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INTRODUCTION

The global rise of antimicrobial resistance 
(AMR) constitutes one of the most pressing 

threats to public and environmental health in the 
twenty-first century. The World Health Organi-
zation (WHO) projects that resistant infections 
could cause 10 million deaths annually by 2050 in 
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ABSTRACT
Environmental enterococci are increasingly recognised as major reservoirs of antimicrobial resistance (AMR) de-
terminants and reliable indicators of faecal contamination in aquatic and terrestrial ecosystems. This exploratory 
pilot study, conducted on a limited convenience sample from the Oran region (northwestern Algeria), pursued two 
interconnected objectives within a One Health framework: (i) to characterise the antimicrobial resistance profiles 
of environmental Enterococcus isolates recovered from hospital wastewater, municipal sewage sludge, manure-
amended agricultural soil, and contaminated river water through species-specific sodA-targeted PCR; and (ii) to 
evaluate the preliminary in vitro antagonistic potential of four Lactobacillus spp. strains, confirmed at genus level by 
genus-specific PCR and pre-screened for safety, against multidrug-resistant (MDR) enterococcal isolates. A total of 
13 isolates (8 Enterococcus faecalis, 5 Enterococcus faecium) were confirmed by species-specific PCR targeting the 
sodA gene. Universal ciprofloxacin resistance (100%) and high-level ampicillin resistance (75–80%) were recorded; 
the genetic basis of fluoroquinolone resistance was not characterised. All isolates remained fully susceptible to li-
nezolid and tigecycline. One E. faecalis isolate from hospital wastewater displayed a phenotypic profile consistent 
with vancomycin-resistant Enterococcus (VRE); genotypic confirmation by vanA/vanB PCR was not performed 
within the scope of this study; this isolate is classified as putative-VRE throughout. The four Lactobacillus spp. 
strains (designated LBAS-01 to LBAS-04, confirmed at genus level by genus-specific PCR) were confirmed free of 
transferable antibiotic resistance genes and haemolytic activity. All produced measurable in vitro inhibitory activity 
against MDR enterococci (inhibition zone diameters: 9–20 mm); partial mechanistic characterisation indicated that 
two strains produce a proteinaceous inhibitory substance consistent with bacteriocin activity.
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the absence of coordinated action (O’Neill, 2016). 
The environment, encompassing wastewater treat-
ment systems, agricultural soils, and surface water 
bodies, is now recognised as an active reservoir of 
resistance determinants, facilitating selection and 
dissemination of resistant bacteria across ecologi-
cal compartments (Berendonk et al., 2015).

Among environmentally and clinically rele-
vant bacterial genera, Enterococcus spp. occupies 
a singular position. Originally considered com-
mensal inhabitants of the gastrointestinal tract of 
humans and animals, enterococci have emerged as 
leading nosocomial pathogens and robust environ-
mental survivors (Fisher and Phillips, 2009). Their 
capacity for horizontal gene transfer (HGT), medi-
ated through conjugative plasmids (notably carry-
ing Tn1546) and integrative conjugative elements 
(ICEs, including Tn916), renders them highly ef-
ficient vectors for the dissemination of resistance 
genes – including those conferring glycopeptide, 
aminoglycoside, and fluoroquinolone resistance – 
across the human-animal-environment interface 
(Werner et al., 2008).

Enterococcus faecalis and Enterococcus fae-
cium are the two clinically and ecologically most 
important species. Their detection in hospital 
wastewater, municipal sewage, agricultural run-
off, and surface waters establishes these matrices 
as critical hotspots for MDR strain emergence 
and dissemination (Guzman Prieto et al., 2016; 
Iversen et al., 2002). The One Health concept – 
recognising the inextricable interconnection be-
tween human, animal, and environmental health 
– provides the essential integrative framework for 
addressing AMR as a systemic, multi-compart-
ment problem (WHO/FAO/OIE, 2019). In north-
ern Algeria, epidemiological data on environmen-
tal AMR, particularly in enterococcal populations 
from diverse ecological matrices, remain scarce.

