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Abstract

Dairy cows are frequently affected by postpartum uterine infections, such as metritis and
endometritis, which negatively impact fertility and cause significant economic losses. The
extensive use of antibiotics may alter the reproductive microbiota and contribute to the
emergence of antibiotic resistance. This study aimed to isolate lactic acid bacteria (LAB)
from healthy vaginal samples of cows and evaluate their antimicrobial activity against
uterine pathogens such as Escherichia coli and Salmonella spp. Phenotypic characterization
and antibiotic susceptibility testing were performed, along with antagonistic assays using
both overlay and well diffusion methods. The results demonstrated strain-dependent
inhibitory activity against E. coli, with inhibition zones ranging from 2 to 4 mm depending
on the LAB strain and the method used, whereas no inhibitory activity was observed
against Salmonella. These findings support the potential application of selected LAB strains
in bovine reproductive health management. However, further in vitro and in vivo studies
are required to confirm their efficacy, safety, and stability under physiological conditions.

Keywords: dairy cow; uterine infections; antibiotics; lactic acid bacteria; antimicrobial
activity; probiotics; fertility

1. Introduction

Livestock breeding represents a fundamental pillar of agricultural systems in Algeria,
playing a crucial socio-economic role for farmers. Beyond production, livestock contributes
to resilience against biological, climatic, and economic risks [1]. In this context, bovine
production, particularly milk and meat, remains essential for human nutrition, public
health, and rural livelihoods, especially in low- and middle-income countries [2].

Over the past decade, the Algerian cattle population has shown a gradual increase,
rising from 1,607,890 heads in 2006 to 2,171,633 heads in 2017. However, this growth has
been accompanied by a concerning decline in the proportion of dairy cows, decreasing
from 52.71% to 44.74% during the same period [3]. This imbalance reflects underlying
challenges affecting the productivity and sustainability of the dairy sector.

Among these challenges, reproductive disorders represent a major constraint. High
rates of abortion and genital tract pathologies significantly impact herd performance and
profitability. Notably, studies have reported that 16.49% of slaughtered cows were pregnant,
most at early gestation stages, highlighting reproductive mismanagement [4].
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Postpartum uterine infections constitute one of the most critical issues in dairy cattle.
Indeed, bacterial contamination of the uterine lumen is almost inevitable after calving,
affecting more than 90% of cows within the first two weeks [5]. Although most animals
eliminate these microorganisms within five weeks, persistence occurs in 10-17% of cases,
leading to pathological conditions [6].

The primary pathogens involved include E. coli, Trueperella pyogenes, Fusobacterium
necrophorum, and Prevotella spp. [7-9]. These infections are classified as metritis when
occurring within the first 20 days postpartum, and as endometritis after 21 days [10]. Such
conditions significantly impair reproductive performance, resulting in reduced conception
rates, prolonged calving intervals, and increased culling risk [11]. Furthermore, pathogenic
bacteria such as E. coli can disrupt the uterine microbiota, leading to dysbiosis, which
exacerbates reproductive inefficiency [12,13].

Conventional treatments, including antibiotics, antiseptics, and hormonal therapies,
have been widely used to control these infections. However, their effectiveness is often
limited by side effects, antimicrobial resistance by reducing Virulence Factor Genes (VFGs),
and increasing Antibiotic Resistance Genes (ARGs), and the presence of drug residues in
animal products [14,15]. These limitations highlight the urgent need for safer and more
sustainable alternatives.

In this regard, probiotics have emerged as a promising approach. Defined as live
microorganisms that confer health benefits to the host [16], probiotics, particularly lactic
acid bacteria (LAB), have demonstrated significant potential in modulating the reproductive
tract microbiota. Intravaginal administration of LAB has been shown to reduce E. coli
populations and improve the microbial balance, thereby limiting pathogen colonization [17].
In addition, LAB exhibit antagonistic activity against uterine pathogens in vitro [18].

Despite these advances, studies addressing the dysbiosis of the bovine genital micro-
biota remain limited, particularly in Algeria. Given the critical role of microbial balance in
reproductive health, exploring innovative and natural approaches is of great interest.

