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ABSTRACT  
Introduction: Biofilms represent a complex structure comprising prokaryotic cells, proteins, sugars, and DNA as major 

constituents. Bacteria can grow in biofilms and associated with human infections and considered to be highly resistant to 

antibiotics. There are various methods to detect biofilm production like tissue culture plate (TCP), tube method (TM), and 

Congo red agar method (CRA). 

Objectives: This study aimed to compare three methods for the detection of biofilm formation in the clinical isolates 

Staphylococcus aureus and Escherichia coli. 

Methods: A total of 60 clinical isolates of S. aureus and E. coli were subjected to biofilm detection methods by TM, CRA 

and TCP. 

Results: Out of the total 60 clinical isolates of S. aureus and E. coli, TCP method detected 33 (55%) as strong, 15 (25%) 

as moderate and 12 (20%) as weak/non-biofilm producers. The sensitivity of TM and CRA was 56.3% and 60.4%, and the 

specificity was 58.3% and 66.7% respectively. In our validation of the diagnostic biofilm production tests, the TCP method 

was superior to TM and CRA methods for biofilm detection. 

Conclusion: The study concluded that the TCP method is accurate and reliable method for the detection of biofilm 

formation in the clinical isolates S. aureus and E. coli compared to TM and CRA methods, and can be recommended as a 

general screening method for the detection of biofilm producing bacteria in clinical laboratories. 
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Introduction  

Biofilms defined as an organized bacterial 

community that characterized by cells are 

irreversibly attached to a substratum or to each 

other (1). Bacterial biofilm embedded in an 

extracellular polymeric substance (EPS) attached 

to biotic or abiotic surfaces, they have produced 

and exhibit an altered phenotype with respect to 

growth rate and gene transcription (2). Infections 

with biofilms producing by microorganisms are 

one of the greatest challenges in the modern 

medical world (3), and they are found to be 

important in different types of infections and is 

now a widely accepted bacterial mode of growth (4).  

Currently, about 80% of human infections are 

based on biofilms forming microorganisms (5). 

Bacterial biofilm formation is an important 

virulence factor expressed by various types of 

bacterial pathogens (6). Staphylococci species, E. 

coli and Pseudomonas aeruginosa are considered 

the most common etiological agents of medical 

devices infections (7). These bacteria are 

responsible for much healthcare-acquired 

infection and associated with many medical 

conditions including dental plaque, indwelling 

medical devices, upper respiratory tract infections 

and urogenital infections (8, 9, 10). 

Biofilm producing bacteria have certain 

advantages compared to planktonic bacteria that 

including; detection of quorum-sensing (QS), 

increased interspecific metabolic cooperation, 

increased tolerance to immune responses of the 

host, requiring the high concentrations of 

antibiotics and increased capability for bacterial 

conjugation (11). Biofilm producing bacteria 

provide a protective degree of homeostasis and 

constancy in an environment changing (12). 

Pathogenic bacteria producing biofilms often 

results in low sensitive antibiotics and chronic 

infections development. Therefore, bacterial 

biofilm formation is considered an important 

virulence factor (13). 

Recently, many phenotypic methods for biofilm 

detection are used. Tube method (TM) (10), Congo 

red agar (CRA) method (6), tissue culture plate 

(TCP) method (14), bioluminescent assay (15), 

piezoelectric sensors (16), and microscopical 

examination methods such as light microscope, 

scanning electron microscope (SEM), transmission 

electron microscope (TEM), and fluorescent 

microscopy (17) are the most common, as well as 

genotypic techniques such as polymerase chain 

reaction (PCR) (18). 

Biofilms formed by pathogenic bacteria are a serious 

challenge in clinical practice due to several reasons, 

among which resistance to physical eradications, 
decreased antibiotics susceptibility, high resistance 

to microbicidal agents, etc. Due to the high medical 

importance, analytical methods directed to accurate 

measurements of biofilm parameters are subjected 

to rapid development and improvement. In the 

current research, the clinical isolates of E. coli and S. 

aureus were screened by TM, CRA and TCP methods 

to determine their ability to produce biofilm. 

 

MATERIALS AND METHODS  

I. Bacterial species  

Sixty clinical isolates of E. coli and S. aureus (30 

isolates of each) were provided from the culture 

collection in the Medical Microbiology Department, 

at the National Center of Public Health Central 

Laboratories in Mukalla city, Hadhramout, Yemen 

and subjected to biofilm detection methods by TM, 

CRA, and TCP. 