Accurate species-level identification of en-
vironmental enterococci is a prerequisite for ef-
fective surveillance. Molecular methods targeting 
the sodA gene have demonstrated high specificity 
and sensitivity for discriminating E. faecalis from 
E. faecium in complex environmental matrices 
(Jackson et al., 2004; Poyart et al., 2000), and are 
now the standard for molecular confirmation.

Concurrently, lactic acid bacteria (LAB), par-
ticularly Lactobacillus spp., have attracted grow-
ing interest as candidate biocontrol agents for ap-
plication in contaminated environmental systems 
(Alakomi et al., 2000; Cotter et al., 2013). Their 
antagonistic activity against MDR pathogens 

– mediated through organic acid production, 
hydrogen peroxide generation, and bacteriocin 
secretion – represents a potentially sustainable 
strategy to mitigate AMR dissemination. How-
ever, before any applied biocontrol strategy can 
be considered, prerequisite conditions must be 
fulfilled: safety assessment of candidate strains, 
in vitro mechanistic characterisation, and envi-
ronmental validation under ecologically relevant 
conditions. The present exploratory study was 
conducted using a limited convenience sample 
collected from four contrasting environmental 
matrices (hospital wastewater, municipal sew-
age sludge, agricultural soil, and river water) in 
the Oran region (Algeria). The aim of this study 
was to provide a preliminary One Health-oriented 
assessment of environmental Enterococcus spp. 
as reservoirs of antimicrobial resistance across 
contrasting ecological matrices in northern Alge-
ria, and to evaluate the potential of Lactobacil-
lus spp. as antagonistic biological agents against 
multidrug-resistant enterococci. We hypothesised 
that anthropogenically impacted environments, 
particularly hospital-associated effluents, act as 
reservoirs of multidrug-resistant enterococci, and 
that Lactobacillus spp. exhibit strain-dependent 
inhibitory activity against these isolates, poten-
tially mediated by organic acids and bacteriocin-
like compounds.

MATERIALS AND METHODS

Study sites and sample collection

Environmental samples were collected from 
four ecological matrices in the Oran region 
(35°41’N, 0°37’W; northwestern Algeria) during 
a single sampling campaign (October–November 
2023): hospital wastewater (HW; n = 3 samples 
from the effluent outlet of a public hospital), mu-
nicipal sewage sludge (SS; n = 3 samples from 
the dewatering stage of the Oran metropolitan 
wastewater treatment plant), manure-amended 
agricultural soil (AS; n = 4 samples from peri-
urban plots receiving regular cattle manure ap-
plications), and contaminated river water (RW; 
n = 3 samples from the Oued Raz-El-Ain course 
downstream of urban discharge points). Samples 
were collected aseptically (1 L sterile contain-
ers for liquids; 500 g sterile bags for solids) and 
transported to the laboratory within 2 h under 
refrigerated conditions (4 °C). All samples were 
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processed within 24 h of collection. As this was a 
single-season sampling campaign, temporal vari-
ability was not assessed; this constitutes an ac-
knowledged limitation.

Isolation and preliminary phenotypic 
characterisation

Enterococcal isolation was performed on Slan-
etz and Bartley selective agar (Oxoid, UK) supple-
mented with TTC (0.1 g L⁻¹). Water samples (100 
mL) were filtered through 0.45 µm membranes 
(Millipore, USA). Soil and sludge matrices were 
serially diluted and spread-plated in duplicate. All 
plates were incubated at 37°C for 48 h. Isolates 
were confirmed as enterococci by Gram staining, 
catalase test (negative), bile–aesculin hydrolysis 
(positive), and growth in 6.5% NaCl at 37 °C. Iso-
late recovery per matrix was as follows: hospital 
wastewater (n = 3), municipal sewage sludge (n = 
4), manure-amended agricultural soil (n = 3), and 
contaminated river water (n = 3), totalling 13 con-
firmed isolates. These figures represent phenotyp-
ically confirmed presumptive isolates submitted 
to molecular identification and do not constitute 
quantitative CFU abundance estimates. No CFU/g 
or CFU/mL data were collected; this constitutes 
an acknowledged limitation requiring quantitative 
follow-up in future studies.

