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Introduction  

Biofilms are an assembly of microbial cells 
formed by bacterial species that are 
irreversibly associated with a surface and 
enclosed in a matrix of polysaccharide and 
protein material (Prakash B et al, 2003, 
Donlan RM, 2002).This confers a number of 
advantages such as protection from 
antimicrobial agents, exchange of nutrients 
and exchange of genetic material (Kokare 
CR et al, 2009, Harrison J et al, 2005).            

Biofilms are responsible for nosocomial 
infections and chronic infections (Hall-
Stoodley L et al, 2009, Shirtliff M et al, 
2009). Biofilms may form on anatomical 
structures of the genitourinary tract and 
cause chronic urinary tract infection.  

Studies carried out so far deal with either 
biofilm formation only in cases of CAUTI 
or biofilm formation by a particular 
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Biofilms are surface associated bacterial communities surrounded by a matrix of 
exo-polymers. Biofilms contribute to the development of chronic urinary 
infections, refractory to antibiotic therapy. The study was conducted to analyze the 
prevalence of biofilm formation in mid-stream urine specimens using in vitro 
phenotypic detection methods and comparing these methods to choose a sensitive 
method with good reproducibility that can be employed in routine microbiology 
laboratory.  A total of 137 aseptically collected, mid-stream urine specimens were 
analyzed. Semi-quantitative bacterial culture was performed and isolates were 
identified by standard biochemical tests. Biofilm formation was detected by Congo 
Red Agar Method (CRA), Tube Method (TM) and Tissue Culture Plate Method 
(TCPM). Out of 137, 37 (27%) showed biofilm formation. Maximum biofilm 
production was seen in Enterococcus spp. (71%) followed by Escherichia coli 
(27%). CRA detected biofilm production in 40.88%, TM in 37.96% and TCPM in 
27% isolates. CRA and TM compared to TCPM demonstrated a sensitivity of 
94.59% and specificity of 81% and 83% respectively. Detection of biofilms can be 
recommended for recurrent and recalcitrant infections before institution of 
empirical antibiotics. TCPM is a method with good reproducibility and specificity 
which can be used for detection of biofilms in resource limited settings. 
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organism using one phenotypic method 
(Soto SM et al, 2000, Seno Y et al, 2005, 
Stickler DJ, 2008, Abdallah NMA et al, 
2011). This study was undertaken to study 
the prevalence of biofilms in mid-stream 
urine specimens and choose the most 
suitable screening method, which is 
sensitive, easy to perform and can be 
routinely employed.    

Materials and Methods  

Sample collection  

A total of 137 mid-stream, clean catch urine 
samples from patients presenting with 
complaints of urinary tract infection were 
used for detection of biofilm forming 
bacteria.   

Microbiological processing  

Presence of a single bacterium per oil 
immersion field in Gram smear of un-
centrifuged urine or >5 WBCs per high 
power field of centrifuged urine was taken 
as an indication of urinary tract infection. 
Presence or absence of symptoms such as 
dysuria, frequency, incontinence, abdominal 
pain and suprapubic tenderness was also 
noted.  

Urine colony count was done semi-
quantitatively and a count of >105 CFU/ml 
was considered significant (Isenberg HD et 
al, 2010). All urine specimens showing 
significant bacterial growth on culture were 
included in the study. The pathogens were 
identified using routine biochemical tests.  

Detection of biofilm production  

Three methods were carried out for 
detection of biofilm production- Congo Red 
Agar Method (CRA), Tube Method (TM) 
and Tissue culture plate method (TCPM). 

Staphylococcus epidermidis ATCC 31484 & 
Staphylococcus epidermidis ATCC 12228 
were used as standard positive and negative 
control strains respectively for biofilm 
production.  

Congo Red Agar Method- Congo Red 
Agar (CRA) method is a simple, qualitative 
screening method to detect biofilm 
production. The medium used consisted of 
brain heart infusion broth (BHI) (37 g/l) 
supplemented with sucrose (50 g/l), agar No 
1 (10g/l) and Congo red (0.8 g/l). First 
Congo Red stain was prepared as a 
concentrated aqueous solution and 
autoclaved (121ºC for 15 minutes) 
separately from the other medium 
constituents. Then it was added to the 
autoclaved brain heart infusion agar with 
sucrose at 55ºC. CRA plates were inoculated 
with the test organisms and incubated at 
37°C for 24 hours aerobically. Interpretation 
was done using the following colour scale. 
(Fig. 1and 2).  

