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ABSTRACT
Background: The biofilms have a major medical significance as they decrease the susceptibility to the antimicrobial agents. 
Furthermore, the proximity of cells within a biofilm can facilitate a plasmid exchange and hence enhance the spread of antimi-
crobial resistance.
Objectives: The present study intends to detect biofilm formation and  High Drug Resistance amongst the uropathogens  and 
to correlate between biofilm formation and HDRU.
Methods: This cross-sectional study was carried out over a period of two months, including 37 catheterized urinary isolate with 
symptoms of UTI. Following their identification, these isolates were checked for biofilm formation by three different phenotypic 
methods which includes tube adherence, Congo red agar method & tissue culture plate method. Antibiotic Susceptibility Test 
was  done by Kirby – Bauer Disk  Diffusion  method as per CLSI guidelines. 
Results: Out of total 37 uropathogens isolated from catheterized urine samples, 30 (81.1%) were positive in vitro for biofilm 
production  & 22 (59.5%)  isolates were HDRU. Maximum biofilm production was shown by E.coli (50%) , followed by Klebsiella 
pneumoniae (33.3%).    
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INTRODUCTION

Biofilms are a population of multilayered cells growing 
on a surface . These cells have a layer of adhesins in their 
cell walls that allow them to colonize many types of sub-
strate, and, on contact with a surface, the cells secrete 
exopolysaccharides that secure their attachment. The 
bacteria multiply to form microcolonies of cells that sub-
sequently spread over the surface, forming populations 
embedded in a gel-like polysaccharide matrix. It was 
found that the major pathogenic factor is the ability to 
form biofilm on polymeric surfaces to which it adheres 
and colonizes artificial materials 1. 

The biofilms play  major role in decreasing the suscep-
tibility to the antimicrobial agents; as the proximity of 
cells within a biofilm can facilitate a plasmid exchange 
and hence enhance the spread of antimicrobial resist-
ance.2 Microorganisms that are apparently fully sensitive 
to antibiotics and antiseptics in conventional  laboratory 
testing methods become fully resistant in the biofilm 
mode in vivo3.

Microbial biofilms are considered as the major problem 
in catheterized patients because they cause chronic in-
fections which are difficult to treat, lead to longer hospi-
talization time, and can result in much higher treatment 
costs 4. Urinary tract infections in catheterized patients 
can occur in several ways. Organisms that colonize the 
periurethral skin can migrate into the bladder through 
the mucoid film that forms between the epithelial surface 
of the urethra and the catheter. In addition, contamina-
tion of the urine in the drainage bag can allow organisms 
to access the bladder through the drainage tube and the 
catheter lumen.5,6

Importance of correlation between biofilm  produc-
tion and Highly Drug Resistant Uropathogens ( HDRU) 
makes the therapeutic options very limited, have large 
impact on the empirical therapy to newer and more po-
tent antimicrobials. Urinary Gram Negative Rods (GNRs) 
that  are resistant to third generation Cephalosporins , 
Ciprofloxacin and Gentamicin/ Amikacin  are defined as 
highly drug resistant uropathogens (HDRU) 7. 
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Keeping this in view the present study was conducted 
with following objectives;

OBJECTIVES 

1. To detect  biofilm formation  by the tube adherence 
method(TA)8,9, Congo Red agar method (CRA)10,11 

and Tissue culture plate method( TCP)12.
2. To correlate biofilm formation with development 

of high drug resistance amongst the uropathogens 
(HDRU).

MATERIAL & METHODS

The study was conducted in a period of 2 months dura-
tion in the department of Microbiology, a tertiary care 
rural hospital in Central India. 

A total of 37 bacterial isolates obtained from catheter-
ized urine samples of catheter associated urinary tract 
infection (CAUTI) were included in the study. Urine sam-
ples were collected from indoor patients  with a urinary 
catheter for at least 2 days suffering from symptoms of 
UTI like fever> 380 C, urgency, frequency, dysuria  or 
suprapubic tenderness. Samples were collected under all 
aseptic precaution with sterile syringe  from the distal 
end of urinary catheter into a sterile container and trans-
ported immediately to the laboratory.