Molecular identification by sodA-Targeted PCR

Genomic DNA was extracted from all 13 
isolates using the Qiagen DNeasy Blood & Tis-
sue Kit (QIAGEN GmbH, Hilden, Germany) 
with an additional lysozyme pre-treatment step 
(10 mg mL⁻¹, 37 °C, 60 min). DNA purity and 
concentration were assessed by NanoDrop™ 
2000 spectrophotometer (Thermo Fisher Sci-
entific, Waltham, MA, USA); all extracts pre-
sented A260/A280 ratios of 1.80–1.95 and 
A260/A230 ratios ≥ 1.90. Species-level iden-
tification used sodA-targeted species-specific 
PCR according to Poyart et al. (2000): primer 
pair FL1 (5′-ATCAAGTACAGTTAGTCT-3′) 
/ FL2 (5′-ACGATTCAAAGCTAACTG-3′) for 
E. faecalis (expected amplicon: 360 bp); EFM1 
(5′-GAAAAAACAATAGAAGAATTAT-3′) / 
EFM2 (5′-TGCTTTTTTGAATTTCTTC-3′) for 
E. faecium (expected amplicon: 199 bp). Ther-
mocycling conditions: initial denaturation 95 
°C/5 min; 30 cycles of 95 °C/30 s, 56 °C/30 s, 
72 °C/45 s; final extension 72 °C/10 min. All 13 

isolates were run in a single gel session (2% aga-
rose, EtBr 0.5 mg L⁻¹); E. faecalis ATCC 29212 
and E. faecium ATCC 35667 served as positive 
controls; a no-template control (NTC) confirmed 
absence of contamination.

Antimicrobial susceptibility testing

Susceptibility was assessed by Kirby–Bauer 
disk diffusion on Mueller–Hinton agar (CLSI, 
2022). Six antimicrobial agents were tested: am-
picillin (AMP, 10 µg), vancomycin (VAN, 30 
µg), teicoplanin (TEC, 30 µg), linezolid (LZD, 
30 µg), tigecycline (TGC, 15 µg), and ciproflox-
acin (CIP, 5 µg); all Bio-Rad, France. MDR was 
defined per Magiorakos et al. (2012). Resistance 
rates are expressed with 95% Wilson score confi-
dence intervals (CI).

Minimum inhibitory concentration (MIC) 
determination and genotypic confirmation of gly-
copeptide resistance (vanA/vanB PCR) could not 
be performed within the scope of this exploratory 
study due to resource constraints. Phenotypic disk 
diffusion was the sole AST method employed. The 
putative-VRE classification of isolate EF-HW2 
therefore rests on phenotypic criteria only and 
carries an inherent risk of false-positive classifi-
cation (Woodford, 1998). MIC determination and 
vanA/vanB genotyping are identified as priorities 
for follow-up work. Similarly, genotypic charac-
terisation of fluoroquinolone resistance (gyrA/
parC QRDR sequencing; PMQR gene screening) 
was beyond the scope of this study.

Identification and safety assessment 		
of Lactobacillus spp.

Genus-level identification by PCR

Four Lactobacillus spp. strains (LBAS-01 
to LBAS-04), isolated from traditional Algerian 
fermented dairy products (lben and butter), were 
confirmed at genus level by genus-specific PCR 
using the primers V3-357f / V4-R806r target-
ing the V3–V4 hypervariable region of the 16S 
rRNA gene (expected amplicon: ~480 bp). Lac-
tobacillus delbrueckii ATCC 11842 served as 
positive control; a no-template control confirmed 
absence of contamination. Species-level identifi-
cation was not performed in the current study; all 
four strains are therefore designated Lactobacil-
lus spp. LBAS-01 to LBAS-04 throughout. Spe-
cies-level characterisation by 16S rRNA gene 
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full-length sequencing or multilocus sequence 
typing (MLST) is identified as a priority for fu-
ture work.

Safety assessment

All four strains were screened for transferable 
antibiotic resistance genes and haemolytic activi-
ty prior to antagonism testing, in accordance with 
EFSA (2012) minimum safety criteria.

