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Abstract

Catheter-related infections (CRIs) pose a significant threat in healthcare settings, particularly in
intensive care units, where indwelling medical devices are frequently colonized by biofilm-forming
pathogens. This study investigated microbial colonization, antibiotic resistance patterns, and
biofilm formation on urinary catheters, central venous catheters, and tracheal tubes from patients

at University Hospital of Tlemcen (CHU), Algeria.

Using culture based methods and VITEK 2 system; we identified predominant pathogens including
Pseudomonas  aeruginosa, Acinetobacter baumannii, Enterobacter cloacae complex,
Staphylococcus epidermidis, Staphylococcus haemolyticus, and Candida species. Antimicrobial
susceptibility testing revealed that multidrug resistance in Acinentobacter baumannii and
Enterobacter cloacae complex, while P. aeruginosa remained broadly susceptible. Staphylococcus

showed resistance to tetracycline but sensitive to vancomycin.

Biofilm formation was assessed via Congo Red Agar (CRA) and Tissue Culture Plate (TCP)
methods. TCP analysis classified most isolates as weak biofilm producers with A. baumannii
exhibiting moderate biofilm production. CRA showed lower sensitivity, underscoring TCP’s
reliability for biofilm detection. A correlation between biofilm formation and antibiotic resistance

was observed, highlighting the protective role of biofilms in bacterial persistence.

These findings emphasize the clinical challenge of CRIs caused by resilient, biofilm-forming
pathogens. The study advocates for enhanced infection control measures, antimicrobial

stewardship, and research into anti-biofilm strategies to mitigate device-associated infections.

Keywords: Catheter-related infections, biofilm, antimicrobial resistance, extracellular polymeric

substances (EPS), intensive care unit, catheters.



Résumé

Les infections liées aux cathéters (IRC) constituent une menace importante dans les établissements
de santé, en particulier dans les unités de soins intensifs, ou les dispositifs médicaux a demeure
sont fréquemment colonisés par des agents pathogenes formant un biofilm. Cette étude a examiné
la colonisation microbienne, les profils de résistance aux antibiotiques et la formation de biofilms
sur les cathéters urinaires, les cathéters veineux centraux et les tubes trachéaux de patients de

I'hopital universitaire de Tlemcen (CHU), en Algérie.

A l'aide de méthodes basées sur la culture et du systéme VITEK 2, nous avons identifié des agents
pathogenes prédominants, notamment Pseudomonas aeruginosa, Acinetobacter baumannii,
Enterobacter cloacae, Staphylococcus epidermidis, Staphylococcus haemolyticus et les especes
Candida. Les tests de sensibilit¢ aux antimicrobiens ont révélé une multirésistance aux
médicaments chez A. baumannii et E. cloacae, tandis que P. aeruginosa est demeuré largement
sensible. Les staphylocoques ont montré une résistance a la tétracycline mais une sensibilité a la

vancomycine.

La formation du biofilm a été évaluée par les méthodes de la gélose rouge du Congo (CRA) et de
la plaque de culture tissulaire (TCP). L'analyse du TCP a classé la plupart des isolats comme de
faibles producteurs de biofilm, A. baumannii présentant une production modérée de biofilm.
L'CRA a montré une sensibilité plus faible, ce qui souligne la fiabilité¢ du TCP pour la détection des
biofilms. Une corrélation entre la formation de biofilms et la résistance aux antibiotiques a été

observée, mettant en évidence le role protecteur des biofilms dans la persistance bactérienne.

Ces résultats soulignent le défi clinique des IRC causés par des agents pathogenes résilients et
formant un biofilm. L'étude préconise des mesures améliorées de contrdle des infections, une
gestion des antimicrobiens et la recherche de stratégies anti-biofilm pour atténuer les infections

associées aux dispositifs.

Mots-clés : Infections liées aux cathéters, biofilm, résistance aux antimicrobiens, substances

polymeres extracellulaires (EPS), unité de soins intensifs, cathéters.
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Introduction

In modern healthcare settings, the use of medical devices such as central venous catheters,
endotracheal tubes, and urinary catheters is vital. However, these devices are susceptible to
colonization by microorganisms that form biofilms, leading to persistent and hard-to-treat
infections (Bouhrour et al., 2024). Defined as complex communities of microorganisms
embedded within a self-produced extracellular polymeric substance (EPS) matrix, biofilms confer
increased resistance to antimicrobial agents and host immune responses which causes significant

challenges in clinical management (Assefa and Amare, 2022).

The intensive care unit (ICU), particularly the Anesthesia and Resuscitation Unit, represents one
of the most vulnerable environments within the hospital due to high use of invasive devices and
immunocompromised patients. Critically ill patients often require prolonged intubation,
mechanical ventilation, central venous access, and urinary catheterization, all of which serve as
potential entry points and surfaces for microbial colonization and biofilm formation (Lanaghan
and Stenhouse, 2024). For instance, central venous catheters are frequently colonized by biofilm-
forming pathogens, leading to catheter-related bloodstream infections (CRBSIs). These hospital-
acquired infections remain a major global health concern, leading to patient morbidity, prolonged

hospital stays and increased healthcare costs (Silvetti et al., 2018).

Common pathogens associated with biofilm formation on medical devices include both Gram-
positive and Gram-negative bacteria such as Staphylococcus aureus , Staphylococcus epidermidis,
Pseudomonas aeruginosa, Acinetobacter baumannii and Klebsiella pneumoniae These organisms
possess various virulence factors that facilitate adherence to device surfaces and biofilm
maturation. Moreover, the presence of biofilms significantly increases the resistance of these
pathogens to antibiotics, often necessitating the removal of the infected device (Codru et al., 2024;
Zhao et al., 2023).In addition to bacterial pathogens, fungal organisms such as Candida species

have also been implicated in biofilm-associated infections on medical devices. (Wang et al., 2024).

Antibiotic resistance has become a pressing concern with its continued growth associated to
numerous reasons, including self-medication without prescription and the misuse of antibiotics in
the environment, animals, agricultural sector and. the community. Furthermore, drug breakdown
processes, the slow growth rate of bacteria, and the difficulty of antibiotics entering the biofilm
may all contribute to the high rates of antibiotic resistance seen among biofilm producers (Hoceini

et al., 2023). The process of biofilm formation on medical devices is complex and dynamic. Once
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bacteria adhere to a surface, they undergo phenotypic changes that trigger the production of
extracellular polymers, leading to the establishment of mature biofilms. This mode of growth not
only enhances bacterial survival but also promotes genetic exchange and the development of multi-
drug resistance. Recent studies have highlighted the correlation between biofilm formation and
antibiotic resistance. Conventional microbiological methods often fail to detect these sessile

communities, leading to underestimation of their impact (Thinina et al., 2020).

Emerging strategies to combat biofilm-associated infections include the use of bacteriophages,
quorum-sensing inhibitors, and novel antimicrobial coatings on medical devices. These approaches
aim to disrupt biofilm formation and enhance the efficacy of existing antimicrobial therapies.
Furthermore, understanding the genetic and molecular mechanisms underlying biofilm
development can inform the design of targeted interventions to prevent and treat these persistent
infections multi-drug strains, underscoring the clinical significance of biofilm assessment (Assefa
and Amare, 2022).

Recognizing the clinical importance of biofilm-producing organisms, this study aims to evaluate
the biofilm-forming ability of bacterial strains isolated from medical devices, with a specific focus
on samples obtained from Tlemcen University Hospital. It also explores the relationship between
biofilm-forming capacity and antibiotic resistance, with the goal of contributing to mitigate the

spread of antibiotic resistance by understanding their antibiotic susceptibility.
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CHAPTER 1: CATHETERIZATION
1. Types of catheters

The most common used medical devices in the world are catheters and can either be indwelling or
intermittent catheters(Cortese et al., 2018). The insertion of medical devices in the hospital setting
for various patient treatment purposes has increased the incidence of nosocomial infections,
including the urinary catheters, various types of central venous catheters (CVCs), and tracheal
catheters (Figure 1) (Cangui-Panchi et al., 2022).

A urinary catheter (UC) is a flexible tube, typically made of silicon or latex, inserted into the urethra
to manage urine flow based on patient needs. While useful, these catheters are prone to infections
(Cortese et al., 2018), especially catheter-associated urinary tract infections (CAUTIs). UTIs
account for 32% of all healthcare-associated infections (HAI) and affect around 150 million people
globally each year (Elpern et al., 2009; Werneburg, 2022). About 80% of hospital-acquired UTIs
are linked to indwelling urethral catheters. These infections can range from uncomplicated to

severe, depending on patient factors and catheter use (Ha and Cho, 2006).

A central venous catheter (CVC) is a medical device inserted into a large vein to deliver treatments
like chemotherapy, parenteral nutrition, or for blood sampling and pressure monitoring. Common
types include non-tunneled and tunneled catheters, implantable ports, and PICC lines (peripherally
inserted central catheters). While essential, CVCs carry infection risks, especially when placed in
the femoral vein. Infections are often linked to biofilm formation, making them difficult to treat
and a major cause of hospital-acquired infections (Gominet et al., 2017; Silvetti et al., 2018).
Cancer patients frequently require CVCs for treatment and nutrition but face a heightened risk of
infections due to immunosuppression. Signs of infection can include local symptoms like swelling

or redness, and systemic ones such as fever and low blood pressure (Boll et al., 2021).

Tracheal tubes are essential for establishing artificial airways and supporting ventilation but also
create ideal conditions for bacterial adhesion and biofilm formation. First observed in 1967,
biofilms on endotracheal tubes (ET) were later visualized microscopically by 1986. These tubes
are used in procedures like anesthesia, cardiopulmonary resuscitation (CPR), and respiratory
therapy (Chen et al., 2022). When patients cannot maintain an open airway, intubation with

endotracheal or tracheostomy tubes becomes necessary. Due to oral insertion, endotracheal tubes
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are exposed to the oral microbiome, increasing the risk of microbial colonization (Deshmukh-

Reeves et al., 2025).

Intubation weakens airway defenses by impairing cough, mucociliary clearance, and damaging the
tracheal lining, allowing biofilm-forming pathogens to colonize endotracheal tubes. Contaminated
secretions above the cuff can seep into the lower airway, increasing the risk of ventilator-associated
pneumonia (Walsh et al., 2024). Tracheostomy tubes, often colonized by biofilms within days, are
difficult to clean and can lead to serious complications like airway obstruction, pneumonia, or
sepsis (Scibik et al., 2022; Raveendra et al., 2022).
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Figure 1 : different types of catheters (a) urinary catheter (b) tracheal catheter (c) central venous
catheter (d) femoral vein catheter (Feneley et al., 2015; Balikci et al., 2021; Ghattas et al.,
2021).

1.1. Catheter related infections (CRIs)

CRI is the most important complication since it is the main reason for morbidity, high risk of sepsis,
and mortality in intensive care units (ICUs). These hospital acquired infections (HAI) also cause
long hospitalization time and high cost of treatment with 30% of hospitalized patients in acquiring

at least one infection (Garvey ,2023).

CRI has three common types: CRBSI, tunnel infection, and exit site infection. When the biofilm
reaches maturity, the planktonic bacteria, which spread from the biofilm to other parts of the body
through the blood circulation cause CRBSI. CRBSI is characterized by fever higher than 37.8°C,
hypotension, pain, shortness of breath, weakness, and pain in the general body. In exit-site
infection, there is pain, localized erythema, redness, bloating at the insert site of the catheter, and
the culture test at the exit site of the catheter is positive, while it is negative for the patient's blood

(Balikci et al., 2021).
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Tunnel infection is characterized by the presence of an inflamed discharge from the tunnel, redness,
tenderness, and positive catheter culture. The bacteria that cause the infection may be from the
patient's bacterial flora, which is called endogenous infection. In some cases, the source of infection
may come from other patients, health care personnel, contaminated dialysis fluids, equipment, and
inadequate hospital and surgery conditions. This type of infection is called exogenous infection.
Most of the microorganisms that cause infection are caused by the patient's microflora. The skin
integrity of the patient is impaired by inserting the catheter. Consequently, pathogens that are
leaking from this area cause infection (Balikci et al., 2021).

Both, Gram-positive and Gram-negative bacteria (Schulze et al., 2021) commonly cause HAIs. A
major concern is the group of ESKAPE pathogens, Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter
spp, which are associated with high morbidity and mortality (Deshmukh-Reeves et al., 2025).
Fungal organisms like Candida albicans, an oral commensal, are also significant contributors,
particularly in catheter-related bloodstream infections (Walsh et al., 2024). Research has shown
that, beyond commonly identified intensive care units (ICU) pathogens, various other microbes
may inhabit device-associated biofilms as shown in Table N°1 (Codru et al., 2024).

Table N© 1 : Various medical devices and common pathogens from biofilm (Mishra et al., 2024).

Medical Device Common Pathogen

Respiratory equipment, Indwelling catheters
Bronchoscopy

UTIs devices,

Intravascular medical device
Respiratory device

Cardiac medical device
Urinary catheters

Catheters, prosthetic devices
Central venous catheter
Cerebrospinal shunts

Dental implants

Orthopedic devices

Acinetobacter baumanii

Klebsiella pneumonia

Enterobacter spp.

Enterobacter spp.