Therefore, the objectives of this study are to: (i) isolate and characterize lactic acid
bacteria and pathogenic bacteria from bovine vaginal samples, (ii) evaluate the antibiotic
susceptibility profiles of both pathogenic bacteria and LAB isolates, and (iii) assess the
in vitro antimicrobial activity of LAB strains against selected pathogenic bacteria associated
with bovine uterine infections.

2. Materials and Methods
2.1. Study Design

This in vitro experimental study was conducted at the Microbiology and Plant Biology
Laboratory of University Abdelhamid Ibn Badis Mostaganem, Algeria.
It aims to evaluate:

o  The effect of antibiotics on infectious pathogens and even on the normal microbiota
of lactic acid-producing cows compared to strains weakened by infection and other
strains in a normal state, starting with clinically healthy cows.

e  The antimicrobial activity of lactic acid bacteria (LAB).

Therefore, this work is divided into three main parts: First, sample collection, including
pathogen samples and lactic acid bacteria samples, is conducted. Second, we study the effect
of antibiotics on pathogenic bacteria and on lactic acid bacteria as a model of normal vaginal
microbiota. Third, the effect of both lactic acid bacteria and their metabolites individually on
isolated pathogenic bacteria as a potential model for probiotics and postbiotics is studied.
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2.2. Sample Collection

Clinical samples were collected from the Province of Mostaganem over a three-month
period, from March to May 2024, by a licensed and experienced veterinarian as part of
routine farm examinations.

The study was then expanded to include additional samples collected between March
and May 2025 from the same region to ensure reproducibility across years and to guar-
antee the representativeness of our samples while maintaining the same phenotypic and
zoological characteristics in the cattle populations.

The limited sample size was mainly due to restricted access to clinically diagnosed cows
during the sampling period and the exploratory nature of this preliminary in vitro study.

Vaginal sampling was selected as a minimally invasive and practical approach for
preliminary screening of indigenous LAB strains. However, vaginal microbiota may not fully
reflect the microbial composition of the uterus or cervix. Therefore, future investigations
should include uterine or cervical sampling to improve the clinical relevance of the findings.

2.2.1. Ethical Statement

No special ethical approval was required, as clinical and LAB samples were collected
by a licensed veterinarian, and all procedures adhered to standard animal care guidelines
during routine clinical examinations. No experimental interventions were performed
beyond standard veterinary practice.

2.2.2. General Examination

This examination is conducted in two stages:

The first stage includes collecting information about the cow’s reproductive history,
including previous pregnancies, abortions, estrus cycles, and any previous treatments.

The second stage includes measuring respiratory rate and heart rate; examining
mucous membranes; assessing behavior, appetite, weight gain and loss, the presence or
absence of lameness, breast health, body condition, and the presence of abnormal secretions.

2.2.3. Clinical Examination and Ultrasound

Before proceeding with the collection of vaginal samples, whether lactating or
pathogenic, a clinical examination and ultrasound examination are necessary.

The latter was performed transrectally to assess the condition of the cow’s reproductive
system by inserting a lubricated probe into the rectum after emptying it, which allowed
observation of the diameter of the uterine horns, the thickness of the uterine wall, the
structure of the ovary, and the contents of the uterus (type and quantity).

2.2.4. Sampling

Vaginal swabs were collected from five healthy cows, one cow with endometritis, and
one cow with metritis.

These were subsequently followed by nine vaginal swabs from healthy heifers in
the breeding cycle (aged 10-15 months, free of genital infections, and with no history of
antibiotic or hormonal treatment) according to the sampling guidelines.

Priority sampling involved washing the perineum with water, disinfecting it with
povidone—iodine solution, and then washing it again with water. Samples were taken from
each animal using a long (5-10 cm) sterile cotton swab. Each swab was placed in a transport
medium, and the samples were immediately delivered to the laboratory.

The study was subsequently supplemented with 12 crossbred cows aged between
three and six years from the Province of Relizane to ensure diversity in the zootechnical
conditions of the samples.
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2.2.5. Isolation and Purification of Microorganisms

Samples were inoculated onto various media: Man, Rogosa, Sharpe media (MRS)
for lactic acid bacteria [19]; Nutritive Agar [20], Chapman [21], Salmonella Shigella Agar
(SS) [22], and Violet Red Bile Lactose (VRBL) media [23] for pathogenic bacteria; and
Sabouraud agar for yeasts [24]. Colonies were purified by successive subculturing.