In vitro antagonism assay

Strains were pre-cultured in MRS broth (Ox-
oid, UK) at 37 °C for 18–24 h under anaerobic 
conditions. Cell-free culture supernatants (CFS) 
were obtained by centrifugation at 10.000 × g 
for 15 min at 4 °C and filtration through 0.22 µm 
membranes. Three CFS preparations were tested: 
(i) native CFS (pH 3.8–4.2); (ii) pH-neutralised 
CFS (pH 6.5 ± 0.1 with 1 mol L⁻¹ NaOH); and 
(iii) proteinase K-treated CFS (100 µg mL⁻¹, 37 
°C, 120 min, inactivated at 80 °C for 20 min). 
Disc diffusion assays were performed on MHA 
supplemented with 10% (v/v) MRS broth, seeded 
with MDR Enterococcus isolates at 0.5 McFar-
land. Sterile 6 mm discs were impregnated with 
20 µL CFS, pre-diffused at 4 °C for 2 h, then incu-
bated at 37 °C for 24 h. Inhibition zone diameters 
were measured with a digital calliper in triplicate 

independent assays. Each independent assay con-
stituted a biological replicate; measurements with-
in each assay were technical replicates (n = 3 per 
biological replicate). Activity was classified as: 
strong (≥ 16 mm), moderate (11–15 mm), or weak 
(< 11 mm; Tagg and McGiven, 1971). Results are 
expressed as mean ± SD. The following method-
ological limitations of the antagonism assay are 
acknowledged: (i) no positive antibiotic control 
was included on assay plates; (ii) the contribution 
of H₂O₂ to inhibitory activity was not quantified, 
as no catalase-treated CFS arm was included — 
this remains an unresolved mechanistic variable; 
(iii) supplementation of MHA with 10% MRS 
broth may influence agar diffusion kinetics rela-
tive to standard MHA, and absolute zone diameter 
values should be interpreted with this caveat.

Statistical analysis

Resistance rates are expressed as percentages 
with 95% Wilson score CI. Inhibition zone diam-
eters are presented as mean ± SD of triplicate in-
dependent assays. Given the small group sizes (n 
= 4 zone values per species group for antagonism 
comparisons), no inferential between-group sta-
tistical comparisons were performed. All data are 
presented as descriptive summaries only. Analy-
ses were performed in GraphPad Prism v9.0.

RESULTS

Isolation and phenotypic characterisation

Thirteen presumptive Enterococcus isolates 
were recovered: 3 from hospital wastewater, 4 
from sewage sludge, 3 from agricultural soil, and 
3 from river water. All displayed genus-consistent 
morphology, negative catalase reaction, positive 
bile–aesculin hydrolysis, and growth in 6.5% 
NaCl at 37 °C.

Molecular identification by sodA-Targeted PCR

sodA-targeted PCR unambiguously identi-
fied all 13 isolates: 8 produced the 360 bp FL1/
FL2 amplicon (E. faecalis); 5 produced the 199 
bp EFM1/EFM2 amplicon (E. faecium). No 
non-specific amplification was detected. Positive 
controls produced expected amplicons; the NTC 
produced no band (Table 1, Figure 1).

Figure 1. Agarose gel electrophoresis (2%) of sodA-
targeted PCR products for Enterococcus species 

identification. Lane 1: 100 bp DNA ladder; Lane 2: 
E. faecium (199 bp, EFM1/EFM2 primers); Lane 3–5: 

E. faecalis (360 bp, FL1/FL2 primers)
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Antimicrobial susceptibility profiles

Enterococcus faecalis (n = 8): Universal 
ciprofloxacin resistance (100%; 95% CI: 67.6–
100%) and predominant ampicillin resistance 
(75%; 6/8; 95% CI: 40.9–92.9%) were record-
ed. Linezolid and tigecycline susceptibility was 
fully retained. Isolate EF-HW2, recovered from 

hospital wastewater, displayed co-resistance to 
vancomycin and teicoplanin on disk diffusion, 
consistent with putative VRE classification (phe-
notypic criteria only; genotypic confirmation not 
performed. Enterococcus faecium (n = 5): Total 
ciprofloxacin resistance (100%; 95% CI: 56.6–
100%) and ampicillin resistance (80%; 4/5; 95% 
CI: 37.4–96.4%) were recorded. All five isolates 
remained fully susceptible to VAN, TEC, LZD, 
and TGC (Figures 2, 3, Tables 2, 3).