The urine samples were inoculated with the help of ster-
ile inoculating calibrated standard loop of 4mm inside 
diameter onto Blood Agar, MacConkey’s agar and the 
Cystine Lactose Electrolyte Deficient (CLED) medium  to 
determine the Colony Forming Units (CFU)..

All  Isolates were identified by standard microbiological 
procedures13.  Reference strain of positive biofilm pro-
ducer Staphylococcus epidermidis ATCC 35984, Staphy-
lococcus aureus ATCC 25923 (non-slime producer) were 
used as a control.

Biofilm detection: 
The detection of the biofilms was done by the tube adher-
ence method(TA)8,9,Congo Red agar method (CRA)10,11 
and Tissue culture plate method( TCP)12. Urine samples 
were collected from indoor patients with urinary cath-
eters since 48 hours and symptoms of UTI.         

TA8,9: 
The investigation of the biofilm production was done on 
the basis of the adherence of the biofilms to borosilicate 
test tubes, as was done by Christensen et al. (1982)8 
Suspensions of the tested strains were incubated in 
glass tubes which contained Brain Heart Infusion Broth 
(broth) aerobically at a temperature of 35°C for a period 

of 2 days. Then, the supernatants were discarded and the 
glass tubes were stained with a 0.1% Safranin solution, 
washed with distilled water 3 times and dried. A posi-
tive result was interpreted as the presence of a layer of a 
stained material which adhered to the inner wall of the 
tubes. The exclusive observation of a stained ring at the 
liquid-air interface was considered as negative9 [Fig-1].

CRA10,11: 
The suspensions of the tested strains were inoculated 
into tubes which contained a specially prepared solid 
medium- Brain Heart Infusion broth (BHI) which was 
supplemented with 5% sucrose and Congo Red. The 
medium was composed of BHI (37 gms/L), sucrose (50 
gms/L), agar no.1 (10 gms/L) and the Congo Red stain 
(0.8 gms/L). The plates were inoculated and incubated 
aerobically for 24-48 hours at 37°C.

A positive result was indicated by black colonies with a 
dry crystalline consistency [Fig-2]. A darkening of the 
colonies, with the absence of a dry crystalline colonial 
morphology, indicated an indeterminate result11. The ex-
periment was performed in triplicate and it was repeated 
3 times.

TCP 12,14: 
All isolates were screened for their ability to form bio-
film by the TCP method as described by Christensen et 
al. 12 with a modification in duration of incubation which 
was extended to 24 hours, according to O’Toole and 
Kolter 14. Isolates from fresh agar plates were inoculated 
in trypticase soy broth with 1% glucose and incubated 
for 24 hours at 37oC in stationary condition and diluted 
(1 in 100) with fresh medium. Individual wells of ster-
ile, polystyrene, flat-bottom tissue culture plates were 
filled with 0.2 ml aliquots of the diluted cultures, and 
only broth served as control to check for the sterility and 
non-specific binding of media.  The tissue culture plates 
were incubated for 24 hours at 37°C. After incubation, 
the content of each well was gently removed by tapping 
the plates. The wells were washed four times with 0.2 ml 
of phosphate buffer saline (PBS pH 7.2) to remove free-
floating planktonic bacteria; then 25 µl of 1% solution 
of crystal violet was added to each well (this dye stains 
the cells but not the polystyrene) plates. The plates were 
incubated at room temperature for 15 minutes, rinsed 
thoroughly and repeatedly with water.

