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Abstract: Enterococci are bacteria of significant im-
portance within the One Health concept, as they are 
capable of infecting both humans and animals and 
can persist in abiotic environments such as water and 
soil due to their ability to form biofilms. This study 
aimed to determine the frequency of Enterococcus spp. 
in drinking water from poultry farms, assess their anti-
microbial susceptibility and biofilm-forming capacity, 
and evaluate the antibiofilm activity of commonly used 
biocides (sodium hypochlorite and hydrogen perox-
ide) at different concentrations.

Within the project “Public Health Risk of the Fre-
quency and Antimicrobial Resistance of Pathogenic 
Bacteria in Drinking Water Originating from Poultry 
Farms” (No. 19.032/961-101/23), a total of 120 drink-
ing water samples from poultry farms were analyzed. 
Antimicrobial susceptibility was determined using the 
disk diffusion method against ampicillin, imipenem, 
nitrofurantoin, norfloxacin, and vancomycin. Biofilm 
formation and antibiofilm effects of biocides were as-
sessed using the microtiter plate method.

Enterococcus spp. were detected in 16 of the 120 
samples (13.3%). All isolates were susceptible to all 
tested antibiotics. Among the 16 isolates, 10 were clas-
sified as strong biofilm producers and 6 as moderate 
biofilm producers. A statistically significant difference 
was observed between lower and higher concentra-
tions of sodium hypochlorite (0.004% vs. 0.4%), as 
well as between lower concentrations of biocides (0.4% 
sodium hypochlorite vs. 3% hydrogen peroxide), 
with higher concentrations of sodium hypochlorite 

demonstrating superior antibiofilm activity in both 
experiments.

Keywords: enterococci, drinking water, antibiotics, 
biofilm, biocides

1. Introduction 

Gram-positive bacteria, belonging to the genus Entero-
coccus, have a distinctive cell wall structure that allows 
them to survive adverse environmental conditions and 
gives them intrinsic resistance to a large number of an-
tibiotics, including cephalosporins, aminoglycosides, 
macrolides, etc. (Khalil et al. 2025.). These bacteria 
are part of the gut microbiota and, hence, they serve 
as indicators of fecal contamination of drinking water. 
Due to the robustness of their cell wall, they can also 
survive in saline settings and are therefore commonly 
used for the detection of fecal contamination in marine 
waters (Peter et al. 2025).

Enterococci are bacteria of great importance with-
in the One Health concept, as they are capable of in-
fecting both humans and animals and can also survive 
on abiotic surfaces such as water and soil. Monitoring 
their antimicrobial resistance is extremely important, 
as they are members of the “ESKAPE” (Enterococcus 
faecium, Staphylococcus aureus, Klebsiella pneumoni-
ae, Acinetobacter baumannii, Pseudomonas aeruginosa 
and Enterobacter spp.) group of multidrug-resistant 
bacteria, which have a major impact on human and/
or animal infections, especially as a frequent cause 
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of intrahospital infections (Miller & Arias, 2024). 
Antibiotic resistance can spread through vertical and 
horizontal transfer of genetic material between bac-
teria of the same genus or genetically related bacteria; 
therefore, potentially multidrug-resistant strains can 
be easily transmitted from hospital environments into 
the external environment.

In addition to antibiotic resistance, the ability of 
Enterococcus spp. to produce biofilm plays a major 
role in their persistence in the external environment 
(Shiopu et al. 2023). Within these sessile commu-
nities, bacteria are protected from environmental 
stressors as well as from antibacterial substances. 
Biofilms can be established on human tissues, leading 
to chronic infections, or on abiotic surfaces in nutri-
ent-poor environments, enabling long-term survival 
and persistence. Despite the clinical and environmen-
tal significance of biofilm formation, its assessment is 
not yet routinely performed in microbiological lab-
oratories, even though its detection could be highly 
valuable in predicting the development of antimicro-
bial resistance during prolonged therapy for chronic 
infections.

This research aimed to determine the frequency 
of Enterococcus spp. in drinking water samples from 
poultry farms, as well as to analyse their antibiotic 
susceptibility, biofilm-forming ability, and the antibio-
film activity of commonly used biocides (bleach and 
hydrogen peroxide) at various concentrations.

2. Material and methods

2.1. Bacterial isolates
This study was conducted as part of the project 
“Public Health Risk of the Frequency and Antimi-
crobial Resistance of Pathogenic Bacteria in Drink-
ing Water Originating from Poultry Farms” (No. 
19.032/961-101/23), conducted during the period 
from 1 April 2024 to 1 May 2025. A total of 120 
drinking water samples were collected from poultry 
farmsDetection of Enterococcus spp. was performed 
in accordance with the standard BAS EN ISO 7899-
2, which involves filtration of water samples, cultiva-
tion on selective media, and identification based on 
characteristic colony morphology and biochemical 
tests. Isolates were stored under appropriate condi-
tions for subsequent antimicrobial susceptibility and 
biofilm analyses.