Table 1. Distribution of confirmed Enterococcus isolates by species, sampling source, sodA amplicon size, and 
MDR status. HW: hospital wastewater; SS: sewage sludge; AS: agricultural soil; RW: river water. *Putative VRE 
phenotype (phenotypic co-resistance to VAN and TEC; vanA/vanB PCR confirmation pending). †MDR: non-
susceptibility to ≥ 1 agent in ≥ 3 antimicrobial categories (Magiorakos et al., 2012)

Isolate code Sampling source Species 
confirmed

sodA amplicon 
(bp) Matrix type MDR† Notes

EF-HW1 Hospital wastewater E. faecalis 360 Clinical effluent Yes

EF-HW2* Hospital wastewater E. faecalis 360 Clinical effluent Yes Putative VRE*

EF-SS1 Sewage sludge E. faecalis 360 Municipal Yes

EF-SS2 Sewage sludge E. faecalis 360 Municipal No CIP-R only

EF-AS1 Agricultural soil E. faecalis 360 Agricultural Yes

EF-RW1 River water E. faecalis 360 Aquatic Yes

EF-RW2 River water E. faecalis 360 Aquatic No CIP-R only

EF-RW3 River water E. faecalis 360 Aquatic Yes

EFM-HW1 Hospital wastewater E. faecium 199 Clinical effluent Yes

EFM-SS1 Sewage sludge E. faecium 199 Municipal Yes

EFM-AS1 Agricultural soil E. faecium 199 Agricultural Yes

EFM-AS2 Agricultural soil E. faecium 199 Agricultural No CIP-R only

EFM-RW1 River water E. faecium 199 Aquatic Yes

Figure 2. Disc diffusion antagonism assay showing 
inhibition zones produced by Lactobacillus spp. cell-
free supernatants (CFS) against Enterococcus faecalis 

(MDR isolates) on MRS-MHA agar after 24 h 
at 37 °C. Clear zones indicate inhibitory activity

Figure 3. Disc diffusion antagonism assay showing 
inhibition zones produced by Lactobacillus spp. cell-
free supernatants (CFS) against Enterococcus faecium 
(MDR isolates) on MRS-MHA agar after 24 h at 37 °C
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Table 2. Individual antimicrobial susceptibility profiles of all 13 isolates: AMP – ampicillin, VAN – vancomycin, 
TEC – teicoplanin, LZD – linezolid, TGC – tigecycline, CIP – ciprofloxacin, R – resistant, S – susceptible, putative 
VRE – vanA/vanB PCR confirmation pending), MDR – non-susceptibility to ≥ 1 agent in ≥ 3 antimicrobial categories

Isolate Species AMP VAN TEC LZD TGC CIP MDR

EF-HW1 E. faecalis R S S S S R Yes

EF-HW2* E. faecalis R R R S S R Yes – putative 
VRE

EF-SS1 E. faecalis R S S S S R Yes

EF-SS2 E. faecalis S S S S S R No

EF-AS1 E. faecalis R S S S S R Yes

EF-RW1 E. faecalis R S S S S R Yes

EF-RW2 E. faecalis S S S S S R No

EF-RW3 E. faecalis R S S S S R Yes

EFM-HW1 E. faecium R S S S S R Yes

EFM-SS1 E. faecium R S S S S R Yes

EFM-AS1 E. faecium R S S S S R Yes

EFM-AS2 E. faecium S S S S S R No

EFM-RW1 E. faecium R S S S S R Yes

Table 3. Comparative resistance rates (%) with 95% Wilson score confidence intervals (CI) by species; putative 
VRE phenotype (EF-HW2); phenotypic classification only, genotypic confirmation pending