Aspergillus fumigatusi

Cryptococcus neoformans
Enterococcus faecalis

Aspergillus fumigatus
Staphylococcus epidermidis
Staphylococcus aureus, Propionibacteriuitl
Prevotella intermedia, Actinobacillus

Staphylococci, Gram-negative bacilli
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Pseudomonas aeruginosa, Staphylococcus
Endotracheal cubes aureus
Contact lenses Pseudomonas aeruginosa, Staphylococci
Staphylococci, Enterococci, Gram-negative
Intravascular catheters bacilli

Valves, pacemaker Staphylococci, Streptococci

2. Common pathogens involved in CRIs
2.1Gram-positive bacteria

2.1.1 Enterococci spp.

Enterococci are Gram-positive, facultative anaerobes commonly found in the gastrointestinal tract.
Although they are typically harmless in a healthy person, they pose a serious threat for nosocomial
infections, particularly in hospitalized patients with indwelling devices or those receiving broad-
spectrum antibiotics. Of the many species, Enterococcus faecalis and Enterococcus faecium, are
mainly responsible for most enterococci infections, especially the UTIs which originate feacally.
In some cases, these bacteria may persist as asymptomatic colonizers without causing noticeable

symptoms (Heintz et al., 2010).

A significant concern with enterococcal infections is their ability to form biofilms, which contribute
to their persistence and antibiotic resistance. They can easily attach to medical devices like urinary
catheters. Key virulence factors in biofilm formation include Esp (extracellular surface protein),
Asal (aggregation substance), and Ebp (endocarditis and biofilm-associated pili), which enhance
bacterial adherence and colonization. These traits contribute to the development of antimicrobial
resistance, complicating treatment and increasing the risk of recurrent UTIs and other infections
(Fallah et al., 2017).

2.1.2 Staphylococcus spp.

Staphylococcus aureus (S. aureus) is a gram-positive bacterium, (Gunaratnam et al., 2020)
identified by the WHO as a critical antibiotic-resistant pathogen due to its role in both community
and healthcare-associated infections (HAIs). A major factor in its persistence is its ability to form
biofilms, which shield it from antibiotics and immune responses. S. aureus commonly colonizes

6



Literature review

medical devices like catheters, prostheses, and pacemakers. It adheres easily to both coated and

uncoated surfaces, forming biofilms (Suresh et al., 2019).

Methicillin-resistant strains (MRSA) are especially concerning due to their link with severe
infections, including catheter-related bloodstream infections (CRBSIs) (Mandolfo et al.,
2020;Kitano et al., 2021). MRSA strains are also emerging as uropathogens, particularly in elderly
and catheterized patients, contributing to urinary tract infections (UTIs), bacteremia, and urosepsis.

These infections are difficult to manage and often lead to complications (Paudel et al., 2023).

Staphylococcus epidermidis (S. epidermidis) and staphylococcus haemolyticus are coagulase-
negative, gram-positive bacteria and part of the normal skin microbiota. However, in hospital
settings, particularly in immunocompromised patients, it is a major cause of device-related
infections. Its ability to form biofilms on central venous catheters makes it a key contributor to
CRBSIs (Van kerckhoven et al., 2016). One of S.epidermidis key biofilm-promoting proteins is
the accumulation-associated protein (Aap), which helps stabilize biofilm structures and supports
persistent infections (Yarawsky et al., 2020). Promising approaches, such as bacteriophage-coated
catheters, are being explored to combat these infections caused by these bacteria (Curtin et al.,
2006).

The main cause of staphylococcal colonization of medical equipment is the polysaccharide
intercellular adhesin (PIA), which is produced by the ica locus. Environmental factors influence
the synthesis of PIA, which is essential for bacterial cell adhesion, biofilm matrix structure,

bacterial attachment to biomaterial surfaces, and immune response evasion (Hoceini et al., 2023).

2.2Gram-negative bacteria

2.2.1 Escherichia coli

Escherichia coli (E. coli) is a facultative anaerobic bacterium from the Enterobacteriaceae family
and is frequently associated with diseases such as sepsis, meningitis, diarrhea, and urinary tract
infections (UTIs) (Jacobsen et al., 2008). Among the different strains, uropathogenic E. coli
(UPEC) is the main cause of UTlIs, especially in both community-acquired and hospital-associated
cases, including catheter-associated UTIs (CAUTIs) (Guiton et al., 2012). Urinary catheterization
increases the risk of E. coli colonization, and its ability to form biofilms increases its resistance to
treatment (Zou et al., 2023).
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UPEC strains possess several virulence factors that enhance their ability to colonize and persist in
the urinary tract (Soto et al., 2006). These include adhesins for epithelial attachment, iron uptake
systems for survival in iron-poor environments, cytotoxins that harm host cells, and specific
serotypes that help evade immune responses (Kanamaru et al., 2006). Such features allow UPEC
to cause both asymptomatic bacteriuria (ABU) and symptomatic infections with varying degrees

of severity.

ABU is defined as the presence of E. coli in urine without the typical symptoms of a UTI and is
common in both healthy and elderly individuals. While ABU strains often do not cause harm, more
virulent UPEC strains can lead to painful and severe infections. The variability in pathogenicity
underscores the complexity of managing E. coli-related urinary tract conditions and the importance

of identifying strain-specific characteristics (Hancock et al., 2007).

2.2.2 Pseudomonas aeruginosa

Pseudomonas aeruginosa (PA) is a gram-negative bacterium that causes a wide range of acute and
chronic illnesses in both plants and animals. It’s an opportunistic pathogen, meaning it often infects
individuals who are already sick or have weakened immune systems (Rasamiravaka et al., 2015).
It produces three main polysaccharides-alginate that retains nutrients and reinforces the biofilm,
aligate, polysaccharides synthesis local(Psl) and pellicle (Pel), which form its foundational
framework that support and stabilize the biofilm structure (Rasamiravaka et al., 2015).

P. aeruginosa strains that are not mucoid form biofilms without the aid of alginate production.
These biofilms can colonize solid surfaces and form mushroom structures in flow cells, rings in
culture tubes and microtiter plates, or pellicles at the air-liquid interface. Although researchers have
discovered several factors in Pseudomonas that promote biofilm growth in lab settings, it is still
not understood how each of these components contributes to biofilm formation in cases of CAUTI.
Urea, a significant component of urine, and may be able to stimulate in vitro the formation of
biofilm in vitro by exopolysaccharide-deficient Pseudomonas. A fraction of P. aeruginosa cells
rounded and lysed when exposed to urea. Both the mutant strains and PA14 may develop biofilms
as a result of the leaked eDNA (Cole et al., 2014).

2.2.3 Proteus mirabilis
Proteus mirabilis (PM) is a motile Gram-negative, rod-shaped bacterium from the

Enterobacteriaceae family commonly found in the environment. It's best known for two key traits:
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its ability to swarm across surfaces and its strong urease activity. It has a unique ability to transform
its shape and behavior depending on its environment. On solid surfaces, short rod-shaped cells can
rapidly differentiate, developing thousands of flagella and elongating into swarm cells that move
collectively (Yuan et al., 2021).

With its peripheral flagella, PM is a motile organism that can differentiate from a single short rod-
like "swimming cell" into multicellular, elongated "colony cells." These cells get stacked in a
sequential fashion to form rafts of cells that can move quickly and cooperatively across slid
surfaces. Consequently, group movement may encourage PM migration from the vicinity of the
urethra along the catheter's surface into the urethra and bladder, which could result in CAUTI. It is
an opportunistic pathogen that accounts for <0.005% of the human intestinal flora in healthy
subjects (Yuan et al., 2021).

Due to PM's special capacity to form crystalline biofilms, these infections eventually result in crusts
and obstruction on the catheter's surface. If the infection worsens and causes cystitis and
pyelonephritis, this can cause sepsis and septic shock, as well as urinary retention and reflux.
Furthermore, removing the crystalline catheter could harm the mucosa of the bladder and urethra
(Jacobsen and Shirtliff, 2011).

Another study showed that 62% of patients with recurring P. mirabilis catheter encrustation
developed bladder stones. These stones then become a source of infection, leading to the rapid

colonization of replacement catheters by the same bacteria (Sabbuba et al., 2004).

2.3 Fungi

2.3.1Candida spp.

Candida (C) species are known to produce opportunistic infections with significant fatality rates,
particularly in immunocompromised persons, and are found as normal flora in healthy individuals.
Of the Candida species that can cause both superficial and systemic infections, Candida albicans
is the most common. C. tropicalis, C. glabrata, C. parapsilosis, and C. krusei are other harmful
species of Candida that cause 25%, 8%, 7%, and 4% of candidiasis, respectively (Marak, 2018).
Among all identified species, Candida spp. emerged as the most prevalent pathogen group. These
findings align with previous multicenter studies on CAUTIs, which also identified Candida spp.

as the most commonly isolated uropathogen.
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Candida albicans forms complex, highly organized biofilms containing three distinct cellular
forms: yeast, pseudohyphae, and hyphae. The ability to develop hyphae, express hypha-specific
genes, and construct biofilms represents key virulence factors. These characteristics enable the
fungus to invade host tissues, evade immune responses, and ultimately cause significant tissue

damage and systemic infection.

C. albicans biofilm development begins when yeast cells attach to a surface and form
microcolonies. These colonies then expand through the growth of pseudohyphae and hyphae. The
transition to hyphal growth is stimulated by environmental cues like serum exposure, neutral pH,
and elevated CO: levels. This critical morphological shift is regulated by key transcription factors,
including enhanced filamentous growth protein 1 (Efgl), which acts as a master controller of this
process (La Bella et al., 2023).

Due to their increased resistance to antifungal medication and ability to elude host defenses,

Candida biofilm formation on medical devices is a major concern.

As shown in Table N° 2, the percentage of bacteria isolated in North Algeria was documented in
a study by (Saadi et al., 2022) providing insight into the distribution and prevalence of bacterial

species in different medical devices.

Table N° 2: Total bacteria isolated from hospital devices in Algeria.

Medical Total % of

Type Bacterial species Equipment species
Gram Staphylococcus 2 7,41
Positive Staphylococcus aureus 3 15,74
Staphylococcus xylosus 1 2,78
Staphylococcus saprophyticus 1 6,48
Bacillus spp. 2 5,56
Gram Escherichia coli 3 11,11
Negative Clebsiella pneumonia 4 6,48
Providencia rettgeri 2 6,48
Providencia stuartii 3 4,63
Serratio marscense 2 1,85
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Proteus mirabilis 2 3,70
Proteus vulgaris 1,85
Shigella spp. 1 3,70
Pontoea spp. 2,78
Acinetobacter 4 11,11
Pseudomonas stutzeri 1 0,93
Pseudomonas .aeruginosa 3 7,41
Total 34 100

CHAPTER 2: BIOFILMS
1. Biofilm structure

Biofilm was first discovered in the 17th century by Anthony van Leeuwenhoek using his
microscope (Bouhrour et al., 2024). It is defined as surface-associated microbial communities of
microcolonies with heterogene functions (Ren et al., 2018; Pelling et al., 2019) embedded in a
self-produced extracellular polymeric matrix(EPS). They adhere to the surface of an organic or
inorganic structure ( Niveditha, 2012; Sabir et al., 2017). Bacterial and fungal species are known
to have the intrinsic ability to form biofilms (Cangui-Panchi et al., 2022). For bacteria it depends
with species within the biofilm, it can be classified into two types: Gram-positive and Gram-
negative biofilms. Gram-positive bacteria have teichoic acid (TA) in their cell walls, while Gram-

negative bacteria possess lipopolysaccharides (LPS) in their outer membranes(Vani et al., 2023).

The major component of biofilms is EPS and it consists of many types of polymers, including
polysaccharides, extracellular nucleic acids (eDNA), proteins, amyloids, and amphiphilic
surfactants (Caldara et al., 2022). It is said that biofilms consist of about 80% EPS which plays an
important role in biofilm formation. EPS is comprised of water channels that assist in distribution
of nutrients, oxygen and protection from external environmental stresses. EPS is a basic platform
for surface attachment and stimulates the growth and adherence of bacterial species by facilitating
the functioning of intercellular signaling molecules (Veerachamy et al., 2014;Khatoon et al.,
2018).
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2. Biofilm formation

The stages of biofilm formation are defined by the organized accumulation of cells, each exhibiting
distinct structure and physiological characteristics (Goudarzi et al., 2021). The initial stage of
surface colonization is carried out by free-floating planktonic bacteria. These bacteria adhere to the
surface, multiply, transition into a sessile state, develop new traits depending on environmental
conditions (Sharma et al., 2023). There are 5 different main stages in the development of biofilms
(Figure 2); reversible and irreversible fixation, microcolony formation, maturation, and
dispersion/detachment (Mishra et al., 2024).

The first stage of biofilm formation is initial adhesion (L. et al., 2023) of planktonic bacteria to the
substrate surface. This phase is called reversible adsorption because bacteria attach to the
biomaterial surface only for a short period and then detach from it (Tsehaye et al., 2016), with
adhesion being mainly influenced by the surface properties of the substrate (Mancuso et al., 2024).
In the initial attraction, planktonic bacteria are influenced by non-specific physical interactions
such as Van der Waals attractive forces, electrostatic forces (attractive or repulsive), hydrophobic

interactions, Brownian motion, and gravitational forces (Bouhrour et al., 2024;Wang et al., 2024).

