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ABSTRACT 

Biofilms are structured microbial communities embedded in a self-produced extracellular matrix, contributing significantly to 

chronic and device-associated infections. They are linked with prolonged hospital stays, multidrug resistance (MDR), and 

therapeutic failures. Phenotypic detection of biofilm formation is crucial in clinical microbiology to guide infection control and 

patient management, particularly in low- and middle-income countries. This narrative review examines the biological basis of 

biofilm formation, summarizes commonly used phenotypic detection methods such as Congo Red Agar (CRA), Tube Adherence 

Method (TAM), and Microtiter Plate (MTP) assay, and explores their correlation with antimicrobial resistance and clinical 

outcomes. A structured literature search identified relevant studies between 2010 and 2025. CRA and TAM are simple and 

affordable for routine use, whereas MTP remains the gold standard. Biofilm formation strongly correlates with MDR phenotypes 

such as ESBL, MRSA, and carbapenem resistance, leading to worse clinical outcomes including prolonged hospital stay and 

increased mortality. Standardizing phenotypic detection in diagnostic laboratories can improve infection surveillance and clinical 

care. 
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INTRODUCTION 

Biofilm formation is now recognized as a major virulence strategy of clinically significant microorganisms, contributing to 

persistent infections, antimicrobial resistance, and poor patient outcomes (1–3). Biofilms are defined as communities of 

microorganisms irreversibly attached to surfaces and encased in a self-produced extracellular polymeric substance (EPS) (4). 

Within these structured communities, microbial cells undergo phenotypic shifts that enhance their survival by limiting 

antimicrobial penetration, promoting genetic exchange, and evading host immune mechanisms (5–7). 

Clinically, biofilms play a pivotal role in chronic and device-associated infections. Catheter-associated urinary tract infections 

(CAUTI), central line–associated bloodstream infections (CLABSI), ventilator-associated pneumonia (VAP), and prosthetic 

device infections are among the most common hospital-acquired infections (HAIs) linked with biofilm-forming organisms (8,9). 

Common pathogens include Staphylococcus aureus (including MRSA), coagulase-negative staphylococci, Pseudomonas 

aeruginosa, Klebsiella pneumoniae, Escherichia coli, Acinetobacter baumannii, and Candida spp. (9,10). Donlan and Costerton 

estimated that more than 65% of human microbial infections involve biofilms, either on tissues or medical devices (2). 

Biofilm-associated infections are difficult to treat due to inherent tolerance to antimicrobials—biofilm cells may require up to 

1000-fold higher antibiotic concentrations than planktonic cells (5). Standard treatment strategies often fail without device 

removal or aggressive surgical intervention (3,8). These infections are associated with prolonged hospital stays, higher recurrence 

rates, and increased mortality, especially in vulnerable populations such as ICU and oncology patients (11,12). 

Although molecular methods (e.g., PCR for biofilm-associated genes) are precise, they are costly and technically demanding for 

routine diagnostics. Phenotypic detection methods such as CRA, TAM, and MTP assays provide inexpensive, practical 

alternatives, making them valuable tools for resource-limited laboratories (13–15). CRA is a qualitative screening method, TAM 

is semi-quantitative, and MTP is widely considered the gold standard (15). In India and similar LMICs, the high prevalence of 

MDR organisms combined with limited diagnostic resources makes biofilm detection particularly relevant. Incorporating simple 

phenotypic assays into routine laboratory practice can help identify high-risk infections early, guide appropriate therapy, and 

inform infection control strategies (16,17)..  
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This review aims to summarize current knowledge on phenotypic detection of biofilm formation, outline their performance 

characteristics, and examine the relationship between biofilm production, antimicrobial resistance, and clinical outcomes. 

METHODS  

(Search Strategy) 

A narrative literature review was conducted following a structured search strategy. Databases searched included PubMed, Google 

Scholar, and Scopus. Search terms were combined using Boolean operators and included: “biofilm”, “phenotypic detection”, 

“Congo red agar”, “tube adherence method”, “microtiter plate assay”, “antimicrobial resistance”, “MDR”, “ESBL”, “MRSA”, 

“clinical outcomes”, and “India”. 