2.2. Antimicrobial susceptibility testing
Antibiotic susceptibility testing of all Enterococcus 
isolates was performed in accordance with European 
Committee on Antimicrobial Susceptibility Testing 
(EUCAST) guidelines (EUCAST, 2024) using the 
disk diffusion method. Briefly, an inoculum of 0.5 

McFarland units was inoculated onto Mueller–Hinton 
agar plates, after which the following antibiotic disks 
were applied to the dried plates: ampicillin, imipenem, 
nitrofurantoin, norfloxacin, and vancomycin. Plates 
were incubated at 35–37°C for 18–24 hours. Follow-
ing overnight incubation, the diameters of inhibition 
zones were measured, and antibiotic susceptibility was 
interpreted as susceptible (S), susceptible, increased 
exposure (I), or resistant (R). 

Susceptibility to ampicillin was used as an indi-
cator for the susceptibility to amoxicillin-clavulanic 
acid, ampicillin-sulbactam, piperacillin, and imipen-
em. Additionally, norfloxacin was used as a screening 
agent for susceptibility to all fluoroquinolones except 
ofloxacin, which is not tested for Enterococcus spp.

Quality control was performed using reference 
strains to ensure accuracy and reproducibility of the 
results.

2.3. Biofilm production and antibiofilm  
activity of biocides testing
Biofilm formation by Enterococcus spp. was assessed 
using the microtiter plate method, as described by 
Stepanović et al., with slight modifications (2007). 
Briefly, bacterial isolates were first cultured over-
night at 37 °C in Trypticase Soy Broth (TSB; Bio-
Rad, United Kingdom) and subsequently diluted in 
fresh TSB medium to achieve a final concentration 
of 10⁶ CFU/mL. A volume of 100 µL of each bac-
terial suspension was dispensed into each well of a 
sterile 96-well microtiter plates and incubated at 37 
°C for 24 h to allow biofilm formation. After incu-
bation, the wells were gently emptied and washed 
three times with sterile phosphate-buffered saline 
(PBS) to remove non-adherent (planktonic) cells. 
The adherent cells were fixed and stained with 100 
µL of 2% (w/v) crystal violet for 15 minutes. Excess 
stain was removed by washing the wells three times 
with PBS, followed by air drying at room tempera-
ture overnight. The retained crystal violet, repre-
senting the biofilm biomass, was then eluted using 
100 µL of 33% (v/v) glacial acetic acid per well. Bio-
film biomass was quantified by measuring the opti-
cal density (OD) at 570 nm with an automated mi-
croplate reader (ICN Flow Titertek Multiskan Plus 
Reader, Meckenheim, Germany). Wells containing 
only TSB were used as negative controls. The cut-off 
optical density (ODc) was calculated as the mean 
OD of the negative controls plus three standard de-
viations (SD). Based on OD measurements, isolates 
were categorized as follows:

non-biofilm producers (OD ≤ ODc), 
weak biofilm producers (ODc < OD ≤ 2×ODc), 
moderate biofilm producers (2×ODc < OD ≤ 4×ODc),  
strong biofilm producers (OD > 4×ODc).
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Following the initial 24-hour biofilm formation, 
the established Enterococcus biofilms were exposed 
to various concentrations of commonly used biocides 
for 5 minutes : 

sodium hypochlorite (NaOCl, 0.004% and 0.4%) 
hydrogen peroxide (H₂O₂, 0.0005% and 3%). 

After biocide treatment, the wells were gently 
washed with sterile PBS to remove residual biocide and 
non-adherent cells. The biofilm biomass remaining 
after exposure was quantified spectrophotometrically 
using the same crystal violet staining procedure de-
scribed in section 2.3. Percent reduction in biofilm bio-
mass was calculated relative to untreated control wells 
to evaluate the antibiofilm efficacy of each biocide and 
concentration. This approach allows direct comparison 
of the effectiveness of different disinfectants against 
biofilm-associated Enterococcus spp. under controlled 
laboratory conditions.

2.4. Statistical analysis
Statistical analyses were performed using SPSS soft-
ware version 20.0 (SPSS Inc., Chicago, IL, USA). Com-
parisons of the frequency of occurrence of categorical 
variables, including biofilm formation categories and 
biocide effectiveness, were conducted using Fisher’s 
exact test. Differences were considered statistically 
significant at p < 0.05.

Data from the biofilm and antibiofilm assays were 
presented as mean ± SD of at least three independent 
experiments. 

3. Results

3.1. Bacterial strains
Out of the 120 drinking water samples examined from 
poultry farms, Enterococcus spp. (fecal enterococci) 
were detected in 16 samples (13.3%). Water contami-
nated in this manner is considered unsafe for human 
consumption as well as for use in broiler farms.

3.2. Antimicrobial susceptibility testing
Using the disk diffusion method, all 16 isolates were 
found to be susceptible to all five antibiotics tested.