MRS plates were incubated anaerobically at 37 °C for 24-48 h, while pathogenic
bacteria were incubated aerobically at 37 °C for 24 h, except for yeasts which were incubated
aerobically for 24-48 h at 30 °C.

2.2.6. Identification of Isolates

Pathogenic bacteria identification was performed using a horizontal method involving
morphological analysis and biochemical tests such as the catalase test, and Simmons
citrate test [25].

Lactic acid bacteria samples were identified according to a protocol by: nitrate reduc-
tion test [26], carbohydrate fermentation test [27], as well as physiological tests such as
gas production test, growth tests at different sodium chloride concentrations and different
pH levels (4 and 9.6), growth tests at different temperatures, and alcohol dehydrogenase
test [27]. To ensure data reproducibility, independent manipulations were carried out with
three experimental repetitions per test.

2.3. Antibiogram

Antibiotic susceptibility testing was performed according to CLSI (2023) [28] standards
on pathogenic strains. The antibiotic susceptibility of the LAB was also tested to assess
their safety of use.

2.4. Evaluation of Antimicrobial Activity
2.4.1. Overlay Method for the Probiotic Antimicrobial Capacity Test

To test the effect of lactic acid bacteria against the two infectious bacteria, the spot-
on-lawn method was used. In total, 3 puL of each lactic acid bacterium, in spot form, was
deposited on the surface of modified MRS agar containing 0.2% glucose and 1.2% agar
and incubated anaerobically for 24 h at 37 °C. Then 100 uL of an overnight culture of the
indicator bacteria was mixed with 7 mL of MH semi-solid (0.7% agar) and added to the
Petri dish containing the grown culture. The activity of the lactic acid bacteria against the
indicator bacteria was determined after 24 h of aerobic incubation at 37 °C by measuring
the zones of inhibition [29].

Negative controls consisting of uninoculated MRS medium were included in antimi-
crobial activity assays to exclude inhibition unrelated to LAB metabolites.

The experiment was repeated 3 times for each sample.

2.4.2. Well Diffusion Method for the Secondary Metabolites (Postbiotics) Antimicrobial
Capacity Test

This method makes it possible to bring the supernatant of the lactic strain producing
antimicrobial substance with the strain test. Strains previously selected for their production
of antimicrobial substance are concerned with this test.

Strains are grown in MRS medium liquid and incubated for 18 h. After incubation, the
medium is centrifuged (8000 rpm /10 min) and the supernatant is preserved. In a Petri dish
containing MRS solid seeded with the indicator strain, wells are made with a well punch
and sealed with 10 pL of MRS agar. They receive 100 uL of the supernatant of the strain to
be tested and the boxes are incubated for 24 to 48 h [30].
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3. Results
3.1. Ultrasound Examination Results

Abnormal thickening of the uterine wall in some cows was observed as well as the presence
of fluid, appearing as dark areas (hypoprosthenic or non-echoic), light-colored granular areas
(residual tissue or echogenic material), and possibly thickening of the uterine wall.

After incubation, the pathogenic isolates were distributed according to the source of
isolation and initial identification of the bacterial strains, as shown in Table 1.

Table 1. Source of isolation and presumptive identification of bacterial strains.

The Origin of Isolation Label Suspected Bacteria

El Salmonella

Sick cows -
E2 E. coli
E3 Lactobacilli

Healthy cows
E4 Lactobacilli
Sample of a commercially available probiotic E5 Lactobacillus plantarum and Pediococcus acidilactici

3.2. Effect of Antibiotics on Infectious Bacteria

E. coli exhibited high susceptibility to aztreonam (32 mm) and gentamicin (28 mm),
whereas Salmonella showed resistance to piperacillin-tazobactam and oxacillin, as described
in Table 2 and Figure 1, which show the results of the antibiotic susceptibility of isolated
pathogenic bacteria, obtained via the diffusion method on Mueller-Hinton agar (MH).

Table 2. Antibiotic susceptibility profiles of E. coli and Salmonella isolates (in mm).

Antibiotic Abbreviation The Charge of the ATB Discs (ug)  Inhibition Diameter (mm)
Gentamicin CN 10 28
Aztreonam ATM 30 32
E. coli
Amoxicillin—clavulanic acid AMC 30 28
Gentamicin GEN 10 24
Nalidixic acid NA 30 22
Piperacillin-tazobactam PT 15 R
Salmonella
Cotrimoxazole COoT 25 35
Oxacillin OX 1 R

R: resistance.

