are essential.

Several limitations should be acknow-
ledged. The relatively small number of
isolates may reduce the statistical power
and limit the generalisability of the find-
ings. In addition, only two virulence genes
were investigated and gene expression
analyses were not performed. Future stud-
ies involving larger isolate collections and
additional virulence determinants would
provide a more comprehensive under-
standing of the pathogenic potential of E.
hirae in bovine mastitis.

In conclusion, although E. hirae was
detected at a relatively low prevalence in
mastitic milk samples, the isolates exhib-
ited notable virulence and persistence-
associated traits, particularly the presence
of gelF and esp and frequent biofilm for-
mation. Together with resistance to se-
lected antibiotics in some strains, these
findings suggest that E. hirae may repre-
sent a clinically relevant opportunistic
pathogen in bovine mastitis. Continuous
surveillance and prudent antimicrobial use
may therefore contribute to improved
mastitis control and prevention.
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