 Adherent cells were uniformly stained with crystal vio-
let which was solubilized in 200 µl of 95 % ethanol ; 
of which 125 µl were transferred to a new polystyrene 
microtiter dish, which was then read15. Optical densities 
(OD) of stained adherent bacteria were determined with 
a micro ELISA auto reader (model 680, Bio rad), and the 
wavelength of values was considered as an index of bac-
teria adhering to surface and forming biofilms. Experi-
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ments for each strain were performed in triplicate and 
repeated three times. The OD of each well was measured 
at 578 nm using ELISA reader. Biofilm production is con-
sidered high, moderate, or weak (OD570 nm)15.

RESULTS

Amongst the 37 bacterial isolates from the CAUTI,  E.coli 
were found to be 51.4% followed by Klebsiella pneumoni-
ae 29.7% , A. baumanii 8.1% ,CONS 5.4% , Pseudomonas 
aeruginosa and E. faecalis 2.7%  each (Table 1).

In the present study,  30 (81%) isolates were in vitro pos-
itive for the biofilm production and 7 (19%) were nega-
tive for biofilm production. Maximum biofilm production 
was shown by E.coli (50%) , followed by Klebsiella pneu-
moniae (33.3%) (Table 2).

The results for  biofilm production with CRA was 70.3% 
followed  by TA 59.5% and by TCP 81%. There was com-
plete agreement for biofilm production  in 54%  isolates 
by all the three methods. In this study, out of 37 isolates, 
26 (70.3%) were slime producers developing almost 
black or very black colonies on CRA plate as presented 
in Figure 1 and the remaining 11 were non-producers 
developing red colonies. 22 strains (59.5%) revealed in 
vitro biofilm formation by TA method. (Table3)

In our study,  biofilm formation and HDRU were  mostly 
isolated from medicine Intensive  Care Unit & Paediat-
rics Intensive care unit (MICU and PICU). (Table 4). We 
have observed higher drug resistance uropathogens in 
highest number (32%) in patients who were catheter-
ized for acute retention of urine associated with Benign 
Prostatic hypertrophy(BPH) followed by post-operative 
catheterization(28%). Most of the biofilm formation was 
observed in those who were catheterized post-operative-
ly (40%) in cases of  DUB, Ca Cervix, Prolapse uterus, 
fibroid uterus, post-partam eclampsia. 

Statistical Analysis of TCP, TM and CRA meth-
ods:
Considering TCP method as a gold standard for this 
study  sensitivity data was compared with the data from 
tube method and CRA method. Parameters like sensitiv-
ity, specificity, negative predictive value and positive pre-
dictive value were calculated. Sensitivity & specificity of 
TM was found to be 70% and 85.7% respectively while 
that of CRA was 80% and 71.4%.

DISCUSSION

Bacteria have a basic survival strategy  to colonize sur-
face and grows as biofilm communities embedded in 
gel like polysaccharide matrix. The catheterized urinary 

tract provides ideal conditions for the development of 
enormous biofilm population and induces problems in 
patient’s management. Clinical prevention strategies are 
needed, as bacteria growing in the biofilm mode are re-
sistant to antibiotics.CAUTI is the most common noso-
comial infection in hospitals and comprising >40% of 
all institutionally acquired infections9. The correlation 
between  biofilm formation & CAUTI is that a foreign 
body, such as an indwelling urethral catheter, connects a 
normally sterile  hydrated body site to the outside world 
which inevitably become colonized with microorgan-
isms.

In our study, out of  37 isolates, E.coli was found to be the 
most frequently isolated uropathogen 51.4% , followed 
by Klebsiella pneumoniae 29.7%, Acinetobacter bauma-
nii 8.1%, Coagulase Negative Staphylococcus  5.4% and 
Enterococcus fecalis and Pseudomonas aeruginosa 2.7% 
each. Pramodini et al9 in her study found  E.coli (70%) 
remains the predominant uropathogen isolated from CA-
UTI. Hassin et al16 also reported predominant uropatho-
gen from catheterized urine as E.coli (74%)  followed 
by Klebsiella spp. (17.7%) and Pseudomonas spp. (2.5%). 