Tube Method - A loopful of test organisms 
from overnight culture plates were 
inoculated in borosilicate glass tubes 
containing 10ml of Trypticase soy broth 
with 1% glucose. The tubes were then 
incubated at 37°C for 24 hours aerobically. 
After incubation, the tubes were decanted 
and washed with phosphate buffer saline at 
pH 7.3 and dried. Tubes were then stained 
with crystal violet (0.1%) for 15 minutes. 
The stain was decanted and the tubes were 
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Black, dry, 
crystalline colonies 
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producer 
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producer 

Darkening of 
colonies without 
dry, crystalline 
morphology 

Indeterminate 
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washed with de-ionised water and dried in 
inverted position.  

Biofilm formation was considered positive 
when a visible film lined the walls and the 
bottom of the tube (Fig. 3). Formation of a 
stained layer at the air-liquid interface was 
considered negative for biofilm formation. 
The amount of biofilm formed was scored 
as:  

Score Interpretation 
1 Weak/none biofilm 

production 
2 Moderate biofilm 

production 
3 High/strong biofilm 

production 

 

Tissue Culture Plate Method - A loopful 
of isolated test organisms from overnight 
cultures were inoculated in 10ml of 
Trypticase soy broth with 1% glucose and 
incubated at 37°C for 24 hours. Individual 
wells of sterile 96 well-flat bottom 
polystyrene tissue culture treated plate 
(Sigma-Aldrich Co. LLC, USA) were filled 
with 200ul of the bacterial suspension 
corresponding to 0.5 McFarland after further 
dilution of 1:100 with fresh medium along 
with control organisms. Only broth served 
as a control to check sterility and non-
specific binding of media.  The plates were 
inoculated at 37°C for 24 hours. After 
incubation, contents of each well were 
removed by gentle tapping and wells were 
washed three times with 300 µl of sterile 
saline. The remaining attached bacteria were 
heat-fixed by exposing them to hot air at 
60°C for 60 min. Then150 µl crystal violet 
(2%) stain was added to each well. After 15 
min, the excess stain was rinsed off by 
decantation, and the plate was washed. 150 
µl 95% ethanol was added to each well, and 
after 30 min, the optical densities (OD) of 
stained adherent bacterial films were read 

using a microtitre plate reader at 600nm. 
The OD values were calculated for all tested 
strains and negative controls, the cut-off 
value (ODc) was established. It is defined as 
a three standard deviations (SD) above the 
mean OD of the negative control: 
ODc=average OD of negative control + 
(3×SD of negative control). Final OD value 
of a tested strain was expressed as average 
OD value of the strain reduced by ODc 
value (OD= average OD of a strain -ODc); 
ODc value was calculated for each 
microtiter plate separately. When a negative 
value was obtained, it was presented as zero, 
while any positive value indicated biofilm 
production (Fig. 4). For easier interpretation 
of the results, strains were divided into the 
following categories:   

1. Non biofilm producer (0) OD ODc 
2. Weak biofilm producer (+ or 1) = 
ODc<OD 2×ODc,  
3. Moderate biofilm producer (++ or 2) = 
2×ODc <OD 4×ODc  
4. Strong biofilm producer (+++or 3), 
4×ODc <OD   

Results and Discussion  

The comparative statistical analysis for all 
methods was done by using 2x2 tables 
where applicable. Parameters like sensitivity 
and specificity were determined from these 
tables.   

A total of 137 mid-stream urine specimens 
from patients admitted with UTI were 
analyzed. Gram negative organisms were 
isolated from 121(88.3%) specimens and 
Gram positive growth was seen in 
16(11.7%) specimens. Escherichia coli was 
the commonest organism isolated (51.1%) 
followed by Klebsiella pneumoniae (13.1%). 
Among Gram positive organisms, 
Enterococcus faecalis was the predominant 
isolate (10.2%) (Table 1). 
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Out of 137, 37(27%) isolates showed 
biofilm formation by the gold standard 
tissue culture plate method. Maximum 
biofilm production was shown by 
Enterococcus faecalis (71%). Escherichia 
coli showed biofilm formation in 27% 
isolates followed by 16.7% in Klebsiella 
pneumoniae and Enterobacter spp. (Table 
2).  

Congo Red agar (CRA) detected biofilm 
formation in 40.88% isolates, Tube Method 
(TM) in 37.96% and Tissue Culture Plate 
Method (TCPM) in 27%. Twelve isolates 
were detected as biofilm producers only by 
CRA while seven such isolates were 
detected only by TM (Table 3).  

When compared with TCPM, which is 
considered the gold standard phenotypic test 
for detection of biofilm formation in the 
present study, both CRA and TM 
demonstrated a sensitivity of 94.59%.  TM 
showed higher specificity of 83% as 
compared to 81% shown by CRA on 
comparison with TCPM (Table 4).  