(b)

Figure 1. The inhibition zone diameters (mm) obtained from the antibiogram of the two pathogenic

bacteria are presented. (a) corresponds to a replicate of the antibiogram test performed on the E. coli
isolate, while (b) corresponds to a replicate performed on the Salmonella isolate.
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3.3. Effect of Antibiotics on Lactic Acid Bacteria

Table 3 and Figure 2 show the results of the antibiotic susceptibility of lactic acid
bacteria, obtained via the MRS agar diffusion method.

Table 3. Inhibition zone diameters (mm) of antibiotics against lactic acid bacteria (E3 and E4) using
the MRS agar diffusion method.

Antibiotic Abbreviation The Charge of the ATB Discs (ug) Inhibition Diameter (mm)
Gentamicin CN 10 R
Ceftazidime CAZ 30 R
Erythromycin E 15 10
E3 Penicillin P 10 18
Carbenicillin CAR 100 28
Piperacillin-tazobactam PT 15 33
Rifampicin RA 5 10
Carbenicillin CAR 100 35
Oxacillin 0)¢ 5 18
E4 Erythromycin E 15 R
Gentamicin GEN 10 R
Penicillin P 10 R

(a) (b) (0)

Figure 2. Antibiograms of lactic acid bacteria isolates (E3 and E4). (a,b) E3; (c) E4. Tested antibiotics
include RA, CAZ, CAR, PT, CN/GEN, E, OX, and P.

3.4. Results of the Antimicrobial Activity of Lactobacilli: Antagonism

The results of in vitro inhibition of three lactic acid bacteria indicate antimicrobial
potential against two tested infectious agents (Table 4 and Figure 3). The results in the
table show that the highest inhibition activity was observed for isolate E5 against E. coli,
with inhibition zones of 4 mm using the double-layer method and 2.5 mm using the well
diffusion method.

Table 4. Inhibition zones (mm) of the studied lactobacilli against the tested organisms using two
methods: double-layer method and well method.

Method Isolate E3 E4 E5
E. coli - 2 25
Well method
Salmonella - - -
Double-layer agar method E. coli - - 4
(spot-on-lawn assay) Salmonella _ j -
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Figure 3. Antimicrobial activity of the studied lactobacilli against target organisms, expressed as
inhibition zones (mm), using two techniques: (a) agar well diffusion and (b) double-layer agar
(spot-on-lawn) method.

4. Discussion

Postpartum uterine infections caused by pathogenic bacteria such as E. coli and
Salmonella spp. remain a major problem in dairy cattle, requiring effective and targeted
treatment strategies. In the present study, antibiotic susceptibility profiles revealed distinct
responses between the two isolated pathogenic strains.

A limitation of the present study is the relatively small sample size, which may
restrict the generalization of the findings. Therefore, further studies including larger cattle
populations and molecular identification methods are required.

The E. coli strain exhibited high susceptibility to all tested antibiotics, particularly aztre-
onam (32 mm) and gentamicin (28 mm), consistent with previous studies reporting the per-
sistent efficacy of these molecules against susceptible enteric strains [28,31]. The amoxicillin—
clavulanic acid combination also showed high activity (28 mm), highlighting its efficacy
against 3-lactamase-producing strains [32]. In contrast, Salmonella displayed resistance to
piperacillin-tazobactam and oxacillin, suggesting the presence of resistance mechanisms such
as extended-spectrum (3-lactamases (ESBLs) or alterations in penicillin-binding proteins [33].
However, its marked susceptibility to cotrimoxazole (35 mm) remains significant and is
consistent with observations reporting preserved susceptibility in some strains despite the
emergence of new resistances [34]. This heterogeneity in antibiotic response underscores the
importance of antimicrobial susceptibility testing to guide appropriate treatment decisions,
particularly in the context of increasing global antimicrobial resistance [35].

Beyond pathogenic bacteria, the evaluation of lactic acid bacteria (LAB) is essential not
only for their antimicrobial potential but also for their safety as probiotic candidates. Unlike
pathogenic bacteria, LAB require specific growth conditions, and standard culture media
such as Mueller-Hinton agar are not always suitable. The use of MRS agar in this study
allowed for optimal growth and more reliable interpretation of zones of inhibition, although
it may require interpretation criteria adapted from CLSI/EUCAST standards [35,36].