Antibiotic E. faecalis (n = 8) 95% CI E. faecium (n = 5) 95% CI

Ampicillin (AMP) 75% (6/8) 40.9–92.9% 80% (4/5) 37.4–96.4%

Vancomycin (VAN) 12.5% (1/8)* 2.2–47.1% 0% (0/5) 0–43.4%

Teicoplanin (TEC) 12.5% (1/8)* 2.2–47.1% 0% (0/5) 0–43.4%

Linezolid (LZD) 0% (0/8) 0–37.0% 0% (0/5) 0–43.4%

Tigecycline (TGC) 0% (0/8) 0–37.0% 0% (0/5) 0–43.4%

Ciprofloxacin (CIP) 100% (8/8) 67.6–100% 100% (5/5) 56.6–100%

Figure 4. Agarose gel electrophoresis (0.8%) of 16S rRNA gene PCR products (480 bp) for Lactobacillus genus 
identification. M – 200 bp DNA size marker (Smart ladder); Lane 1 – positive control (Lb. delbruckii ATCC 

11842); Lanes 2–6  – Lactobacillus spp. isolates LBAS-01 to LBAS-04



157

Ecological Engineering & Environmental Technology 2026, 27(7), 151–159

Figure 5. Disc diffusion antagonism assay showing 
inhibition zones produced by Lactobacillus spp. 

cell-free supernatants (CFS) against E. faecalis MDR 
isolate EF-HW2 on MHA supplemented with 10% 

MRS broth after 24 h at 37 °C. Labelled discs: 
L1 = LBAS-01; L2 = LBAS-02; L3 = LBAS-03; 

L4 = LBAS-04

Table 4. Inhibition zone diameters (mm ± SD; mean of three independent assays) produced by four Lactobacillus 
spp. strains against MDR Enterococcus isolates using three CFS preparations. Classification: strong ≥ 16 mm; 
moderate 11–15 mm; weak < 11 mm: pH-adj – pH-neutralised CFS (pH 6.5 ± 0.1); PK-treated – proteinase 
K-treated CFS (100 µg mL⁻¹); Ef – E. faecalis; Efm – E. faecium; PK – proteinase K

Strain Species Native vs. 
Ef (mm) Classif. pH-adj vs. 

Ef (mm) Classif. PK-treated 
vs. Ef (mm) Classif. Bacteriocin?

LBAS-01 Lactobacillus spp. 9 ± 0.6 Weak 9 ± 0.5 Weak 8 ± 0.7 Weak Unlikely

LBAS-02 Lactobacillus spp. 18 ± 1.1 Strong 16 ± 1.0 Strong 7 ± 0.8 Weak Likely

LBAS-03 Lactobacillus spp. 14 ± 0.7 Moderate 13 ± 0.8 Moderate 13 ± 0.9 Moderate Unlikely

LBAS-04 Lactobacillus spp. 16 ± 0.8 Strong 14 ± 0.7 Moderate 8 ± 0.7 Weak Likely

Identification of Lactobacillus spp.

Genus-specific PCR confirmed all four strains 
as belonging to the genus Lactobacillus; they are 
designated LBAS-01 to LBAS-04 throughout. 
Species-level identification was not performed in 
the current study. The expected ~480 bp amplicon 
was obtained for all four strains. Positive control 
(L. delbrueckii ATCC 11842) and NTC produced 
expected results (Figure 4).

Antagonistic activity of Lactobacillus spp. 
against MDR enterococci

All four Lactobacillus spp. strains demonstrat-
ed measurable inhibitory activity against MDR E. 
faecalis and E. faecium using native CFS (Table 
4). LBAS-02 produced the strongest activity (18 ± 
1.1 mm vs. E. faecalis; 20 ± 0.9 mm vs. E. faeci-
um; strong inhibition), followed by LBAS-04 (16 
± 0.8 mm and 17 ± 0.9 mm; strong). LBAS-03 
produced moderate inhibition (14 ± 0.7 and 15 ± 
1.0 mm). LBAS-01 yielded the weakest activity (9 
± 0.6 mm vs. E. faecalis; 12 ± 0.8 mm vs. E. fae-
cium). Inhibitory activity of LBAS-02 and LBAS-
04 was substantially reduced after proteinase K 
treatment, indicating a bacteriocin contribution. 
No inferential statistical comparisons between 
species groups were performed; data are presented 
descriptively only (Figure 5).