The search period was restricted to January 2010 to September 2025 to ensure inclusion of contemporary data. Reference lists of 

key articles were screened to identify additional relevant studies. Inclusion criteria were: (i) studies involving clinically significant 

bacterial isolates, (ii) application of at least one phenotypic biofilm detection method, (iii) evaluation of resistance patterns or 

clinical outcomes. Exclusion criteria were: animal model studies, purely molecular studies without phenotypic data, and non-

English articles. 

Data were extracted on study design, organism types, biofilm detection method, prevalence, resistance correlation, and clinical 

outcomes. Tables were constructed to compare detection methods and summarize correlations with resistance and clinical 

outcomes. 

REVIEW 

Biofilm Biology and Pathogenesis 

Biofilm formation involves sequential steps: initial reversible attachment, irreversible adhesion via adhesins/pili, EPS synthesis, 

biofilm maturation into 3D structures, and dispersal of planktonic cells to new sites (4,18). The EPS matrix acts as a diffusion 

barrier and structural scaffold, while nutrient and oxygen gradients within biofilms create physiologic heterogeneity, including 

slow-growing and persister cells (5,19). These features confer tolerance to antibiotics and immune mechanisms. Biofilm-

associated infections, especially on indwelling medical devices, are persistent sources of bacteremia and chronic infection 

(3,8,11). 

Phenotypic Detection Methods 
 

Table 1: Comparison of Phenotypic Biofilm Detection Methods 

Method Principle Advantages Limitations Sensitivity/Specificity (vs 

MTP) 

CRA (Congo 

Red Agar) 

Detects slime 

production (black 

colonies) 

Simple, cheap, 

rapid 

Variable results, 

less sensitive 

Sensitivity ~65–70%, 

Specificity ~40–50% 

TAM (Tube 

Adherence 

Method) 

Biofilm stained 

on tube walls 

Easy, semi-

quantitative 

Observer-

dependent, 

subjective 

Sensitivity ~85–90%, 

Specificity ~70% 

MTP 

(Microtiter 

Plate) 

Quantifies biofilm 

OD via crystal 

violet staining 

Gold standard, 

objective, high 

throughput 

Needs plate reader, 

standardization 

Reference 

Table 2: Correlation Between Biofilm Formation, Antimicrobial Resistance, and Clinical Outcomes 

 
 

Method 

-------- 

CRA (Congo Red Agar) 

http://www.verjournal.com/


 
VASCULAR & ENDOVASCULAR REVIEW 

www.VERjournal.com 

 

 

Phenotypic Detection of Biofilm Formation in Clinically Significant Isolates 

289 

 

TAM (Tube Adherence) 

MTP (Microtiter Plate) 

 

CRA, first described by Freeman et al. (15), is rapid but has variable accuracy. TAM is more sensitive but subjective (16). MTP 

provides quantitative, reproducible results and remains the reference standard (13,17,21). 

Correlation with Antimicrobial Resistance 

Biofilm producers frequently exhibit MDR phenotypes. Mechanisms include antibiotic sequestration by EPS, altered metabolic 

states, horizontal gene transfer, and upregulated efflux systems (6,12,18). Indian studies report MDR prevalence among biofilm 

producers ranging from 70–85%, significantly higher than among non-producers (22,23). ESBL production among 

Enterobacteriaceae and MRSA prevalence among S. aureus are strongly associated with biofilm formation (24,25). Biofilm 

production in carbapenem-resistant K. pneumoniae and A. baumannii further complicates therapy (26). 

Table 2. Correlation Between Biofilm Formation, Antimicrobial Resistance, and Clinical Outcomes 

Parameter Biofilm Producers Non-

Producers 

Clinical Implication 

MDR prevalence 70–85% 30–40% Strong correlation between 

biofilm and MDR strains 

ESBL production 

(Enterobacteriaceae) 

Common (e.g. E. coli, K. 

pneumoniae) 

Less frequent Increased treatment failure 

MRSA prevalence High (30–40% strong 

biofilm producers) 

Lower Greater virulence, persistent 

infection 

Hospital stay (mean) 12–14 days 7–9 days Significantly prolonged LOS 

Mortality (CRKP, VAP, etc.) OR 5–6× higher Baseline Biofilm predicts poor outcomes 
 

CLINICAL OUTCOMES 

Strong biofilm producers are linked with longer hospital stays, frequent relapses, and increased mortality (11,12,27). Di Domenico 

et al. demonstrated that oncology patients with CRKP infections due to strong biofilm producers had six-fold higher mortality 

(11). In ventilator-associated pneumonia, biofilm-positive Pseudomonas isolates are associated with higher ICU mortality (28). 