Biofilms pose a serious problem for public 
health because of increased resistance of 
biofilm associated organisms to anti-
microbial agents and the potential of these 
organisms to cause infections in patients 
with in-dwelling medical devices (Mulla SA 
et al, 2011). Bacteria in a biofilm survive 
antimicrobial agents at concentrations 1000-
1500 times higher than those needed to 
eradicate their planktonic counterparts 
(Tenke P et al, 2004). Many bloodstream 
infections and urinary tract infections are 
associated with biofilm formation (Hola V et 
al, 2011). Despite good aseptic precautions, 
around 50% of catheterized patients develop 
bacteriuria in the first 10-14 days of 
catheterization (Noor AF et al, 2013).  

Of the 137 specimens analyzed, Gram 

negative organisms were the predominant 
isolates accounting for 88.3% of the total 
growth. Escherichia coli was isolated from 
more than half the urine specimens (51.1%) 
followed by Klebsiella pneumoniae (13.1%) 
and Enterococcus faecalis (10.2%) (Table 
1). This is in accordance with the studies 
published in Bangladesh by Noor et al 
(2013) and Behzadi P et al (2010). Indian 
studies conducted by Subramanian P et al 
(2012) and Jain et al (2011) also showed 
Escherichia coli and Klebsiella pneumoniae  
as the predominant uro-pathogens. Both 
Noor et al (2013) and Jain et al (2011) also 
showed Enterococcus spp. to be the 
commonest Gram positive organism isolated 
in their studies (6% and 5.86% respectively) 
similar to the present study (10%).  

The maximum biofilm production was seen 
in Enterococcus faecalis where 10 out of the 
14 isolates (71.4%) showed biofilm 
production (Table 2). This number is 
slightly greater than that reported by 
Praharaj et al. (2013) who found 53% of 
Enterococcus spp. isolates to be biofilm 
producers. In the present study, 27.1% 
isolates of Escherichia coli showed biofilm 
production. Klebsiella pneumoniae and 
Pseudomonas aeruginosa showed biofilm 
formation in 16.7% and 9.1% isolates 
respectively. This number is significantly 
lower than that reported by Subramanian et 
al. (2012a,b) (60%, 70%, and 70%). This is 
probably because in the present study, the 
samples analyzed were mid-stream urine 
specimens. In contrast, both studies 
conducted by Subramanian et al used only 
catheterized urine specimens for analysis. 
One isolate each of Methicillin sensitive 
Staphylococcus aureus and Morganella 
morganii found in the study showed biofilm 
production. No urinary isolate of 
Acinetobacter spp.,  Proteus mirabilis and 
Klebsiella oxytoca showed biofilm 
formation.  
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Table.1 Spectrum of organisms isolated  

Organism Isolates Percent 
Escherichia coli 70 51.1% 
Klebsiella pneumoniae 18 13.1% 
Enterococcus faecalis 14 10.2% 
Enterobacter spp. 12 08.8% 
Pseudomonas aeruginosa 11 08.1% 
Acinetobacter spp. 05 03.6% 
Proteus mirabilis 03 02.2% 
Methicillin sensitive Staphylococcus aureus 
(MSSA) 

02 1.5% 

Morganella  morganii 01 0.7% 
Klebsiella  oxytoca 01 0.7% 
Total 137 100% 

  

Table.2 Organism wise distribution of biofilm production  

Organism Total 
Isolates 

Biofilm 
producers 

Percent 

Escherichia coli 70 19 27.1% 
Klebsiella pneumoniae 18 03 16.7% 
Enterococcus faecalis 14 10 71.4% 
Enterobacter spp. 12 02 16.7% 
Pseudomonas aeruginosa 11 01 09.1% 
Acinetobacter spp. 05 00 - 
Proteus mirabilis 03 00 - 
Methicillin sensitive Staphylococcus aureus 
(MSSA) 

02 01 50% 

Morganella morganii 01 01 100% 
Klebsiella oxytoca 01 00 - 
Total 137 37 

 

Table.3 Detection of biofilm production by different phenotypic methods  

Method Biofilm producers Percent 
Congo red agar 56 40.88% 
Tube method 52 37.96% 
Tissue culture plate method 37 27% 

 

Only Congo Red agar positive 12 
Only Tube method positive 07 
Only Tissue culture plate method positive Nil 
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Table.4 Comparison of Congo Red agar method (CRA) & Tube Method (TM) with Tissue 

Culture Plate Method (TCPM)  

TCPM CRA 
Positive Negative 

Total 

Positive 35 21 56 
Negative  02 81 81 
Total 37 100 137 

 

TCPM TM 
Positive Negative 

Total 

Positive 35 17 52 
Negative  02 83 85 
Total 37 100 137 

 

Figure.1 Congo Red agar plate showing black, dry, crystalline biofilm producing colonies of 
Enterococcus faecalis 

