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Abstract:

Background: Phenotypic methods are essential for identifying biofilms, allowing for direct observation of their
formation and characteristics. Techniques such as microscopy and staining, particularly the use of Congo Red
Agar (CRA), are widely employed to study the structure and behavior of biofilms, as well as to evaluate the efficacy
of antimicrobial treatments. This study investigates the influence of sodium chloride (NaCl) concentration on
biofilm production in Staphylococcus aureus strains.

Materials and Methods: A total of six S. aureus strains were tested, including three biofilm-producing isolates,
two non-producing isolates, and one reference strain (ATCC 25923). The CRA medium was prepared with varying
NaCl concentrations (0%, 1%, 2.5%, 5%, and 7%), and the strains were incubated at 35°C + 2°C for 24 to 48
hours. Biofilm production was assessed based on the morphology and coloration of the colonies, where black
colonies indicated biofilm production and red or pink colonies indicated non-producers. Each test was performed
in triplicate to ensure reproducibility.

Results: The biofilm-producing strains exhibited intense formation at NaCl concentrations of 0%, 1%, and 2.5%,
displaying characteristic black coloration. In contrast, at NaCl concentrations of 5% and 7%, although bacterial
growth was observed, there was no black coloration, indicating inhibition of biofilm production. The non-
producing strains maintained red coloration at all tested concentrations.

Conclusion: Biofilm production by S. aureus is favored in media with up to 2.5% NacCl, while it is inhibited at
higher concentrations (5% and 7%). These findings demonstrate that elevated levels of NaCl compromise the
expression of the biofilm-producing phenotype, highlighting the impact of salt stress on this important virulence
characteristic of the bacterium.
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I.  Introduction
Phenotypic methods play a crucial role in identifying biofilms, as they allow for direct observation of
their formation and characteristics. Techniques such as microscopy, staining, and culture-based assays help
evaluate the structure and behavior of biofilms, providing important insights into their development. These
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methods are widely used to study interactions within bacterial communities and to test the efficacy of
antimicrobial treatments'?,

However, phenotypic methods face challenges in terms of sensitivity and specificity compared to
molecular biology techniques. Identifying biofilms in clinical samples can be difficult due to their heterogeneous
nature and the presence of the extracellular matrix, which can hinder visualization. Molecular methods, such as
PCR (Polymerase Chain Reaction) and sequencing, offer greater sensitivity in detecting specific genetic markers
of biofilm-forming bacteria. Nevertheless, combining phenotypic and molecular approaches can provide a more
comprehensive view, as phenotypic methods reveal information about the structure and activity of biofilms that
molecular techniques alone may not capture3*.

Congo Red Agar (CRA) is a widely used phenotypic method for detecting biofilm formation in bacteria.
This technique relies on culturing microorganisms in a medium supplemented with the Congo Red dye, which
interacts with the polysaccharides in the biofilm matrix. Biofilm-producing strains form black colonies with a dry,
crystalline appearance, while non-producing strains exhibit red or pink colonies. As a simple and cost-effective
approach, CRA is a viable option for initial screening of biofilm formation capacity®®78,

However, the sensitivity and specificity of the method can vary. Some studies indicate that CRA may
have low sensitivity, failing to detect all biofilm-forming strains®°, For instance, one study demonstrated that
CRA sensitivity was only 0.9%, while specificity reached 97.4% in identifying biofilms in Staphylococcus
isolates. These results suggest that while CRA is useful for initial screening, it should be complemented with other
tests to ensure more accurate identification of biofilm production!*2,

The concentration of sodium chloride (NaCl) in the growth medium can significantly influence the
expression of genes related to antibiotic resistance and biofilm formation in bacteriat®4. Therefore, this study
aims to analyze the influence of NaCl on biofilm production in S. aureus strains.

1. Material And Methods
Strain Selection and Identification
A total of six S. aureus strains were tested, comprising three biofilm-producing isolates, two non-
producing isolates, and one reference strain ATCC 25923, which is a biofilm producer. All isolates were
previously identified as S. aureus through MALDI-TOF methods, as part of previous research conducted at the
Animal Health Laboratory of the Institute of Agricultural Sciences (ICA) at the Federal University of Minas
Gerais (UFMG).

Preparation of Congo Red Agar (CRA) Medium

The CRA medium was prepared according to Freeman et al.*, with modifications to incorporate varying
concentrations of NaCl. The base composition of CRA included BHI broth (37 g/L), base agar (10 g/L), sucrose
(50 g/L), and Congo Red dye (0.8 g/L). NaCl was added to the medium at final concentrations of 0%, 1%, 2.5%,
5%, and 7% (w/v) to assess the impact of salinity on biofilm detection.

Inoculation and Incubation Conditions

Each strain was inoculated onto CRA plates with different NaCl concentrations and incubated aerobically
at 35°C £ 2°C for 24 and 48 hours. Biofilm production was evaluated based on the morphology and color of the
colonies. Black, dry, and crystalline colonies were interpreted as positive for biofilm production, while red or pink
colonies indicated non-producers.

Reproducibility and Data Analysis

Each strain was tested in triplicate at each NaCl concentration to ensure reproducibility. Data analysis
involved observing consistency in biofilm production patterns across the NaCl gradient and comparing the
morphologies of biofilm-producing and non-producing strains to evaluate the effect of NaCl on the phenotypic
expression of biofilms.