II. Biofilm detection by tube method (TM) 

This qualitative method for biofilms detection was 

performed as described by Osungunna and 

Onawunmi (19). In test tubes, 10 ml of tryptone soya 

broth with 1% glucose was inoculated with a loopful 

of the tested bacteria. For 24 hours, the tubes were 

incubated at 37°C. The tubes were decanted, rinsed 

with phosphate buffer saline (pH 7.3), and dried 

after the incubation period. After that, crystal violet 

(0.1%) was used to stain the tubes, and deionized 

water was used to remove any surplus stain. The 

tubes were dried while they were upside down. 
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When a film could be seen lining the test tube's wall 

and bottom, biofilm development was thought to be 

successful. High/strong, moderate, and weak/none 

biofilm formation were rated according to their 

strength. 

III. Biofilm detection by Congo red agar (CRA) 

method 

The qualitative CRA approach was used in 

accordance with Triveni et al. (7). The studied 

bacteria were put into the CRA media plates, which 

were subsequently incubated aerobically for 24 

hours at 37 °C. On CRA media, black colonies indicate 

a positive test for a high biofilm production, grayish 

black to deep red colonies suggest a moderate 

biofilm development, and red colonies are thought 

to be weak or non-biofilm producing. 

 

IV.  Biofilm detection by tissue culture plate 

(TCP) method 

The quantitative TCP approach was used in 

accordance with Yadav et al. (14). In brief, bacterial 

isolates from freshly prepared nutritional agar were 

inoculated in 10 mL of trypticase soy broth with 1% 

glucose, cultured for 24 hours at 37 °C, and then 

diluted 1:100 with fresh medium. 0.2 ml aliquots of 

the diluted cultures were placed in each of the 96 

sterile polystyrene microtiter plates. In order to 

keep negative control wells active, broth was added 

without any culture. Following a 24-hour incubation 

period at 37°C, the wells were gently removed, 

tapped three times, and then the free-floating 

planktonic bacteria were eliminated using 0.2 mL of 

phosphate buffer saline (pH 7.3).  

 

The wells were allowed to dry for an hour before 

being stained with crystal violet (0.1% w/v) and 

having any excess stain is removed with deionized 

water. The plates were then let to dry. The 

production of quantitative biofilms was carried out 

by destaining each well with 150 l of 95% ethanol. 

Using the ELISA reader of the microtiter plate at 

wave length 630 nm, the optical density (OD) of the 

adhering biofilm was determined after 30 min. TCP 

experiment were performed in triplicate. The optical 

density cut-off value (ODc) is determined as the 

average optical density (OD) of the negative control 

plus three times the negative control's standard 

deviation (SD). The tested bacterial species were 

classified into four categories as follows; no biofilm 

producer, weak biofilm producer, moderate biofilm 

producer and strong biofilm producer, as presented 

table (1). 

 
Table 1. Categories of biofilm formation by TCP method 

 

V. Evaluation of diagnostic biofilm production 

tests 

For evaluation of diagnostic biofilm production 

tests, parameters like sensitivity, specificity, positive 

predictive value (PPV), negative predictive value 

(NPV) and accuracy of the TM and CRA methods 

were calculated and compared with the gold 

standard TCP method. 

 

RESULTS 

I.  Biofilm detection by the tube method (TM) 

For the clinical isolates S. aureus and E. coli, TM 

detected 17 (28%) as strong, 15 (25%) as moderate 

and 28 (47%) as weak/non-biofilm producers, 

figure (1). Among S. aureus isolates, 12 (20%) 

isolates were strong biofilm producers and 9 (15%) 

isolates were moderate biofilm producers. 

Weak/non-biofilm producer isolates identified as 9 

(15%). Among E. coli isolates, 5 (8.3%) isolates were 

strong biofilm producer and 6 (10%) of isolates 

were moderate biofilm producers. Weak/non-

biofilm producer bacterial isolates identified as 19 

(31.7%), table (2). 