Device removal is often necessary to achieve cure in biofilm infections. Failure to detect and address biofilms leads to chronicity 

and higher healthcare costs (3,8,27). Biofilm detection can serve as an early prognostic marker, guiding aggressive therapy and 

infection control interventions. 

RESEARCH GAPS AND INDIAN CONTEXT 

Despite growing recognition, standardized phenotypic testing is not widely implemented in Indian laboratories. Studies vary in 

methods and criteria, leading to prevalence differences from 20–70% (22,23). Few multicentric studies link biofilm data with 

clinical outcomes. Integrating routine phenotypic testing (e.g., CRA/TAM screening followed by MTP confirmation) can 

strengthen surveillance and guide clinical decision-making in resource-limited settings (16,17,22). 

CONCLUSION 

Phenotypic detection of biofilm formation provides critical insights into the pathogenic potential of clinical isolates. CRA and 

TAM are useful low-cost screens, while MTP remains the gold standard for reliable detection. Biofilm production is strongly 

correlated with MDR phenotypes and poor clinical outcomes, including prolonged hospital stay and higher mortality. 

Incorporating standardized phenotypic methods into routine diagnostics, especially in high-burden settings like India, can enhance 

infection control and improve patient care. 

REFERENCES  
1. Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms: a common cause of persistent infections. Science. 

1999;284(5418):1318-1322. doi:10.1126/science.284.5418.1318. 

http://www.verjournal.com/


 
VASCULAR & ENDOVASCULAR REVIEW 

www.VERjournal.com 

 

 

Phenotypic Detection of Biofilm Formation in Clinically Significant Isolates 

290 

 

2. Donlan RM, Costerton JW. Biofilms: survival mechanisms of clinically relevant microorganisms. Clin Microbiol Rev. 

2002;15(2):167-193. doi:10.1128/CMR.15.2.167-193.2002 

3. Flemming HC, Wingender J, Szewzyk U, Steinberg P, Rice SA, Kjelleberg S. Biofilms: an emergent form of bacterial 

life. Nat Rev Microbiol. 2016;14(9):563-575. doi:10.1038/nrmicro.2016.94 

4. Mah TF, O'Toole GA. Mechanisms of biofilm resistance to antimicrobial agents. Trends Microbiol. 2001;9(1):34-39. 

doi:10.1016/s0966-842x(00)01913-2 

5. Høiby N, Bjarnsholt T, Givskov M, Molin S, Ciofu O. Antibiotic resistance of bacterial biofilms. Int J Antimicrob 

Agents. 2010;35(4):322-332. doi:10.1016/j.ijantimicag.2009.12.011 

6. Stewart PS, Costerton JW. Antibiotic resistance of bacteria in biofilms. Lancet. 2001;358(9276):135-138. 

doi:10.1016/s0140-6736(01)05321-1 

7. Bryers JD. Medical biofilms. Biotechnol Bioeng. 2008;100(1):1-18. doi:10.1002/bit.21838 

8. Bhardwaj SB, Mehta M, Sood S, Sharma J. Biofilm Formation by Drug Resistant Enterococci Isolates Obtained from 

Chronic Periodontitis Patients. J Clin Diagn Res. 2017;11(1):DC01-DC03. doi:10.7860/JCDR/2017/24472.9152 

9. Upmanyu K, Haq QMR, Singh R. Factors mediating Acinetobacter baumannii biofilm formation: Opportunities for 

developing therapeutics. Curr Res Microb Sci. 2022;3:100131. Published 2022 Mar 28. 

doi:10.1016/j.crmicr.2022.100131 

10. Di Domenico EG, Marchesi F, Cavallo I, Toma L, Sivori F, Papa E, et al. Biofilm production by carbapenem-resistant 

Klebsiella pneumoniae significantly increases the risk of death in oncological patients. Front Microbiol. 2020;11:1464. 