3.3. Biofilm formation and  
antibiofilm activity of biocides
Of the 16 bacterial isolates tested, 10 (62.5%) were clas-
sified as strong biofilm producers, while the remaining 
6 (37.5%) were considered moderate producers. None 
of tested isolates was classified as a non-producer.

The frequency of moderate and weak biofilm 
producers, as well as non-producers, following treat-
ment with biocides is presented in Tables 1 and 2, 
respectively.

Table 1. Antibiofilm effect of the bleach against 
enterococcal biofilm 

NaOCl 
(0.004%)

N (%)

NaOCl 
(0.4%)
N (%)

p

Non 
producers 0 7 (43.75)

<0,001

Weak 
producers 6 (37.5) 8 (50)

Moderate 
producers 9 (56.25) 1 (6.25)

Strong 
producers 1 (6.25) 0

Table 2. Antibiofilm effect of the hydrogen peroxide 
against enterococcal biofilm 

H2O2 
(0.0005%)

N (%)

H2O2 
(3%)
N (%)

p

Non 
producers 3 (18.75) 6 (37.5)

0.56

Weak 
producers 11 (68.75) 9 (56.25)

Moderate 
producers 2 (12.5) 1 (6.25)

Strong 
producers 0 0

A statistically significant difference was observed 
between higher and lower concentrations of bleach, 
as well as when comparing the lower concentrations 
of biocides (p=0.007). No statistically significant 
difference was detected between higher and lower 
concentrations of hydrogen peroxide, nor when 
analyzing the effects of the higher concentrations of 
both biocides (p=1).

4. Discussion

Enterococci are highly significant bacteria with a broad 
range of hosts and the ability to persist in the envi-
ronment, largely due to their strong biofilm-forming 
capacity. In our study, the isolates were susceptible 
to all antibiotics tested; however, they also exhibited 
a remarkable ability to form biofilms, which enables 
their prolonged survival in water pipes.

Microbiologically safe drinking water is a funda-
mental requirement for maintaining broiler health, 
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and consequently human health as the end consumers. 
In our study, 13% of the samples were deemed unsat-
isfactory due to the presence of Enterococcus spp. This 
prevalence is lower than that observed in our previ-
ous study (Golic et al. 2023) and nearly half of that 
reported by other researchers in Austria and Canada. 
(Soares et al. 2023; Furtula et al. 2013). Our findings 
indicate that continuous collaboration between farm-
ers, veterinarians, and microbiologists, combined with 
appropriate legal regulations and enforcement, can im-
prove hygiene standards, benefiting both animal and 
human health. Additionally, it is important to note that 
our isolates were susceptible to all tested antibiotics, 
which is a very promising result, suggesting that mul-
tidrug-resistant strains have not been introduced into 
the drinking water of poultry farms. Similar results 
were noticed by Aboelseoud et al. (2021) in Egypt, 
who also showed the sensitivity of their enterococcal 
strains to the same antibiotics. In the future, antibiotic 
susceptibility of Enterococcus isolates from broiler gut 
samples and farm environmental samples should be 
investigated to assess the prevalence and resistance 
rates of these strains throughout the entire farm envi-
ronment, as has been done in other studies. (Ribeiro 
et al. 2023; Furtula et al. 2013).

Biofilm production is one of the most import-
ant virulence factors that enables bacterial survival 
in water systems and the environment. Our isolates 
demonstrated a strong ability to form biofilms, consis-
tent with findings from other studies. A limitation of 
this study was that bacterial detection was performed 
at the genus level rather than the species level. Grund 
et al. demonstrated that E. faecium and E. faecalis are 
more robust biofilm producers compared to E. ceco-
rum (Grund et al. 2022). Furthermore, Wozniak et al. 
(2019) and Aboelseoud et al. (2021) confirmed our 
findings, showing that all strains possessed the ability 
to form biofilms. 

Safe drinking water is routinely treated with dis-
infectants and biocides. The most commonly used 
agents are bleach (NaOCl) and hydrogen peroxide 
due to their effectiveness, affordability, and relatively 
eco-friendly properties. In our study, we demonstrated 
that NaOCl exhibited stronger antibiofilm activity at 
lower concentrations, while at higher concentrations, 
both disinfectants showed similar efficacy. It is import-
ant to note that neither biocide was able to eliminate 
established biofilms, a finding that is also supported 
by Castro et al. (2018). Additional measures should be 
implemented to prevent biofilm formation, as previ-
ously established biofilms cannot be fully eliminated, 
particularly in closed water supply systems and in 
hard-to-reach areas within water pipes.

In conclusion, although we observed a low 
prevalence of Enterococcus in drinking water and 

susceptibility of all isolates to the tested antibiotics, 
additional measures and analysis of samples from 
animals and the entire farm environment are needed 
to prevent the establishment of biofilms and sessile 
bacterial communities, which are extremely difficult 
to eradicate.
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