The lactic acid bacteria isolates (E3 and E4) exhibited distinct antibiotic susceptibility
profiles. Both strains were resistant to gentamicin, a resistance considered an intrinsic
characteristic of Lactobacillus species due to their low membrane permeability [37]. However,
E3 was susceptible to several 3-lactam antibiotics, while E4 displayed broader resistance,
possibly related to alterations in penicillin-binding proteins or the presence of resistance
genes such as erm(B) [36,38]. Interestingly, E4 remained highly susceptible to carbenicillin
(35 mm), suggesting selective susceptibility to certain semi-synthetic 3-lactams [39].

From a safety perspective, antibiotic susceptibility testing is a crucial step in probiotic
selection. The presence of transferable resistance genes (e.g., plasmids or transposons)
in probiotic strains can contribute to the spread of antimicrobial resistance within the
microbiota [40]. Therefore, the absence of acquired resistance to clinically important
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antibiotics (such as erythromycin, ampicillin, tetracycline, and chloramphenicol) is an
essential condition for probiotic validation. Intrinsic resistance, such as that observed for
gentamicin in lactobacilli, is generally acceptable provided it is not associated with mobile
genetic elements [36,37].

In addition to safety, the selection of probiotic strains relies on multiple functional
criteria, including survival in the gastrointestinal environment, adhesion to epithelial
surfaces, and antimicrobial activity against pathogens [41-43]. In this context, the present
study demonstrated that the use of MRS medium allowed for a more precise assessment
of the susceptibility of lactic acid bacteria, revealing profiles consistent with the expected
probiotic characteristics.

In vitro antagonism tests confirmed the probiotic potential of the studied isolates.
Among the strains tested, E4 and E5 exhibited moderate antimicrobial activity against E.
coli, while no inhibitory effect was observed against Salmonella spp. The largest zones of
inhibition were recorded for E5, with 4 mm by the agar double-layer method and 2.5 mm
by the well diffusion method. E4 also demonstrated moderate activity (2 mm), while E3
showed no inhibitory effect. These results confirm that antimicrobial activity is highly
strain-dependent.

The inhibitory effects observed against E. coli can be attributed to the production
of antimicrobial metabolites such as organic acids (notably lactic acid), bacteriocins, and
hydrogen peroxide [44,45]. Acidification of the medium is considered a major mechanism
of inhibition [46]. Differences between methods were also noted: the well diffusion method
suggests efficient diffusion of antimicrobial compounds, while the double-layer method re-
veals more pronounced localized activity for E5, possibly indicating a higher concentration
or stability of the active metabolites [47].

The lack of inhibitory activity against Salmonella spp. may be explained by insufficient
production of active compounds or by the intrinsic resistance of this pathogen to metabo-
lites derived from lactic acid bacteria [48]. Previous studies have reported considerable
variability in Salmonella susceptibility depending on the lactic acid bacteria strain and
experimental conditions [49,50].

5. Conclusions

Overall, the combination of antimicrobial activity against E. coli, acceptable antibiotic
susceptibility profiles, and the absence of concerning resistance genes suggests the probiotic
potential of the selected strains, particularly E4 and E5. However, further in vitro and vivo
studies are needed to confirm their efficacy, safety, and stability under physiological conditions.

The absence of statistical analysis has been justified by the exploratory nature of the
study and the limited number of isolates. As a result, the study focused on descriptive
analysis, with experiments performed in triplicate and results reported as mean inhibition
zone diameters (mm).

The present work should be considered a preliminary exploratory study due to the
limited sample size and the restricted number of isolates analyzed.

Only two pathogenic bacterial isolates were included in the antimicrobial assays. Fu-
ture studies should include additional uterine pathogens commonly associated with bovine
endometritis, such as Trueperella pyogenes, Fusobacterium necrophorum, and Prevotella spp.

Bacterial identification in this study was based on phenotypic and biochemical char-
acterization. Molecular identification techniques such as 16S rRNA sequencing and PCR-
based detection of antimicrobial resistance genes would provide more precise characteriza-
tion and should be included in future studies.
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