11. Soto SM. Role of efflux pumps in the antibiotic resistance of bacteria embedded in a biofilm. Clin Microbiol Infect. 

2013;19(10):928–33. 

12. Christensen GD, Simpson WA, Younger JJ, Baddour LM, Barrett FF, Melton DM, et al. Adherence of coagulase-

negative staphylococci to plastic tissue culture plates: a quantitative model for the adherence of staphylococci to medical 

devices. J Clin Microbiol. 1985;22(6):996–1006. 

13. Flemming HC, Wingender J. The biofilm matrix. Nat Rev Microbiol. 2010;8(9):623–33. 

14. Freeman DJ, Falkiner FR, Keane CT. New method for detecting slime production by coagulase negative staphylococci. 

J Clin Pathol. 1989;42(8):872–4. 

15. Knobloch JK, Horstkotte MA, Rohde H, Mack D. Evaluation of different detection methods of biofilm formation in 

Staphylococcus aureus. Med Microbiol Immunol. 2002;191(2):101-106. doi:10.1007/s00430-002-0124-3 

16. Mathur T, Singhal S, Khan S, Upadhyay DJ, Fatma T, Rattan A. Detection of biofilm formation among the clinical 

isolates of Staphylococci: An evaluation of three different screening methods. Indian J Med Microbiol. 2006;24(1):25–

9. 

17. O’Toole GA. Genetic approaches to study of biofilms. J Bacteriol. 2003;185(9):2687–9. 

18. Stewart PS. Diffusion in biofilms. J Bacteriol. 2003;185(5):1485–91. 

19. Lebeaux D, Ghigo JM, Beloin C. Biofilm-related infections: bridging the gap between clinical management and 

fundamental aspects of recalcitrance toward antibiotics. Clin Microbiol Rev. 2014;27(3):419–40. 

20. Hassan A, Usman J, Kaleem F, Omair M, Khalid A, Iqbal M. Evaluation of different detection methods of biofilm 

formation in the clinical isolates. J Clin Diagn Res. 2011;5(2):343–8. 

21. Basnet BB, Dhungana K, Adhikari N, Thapa S, Adhikari R, Adhikari B, et al. Detection of biofilm production and its 

association with antibiotic resistance in clinical isolates from a tertiary care hospital in Nepal. BMC Infect Dis. 

2023;23:229. 

22. Shrestha B, Adhikari N, Thapa S, Basnet BB. Biofilm production and antimicrobial resistance among uropathogenic 

Escherichia coli from a tertiary care hospital of Nepal. J Nepal Health Res Counc. 2022;20(1):52–8. 

23. Singhai M, Malik A, Shahid M, Malik MA, Goyal R. A study on device-related infections with special reference to 

biofilm production and antibiotic resistance. J Clin Diagn Res. 2012;6(10):1675–7. 

24. Arora S, Devi P, Arora U, Devi B. Prevalence of methicillin-resistant Staphylococcus aureus (MRSA) in a tertiary care 

hospital in India. J Lab Physicians. 2020;12(1):37–43. 

25. Espinal P, Martí S, Vila J. Effect of biofilm formation on the survival of Acinetobacter baumannii on dry surfaces. Clin 

Microbiol Infect. 2012;18(1):E12–5. 

26. Raad I, Costerton W, Sabharwal U, Sacilowski M, Anaissie E, Bodey GP. Ultrastructural analysis of indwelling vascular 

catheters: a quantitative relationship between luminal colonization and duration of placement. Clin Infect Dis. 

1992;14(4):708–26. 

27. Cavalcanti S, Ferrer M, Ferrer R, Morforte R, Garnacho-Montero J, Torres A. Risk and prognostic factors of ventilator-

associated pneumonia in trauma patients. J Crit Care. 2015;30(1):126–30 

http://www.verjournal.com/