The second stage of adherence is referred to as the anchoring or latching phase, and it involves a
binding that is molecularly coordinated among particular adhesins and the outermost layer
(Sharma et al., 2023). Reversible adhesion becomes irreversible. During this process there is
secretion of EPS that form the biofilm matrix which consist of polysaccharides, proteins, nucleic
acids, and lipids. These substances allow bacteria to stick to surfaces and to each other (Abdallah
et al., 2014). This phase is accomplished through bacterial cell surface hydrophobicity, hydrogen
bonding, covalent bonding, ionic bonding, and dipole-dipole interactions (Zhao et al., 2023). At
this stage, bacteria have special surface parts like pili, fimbriae, and flagella that help them stick to

surfaces.

The attachment between cells and to surfaces relies on EPS. When the cell population is dense, the
biofilm utilizes cell signaling methods known as quorum sensing, which involve various signal
molecules and bis-(3; 5)-cyclic dimeric guanosine monophosphate (Cyclic-di-GMP). Quorum
sensing plays a key role in the maturation of the biofilm, as it enables bacteria to sense their cell
density and coordinate group behaviors accordingly (Alotaibi, 2021). Once bacteria have
irreversibly attached to a surface, the biofilm begins to grow and mature (Mancuso et al., 2024).
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Following irreversible attachment, cells multiply and start producing biofilm matrix components,
forming small aggregates of bacteria called microcolonies. Overtime, these develop into large
cellular aggregates encased by a matrix (Armbruster and Parsek, 2018). The biofilm matures in
parallel with the accumulation of extracellular polymeric substances(Preda and Sindulescu,
2019). During this phase of biofilm maturation, specific genes are activated to produce substances
essential for the biofilm's 3D structure, spaces or voids begin to form within the matrix. These
water-filled channels function like a circulatory system, helping to deliver nutrients and eliminate

waste from the clusters of microbial colonies within the biofilm (Jamal et al., 2018).

Bacteria are able to recognize the dimensions and proximity of adjoining groups, which aids them
in forming clusters that can bond with nearby cells more effectively (Sharma et al., 2023). In
summary, the maturation stage involves EPS production, aggregation of cells, chemical
interactions, quorum sensing and formation of micro and macrocolonies (Khatoon et al., 2018).

The mature biofilm is generally visible as a slimy coating on the surface (Krishnan, 2015).

Dispersal is the final stage of the biofilm process where attached cells detach and disperse to
colonize a new niche due to nutrient limitation, fluid dynamics and shear effects of the bulk fluid,
secretory proteins and catabolite repression (Joo and Otto, 2012), or mechanical stress, formation
of flagella, degradation of EPS, or the formation of toxins (Ali et al., 2023). This stage involves
sloughing, erosion, and abrasion. Erosion is the gradual detachment of cells or small biofilm
fragments, while sloughing releases larger chunks due to nutrient or oxygen depletion, or sudden
nutrient surges. Abrasion occurs when suspended particles physically remove parts of the biofilm
(Alotaibi, 2021).

This dispersal process may occur actively or passively. Active dispersal is driven by changes in
gene expression in response to various environmental signals, including temperature and pH
fluctuations, nitric oxide, nutrient scarcity, oxygen limitation, and other stress conditions (Schulze
et al., 2021). Passive behavior refers to shedding and erosion dispersion mediated by external
forces. Shedding dispersion refers to the abrupt shedding of a large proportion of the bacterial
biofilm, and erosion dispersion refers to releasing a portion of bacterial cells in a bacterial biofilm
(Zhao et al., 2023). During the detachment process, microbial communities within the biofilm
produce different saccharolytic enzymes that help to release the surface of the microbes into a new

area for colonization (Jamal et al., 2018). Different bacteria use various mechanisms to disperse
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biofilms, which is a crucial step in their transmission both between and within hosts, facilitating

the spread of biofilm infections (Mancuso et al., 2024).
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Figure 2: Different stages of biofilm formation (Wang et al., 2024).

3. Quorum sensing

From within the matrix bacterial cells secrete quorum sensing molecules, which are cytokines that

direct the gene expression of the bacteria within the community (Wolcott, 2021).

The processes of QS and biofilm formation are interdependent. When the QS gene is activated, it
causes the biofilm to develop and then coordinates its maturation and breakdown. The
concentration of autoinducer signaling molecules released by bacteria within a microcolony
reflects the bacterial population density in that specific volume (Sharma et al., 2023). This auto-
regulation enables the bacteria to synchronize within its sessile microbial community in order to
optimize adaption and resilience (e.g. luminescence, virulence, and biofilm formation) (Schulze et
al., 2021).

QS systems regulate bacterial behaviour in the population through signaling mediated by
autoinducer molecules. The Al-2 and Al-3 (autoinducers 2 and 3) quorum sensing is used in both
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Gram-positive and Gram-negative species (Ali et al., 2023). Many Gram-negative bacteria use N-
acyl-L-homoserine lactones (AHLs) to communicate with each other. These bacterial signaling
molecules are typically composed of a mixture of several AHLS, with one main component that is
unique to each species, since the structure of its N-acyl chain differs between species (Dickschat,
2010). Gram-positive bacteria use autoinducing peptide (AIP) QS system while autoinducer-2(Al-

2) system is for both gram-negative and gram-positive bacteria (Preda and Sandulescu, 2019).

As part of their cooperation and communication, microorganisms have the ability to sense and
translate the signals from distinct strains in Al-2 or autoinducer-2 interspecific signals, catalyzed
by LuxS synthase. In addition, LuxS plays a key role in initiating the methylation cycle and has
been shown to regulate the expression of hundreds of genes involved in microbial activities such
as surface adhesion, detachment, and toxin production (Preda and Sandulescu, 2019). QS
signaling enables bacteria to collectively modify their behavior, including the production of
virulence factors and biofilms, in response to changes in cell density and community composition
(Mishra et al., 2024).

4. Bis-(3; 5)-cyclic dimeric guanosine monophosphate (Cyclic-di-GMP)

The bacterial second messenger c-di-GMP is pivotal in biofilm development (Nair et al., 2017).
This molecule has been identified as a key regulator in the transition between a free-swimming,
planktonic mode of life and a stationary, biofilm-dwelling state. Its function in mediating the shift
from motility to a sessile lifestyle has been documented across multiple bacterial species (Alotaibi
and Bukhari, 2021).

Numerous bacteria are capable of producing c-di-GMP, which has been demonstrated to govern a
variety of processes, such as bacterial adhesion and biofilm formation, EPS synthesis, bacterial

motility, and virulence regulation (Sisti et al., 2013).

Low levels of c-di-GMP can boost bacterial motility, encourage biofilm disintegration, and trigger
the activation of virulence pathways, while high levels are linked to bacterial attachment to
surfaces, EPS generation, biofilm development, and a sessile lifestyle. Cyclic di-GMP (c-di-GMP)
plays a regulatory role in biofilm dispersion as well. For instance, in Pseudomonas

aeruginosa biofilms, nitric oxide (NO)-releasing compounds trigger dispersal by enhancing
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phosphodiesterase (PDE) activity, which subsequently reduces intracellular c-di-GMP levels
(Alotaibi and Bukhari, 2021).

The cyclic di-GMP (c-di-GMP) signaling system comprises three key components: (1) enzymes
responsible for its synthesis (diguanylate cyclases, DGCs) and degradation (phosphodiesterases,
PDEs), (2) effector proteins that bind c-di-GMP, and (3) downstream targets that mediate cellular
responses. In this regulatory circuit, DGCs and PDEs act as signal transducers, converting
environmental or intracellular cues into dynamic c-di-GMP concentrations. These fluctuating c-di-
GMP levels subsequently modulate the activity of c-di-GMP-binding effectors, ultimately driving
physiological and behavioral adaptations in the bacterial cell (Mills et al., 2011).

5. Factors influencing biofilm formation

Biofilm formation is a well-organized process that depends on the effects of surface conditioning,
environmental characteristics, and microbial cell properties (Martinez, 2007) as shown and

summarized in Table N©3.

Table N©3: Showing the different factors influencing biofilm formation (Alotaibi and Bukhari,
2021).

PROPERTIES OF THE PROPERTIES OF THE PROPERTIES OF THE CELL

SUBSTRATUM BULK FLUID
Hydrophobicity Temperature Cell surface hydrophobicity

Conditioning film pH Extracellular appendages, such as
fimbriae and flagella
Texture or roughness Flow velocity and nutrient Extracellular Polymeric

availability substances
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5.1. Surface characteristics

The roughness, chemical properties of a surface, and the prior presence of protein films on it
influence the attachment of bacteria to this surface and the formation of a biofilm. Surface
roughness, in particular, promotes biofilm formation by enhancing microbial attachment. A
textured substratum can facilitate uniform biofilm coverage, leading to the establishment of a thin
yet metabolically active biofilm layer. Additionally, surface irregularities can protect adhered cells
from shear stress and provide microenvironments conducive to biofilm stability (Pal and Lavanya,
2022).

Furthermore, because the material's irregularities are less susceptible to external influences like
surface currents, they make better places for bacteria to implant (Baillif et al., 2010). Smooth

surfaces could, in fact evade colonization (Donlan et Costerton, 2002a).
5.1.2. Surface Hydrophobicity or Wettability

Wettability (hydrophobicity or hydrophilicity) refers to the quantity of wastewater or biomass that
comes into contact with the surface of a biofilm carrier. Research indicates that bacterial adhesion
is strongly influenced by surface hydrophobicity, with microorganisms exhibiting preferential
attachment to hydrophobic, non-polar substrates (e.g., Teflon and similar polymers) compared to
hydrophilic surfaces. This phenomenon can be attributed to hydrophobic interactions, which
minimize repulsive forces between bacterial cells and the substrate (Pal and Lavanya, 2022).

Additionally, substances including blood, tears, urine, saliva, interstitial fluid, and respiratory
secretions that have previously been present on a protein film biomaterial affect how bacteria

adhere to its surface and encourage the creation of biofilms (Rima et al., 2024).
5.2. Environmental characteristics

Environmental conditions can influence both bacterial properties (mediated by changes in gene
regulation and/or cell surface physicochemical properties) and surface properties (mainly through

physicochemical changes)

It is commonly known that the environment in which bacteria live and develop can have a
significant impact on the behavior of planktonic cells, including resistance, proliferation, and the

generation of toxins. Temperature, nutrition, metals, osmolytes, water activity, pH, redox potential,
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microbial populations, host interaction, stressors, antimicrobials, and so forth are some examples

of these variables (Pal and Lavanya, 2022).

Temperature can influence cell physiological state, physical properties of the compounds within
and surrounding the cells. Temperature has an impact on EPS properties like the viscosity of the
polysaccharides; raising the temperature of the polysaccharides can result in the creation of a gel-
like substance that progressively gains strength until it reaches a critical point where the gel turns

into a solution (Villain-Simonnet et al., 2000).

Researchers manipulate temperature to observe bacterial adhesion patterns. Above 35°C, most cells
express a single flagellum, while cooler temperatures induce multiflagellation - enhancing surface
contact area and initial attachment probability. Interestingly, while lower temperatures stabilize
polysaccharide matrices (promoting biofilm maturation), they simultaneously decrease cell surface
hydrophobicity (inhibiting biofilm initiation) (Pal and Lavanya, 2022).

The pH of the surrounding environment can significantly affect the development of biofilms mostly
in the initial stage of biofilm formation (Pompilio et al., 2008). It has been demonstrated that the
pH of the medium influences the development of bacterial biofilm slime, which can impact enzyme

function because each enzyme has an optimal pH (Alotaibi and Bukhari, 2021).

Oxygen availability directly influences bacterial energy metabolism, thereby modulating biofilm
development. For instance, a lack of oxygen reduction can reduce the metabolic activity of bacterial
biofilms. Lower oxygen availability usually triggers active dispersal, which is critical for the
biofilm life cycle (Alotaibi and Bukhari, 2021).

An increase in nutrient concentration raises the microbial attachment rate. It has been demonstrated
that variations in the availability of vital nutrients affect the physiology of bacteria in developing
biofilms (Alotaibi and Bukhari, 2021).

5.3. Cell properties

Physical and chemical interactions govern whether microorganisms adhere to a surface, which,
depending on the complex interactions between the chemistries of the bacterial and substratum
surfaces as well as the agueous phase, can be either attracting or repulsive (Pal and Lavanya,
2022).
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Cell surface hydrophobicity, presence of fimbriae and flagella, and production of EPS (Donlan,
2002), such as proteins or surface-associated polysaccharides, may give one organism in a mixed
microbial community a competitive edge (Alotaibi and Bukhari, 2021) thus all influence the rate

and extent of attachment of microbial cells.

Cell surface hydrophobicity influences hydrophobic interactions between the abiotic surface and
cell, which mediate bacterial attachment (Fan et al., 2020). Like the majority of natural surfaces,
bacterial cell surfaces are usually negatively charged and vary in their hydrophobicity (Pal and
Lavanya, 2022).

In general, bacteria with hydrophobic properties prefer hydrophobic material surfaces; those with
hydrophilic characteristics prefer hydrophilic surfaces (Katsikogianni et Missirlis, 2004).
However, it seems that hydrophobic bacteria are better at adhering than hydrophilic ones (Biallif
etal., 2010).

Flagellum-mediated maotility is crucial for the generation of biofilms, and flagella are involved as
surface adhesins in strain surface attachment. Mutants with reduced motility, like the flaA (flagellin
A) and motB (motor protein B deficient) mutants, have issues forming biofilms (Fan et al., 2020).