 

Figure.2 Congo Red agar plate showing pink, moist, non-biofilm producing colonies of 
Klebsiella pneumoniae 
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Figure.3 Borosilicate glass tubes showing biofilm formation  

   

Figure.4 Tissue culture plate showing biofilm formation  
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Congo Red Agar (CRA), Tube method (TM) 
and Tissue Culture Plate method (TCPM) 
were selected because of their ease of 
performance in routine laboratory settings. 
137 clinical isolates from urine were tested 
for their ability to form biofilms using these 
three in vitro methods. Congo Red agar 
method detected biofilm formation in 56 
(40.88%) isolates, Tube method in 52 
(37.96%) isolates and Tissue Culture Plate 
method in 37 (27%) of the urinary isolates 
(Table 3). This pattern of biofilm detection 
is similar to the one demonstrated by 
Turkyilmaz S et al (2006) who detected 
biofilm formation in 61.1% samples by 
Congo Red agar method, 55.5% by Tube 
method and 50.5% by Tissue culture plate 
method in isolates of Staphylococcus 
aureus.  

Twelve isolates were detected as biofilm 
producers by Congo Red agar method but 
not by Tube method or Tissue Culture Plate 
method (Table 3). This observation is 
similar to the one made by Subramanian P et 
al (2012) who showed that the Congo Red 
method was a more rapid and more sensitive 
method than the other phenotypic methods 
like the Tube method. Moreover, the 
subjective errors during reporting are seen 
more with Tube method as compared to 
Congo Red agar method. The Tube method 
showed seven isolates as being biofilm 
producers which were not detected by either 
Congo Red agar method or Tissue Culture 
plate method (Table 3). This can be 
explained by the use of the three colour 
scale of Freeman et al. (1989) in this study 
instead of the four colour scale developed by 
Satorres et al. (2007). Therefore, a few 
biofilm producers may have been missed. 
Subramanian et al. (2012) also missed two 
isolates by Congo Red agar method which 
were detected by Tube method. The Congo 
Red agar method is rapid, sensitive and 
reproducible and has the advantage that 
colonies remain viable on the medium. It is 

also not subject to inter-batch variation of 
media and observer subjectivity which 
sometimes affects the reproducibility of the 
Tube method (Freeman et al 1989). 
However, TCPM was the most specific test 
for detection of biofilm formation in the 
present study. The test is easy to perform 
and assesses biofilm forming capacity of an 
isolate both qualitatively and quantitatively. 
Subjective error is overcome in this method 
because the reading of biofilm formation is 
done using an ELISA reader.  

Out of a total of 137 urinary isolates which 
were tested for biofilm production, 37 (27%) 
were detected by TCPM. CRA detected 35 
of the 37 biofilm producers thus 
demonstrating a sensitivity of 94.59% and a 
specificity of 81% (Table 4). Studies 
conducted in India by Praharaj et al. (2013) 
and Golia et al. (2011) demonstrated similar 
findings with specificity around 80%. TM 
detected 35 out of 37 biofilm producers 
detected by TCPM (gold standard test for 
the present study) demonstrating a 
sensitivity of 94.59% and a specificity of 
83%. Similar findings have been reported in 
other studies conducted by Golia et al. 
(2011), Praharaj et al. (2013) and Hassan et 
al. (2011). (Sensitivity= 61% to 100%, 
Specificity= 66% to 100%).  

In another study conducted by Abdallah et 
al (2011), it was found that the highest 
percent of biofilm formation was detected in 
CoNS (57.1%) isolates followed by 
Pseudomonas (50.0%), Klebsiella spp. 
(44.4%), Staphylococcus spp. (42.9%), E. 
coli (31.6%) and Enterococci (28.6%) while 
least biofilm forming was Proteus (16.7%) 
and Enterobacter (0.0%). This study 
compared biofilm formation in mid-stream 
and catheterized urinary specimens. Hence, 
the biofilm production pattern could be 
vastly different from the present study where 
only mid-stream specimens have been 
analyzed.  
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To conclude, biofilms are a major cause of 
recurrent and recalcitrant urinary tract 
infection (UTI), leading to increased 
morbidity in the patient, increased duration 
of hospital stay and increased economic 
burden and drain on resources. 
Uncomplicated UTI has rarely been studied 
for biofilm formation over the entire 
spectrum of uro-pathogens. The role of 
biofilms in conversion of uncomplicated 
UTI to chronic UTI due to partial clearance 
of the infection needs to be studied in 
greater detail. Of the three phenotypic 
methods used to detect biofilm formation, 
Tissue culture plate method (TCPM) is a 
method with good reproducibility and good 
specificity. This method can be used 
routinely in the microbiology laboratory to 
detect biofilm formation.  
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