DISCUSSION

The recovery of both E. faecalis and E. faeci-
um from all four environmental matrices corrobo-
rates the ubiquitous distribution of enterococci in 
anthropogenically impacted environments (Fish-
er and Phillips, 2009). Hospital wastewater and 
sewage sludge represent primary entry points for 
clinically selected resistant strains into broader 

environmental compartments (Berendonk et al., 
2015). The findings are strictly exploratory; the 
small convenience sample (n = 13 isolates) and 
single-season collection preclude any epidemio-
logical generalisation. Universal ciprofloxacin 
resistance (100%) is the most ecologically signif-
icant resistance finding. The wide confidence in-
tervals reflect the limited sample size. The genetic 
basis of fluoroquinolone resistance was not deter-
mined; chromosomal mutations in the QRDRs of 
gyrA and parC are the most prevalent mechanism, 
but PMQR genes represent a transferable risk of 
particular concern. Genotypic characterisation of 
fluoroquinolone resistance is recommended as a 
priority for follow-up studies.

The putative VRE phenotype of EF-HW2 
from hospital wastewater is ecologically note-
worthy. However, this classification rests solely 
on phenotypic disk diffusion, which carries a 
non-negligible false-positive risk (Woodford, 
1998). MIC determination and vanA/vanB PCR 
confirmation could not be performed within the 
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scope of this exploratory study due to resource 
constraints. The designation ‘putative VRE’ must 
therefore be interpreted with appropriate cau-
tion and should not be used to draw definitive 
conclusions about VRE prevalence in the study 
environment. Full susceptibility to linezolid and 
tigecycline indicates that last-resort compounds 
have not yet exerted significant selective pressure 
in these matrices, consistent with their restricted 
clinical use (Cattoir and Leclercq, 2013).

The in vitro inhibitory activity demonstrated 
by all four Lactobacillus spp. strains against MDR 
enterococci aligns with published data on LAB bio-
control potential (Cotter et al., 2013; Zommiti et 
al., 2020). The partial mechanistic characterisation 
provides preliminary evidence for bacteriocin-type 
inhibition by LBAS-02 and LBAS-04. However, 
several important limitations must be acknowl-
edged: (i) species-level identification of the four 
Lactobacillus strains was not performed – they are 
confirmed at genus level only by genus-specific 
PCR; species characterisation by 16S rRNA gene 
sequencing or MLST is identified as a priority for 
follow-up work; (ii) H₂O₂ contribution to inhibitory 
activity was not quantified; (iii) no positive antibi-
otic control was included in the antagonism assay. 

CONCLUSIONS

Environmental matrices from the Oran region 
harbour enterococcal isolates with clinically rel-
evant antimicrobial resistance profiles, including 
universal fluoroquinolone resistance and a puta-
tive glycopeptide-resistance phenotype requiring 
genotypic confirmation before definitive VRE 
classification can be assigned. These findings un-
derscore the role of hospital wastewater and mu-
nicipal sewage as critical entry points for resistant 
bacteria into the broader environment.

Lactobacillus spp. strains (LBAS-01 to 
LBAS-04) isolated from traditional fermented 
dairy products demonstrated in vitro inhibitory 
activity against MDR enterococcal isolates. Pre-
liminary mechanistic evidence indicates a bacte-
riocin contribution for two strains (LBAS-02 and 
LBAS-04). These results should be interpreted 
within the explicit limitations of this exploratory 
pilot study: small convenience sample, absence 
of genotypic AMR confirmation, genus-level-
only identification of Lactobacillus strains, and 
unquantified H₂O₂ contribution in the antagonism 
assay. They nonetheless support advancement 
to the next tier of characterisation – including 

species-level identification, MIC determination, 
vanA/vanB genotyping, and ecologically repre-
sentative mesocosm studies.
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