6. Clinical significance of biofilms in medical devices, mainly catheters

Bacterial biofilms are thought to be responsible for over 80% of chronic infections and 65% of
nosocomial infections (NIs), demonstrating the well-known impact that biofilms have on medicine

through the development of HAIs (hospital acquired infections) (Jamal et al., 2018).

Biofilms can develop on both external surfaces and internal lumens of these devices. Bacteria
typically gain access through two primary routes: (a) migrating along the outer catheter surface
(extraluminal route) or (b) traveling through the inner channel (intraluminal route), ultimately

leading to device-associated infections (Sharma et al., 2023).

At the moment of catheter insertion, host proteins, extracellular matrix proteins and some bacterial
proteins from blood and interstitial liquid cover its surface. Platelets on the surface of the catheter
have integrins, which serves as a recognizer for proteins like fibrinogen, and collagen. The bacteria

may colonise the catheter or remain free depending on various factors. In addition to these factors,

19



Literature review

the type of material selected for the catheter also affects the risk of biofilm formation. For example,
silicone-based catheters are more prone to biofilm formation and susceptible to infection when
compared to catheters with poly(tetrafluoroethylene) (PTFE) poly(urethane) (PU), poly(vinyl
chloride) (PVC) based catheters (Balikci et al., 2021).

Biofilms can contribute to infectious diseases in several ways. Detached cells or cell clusters from
biofilms can enter the bloodstream or urinary tract, causing infections or emboli. Within biofilms,
bacteria can exchange resistance plasmids and become less susceptible to antimicrobial agents.
Additionally, biofilm-associated bacteria may release endotoxins and provoke immune resistance
in the host (Sharma et al., 2023).

The adverse effects that biofilms have on in-dwelling medical devices have been visualized by

scientists as shown by Figure 3.

Figure 3: Showing examples of crystalline biofilm on blocked catheters taken from patients
(Stickler, 2008). (A) A catheter that had been indwelling suprapubically for 6 months. It was
removed surgically. Crystalline material completely covered the eyehole and balloon of the
hydrogel-coated latex catheter. Image kindly supplied by Professor Roger Feneley. (B) A cross-
section of a silicone catheter that had been indwelling for 8 weeks. The image shows that the
central lumen is occluded by crystalline biofilm. (C) A longitudinal section of a silver-hydrogel-
coated latex catheter that was blocked after 11 days in situ.
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7. Correlation between biofilm formation and antimicrobial resistance

The microorganisms that make up the biofilm and its structural features are what cause antibiotic
or medication resistance. When compared to their planktonic stage, bacteria that live in biofilms
exhibit a 10-1000-fold increase in drug resistance, particularly antibiotic resistance. Antimicrobial
resistance is caused by a variety of factors, including varying growth rates of the biofilm
microbiological organisms, delayed or insufficient diffusion of the antimicrobial drugs through the
biofilms, and other functional changes. A variety of unique elements combines to reduce or
eliminate a drug's effectiveness within a biofilm, which increases resistance. Drug resistance in
bacterial biofilm colonies is associated with strategies such reduced drug penetration, a subgroup
of microorganisms in a biofilm that display a form of differentiation resembling spore production,

and a changing chemical microenvironment of the biofilm (Sharma et al., 2023).

Recalcitrance is another name for this phenomenon, which happens when bacteria in the biofilm
are able to withstand large drug dosages by combining a number of distinct mechanisms. The
development of antibiotic resistance in biofilms is also facilitated by the maintenance of a high
number of bacterial cells that survive antibiotic treatment because of tolerance of the slow-growing
population and persisters, a high mutation rate, the presence of antimicrobial-selective pressure,
and localized competition between mutants in the compartmentalized structure of the biofilms
(Sharma et al., 2023).

Antibiotics that spread through biofilms can have their activity inhibited by EPS through the
phenomena of diffusion-reaction inhibition. Treatment resistance is further induced by the EPS
component of the biofilm, which either slows the penetration process or reacts with the
antimicrobial agent and changes its efficacy. Yet another method of antibiotic resistance of biofilm
microorganisms is the horizontal gene transfer, which is a process by which the bacteria acquires

genes for resistance (Sharma et al., 2023).

The slower growth rate of bacteria associated with biofilms is another possible cause for antibiotic
resistance. Slower growth causes antimicrobial medicines to be absorbed more slowly, which
results in intracellular medication concentrations that are not as effective at killing bacteria. The
faster-growing cells in younger biofilms are more susceptible to the antimicrobials than those in
older biofilms (Macia et al., 2014).
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Furthermore, the interaction between different bacterial species can further complicate the biofilm
formation. Co-colonization between S. aureus and P. aeruginosa, for example, increases the
creation of biofilms and causes the differential expression of many genes related to defense,
development, signaling, inflammation, and immune response. Therefore, biofilm cells are shielded

from phagocytosis by thick layers of exopolymeric matrix (Nachimuthu et al., 2016).

Since antibiotic resistance can spread to other classes of antibiotics and is not exclusive to any one
antibiotic, it has become a serious worry. One of the main causes of antibiotic resistance, which
eventually reduces the efficacy of current treatments, is the overuse and improper prescription of

antibiotics (Hoceini et al., 2023).

Compared to antibiotic-treatable infections, antibiotic resistant infections require significantly
more healthcare resources - including higher costs, longer hospital stays, and greater medical
interventions - while also causing increased patient suffering. As antimicrobial resistance (AMR)
continues to grow, the range of effective empirical treatments keeps shrinking. This makes it crucial
to understand current AMR patterns in ICU-associated CAUTIs; as such, data would provide

valuable guidance for clinical decision-making (Peng et al., 2018).
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1. Presentation of the site: Centre Hospitalo-Universitaire (CHU) de Tlemcen

The Dr. Tidjani Damerdji University Hospital is a suburban structure situated in the city of
Tlemcen, which is in the northwest of Algeria, close to the Moroccan border (Figure 4). The
facility takes up thirteen hectares of land. It serves a population of 1.5 million people and has 646
beds with 44 specialized departments and laboratories (Centre Hospitalo-Universitaire Dr Tidjani

Damerdji De Tlemcen, n.d.).

Sampling was done at the Anesthesia-resuscitation department (intensive care unit ) which is under
Dr MEDJADI Sidi Mohammed (Figure 5) .This ward contains 9 beds. This department was chosen
because of its high exposure to nosocomial infections and frequent use of invasive devices like
catheters, ventilators and central lines, which offers a rich and varied source of clinical

microbiological samples.
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Figure 4: Geographic location of the Dr. Tidjani Damerdji University Center Hospital-Tlemcen.
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Figure 5: Anesthesia-resuscitation department

2. Samples collection and processing

In a 3-month period from February 2025 to April 2025, 15 different sets of medical devices (central
venous catheters, urinary catheters and intubation catheters) were collected from patients
hospitalized for more than 48 hours in the (intensive care unit) ward of Anesthesia and resuscitation
of the Tlemcen University Hospital, Algeria. The patients’ ages ranged from 19 to 52 years,
suffering from different types of healthy issues including accidents.

All catheters had been removed as part of the routine procedure to remove foreign material when
the patient experienced clinical and laboratory signs of infection. At the bedside, the last 3cm of
the tip of the catheter was separated from the bulk of the catheter by cutting with sterile scissors
and transported in sterile tubes to the microbiology laboratory (Laboratoire de Microbiologie
Appliquée a I’ Agro-alimentaire, au Biomédical et a I’Environnement) within a maximum of two

hours to guarantee the samples' reliability and validity (Figure 6).

After the medical equipment were removed, the "Brun-Buisson" technique was used to conduct a
microbiological analysis (Brun-Buisson, 1994). The catheter tip was then placed in Brain Heart
Infusion broth (BHIB) and vortexed at 150 rpm to remove the bacteria from the catheter and then
incubated up to 24h at 35°C.
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Figure 6: The sterile tubes with samples from the hospital.

3. Isolation and identification of bacteria
3.1 Plate streaking

A platinum wire loop that has been sterilized by flaming in a red-hot Bunsen burner, was dipped
into the test tube containing the sample catheter and BHIB (Figure N° 6), and used to streak on
Nutrient agar (GN) for confirmation of the infection. Subsequently on three selective media which
are Chapman agar for the isolation of Gram-positive Staphylococci, Mac Conkey agar for isolation
of Gram-negative bacteria and Cetrimide agar for isolation of Pseudomonas aeruginosa. The Mac
Conkey agar and Cetrimide agar plates are then incubated at 35°C for 24 hours while the Chapman

agar plates were incubated for 48 hours.
3.2. Purification

After isolation on the three selective media, the bacterial colonies obtained were purified, based on
their macroscopic appearance, by sub culturing on the same selective media to obtain pure and
identical strains in order to begin bacterial identification.

25



Materials and Methods

3.3. Identification of bacteria

Bacterial identification is conducted with usual microbiological techniques. Identification begins
with a macroscopic examination of cultural characteristics (shape, color, size, appearance and

texture) and microscopic observation using an electronic microscope.
3.3.1. Catalase test

The catalase test is a method for differentiating most aerobic bacteria and facultative anaerobes,

particularly for differentiating staphylococci from streptococci.

From a pure culture, a small amount was taken and placed in a tube containing hydrogen peroxide.
The release of oxygen bubbles is considered indicative of catalase activity, the reaction of which

proceeds according to the following reaction (Ekawati et al., 2020).

2H202 » 2H20 + 02 Catalase reaction (Heck et al., 2010)
catalase

3.3.2. Identification of strains by VITEK 2 system

Due to identification difficulties and efficiency, it was suggested that the following steps of
identification be concluded by VITEK in order to obtain accurate results. Young purified bacterial
colonies on the different selective media were prepared within a 24h period and delivered to the

private laboratory to be identified by the VITEK system (Figure N° 7).

VITEK refers to a series of automated microbiology analyzers for microbial identification (ID) and
antibiotic sensitivity testing (AST) as it offers quicker AST results and an effective process. Its
completely integrated ID and AST strategy guarantees exceptional performance to confidently and
quickly guide therapy. The VITEK 2 system uses fluorescence-based techniques to identify
metabolic changes, making it easier to identify gram-negative bacteria in less than three hours. This
device uses a special algorithm to determine MICs while tracking the kinetics of bacterial growth

(Joyanes et al., 2001).

Isolated colonies were dissolved in a special saline solution to a standardized turbidity (0,5

McFarland standard). The inoculum was mixed well and the density was checked with densicheck.
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The inoculum was transferred into a VITEK 2 card which contains 64 microwells with biochemical
substrates for identification (ID) and antibiotics at different concentrations for antimicrobial
susceptibility testing (AST). For filling and Loading the card into VITEK 2 System, all the test
tubes containing cards and suspension were set on a cassette and from computer work station
cassette worksheet was printed and job ID and bar code for each card was recorded (Khullar et
al., 2016).

3.4 The interpretation

The Global CLSI guidelines were used for the interpretation of the bacterial isolates being resistant,
susceptible, or intermediate (M100 ED34 | Performance Standards for Antimicrobial
Susceptibility Testing, 2021) and natural resistance as therapeutic interpretation policy. A
bacterial isolate was regarded as multidrug-resistant when it showed resistance to 2 or more classes

of antibiotics.

Figure 7: VITEK 2—compact 15 from the medical analysis laboratory of Dr Chahida
BENHAMIDAT.

3.5 Conservation of strains

The pure strains are sub-cultured onto slanted nutrient agar tubes and stored at 4°C to keep the
strains viable for the required amount of time.
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5. Biofilm Detection Methods

Two methods were employed to detect the presence of biofilms in the collected medical devices.
One being a qualitative method and the other being a quantitative method.

5.1. Congo Red Agar method (CRA)

To investigate slime production, CRA medium was used in accordance with Freeman et al. (1989)
To produce the medium, 10 g/L of agar, 50 g/L of sucrose, 37 g/L of BHIB, and 0.8 g/L of Congo
Red indicator were added. After being suspended and inoculated in the medium, the strains were

incubated for twenty-four hours at 37°C.

Black colonies emerged from strains that produced slime, while red colonies showed no slime
production. The strains were classified as significantly biofilm-forming if they displayed different
morphologies, such as colonies with red centers and black outlines or colonies with black centers

and red outlines (Hoceini et al., 2023).
5.2. Tissue culture plate method (TCP)

The Christensen et al. technique is regarded as the standard for quantitative biofilm detection.
(Christensen et al., 1982) This technique uses a colorimetric test following the washing, staining,

and destaining of sessile cells in tubes or a microtiter with crystal violet or safranin.

Initially, the strains were cultivated and cultured in Brain Heart Infusion (BHI) media for an entire
night. A final optical density of 0.08-0.1 at 590 nm was achieved by adjusting 200 uL of the strain
suspension in the wells of a sterile 96-well polystyrene microplate. To guarantee sterility and non-
specific media binding, sterile broths were utilized as blanks. After that, the microplates were
sterilely coated and incubated at 37 °C for 24 hours. The plates were lightly tapped to get rid of

any remaining bacteria after incubation, and then washed with deionized water up to three times.