I11. Result
The assessment of biofilm production by S. aureus strains isolated from subclinical mastitis, using CRA
supplemented with different NaCl concentrations, revealed that biofilm-producing strains, including the standard
strain ATCC 25923, exhibited intense biofilm formation at NaCl concentrations of 0%, 1%, and 2.5%. In these
media, the colonies displayed characteristic black coloration, indicating the production of the typical
exopolysaccharide associated with biofilms. No visible variation in the intensity of biofilm production was
observed among the different tested concentrations (Figure no 1, 2A, 2B). The results are detailed in Table no 1.
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Table no 1 - Biofilm Production by S. aureus Isolates in CRA Medium Supplemented with Different NaCl
Concentrations
NaCl Concentrations | 0% | 1% | 2,5% | 5% | 7%
Al5 - - - - -
LM261
A6
R9
R13
ATCC 25923

+ |+ |+ |+

+ |+ |+ +]

+ |+ |+ +]
,

In contrast, at NaCl concentrations of 5% and 7%, although bacterial growth was noted, there was an
absence of black coloration, indicating that under these conditions, the expression of the biofilm-producing
phenotype was inhibited. The non-producing strains showed no changes in expected behavior, displaying red
colonies at all tested NaCl concentrations, confirming the absence of exopolysaccharide and indicating an inability
to produce biofilm.

Figure No 1

Biofilm production Absence of biofilm

Source: Adapted By The Author
Figure No 2A Figure No 2A

Source: Adapted By The Author

IV. Discussion

Bacterial biofilms are organized communities of microorganisms encased in a protective matrix that they
produce themselves. These structures adhere to surfaces and confer greater resistance to antibiotics and immune
system attacks. Among the species well-known for their ability to form biofilms is S. aureus, a pathogen
responsible for persistent and difficult-to-treat infections67,

The Staphylococcus genus is recognized for its resistance to high concentrations of NaCl, which allows
survival in high-salinity environments. This capability is linked to adaptations that adjust gene expression in
response to osmotic stress caused by NaCl. Research shows that the presence of NaCl can stimulate biofilm
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formation in some S. aureus strains, particularly methicillin-sensitive strains (MSSA). This occurs through the
activation of the icaADBC operon, responsible for producing a substance called PIA (Polysaccharide Intercellular
Adhesin), which is fundamental to the biofilm structure!®2°,

Conversely, in methicillin-resistant strains (MRSA), biofilm formation under the influence of NaCl may
occur through different mechanisms involving adhesion proteins regulated by the SarA protein. Additionally, the
stress caused by NaCl activates genes such as sigB, which coordinates a general stress response and enhances
bacterial resistance under adverse conditions. These adjustments in gene functioning demonstrate how S. aureus
can rapidly adapt, ensuring its survival and increasing its infectious potential in high-salinity environments?.

In Staphylococcus species, both NaCl and other substances, such as glucose, can stimulate or inhibit
biofilm formation. Studies have identified that biofilm-forming strains include, in addition to S. aureus, at least
nine different species of coagulase-negative Staphylococcus. Furthermore, the presence of the icaA gene has been
detected in many of these strains and correlated with a higher capacity for biofilm formation?.,

Kaiser et al.?? tested different formulations of the CRA medium, evaluating separately and in
combination various concentrations of NaCl (1.5%, 3%, 4%, 5%, and 7%) and glucose (1%, 2%, and 3%) to
establish an optimized formulation for biofilm detection. The best results were obtained with the addition of 1.5%
NaCl, 2% glucose, and vancomycin at a concentration of 0.5 mg/mL, allowing for efficient identification of
biofilm-producing S. epidermidis strains.

In Salmonella enterica (serovar Dublin), the presence of NaCl is essential for biofilm development, but
concentrations above 1.0% may inhibit this process. This suggests that there is an optimal level of salt for biofilm
formation, an important factor for resistance to antibiotics such as ampicillin®, lliadis et al.?® evaluated the effect
of different NaCl concentrations (0.5% to 8.5%) on biofilm formation by two S. enterica strains (serovars
Enteritidis and Typhimurium). The results showed that for both strains, increasing NaCl concentration restricted
sessile growth. Conversely, under low salinity conditions (NaCl < 4%), biofilm formation was favored.

Another example comes from Piscirickettsia salmonis, a pathogenic bacterium affecting fish. Increased
NaCl concentration in the culture medium significantly stimulates biofilm production, making the bacterium more
resistant and virulent. This indicates that NaCl not only regulates biofilm formation but can also influence a
microorganism's ability to cause infections?*. These examples highlight the importance of NaCl concentration in
regulating gene expression, directly affecting characteristics such as antibiotic resistance and biofilm formation,
which can have implications in clinical microbiology, the food industry, and aquaculture.

V. Conclusion
In conclusion, biofilm production by S. aureus is favored in media supplemented with up to 2.5% NacCl,
while it is inhibited at higher concentrations (5% and 7%). This finding indicates that elevated levels of NaCl may
compromise the expression of the biofilm-producing phenotype, underscoring the influence of salt stress on this
important virulence characteristic of the bacterium.
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