 

 

Optical densities 

values 
Adherence Biofilm formation 

OD ≤ ODc Non No biofilm producer 

ODc < OD ≤ 2 x ODc Weak 
Weak biofilm 

producer 

2 x ODc < OD ≤ 4 x ODc Moderate 
Moderate biofilm 

producer 

4 x ODc < OD Strong 
Strong biofilm 

producer 
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   Strong producers    Moderate producers   Weak/non producers 

 

Figure 1: Biofilm production by tube method 

 

II. Biofilm detection by Congo red agar (CRA) 

method 

Among the clinical isolates E. coli and S. aureus, CRA 

method detected 33 (55%) as biofilm producers 

and 27 (45%) as non-biofilm producers, figure (2). 

Among the S. aureus isolates, 10 (16.7%) isolates 

were biofilm producers and 20 (33.3%) the isolates 

were non biofilm producers. Among E. coli isolates, 

23 (38.3%) bacterial isolates were strong biofilm 

producers and 7 (11.7%) of isolates were non-

biofilm producers, as shown in table (2). 

 

            
                  Producer                                Non-producer 

 

Figure 2. Biofilm production by Congo red agar method 

 

III. Biofilm detection by the tissue culture plate 

(TCP) method 

Of the total clinical isolates of S. aureus and E. coli, 

TCP method detected 33(55%) as strong, 15(25%) 

as moderate and 12(20%) as weak/non-biofilm 

producers, figure (3). Of S. aureus isolates, 18(30%) 

isolates were strong biofilm producers and 6(10%) 

of the isolates were moderate biofilm producers. 

Weak/non biofilm producer isolates identified as 

6(10%). Among E. coli isolates, 15(25%) isolates 

were strong biofilm producers and 9(15%) of 

isolates were moderate biofilm producers. 

Weak/non-biofilm producers isolates identified as 

6(10%), as shown in table (2). 

 
Figure 3. Detection of biofilm formation by tissue 

culture plate method 

 

Table 2. Biofilm formation of S. aureus and E. coli 

isolates by TCP, TM, and CRA methods 

 

 

 

 

 

 

 

 

 

 

IV. Evaluation of diagnostic biofilm production 

tests 

In the validation of diagnostic biofilm production 

tests when compared with the TCP method, out of 

the 60 tested isolates, the biofilm producers 

showed in 48 isolates, and 12 isolates were non-

biofilm producers according to the results of TCP. 

Twenty-seven biofilm producers and 7 non-biofilm 

producers were actually identified by the TM. The 

Bacterial isolates No. (%) S. aureus E. coli Total 

TCP 
Producer 

S 18(30.0) 15(25.0) 33(55.0) 

M 6(10.0) 9(15.0) 33(55.0) 

Non-
producer 

W/N 6(10.0) 6(10.0) 12(20.0) 

TM 
Producer 

S 12(20.0) 5(8.3) 17(28.3) 

M 9(15.0) 6(10.0) 15(25.0) 

Non-
producer 

W/N 9(15.0) 19(31.7) 28(46.7) 

CRA 
Producer 10(16.7) 23(38.3) 33(55.0) 

Non-producer 20(33.3) 7(11.7) 27(45.0) 
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CRA approach also successfully identified 8 non-

biofilm producers in addition to 29 biofilm 

producers, as shown in tables (3) and (4). 

 
Table 3. Biofilm formation of S. aureus and E. coli isolates by 

TCP, TM, and CRA methods. 

Method TCP method 

Tube 

method 

 Positive Negative Total 

Positive 27 5 32 

Negative 21 7 28 

Total  48 12 60 

 

 

Table 4. Comparison between TCP and CRA method for 

biofilm detection. 

Method TCP method 

Congo red 

agar method 

 Positive Negative Total 

Positive 29 4 33 

Negative 19 8 27 

Total  48 12 60 

 

The characteristics of TM and CRA when 

compared with TCP method for biofilm detection 

were reported as the following: sensitivity, 

specificity, PPV, NPV and accuracy of TM were 

56.3%, 58.3%, 84.4%, 25% and 56.7% 

respectively, and for CRA method, sensitivity, 

specificity, PPV, NPV and accuracy were 60.4%, 

66.7%, 87.9%, 29.6% and 61.7%, respectively as 

presented in table (5). 

 
Table 5. Assessment parameters of the tube method and 

Congo red agar method for biofilm detection using the tissue 

culture plate method as gold standard. 