The biofilm-forming bacterial cells were stained using a 0.1% (w/v) crystal violet solution for 10
minutes. Following staining, the solution was aspirated and the wells underwent three deionized
water washes before air-drying. Subsequently, 200 pul of 95% ethanol was added to each well to
solubilize the bound dye. The optical density (OD) of the stained biofilm was quantified using a
micro-ELISA auto-reader (BioTek, ELx808) (Figure 8) at 630 nm.
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Stepanovic et al. interpreted biofilm production into four categories: no biofilm producer (OD <
ODc), weak biofilm producer (ODc < OD < 2xODc), moderate biofilm producer (2xODc < OD <
4x0Dc), and strong biofilm producer (4xODc < OD). The cut-off absorbance (ODc) was calculated
as the average OD of the negative control plus three times the negative control's standard deviation.
(Stepanovic et al., 2000)

Figure 8: Micro-ELISA autoreader (BioTek ELx808)
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1. Isolated bacteria in catheters

The bacteria from catheter tips, which were placed in Brain Heart Infusion broth (BHIB), showed
a robust growth after incubation up to 24h at 35°C, indicating successful detachment from catheters.

Figure 9: Growth of bacteria in nutrient broth

1.2. Macroscopic characterization of isolated bacteria

Following sub-culturing to obtain pure cultures, the bacterial colonies were visually examined for

morphological characteristics to allow for preliminary identification of the isolates.

The isolates exhibited diverse morphological features. Identification was mainly based on visual

assessment of colony traits such as size, color, texture and other distinctive attributes.
1.2.1. Isolates - MacConkey Agar plates

After approximately 24 hours of incubation at 37°C on MacConkey Agar plates, the isolates
displayed various macroscopic characteristics. These differences are summarized in Table N° 4

and illustrated in Figure 10.
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Table N° 4: Description of the macroscopic aspects of the isolates selected on Mac Conkey agar

from the Anesthesia -resuscitation unit

The isolate Macroscopic aspect on Mac Conkey Agar

Mac-1:4 (Enterobacter cloacae complex) | Large, round and slimy colonies that are pink in color.
Other colonies were light pink. Agar turned pale red.

Mac-1 (Acinetobacter baumannii) The colonies are pink, small, and round. The agar

remained red.

Mac-2 (Enterobacteriaceae) Notable mucoid texture, shiny glistening, transparent,

grey colonies with a distinct odor.

Mac-3 (Enterobacter cloacae complex) Medium in size, pinkish color, and shiny colonies.

The agar changed slightly changed color

y, & — e

Enterobacter cloacae  Acinetobacter baumannii  Enterobacteriaceae  Enterobacter cloacae
complex complex

Figure 10: Photos of the macroscopic aspect of the Gram- negative isolates after 24 hours of
incubation
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1.2.2. Isolates- Cetrimide Agar plates

On Cetrimide Agar plates (CA), after 24 hours of incubation at 37°C, some appearances were
observed.

The macroscopic aspects of the Isolates are summarized in Table N° 5 presented in Figure 11.

Table N° 5: Description of the macroscopic aspects of the isolates selected on Cetrimide Agar from

the hospital.
The isolate The macroscopic aspects on Cetrimide agar plates
Cent-1 (Pseudomonas spp.) The colonies were grey, small and appearing mucoidal

and shiny No color change of the agar.

Cent-2 (Pseudomonas aeruginosa) | Green slimy, mucoid, small colonies

Cent-3 (Pseudomonas spp.) Very small ,white colonies, slightly moist

No significant coloration on the plate.

Pseudomonas spp. Pseudomonas aeruginosa Pseudomonas spp.

Figure 11: Photos of the macroscopic aspect of the Pseudomonas spp. isolates after 24 hours of

incubation.
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Cent-1: Pseudomonas spp. isolates from the central venous catheter
Cent-2: Pseudomonas aeruginosa isolates from the oral trachea tube
Cent-3: Pseudomonas spp. isolates from the urinary catheter

1.2.3. Isolates — Chapman Agar plates

The isolates showed some appearances after about 24 to 48 hours of incubation at 37°C on Mannitol

Salt Agar plates. The different macroscopic aspects are summarized in Table N° 6 and presented

in Figure 12.

Leuconostoc Staphylococcus Staphylococcus spp. Staphylococcus

mesenteroides ssp. epidermidis haemolyticus

Figure 12: Photos of the macroscopic aspect of the isolates after 48 hours of incubation.
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Table N°6: Description of the macroscopic aspects of the isolates selected on Mannitol Salt Agar

from the hospital.

THE ISOLATE

CHAP-1:4
(Leuconostoc

mesenteroides

ssp.)

CHAP-1
(Staphylococcus

epidermidis )

CHAP-3
(Staphylococcus

spp.)

CHAP-5
(Staphylococcus

haemolyticus)

THE MACROSCOPIC ASPECT ON MANNITOL SALT AGAR
PLATES.

Some colonies were very small and so close to each other.
The colonies were small and yellowish in colour

The agar completely turned yellow (indicating acid production due to

fermentation by Leuconostoc mesenteroides.)

Small, round colonies, no distinct smell, pink in color with pale edges

colonies.

The agar remained pink indicating that mannitol fermentation did not

occur.

The colonies were small, smooth glistening and very distinct from each
other. They were pale in color.

Agar slightly changed the color.
Some colonies were big and round ,pale in color
Other colonies were small, round and yellow in color.

Mannitol salt Agar changed color to yellow from pink showing acid

production from mannitol fermentation by Staphylococcus haemolyticus.
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The conformation of the automated biochemical identification was carried out by the catalase test
in which all bacteria of the genus Staphylococcus spp. are catalase positive, which is reflected by
the release of the air bubbles (Figure 13(A)).

Microscopic observation of candida was also done, which shows opaque cells, dark oval and

polymorphic features (Figure 13(B)).

Figure N°13: A) Production of catalase by isolates (reaction positive, presence of staphylococcus
bacteria)
B) Observation microscopic of Candida (Enlargement x 100)

1.2.4. Growth of Bacteria on Nutritive Agar plates

Nutritive Agar was utilized as a general-purpose medium that supports the growth of a broad
spectrum of bacteria from hospital samples. This non-selective medium served as a control

enabling the evaluation of the overall bacterial load and diversity present in the samples.

After incubating the Nutritive Agar plates for 24 hours at 37°C, a diverse array of bacterial colonies

was observed the plates.
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The colonies varied significantly in their appearance, which was indicative of the heterogeneity of
the bacterial population. Notable variations included the colonies’ size, shape, texture, and color
differences in all the plates (Figure 14). Other colonies were large, round, smooth-edged with a
mucoid texture, and others were small, round with different colors, some whitish, and pale, others

translucent and some were yellow. Some were very distinct and some were compact.

Figure 14: Photos of the macroscopic aspect of different bacteria on Nutritive Agar after 24

hours of incubation.

1.3. Identification by VITEK 2 system

Due to the insufficiency of the panels required for identification, some other strains were not
identified and only 8 isolates (3 gram-positive bacteria, 4 gram-negative bacteria and 1 fungi) were
identified. The identified isolates from different medical devices are shown on the table below and

the biochemical reactions of each bacteria and fungi are shown in annex 1
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Table N° 7: The names of the identified isolates, along with their identification probability,

reliability, and the type of medical device from which they were screened by VITEK 2

Germs selected Probability Identification Type of medical device
reliability
Pseudomonas aerugisa 91% Good Oral trachea tube
Acinetobacter baumannii complex N/A Excellent Central venous catheter(CVC)
Enterobacter cloacae complex N/A Very good Urinary catheter
ODC(94)
Enterobacter cloacae complex N/A Excellent Central venous catheter
Staphylococcus haemolyticus 95% Very good Femoral venous catheter
Staphylococcus epidermidis 98% Excellent Central venous catheter
Leuconostoc mesenteroides ssp. Very low R/D Central venous catheter
Candida + Staphylococcus spp. N/A Acceptable Urinary catheter

N/A: unclear R/D: reliable discrimination

2. Antimicrobial susceptibility test of isolated bacteria by VITEK 2 System

2.1. Study of the sensitivity of isolates to antibiotics

The sensitivity of the isolates was tested using the installed VITEK 2 Systems Version: 9.02,
following Global CLSI-based MIC Interpretation Standard. The analyzation of results was done by
Advanced Expert System Parameter set named Global CLSI-based + Natural Resistance, following
Therapeutic Interpretation Policy: NATURAL RESISTANCE with R standing for resistance, | and

S as intermediate sensitivity and sensitive, respectively.
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The antibiotics tested were, oxacillin, gentamycin, kanamycin, levofloxacin, résistance inducible a

la clindamycin, erythromycin, clindamycin, quinupristin/dalfopristin, linezolid, test de depistage

de la cefoxitin, daptomycin, teicoplanin, vancomycin,tetracyclin, fosfomycin, nitrofurantoin,

fusidic acid, rifampicin, trimethoprim/sulfamethoxazole (T/S), ampicillin, amoxicillin/clavulanic

acid, piperacillin/tazobactam,

cefazolin,

cefotaxime,

ceftazidime,

cefepime,

ertapeneme,

imipeneme, meropeneme, amikacin, tobramycin, ticarcillin, aztreonam, ciprofloxacin, pefloxacin,

minocyclin, colistin.

2.1.1. The sensitivity of Enterobacter cloacae complex isolates to antibiotics

Table N°8: The results of the antibiogramme tests of the Enterobacter cloacae complex isolates.

Antibiotic CM1 | Interpretation Antibiotic CMI | Interpretation
Ampicillin Imipeneme >16 R
Amoxicillin/clavunic > 32 R Meropeneme >16 R
acid
Piperacillin/tazobactam | > 128 R Amikacin 4 S
Cefazolin >64 R Gentamicin >16 R
Cefotaxime > 64 R Tobramycin >16 R
Ceftazidime >64 R Ciprofloxacin >4 R
Cefepime >32 R Nitrofurantoin 64 I
Ertapeneme >8 R Trimethoprim/ 40 S

sulfamethoxazole

2.1.2. Table N°9: The sensitivity of Acinetobacter baumanii complex isolates to antibiotics

Antibiotic CMI  Interpretation | Antibiotic CMI Interpretation
Ampicillin Imipeneme >16 R
Amoxicillin/clavunic acid Meropeneme >16 R
Piperacillin/tazobactam >128 R Amikacin >64 R
Cefazolin >64 R Gentamicin >16 R
Cefotaxin >64 R Tobramycin 2 S
Ceftazidime >64 R Ciprofloxacin >4 R
Cefepime 16 I TIS > 120 R
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2.1.3. Table N° 10: The sensitivity of Pseudomonas aeruginosa isolates to antibiotics

Antibiotic CMI | Interpretation Antibiotic CMI | Interpretation
Ticarcillin 32 S Amikacin <2 S
Ticarcillin/clavunic acid 16 S Gentamicin 2 S
Piperacillin <4 S Tobramycin <1 S
Piperacillin/tazobactam 8 S Ciprofloxacin <0,25 S
Ceftazidime 2 Pefloxacin
Cefepime <1 S Minocycline
Aztreonam Colistin 2 S
Imipeneme 1 S Rifampicin
Meropename <0,25 S Trimethoprim/

sulfamethoxazole

2.1.4. The sensitivity of staphylococcus haemolyticus isolates to antibiotics
Table N° 11: Shows the results of the antimicrobial susceptibility tests of staphylococcus

haemolyticus Isolates

Antibiotic CMI | Interpretation Antibiotic CMI | Interpretation
Test cefoxitin screen NEG Daptomycin S
Oxacillin <0,25 S Teicoplanin <8 S
Gentamicin <0,5 S Vancomycin <0.5 S
Kanamycin S Tetracyclin >16 R
Levofloxacin <0, 12 S Fosfomycin
Inducible resistance to NEG Nitrofurantoin <16 S
clyindamycin
Erythromycin Acide fusidique S
Clindamycin <0,25 S Rifampicin <0,03 S
Quinupristin/dalfopristin <0,25 S Trimethoprim/ <10 S

sulfamethoxazole

Linezolid 1 S
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2.1.5. The sensitivity of staphylococcus epidermidis isolates to antibiotics

Table N°12: Shows the results of the antimicrobial disc susceptibility tests of staphylococcus

epidermidis Isolates

Antibiotic CMI |Interpretation Antibiotic CMI | Interpretation
Test cefoxitine screen NEG *+ Daptomycin 0,5 S
Oxacillin 0,5 R Teicoplanin >32 R
Gentamicin <0,5 S Vancomycin 1 S
Kanamycin <4 S Tetracyclin 2 S
Levofloxacin <0,12 S Fosfomycin
Inducible resistance to NEG - Nitrofurantoin <16 S
clindamycin
Erythromycin Fusidic acid <0,5 S
Clindamycin <0,12 S Rifampicine <0,03 S
Quinupristine/dalfopristin | <= 0,25 S Trimethoprim/ >= 320 R

sulfamethoxazole

Linezolid 1 S

3. Evaluation of biofilm formation

The ability of strains to form a biofilm was evaluated using two different methods, the Congo Red

technique and the TCP method. In this case, only identified strains were detected.

3.1. The Congo Red Agar (RCA) method
This is a qualitative method based on the phenotypic character of the strains shown on Congo Red

Agar. Investigation of production of slime on congo red medium revealed that among the 8

identified strains, 4(S. epidermidis, Staphylococcus spp + Candida, Enterobacter cloacae complex,

Enterobacter cloacae complex ODC(94)) were slime producing strains while 4 were non-slime

producing strains. The slime producing strains had a variable or positive phenotype as shown in

the table below.
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Table N° 13: Results of slime production on Congo Red medium

Slime producer

Non-slime

producer

3.2 Tissue culture plate (TCP) technique

The 96-well microplate technique allows not only a quantitative but also a qualitative assessment
of biofilm formation. After quantifying the OD with the ELISA reader, the OD values were
calculated and biofilm production was graded into strong, moderate and weak (Table N°14). This
technique revealed that of the 8 strains identified, 1 was a moderate biofilm-forming, and 7 of the
strains were weakly adherent. This screening is consistent with that obtained by observing the
coloration of the inoculated wells (Figure 15). The OD obtained for Gram-negatives was between
0.180 to 0.40 and between for Gram-positives 0.150 to 0.20 (Figure 16).
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Table N°14: Grading of biofilm formation by TCP method

Optical densities values

Biofilm formation

<0.1425 Non
0.1425 - 0.285 Weak
0.285-0.57 Moderate
>0.57 Strong

Control

Moderate biofilm-producer

Weak biofilm-producer

Figure 15: Evaluation of biofilm production by TCP method
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DO at 630nm: Gram-Nnegative bacteria
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Figurel6: Quantification of biofilm formation by Gram-negative and Gram-positive bacteria.

43



4. Discussion

This study was carried out with one of the aims of searching for the presence of bacteria species in
different medical devices from the Tlemcen Hospital. The bacterial organisms present in the
medical devices (catheters) sampled from the Anesthesia-resuscitation unit comprised of Gram-
positive bacteria, Staphylococcus haemolyticus, Staphylococcus epidermidis, Leuconostoc
mesenteroides ssp.; Gram-negative enteric bacteria, Enterobacter cloacae complex, Pseudomonas
aeruginosa, Acinetobacter baumannii and Acinetobacter nosocomialis and other fungi species

isolated on different agars including Candida.

Our study showed that most catheters had mostly one or two types of microorganism present based
on the bacterial strains identified by VITEK 2 (Table N°7). Our results are in line with prior
research by Gunardi et al. (2021) that found that the majority of catheters had a single bacterium,
such as Candida spp., S. aureus, E. coli, E. faecalis, P. aeruginosa, S. epidermidis, and S.
haemolyticus. Furthermore, according to a study by Gunardi et al. (2021) only 26.1% and 11.1%
of the catheter cultures were polymicrobial, including two and three germs, respectively, whereas

62.8% of the cultures had a single bacterium.
4.1. Identification of Gram- negative bacteria

Pseudomonas aeruginosa is one of the six ESKAPE bacterial pathogens. It is also known to be a
significant contributor to chronic infections because of its capacity to create biofilms. Patients with
cystic fibrosis and chronic obstructive lung disease develop persistent lung infections due to P.
aeruginosa (Ciofu and Tolker-Nielsen, 2019).

The P. aeruginosa strains identified were isolated from an oral tracheal tube, which according to
Pericolini et al. (2018) is among several devices, that is particularly vulnerable to the production
of biofilms. Due to the simultaneous breakdown of the skin/mucosa barrier and endo-tracheal tube
exposure to respiratory mucus and blood, which may further facilitate bacterial adherence to such

an abiotic surface.

We were able to isolate Acinetobacter baumannii from a central venous catheter. CVVC have been

found to be a common source of bloodstream infections, and the presence of A. baumannii in CVCs
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is associated with higher healthcare expenses, longer hospital stays, and increased morbidity
according to Jang et al. (2009).

Strains of A. baumannii that have been tested can adhere to glass and plastic surfaces and create
biofilms. This pathogen's obligatory aerobic nature encouraged extensive cell aggregation at the
air-liquid interface. Antibiotic resistance is known to be linked to the presence of plasmids in A.
baumannii. This also enhances the ability of these isolates to transfer resistance markers to the
other clinical strains in mixed infections by transformation or conjugation (Pour et al., 2011).

Among the other isolates, that we identified from a central venous catheter and urinary catheter
was Enterobacter cloacae complex. This finding is comparable to Stefanek et al. (2022) who
found rod-shaped bacilli E. cloacae complex isolates belonging to ST599 and were identified as

Enterobacter bugandensis from CVC.
4.2. ldentification of Gram-positive bacteria and fungi

We found that the two most prevalent Gram-positive species in venous catheters are
Staphylococcus epidermidis and Staphylococcus haemolyticus and Leuconostoc mesentoroides at

low quantity. Candida was also found dominant in urinary catheter.

Vuong and Otto, (2002) mentioned that Staphylococcus epidermidis is the most frequently
isolated member of the group of coagulase-negative staphylococci and has gained substantial
interest in recent years due to its cause of nosocomial infections and its ability to form biofilm on

indwelling devices is considered to be the main virulence factor.

The finding of S. epidermidis CVC aligns well with Siciliano et al. (2023) who found that most
coagulase-negative staphylococcal (CoNS) bloodstream infections are the result of infections of
intravascular catheters. S. epidermidis infections associated with the presence of an indwelling
device, assessment regarding whether the device should be removed is an important component of

management.

Among CNS, Staphylococcus haemolyticus is the second most frequently isolated from human
blood cultures and plays an important role in hospital-acquired opportunistic infections related to

implanted medical devices in the words of Fredheim et al. (2009). S. haemolyticus causes
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bacteremia following the central catheter-related bloodborne infection and the presence of venous

catheters or medical devices increases the risk of infections according to Eltwisy et al. (2022).

A 2023 study by Osoério et al. found that Staphylococcus epidermidis exhibits increased expression
of surface proteins that promote its attachment to catheters, which likely contributes to its
predominance in catheter-related infections. In contrast, Staphylococcus haemolyticus, though also
clinically significant, tends to persist less on catheter surfaces due to weaker colonization
mechanisms. However, comparative research by Pereira-Ribeiro et al. (2022) indicates that both
species are capable of adhering to catheter surfaces, with S. haemolyticus showing greater
resilience under antibiotic pressure. This suggests that, under certain conditions, S. haemolyticus

may have a stronger capacity for colonization despite its lower surface adherence efficiency.

The results also showed low discrimination of Leuconostoc mesenteroides ssp. a Gram-positive,
non-motile, vancomycin-resistant bacteria from the family of Streptococcaceae. They naturally
exist in food and are important in the sauerkraut, milk and wine industries due to their role
in fermentation. Leuconostoc mesenteroides can be considered as a causative agent in community-
acquired infections. Risk factors for Leuconostoc infections are immunocompromised status and
indwelling medical devices. Central venous catheter insertion is also arisk factor for introducing
this bacteria into the body (Usta-Atmaca et al., 2015).

The results by VITEK 2 System has shown that urinary catheter was colonized by Candida. Lee et
al. (2017) found that in cases where urinary catheters are inserted for a short period or over a long
term, most infections start with single microorganism and Candida can also be involved. Localized

and systemic fungal infections typically involve opportunistic Candida.

Similarly to Gnardi et al. (2021), Candida sp is the second most isolated microorganism from
urinary catheters at 17,8% while other studies have also reported monomicrobial isolates of
Candida spp. at 95,1% from urine samples.
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4.3. Antimicrobial susceptibility test of isolated bacteria by VITEK 2 System

Enterobacter cloacae complex isolated from CVC and urinary catheter was resistant to almost all
antibiotics as shown above and sensible to only two antibiotics, amikacin and

trimethoprim/sulfamethoxazole while having an intermediate sensitivity to nitrofurantoin.

In this study, Enterobacter cloacae complex demonstrated a multiplex pattern of antibiotic
susceptibility, as it has shown high resistance to most antibiotics used during antibiogram as being
shown above, while retaining sensitivity to only Amikacin and Trimethoprim/ sulfamethoxazole
hence confirmation of the AMR phenotypes observed for this bacterium. According to some
research, E. cloacae isolates have comparatively low rates of TMP/SMX resistance, which suggests
that in some situations, it may be a useful therapeutic alternative. For instance, E. cloacae had a
low percentage of TMP/SMX resistance (4.96%) in urinary tract infections in a Spanish hospital,
suggesting that this antibiotic is still a useful empirical treatment in that setting (Rodriguez et al.,
2023).

A. baumannii was resistant to more than 2 classes of antibiotics used hence proving it’s also a
multi-drug resistant bacteria. Our result align with a research by (Gounden et al. (2009) ,where in
a cohort of ICU patients, over half of the A. baumannii isolates were only susceptible to tobramycin
and colistin, highlighting the unique efficacy of tobramycin against otherwise resistant strains.
Unlike in our research where the antibiotic colistin wasn’t used , Pour et al. (2011) revealed that
all strains were sensitive to colistin and had high resistance rates to different classes of antibiotics

that were tested.

All of the antibiotics tested against the isolate from oral trachea catheter, P. aeruginosa were all
effective. Our results correlate to an extent with research done in Algeria by Hoceini et al. (2023)
where both biofilm-producing and non-producing P. aeruginosa strains showed susceptibility to
nearly all of the antibiotic groups used, except for ticarcillin, piperacillin, imipenem and rifampicin.
However, the among the 4 antibiotics mentioned previously, 3 were used in our antibiogram and
showed sensibility to the antibiotics (ticarcillin, piperacillin, imipenem) hence contradicting the

research done in the Algerian hospitals by Hoceini et al. (2023).
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Nevertheless, prior studies have demonstrated a high vulnerability to colistin and resistance to a
number of antibiotics. Because colistin causes nephrotoxicity due to oxidative stress and the
activation of inflammatory and apoptotic pathways, especially in renal proximal tubules, its
restricted usage as a last resort treatment for major MDR infections is linked to its high
susceptibility (Hoceini et al., 2023).

The Antibiogram of S. haemolyticus revealed that the bacteria was sensible to most of the
antibiotics and resistant to only one antibiotic named Tetracycline (Table N°11). According to
Eltwisy et al. (2022), teicoplanin is effective in the treatment of S. haemolyticus infections, with
rare homogenous resistance reports. Their study showed that S. haemolyticus isolated from both
reports were also sensitive to vancomycin. Linezolid is also recommended in cases of severe
bacterial infections caused by staphylococci as it inhibits bacterial protein synthesis by interfering
with the peptidyl transferase of 23S rRNA in the 50S ribosomal subunit.

Another important and inexpensive parameter to evaluate in the diagnosis of S.
epidermidis infections is the resistance phenotype and indeed, the oxacillin resistance seems to
correlate with the S. epidermidis true BSI based on Siciliano et al. (2023). Thirty-six S.
epidermidis specimens isolated from implanted port catheters (12, 33%) from the University
Hospital of Montpellier were included in the study by Pouget et al. (2023). The resistance profile
showed that all isolates were 83% were resistant to oxacillin and 64% to erythromycin. According
to Noshak et al. ( 2023) , S. epidermidis had a higher rate of resistance to trimethoprim-

sulfamethoxazole (83.9%) which is in accord with our findings.

In another study, the antibiotic-resistance profiles of CoNS isolated from a hospital environment
in South Italy were evaluated. Staphylococcus haemolyticus and Staphylococcus epidermidis were
the most prevalent CoNS isolated from clinical samples. The strains did not exhibit any resistance
to linezolid. No clinical isolate was resistant to the glycopeptides vancomycin. The high
susceptibility rate against these antibiotics could be due to the preferential use of linezolid by
hospital clinicians. Rifampicin was said to be one of the antibiotics of choice for the treatment of
joint and bone infections, due to its ability to penetrate staphylococcal biofilm and trimethoprim-

sulfamethoxazole as it exerts a bacteriostatic effect against staphylococci and susceptibility to this
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antibiotic combination is highly variable. Regarding tetracycline, in this study of Nicolosi et al.
(2020), 24% of the strains exhibited resistance.

4.4. Evaluation of biofilm formation

The quantitative determination of biofilm formation in all our strains was carried out under standard
growth conditions, using BHIB growth medium without supplementation. Indeed, we noticed that
biofilm production exist in medical devices, strains were all biofilm-forming, (Figure 15). Our
findings are somewhat similar to an investigation done by Folliero et al., (2021) which reported
that 56.4% of bacterial isolates from medical devices were biofilm producers, and these strains

were more likely to exhibit multidrug resistance compared to non-biofilm producers

Comparing the results obtained from the two TCP and RCA techniques, we found that the strains
considered non-slime-forming S. aureus, P. aeruginosa, A. baumannii and L. mesenteroides were
found as positive biofilm producers. These were false-negative results reported by RCA, while the
other strains were true-positive biofilm producers by both techniques. A difference in the results
was also observed by (Sultan & Nabiel, 2018). These authors considered TCP as the best for
detection of biofilm production since interpretation of results by ELISA reader eliminates the
subjective errors seen with other phenotypic tests. In their study, TCP detected 9% isolates as
strong biofilm producers and 20.7% as moderate biofilm producers while CRA detected 11.0% and

32.4% isolates as strong and moderate biofilm producers respectively.