Sc
re

en
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g 

m
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h
o
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Sensitivity Specificity PPV NPV Accuracy 

T
M

 

m
et

h
o

d
 

56.3% 58.3% 84.4% 25% 56.7% 

C
R

A
 

m
et

h
o

d
 

60.4% 66.7% 87.9% 29.6% 61.7% 

 

 

DISCUSSION 

The current study demonstrated superior 

detection sensitivity and specificity for biofilm 

production by S. aureus and E. coli by TCP as 

compared with TM and CRA method. Sensitivity 

and specificity of TM were 56.3% and 58.3% 

respectively in this study, and for CRA method, 

sensitivity and specificity were 60.4% and 66.7% 

respectively. Other studies recorded slightly 

better sensitivity and specificity results of 78.3% 

and 79.9% respectively (20). Other studies 

demonstrated better sensitivity 80.6% and 91.1% 

and specificity 89.68% and 100% for TM 

respectively, while CRA specificity was 93.01% 

and 100% respectively (7, 21). Similarly, CRA 

sensitivity reported as 77.7% (21), while lower 

sensitivity 33.3% and 18% were reported in other 

studies, respectively (7). The variations in these 

results reported sensitivity and specificity of TM 

and CRA can be explained by subjective errors 

during interpretation of these qualitative 

phenotypic tests, and the variations of media used 

can affect their results (22). 

 

However, we found that PPV, NPV and accuracy 

were 84.4%, 25.0% and 56.7% respectively for TM 

and 87.9%, 29.6% and 61.7% respectively for 

CRA. Other studies reported that the PPV for TM 

was 79.3% and 64.0% respectively, while for CRA, 

the PPV was 60.1% (7) and 86% (24). Another study 

showed a PPV higher than our study 100% (21). 

Also, another study revealed that NPV was 20% 

and 33.4% for TM and CRA methods (23) similar the 

present study, while other study showed higher 

NPV results than our study 90.40 % and 81.59% 

for TM and CRA methods, respectively (21). Another 

study revealed that the precision was 86.7% and 

78.82 for TM and CRA respectively (7). 

 

In this study, the TCP method was considered to 

be the gold standard phenotypic test, and it was 

the most specific test for biofilm production based 

on the available literature and the availability of 

TCP data compared with TM and CRA methods. 

Additionally, it was a simple test to carry out in the 
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lab and it provided both qualitative and 

quantitative evidence of biofilm creation. 

Additionally, an ELISA reader interprets the TCP 

data, eliminating the subjectivity associated with 

other phenotypic assays.  

Overall, our study showed that TM and CRA 

correlated with TCP method in regarding some 

results biofilm detection. This could be accredited 

to the subjective evaluate used in TM and CRA 

methods in comparison to the TCP method. 

Therefore, if we compared between three 

methods TCP, TM and CRA for biofilm production, 

this study revealed that TCP method was the 

highest biofilm production than other two 

methods, the CRA found higher in biofilm 

production than TM. In accordance, some previous 

studies showed that TCP was most reliable and 

easy method for biofilm detection as compared to 

other methods such as TM and CRA, and it can be 

used as a general screening method for detection 

of bacterial biofilm producing (20, 24, 25). Other 

studies showed that CRA is better for biofilm 

detection than TM (26, 27), while other studies 

showed otherwise (14). 

 

TM and CRA methods are qualitative and reliable 

methods used as a general screening of bacterial 

biofilm production in the laboratories (6). In 

contrast, statistical analysis the biofilm formation 

indicated that TCP method was the most sensitive 

and specific method for screening the bacterial 

biofilm production (7). The variability in biofilm 

detection methods has been observed by various 

authors, which positively reflects the different 

used protocols in many hospitals and differences 

in the geographical locations from which the 

bacterial isolates have been obtained. 

This study has several limitations; lacking of 

reference bacterial strains used as positive and 

negative controls for biofilm production, as well as 

lacking confirmation the biofilm production using 

molecular techniques because high coast in 

Yemen, and we have not studied the bacterial 

virulence factors or antibiotic resistance patterns 

associated with biofilm production. 

 

CONCLUSION 

In terms of detecting biofilm, the CRA approach 

outperformed TM and showed improved results in 

terms of sensitivity and specificity. The TCP 

approach was the best quantitative, accurate, and 

reliable phenotypic biofilm detection method 

among the three examined methods, according to 

S. aureus and E. coli. The TCP can be 

recommended as a general screening method for 

the detection of biofilm producing bacteria in the 

clinical laboratories when compared to TM and 

CRA methods. 
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