In this current study, among 8 bacterial strains from medical devices, the standard method TCP
detected 7 (87,5%) isolates as weak and 1 (12,5%) isolate as moderate biofilm producers .Biofilm
producing Gram-negative organisms were 75% weak and 25% moderate producers. Gram-positive
strains were all (100%) weak biofilm producers. 3 (37.5%), 1(12, 5%), and 4(50%) strains were
identified as strong, variable and weak/non-producers respectively by CRA method (Figurel?).
Both Gram-negative and Gram-positive strains had a percentage of 50 as biofilm producers in CRA
technique. Figure and table shows the percentages of biofilm and non-biofilm production identified
by CRA and TCP. There was a variable significant correlation between TCP and CRA method
although the CRA assay can well detect biofilm-producing strains, weak producers were difficult
to discriminate from biofilm negative isolates (Mohsenzadeh et al., 2021).
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Figure 17: Biofilm production rate by the TCP method.
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According to Juliana et al., (2022), a true biofilm producing organism is considered an organism
that shows biofilm formation in both methods. The same author mentioned that in most articles
where a strong correlation was found between biofilm formation, the biofilm formed was either
strong or moderate. These studies did not correlate with our findings. In this current study S.
epidermidis, Staphylococcus spp. + Candida and E. cloacae were the common biofilm-producing

organisms in both TCP and RCA methods and were all considered weak biofilm producers.

We found that staphylococcus spp. and candida combined was detected by TCP and CRA as a
biofilm producer. This has been proven by Vila et al. (2021) in their study that demonstrated that
S. aureus exhibits high affinity to the C. albicans hyphal form as these species co-adhere and
interact synergistically, forming a dense and architecturally complex biofilm. C. albicans induced
the activation of the S. aureus biofilm formation network via down-regulation of the Irg operon,
repressor of autolysis, and up-regulation of the ica operon and production of polysaccharide
intercellular adhesin (PIA), indicating an increase in eDNA production, and extracellular

polysaccharide matrix, respectively.

High resistance pattern was observed between the moderate biofilm producers in comparison with
weak-biofilm producers. In this study, we compared antibiotic sensitivity pattern of A. baumannii
complex a moderate biofilm producer and 3 weak producers (P. aeruginosa, S. epidermidis and S.
haemolyticus). We have observed a higher antibiotic resistance in moderate biofilm-producing
bacteria than in weak-biofilm producers. (Table N°9) illustrates the resistant pattern of the Gram-
negative bacterial ( A. baumannii).Our findings were proven by M’hamed et al. (2021) who found
a high resistance rate (>80%) to amoxicillin, ampicillin, cefazolin, cefoxitin and cefotaxime, with
4 isolates resistant to imipenem. These strains were also resistant to aminosides with rates ranging
from 36.36 % for amikacin to 50 % for gentamycin. Resistance rates of isolates to trimethoprim
and cloramphénicol were 36.36 % and 63.63 % respectively. This same author found that
staphylococcus strains isolated at Mohamed Boudiaf Hospital revealed of Ouargla (Algeria) were
resistance to vancomycin, which did not align with our results. In our study, staphylococcus strains
were sensible to vancomycin and resistant to tetracycline. (Table N°11 and Table N°12) illustrates
the resistance pattern of the Gram-positive isolates. This reveals that the susceptibility pattern of

an organism is dependent on the strength of the biofilm formed by that organism.
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A significant correlation was detected between the antibiotic resistance exposure and the biofilm-
production capacity, in medical devices. Mostly all of the strong biofilm producers and most weak
biofilm producers showed multi drug resistance, confirming that the production of biofilms made
the pathogen sensitive to a limited spectrum of antibiotics (Revi et al., 2022). The higher antibiotic
resistance pattern showed by biofilm-producing bacteria could be due to restricted and limited
antibiotics penetration into biofilms, the high expression of efflux pump and expression and

exchange of resistance genes among bacteria within a biofilm (M’hamed et al., 2021).

Biofilm-associated mixed infections, such as those on indwelling medical devices, are particularly
challenging to treat due to their inherent heterogeneity, which can be further amplified by
synergistic inter-species interactions. Combined, these findings provide mechanistic insights into
the therapeutic implications of interspecies interactions, underscoring the need for novel strategies

to overcome limitations of current therapies.
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General Conclusion




General conclusion

This study evaluated the biofilm-forming capacity of bacterial strains isolated from medical
devices, with a specific focus on samples collected exclusively from the ICU unit of Centre
Hospitalo-Universitaire (CHU) of Tlemcen, Algeria. The findings confirm the widespread presence
of biofilm-producing organisms in clinical environments, especially on indwelling medical

devices, underscoring their role in persistent and hard-to-treat infections.

Using phenotypic methods for assessing biofilm formation such as the Tissue Culture Plate (TCP)
and Congo Red Agar (CRA) assays, this study confirmed that a majority of the isolates possess
biofilm-forming abilities, with varying intensities. TCP provided a more sensitive and objective
measurement in detecting weak producers, while CRA was less reliable for borderline cases,
highlighting the importance of method selection in accurate biofilm assessment. Both the Gram-
negative and Gram-positive bacteria isolated from devices demonstrated biofilm production, with
certain strains like A. baumannii showing moderate to strong biofilm-forming potential. Notably,
a correlation was observed between biofilm production capacity and multidrug resistance,
suggesting that biofilm formation enhances bacterial survival in hostile environments, including

those with high antibiotic pressure.

The findings underscore the clinical relevance of routine biofilm screening for isolates from
medical devices to guide effective antimicrobial therapy and infection control. They also highlight
the urgent need for alternative therapeutic approaches, including stricter catheter management

protocols, anti-biofilm strategies and improved biomaterials that resist microbial colonization.

One of the major limitations of this study was the narrow scope of sample collection confined to a
single hospital ward (Anesthesia and Resuscitation unit). While this focus allowed for in-depth
analysis of a high-risk environment, it restricted the diversity of microbial strains examined and
may not fully represent the biofilm formation trends across other departments. Broader sampling
across multiple wards or hospitals would be needed to draw conclusions that are more
generalizable. Future research must overcome these obstacles in order to produce more reliable and

representative results.

Furthermore, several operational and environmental challenges affected the consistency and

progress of the work. During the usage the Tissue Culture Plate (TCP) method as the standard for
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General conclusion

quantifying biofilm formation, we encountered some technical challenges. The lower readings may
have been influenced by inconsistent washing, residual staining, or variations in the plate reader
calibration (630nm) instead of (590nm), making interpretation difficult in indeterminate cases,
especially among weak biofilm producers. These issues highlight the need for stringent
standardization and operator consistency when using TCP to ensure reproducible and accurate

results.

In spite of these limitations, our study reinforces the critical importance of early and accurate
detection of biofilm production and resistance profiles of clinical isolates. It also highlights the
ongoing need for standardized biofilm quantification methods and broader surveillance to inform
infection control strategies. Addressing these challenges in future researches will be vital for
improving biofilm detection, understanding its clinical impact, and developing more effective

treatment protocols for device-associated infections.
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Annexure

Annex 1: Reports of biochemical reactions for identification of the different bacteria as identified by
VITEK 2

Origine du gorme VITEK 2

Slashline
Profil biochimique : 0241010103500352
Germes identifiés et tests discriminants :

Acinetobacter baumannii complex
- - i

Germe sélectionné

Détails biochimigues
2 APPA - 3 ADO - 4 PyrA - S IARL - 7 dCEL + |9 BGAL -
10 H2S - 11 BNAG - 12 AGLTp |+ 13 dGLU + 14 GGT - 15 OFF =
17 BGLU| |- 18 dMAL - 19 dMAN - 20 dMNE + 21 BXYL - 22 |BAlap -
23 ProA | ]2 26 LIp I 27 PLE - 29 TyrA + 31 URE - 32 dSOR -
33 SAC 4 34  |dtaG | |- |35 dTRE - 36 CIT + 37 MNT + 39 SKG -
40 ILATK + 41 | |lAGLU | |- |42 SUCT i 43 NAGA - 44 AGAL - 45 PHOS -
46 GlyA - 47 |lopc | | [- |48 LDC - ]53 1HISa + 56 CMT + 57 BGUR -

| 58 |0129R |+ |59 | |GGAA| |[- 61 |IMLTa |+ 62 |ELLM |- 64 |ILATa |+
[ [ T ~
. R 91% dec probabilité Pseudomonas aeruginosa
Germe sélectionné 5 X S s & 3 2z
Profil biochimique : 0043553103500272 Fiabilité : Bonne identification

Germes identifiés et tests discriminants :

! Commentaire sur ["ident. :

Tests a [""'encontre

Pseudomonas aeruginosa GGAA(1).BGLU(1),
| Détails biochimiques

2 APPA - 3 ADO - 4 PyrA - 5 IARL - Z dCEL - 9 BGAL -
[ 10 H2S - 11 BNAG - 12 AGLTp + 13 dGLU + 14 GGT -+ 5 OFF -
[ 17 BGLU + 18 dMAL - 19 dMAN (+) |20 dMNE 3 21 BXYL - 22 BAlap =k
[23 [Proa + |26 | + |27 |PLE L 29 |TyrA + [31 |URE - 32 |dSOR =
[33 [sac s 34 |dTaG |- [35 [dTRE - [36 |carT + (37 |mNT + |39 |skaG =
,-‘LO ILATk + 41 AGLU - 42 SUCT + 43 NAGA - 44 AGAL - 45 PHOS =
'46 GlyA - 47 oDC - 48 LDC - 53 1I1ISa = 56 CMT + 57 BGUR -
[58 OI129R —+ 59 GGAA ol 61 IMLTa 5 62 ELLM - 64 ILATa -

[N}
Tnformations sar (?ﬂ rte : G-N N° de lot : ! Il 3‘ 2412668103 Péremption : 17 mars 2025 12:00 WAT
I""identification [ Etar ; Final Heure de \‘ )‘ 4,98 heures Terminée le : 8 mai 2023 09:02 WAT
| Ll 11 I"'analyse : |
Origine du germe || | | |VITEK 2
I H““Ill" | n
Germe :sélccﬁ,‘,“qhé“\ “I‘ ““ it 1 fli Slashline
Lot AT Profil biochimique : 0627734553571010 Fiabilité : Excellente identification
| I} |

Germes identifiés blitests diberiminants :

Emcrqba’cgcr cloncae CDh'mlcx ‘ |

| L | |

\Déu‘ui‘s‘biochimiqus

2| [ArPa & 3 ADO = 4 PyrA e 5 JARL = 7 dCEL + 9 BGAL +
1o H2s - 11 BNAG + 12 AGLTp - 13 dGLU + 14 GGT + 15 OFF -+
I ‘i'}' || |BGLU -+ 18 dMAL 2= 19 dMAN o 20 dMNE + 21 BXYL + 22 BAlap -
128 | |ProA - 26 LIP - 27 PLE + 29 TyrA + 31 URE - 32 dSOR -
133 IISAC + 34 dTAG - 35 dTRE + 36 CIT i 37 MNT ¥ 39 SKG ~
a0 | [ILATK + |a1 |agLu |- 42 |sucT + |43 |NAGA |+ |44 |acgaL |+ |as |pHOS )
46 |Giya + 47 |obc = 48 |LpC = 53 |1HISa - 56 |cmMT L 57 |BGUR |-
s8 | |oi2or, |+ [59 |ccaa |- 61 ' |IMLTa |- 62 |ELLM |- 64 |ILATa =
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Informhations sur Carte : GN N° de lot : 2412668103 Péremption = 17 mars 2025 12:00 WAT

I"identification Etat : Final Heure de 4,77 heures Terminée e : 8 mai 2023/08:50 WAT
I''analyse :

Origine du germe VITEK 2

Germe sélectionné

Slashline

Profil biochimique : 0627734553531010

Fiabilité : Trés bonne identification

g

Uil
Tests & I"'encontre

Enterobacter cloacae complex ODC(94),

Deétails Hiochimiques

> APPA I]-. "[3] | [abo . Ja  [pyra = 5 IARL = i dCEL + [ BGAL |+
10 [=2s L0 A TeNaG] £ iz [aAGLTp |- 13 [dGLuU + |14 |caT + 15 |OFF +
17 |BeLu "i[% |18 | [aNgAL + 19  |dMAN [+ 20 |dMNE + 21 BXYL + 22 |BAlap 5
23 |ProA AN 26 e 27 |PLE + 29 |TyrA + 31 URE N 32 |dsorR +
33 [sAc + (34 [erAG - 35  |[dTRE + |36 JcrT + |37 |vNT + |39 |sKG -
40 [ieatk [+ [a1 JAcLul - 42 [suct |+ |43 |Naca |+ |44 |acaL [+ |45 |pHOS -
46 | |Giya + |47 |opc o 48 |LDC = 53 |IHISa - s6 |cMT = 57 _|BGUR |-
58  |oizor [+ |59 |ccaa |- |e1 [mMLTa |- 62 |eLLmMm |- 64 |ILATa |-

Origine du germe VITEK 2

Germe sélectionné

95% de probabilité
Profil biochimique : 050046003760231

Staphylococcus haemolyticus
Fiabilité : Trés bonne identification

Gormes identifiés et tests discriminants :

Commentaire sur I""ident. :

Tests a I"'encontre

Staphylococcus haemolyticus BGURIr(9),
Détails biochimiques
2 ANMY - 4 PTPILC - 5 dX YL - 8 ADHI1 —+ o BGAL - 11 AGLU -+
15 |aPPA |- 14 |CDEX |- 15 |AspA - 16 |BGAR |- 17 |AMAN |- 19 |pHOS -
20 |Leua - |23 [Proa - |24 |BGURr |+ |25 [acarL |- |26 [Pyra + |27 |BoUr |+
28 |AlaA - |23 JTyra - |30 Jasor |- |31 |Ure - |3z [poLym |- 37 |acaL -
38 |drIB + |39 [ILATK [+ |42 |LAC - |aa |Nac + |45 |dMmarL [+ [as  |BacCIT +
47 _|Novo |- |so |Nces |+ |52 [aMaAN |+ |53 |dmNE |- |54 |nBdo |- 56 |PUL -
57 [drarF |- [s3 |oizor [+ [s9 |SAL - |eo  [sac + |62 |dTRE + les  |[ADHzs |-
64 OPTO —+
Origine du germe VITEK 2
Germe sélectionné 98% de‘plol-)al:'u]ue Staphylococcus eplderm.u:h's. . ) ] g
Profil biochimique : 010000012620251 Fiabilité : Excellente identification
Germes identifiés et tests discriminants :
Commentaire sur [""ident. :
Tests a I""encontre
[ Détails biochimiques |
[z Jamy - |a PIPLC |- |5 dXYL |- 3 ADH1 |+ |o BGAL |- 11 |acLu -]
|13 |aPrPa - 14 |CDEX |- 15 |Aspa - 16 |BGAR |- 17 |aman |- 10 |puos  [- ]
[20 [Leua - 23 |ProA - 24 |BGURr |- 25 |AGAL |- 26 |PyrA - 27 |BGUR |- |
28 |Alaa - |29 [Tyra - |s0 |asor |- [31 [ure + |32 |poLye |- {37 ldcar |- |
|58 |driB - 39 [ILATK |+ |42 |Lac - laa |nac - 45 |lamaL [+ [4a6 [BACI + |
[47 [novo [ [s0 [Nces [+ sz [aman |- 53 |dMNE |- 54 |MBAG |- 56  |PUL — ]
[s7 Jarar |- |58 [o129r [+ |59 [saL - 60 [SAC + l62 [darrE N 63 |ADH2s |+ |
lea Jorro [+ | |
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16 déc. 2025 12:00 WAT

Informsti Carte GP N° de lot'= ! 2422942503 Péremption :

astions sur "

I"identification | Kitat : Final Heure de 7,97 heures Terminde le : 9 mai 2023 1"2:54 WAT
. I'"*analyse : I i i,

IOrigin:- du perme | VITEK 2

Germe sélccﬂinn né;‘

Low Discrimination
Profil biochimique : 000000000040021

Leuconostoc mesenteroides ssp

Fiabilité : Faible discrimination

Détails biochimiques il
2 AMY -) |4 PIPLC |- s dXYL - 8 ADHI 9 BGAL - 11 |lagLu |- ““
13 |aPPA__ |- [14_|cDEX |- [15 |Aspa |- |16 |BGAR 17_laman |- w9 [pHos |- |
20 |LewA |- |23 |Proa - |2a |ecurr |- |25 |AGAL 26 |PyrA - |27_IBgur |- ||
28 |AlaA - 29 | TyrA - 30  |dSOR - 31 URE 32 |POLYB |- 37  |dGAL -
38 |dRIB - |39 [wamx |- a2 [Lac - [ax_|NaG 45 |amaL |- |as |BACL |-
47_|Novo |- |50 |Nces |- |52 |dMAN |+ |53 |dMKNE 54 |MBdG |- [s6_ |PUL -
57 dRAF - 58 OI29R - 59 SAL - 60 SAC 62 dTRE -+ 63 ADH?2s -
64_|oPTO |+ ‘ T
Tests i I''encontre Caneliclor
fs.mr 1s-sohring NAG(18),ADHI1(1),ILATk(1),dXYL(1),
’ Détails biochimiques
[z Jamy - Ja Jererc |- [5 Jaxvi |+ [8  [apm [+ Jo  |sGaL |- |11 |aGLU |+
[13 [apra |- |14 JecpeEx |- |15 |aspa |- |16 |BGAR |- |17 |AMAN |- |19 |pHOS |-
[20 |Leua [+ 23 |Proa |- J2a [Boumrr |- |25 JacaL |- |26 |pyra - |27 [Bour |-
[28 [alaa [+ 29 Jryra |- [30 [asor [+ [31 |umE - [32 [poLyB |- |37 [dcaL |+
[38 |drIB - I39 Jwatk |+ Jaz Jrac |- |44 |NnaG + [45 [dmaL |+ |46 |Bact |+
[27 |novo |+ [s50 [nces [+ Js2 Jaman [+ |53 [amne [+ |54 [MBdag |- s [PuL -
[s7 larar |- [s8 [orzor [+ [s9 [sar |- Jeo [sac + |62 |dTRE |+ |63 |ADH2s |-
[64 Jorro [+ | [ [ ] [ ]
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Annex 2: Culture media.
The theoretical formula of this culture medium in g/L of purified water is:

Nutrient agar.pH = 7.4

Peptic digest Of animal tiSSUE. ..ot e 59
BT BXUrACT. ...t 1.5¢
Y RASTEXITACT. . ..ottt e 1.59
Yoo 100 gl 0] (o] ¢ o[ PR 50
N - | PP 159

MacConkey Agar.pH =7.1

Pancreatic digest OF gelatin ... ..o e 179
Peptone froM MEaL ... ..o 1.5¢
Peptone from Casein ... .o 1.5¢
2 T4 (01 P 10g
SOAIUM CRIOTIAE ..o e e e 5¢
Bl SaIlS ..o 1.5¢
N0 - T 159
NEULTAL T ... e e e e 0.03g
CryStal VIONet ..o 0.001g

Mannitol salt agar (chapman agar). pH =7.4

e (0 (=T N o 1=T 0 (0] o[- 10g
BT X AT .. .ttt 19
SOAIUM CNIOMIAE ..ot e e e e e e 759
D-MaANNITOL ... 10g
PRENOL 1A ... 0.025¢g
AT e 159



Cetrimide agar. pH =7.2

Peptone from gelatin ... 209
Magnesium ChlOKIE ... ... 1.49
N-Cetyl-N,N,N-trimethyl-ammonium bromide (cetrimide)..............ccoooeiiiiiiiiiiiinnn... 0.3g
N0 T T =T 1 13.69
POtaSSIUM SUITALE ... e e 10g
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Software Version

Experiment File Path:
Protocol File Path:
Plate Number

Date

Time

Reader Type:

Reader Serial Number:
Reading Type

Procedure Details

Plate Type
Read

Results

GRAM +

Gram-

20411

Plate 1
11172004
0:17:19
ELx808
Unknown
Reader

96 WELL PLATE
Absorbance Endpaint
Full Plate

Wavelengths: 490, 630
Read Speed: Normal

Annexure 3

1 2 3 4 5 b 7 8 9 10 1 12
A 0.104 | 0041 | 0041 | 0042 | 0041 0.043 0.042 0.041 0.043 0.041 0.043 0.043
0148 | 0109 | 01 | 0111 | 0.089 0.115 0.114 0.094 0113 011 0.102 0.116
B 0.094 | 0042 | 0047 | 0041 | 0042
0145 | 0111 | 0116 | 0111 | 0.113
c 008 | 0041 | 0042 | 0043 | 004
0442 | 0091 | 0115 | 0116 | 0.088
D 0082 | 0.043 | 0044 | 0042 | 0043
04 | 0018 | 0018 | 0018 | 0116
£ 0.073 | 0041 | 0042 | 0041 | 0043
0139 | 0114 | 0114 | 0113 | 012
: 0.073 | 0.043 | 0042 | 0043 | 0.046
044 | 0097 | 0017 | 0015 | 0.105
6 0081 | 0044 | 0042 | 0043 | 0043
0149 | 0124 | 0120 | 0121 | 012
H 0.089 | 0042 | 0042 | 0041 | 0041
0452 | 0111 | 0421 | 0115 | 0.105
1 2 3 4 5 6 7 8 9 10 1 12
A 0.136 | 0.042 | 0.043 | 0043 | 0043 0.044 0.045 0.043 0.045 0.048 0.042 0.042
0.168 | 0101 | 0114 | 0111 | 0.089 0.115 0.119 0.09 0113
B 0132 | 0.044 | 0041 | 0041 | 0042 0.194 0.04 0.185 0.04
0165 | 0415 | 041 | 0112 | 0M11 0.198 0.113 0.189 01m
c 0.126 | 0044 | 0048 | 0044 | 0044 0.169 0.044 0.126 0.04
0162 | 0103 | 0116 | 0119 | 0097 0.183 0117 0.149 0113
D 0.139 | 0041 | 0042 | 0041 | 0041 0.145 0.042 0.18 0.041
0478 | 0113 | 0115 | o0d17 | 011 0.179 0117 0.206 0113
£ 0.152 | 0042 | 0041 | 0041 | 0.046 0.165 0.041 0.247 0.044
0187 | 0116 | 041 | 0113 | 0129 0.199 0.114 0231 0.117
: 013 | 0042 | 0042 | 0.043 | 0.041 0.263 0.043 0.236 0.06
0.166 | 0106 | 0122 | 0117 | 0.106 0.251 0.115 0.213 0.145
6 0.132 | 0.041 | 0042 | 0045 | 0044 0.043 0.043 0.044 0.044 0.045 0.044 0.044
047 | 0017 | 016 | 0421 | 0122 0.122 0.119 0.119 0.12 0123 0123 0.118
" 0123 | 004 | 0047 | 0042 | 0041 0.041 0.043 0.04 0.041 0.041 0.041 0.041
0.166 | 0104 | 0124 | 0118 | 0.105 0.114 0121 0.1 0112 011 011 0.114
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Abstract

Catheter-related infections (CRIs) pose a significant threat in healthcare settings, particularly in intensive care units, where
indwelling medical devices are frequently colonized by biofilm-forming pathogens. This study investigated microbial colonization,
antibiotic resistance patterns, and biofilm formation on urinary catheters, central venous catheters, and tracheal tubes from patients
at University Hospital of Tlemcen (CHU), Algeria.

Using culture based methods and VITEK 2 system; we identified predominant pathogens including Pseudomonas
aeruginosa, Acinetobacter baumannii, Enterobacter cloacae complex, Staphylococcus epidermidis, Staphylococcus haemolyticus,
and Candida species. Antimicrobial susceptibility testing revealed that multidrug resistance in Acinentobacter baumannii and
Enterobacter cloacae complex, while P. aeruginosa remained broadly susceptible. Staphylococcus showed resistance to tetracycline
but sensitive to vancomycine.

Biofilm formation was assessed via Congo Red Agar (CRA) and Tissue Culture Plate (TCP) methods. TCP analysis
classified most isolates as weak biofilm producers with A. baumannii exhibiting moderate biofilm production. CRA showed lower
sensitivity, underscoring TCP’s reliability for biofilm detection. A correlation between biofilm formation and antibiotic resistance
was observed, highlighting the protective role of biofilms in bacterial persistence.

These findings emphasize the clinical challenge of CRIs caused by resilient, biofilm-forming pathogens. The study
advocates for enhanced infection control measures, antimicrobial stewardship, and research into anti-biofilm strategies to mitigate
device-associated infections.

Keywords: Catheter-related infections, biofilm, antimicrobial resistance, extracellular polymeric substances (EPS),
intensive care unit, catheters.

Résumé

Les infections liées aux cathéters (IRC) constituent une menace importante dans les établissements de santé, en particulier
dans les unités de soins intensifs, ou les dispositifs médicaux a demeure sont fréquemment colonisés par des agents pathogénes
formant un biofilm. Cette étude a examiné la colonisation microbienne, les profils de résistance aux antibiotiques et la formation de
biofilms sur les cathéters urinaires, les cathéters veineux centraux et les tubes trachéaux de patients de 1'hopital universitaire de
Tlemcen (CHU), en Algérie.

A l'aide de méthodes basées sur la culture et du systtme VITEK 2, nous avons identifi¢ des agents pathogénes
prédominants, notamment Pseudomonas aeruginosa, Acinetobacter baumannii, Enterobacter cloacae, Staphylococcus epidermidis,
Staphylococcus haemolyticus et les espéces Candida. Les tests de sensibilité aux antimicrobiens ont révélé une multirésistance aux
médicaments chez A. baumannii et E. cloacae, tandis que P. aeruginosa est demeuré largement sensible. Les staphylocoques ont
montré une résistance a la tétracycline mais une sensibilité a la vancomycine.

La formation du biofilm a été évaluée par les méthodes de la gélose rouge du Congo (CRA) et de la plaque de culture
tissulaire (TCP). L'analyse du TCP a classé la plupart des isolats comme de faibles producteurs de biofilm, A. baumannii présentant
une production modérée de biofilm. L'CRA a montré une sensibilité plus faible, ce qui souligne la fiabilité du TCP pour la détection
des biofilms. Une corrélation entre la formation de biofilms et la résistance aux antibiotiques a été observée, mettant en évidence le
role protecteur des biofilms dans la persistance bactérienne.

Ces résultats soulignent le défi clinique des IRC causés par des agents pathogenes résilients et formant un biofilm. L'étude
préconise des mesures améliorées de contrdle des infections, une gestion des antimicrobiens et la recherche de stratégies anti-biofilm
pour atténuer les infections associées aux dispositifs.

Mots-clés : Infections liées aux cathéters, biofilm, résistance aux antimicrobiens, substances polymeéres extracellulaires
(EPS), unité de soins intensifs, cathéters.
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