The current study reveals 81.1% of strains were in vit-
ro positive for biofilm production. Reid et al17 reported 
73% biofilm production by uropathogens from UTI. Sig-
nificant production of biofilm was seen in E.coli (50%) 
followed by, Klebsiella pneumoniae (33.3%) which is 
similar to Pramodini et al9 (63%) and Sharma et al18 
(70.3%). Amongst  30 biofilm producing isolates,  20 
(66.7%) isolates were biofilm producer by all the three 
methods and 21 (70%) isolates were biofilm producers 
by TA, 24(80%) by CRA and 30(100%) by TCP. 

Antimicrobial resistance is an innate feature of bacterial 
biofilms that may further complicate patient treatment.

We also studied the antibiotic susceptibility pattern of  all 
uropathogens and correlated that with biofilm produc-
tion. In this study, 22 (59.5%) isolates were HDRU while 
15(40.5%) were non-HDRU.  Similar to biofilm produc-
tion, maximum HDRU were E.coli 11(50%)  followed by 
Klebsiella pneumonia 8( 36.7%). 

Out of 30 biofilm producing isolates 20(66.6%) were 
Highly Drug Resistance Uropathogens. Amongst 22 
HDRU, 20 (90%) were biofilm producers. Sanchez et al19 
also observed that strains capable of forming biofilms 
were more frequently observed to be an MDR phenotype. 
Significant bacteriuria was present in all symptomatic 
catheterized patients and E.coli was the most common 
uropathogen.

CONCLUSION

It has been shown that there is significant association 
between biofilm production and Highly Drug Resistant 
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Uropathogens. Tissue culture plate method is the gold 
standard for detection of biofilm formation. Proper man-
agement of patients and implementation of standard 
guidelines for care of catheters to prevent the device as-
sociated nosocomial infections.   The future goal is to 
identify molecular targets of biofilm bacteria as well as 
the urinary components that are involved in biofilm for-
mation. An ideal surface device to resist protein has to 
be developed. Bacterial adhesion and the interaction be-
tween the biomaterial surface and urine also need to be 
defined.

Figure 1: TA, CRA & TCP for biofilm detection.

Figure 2: % Distribution of biofilm detection by different meth-
ods

Table 1: % organisms distribution from urine samples

Bacterial  organisms (n = 37) Number % of Isolation 

E.Coli  19 51.4 

Klebsiella pneumoniae 11 29.7 

Acinetobacter baumanii 3 8.1 

Pseudomonas aeruginosa 1 2.7 

CONS 2 5.4 

Enterococcus faecalis 1 2.7 

Table 2: Distribution of Biofilm forming Uropatho-
gens 

Uropathogens Biofilm 
produc-
ing

Non-
biofilm  
produc-
ing

HDRU NON – 
HDRU

Total

E.Coli (n = 19) 15 4 11 8 19

Klebsiella 
pneumoniae (n 
= 11) 

10 1 8 3 11

Acinetobacter 
baumanii (n 
= 3) 

1 2 1 2 3

Pseudomonas 
aeruginosa ( n 
= 1) 

1 0 1 0 1

CONS (n = 2) 2 0 1 1 2

Enterococcus 
fecalis (n=1) 

1 0 0 1 1

Total 30 7 22 15 37

Table 3: % Distribution of biofilm detection by differ-
ent methods

Total no. of 
Uropatho-
gens 
Studied

Biofilm detection methods

Congo 
red agar 
method

Tube adher-
ence 

Tissue 
culture plate 

method 

No. % No. % No. % 

  37 26 70.3 22 59.5 30 81 

Table 4: Isolation of uropathogens from different 
clinical specialities( n= 37)

Clinical Speciality Uropathogens (n=37) 

Biofilm producers HDRU 

Surgery (n=11) 63.6 72.7

Gynaecology(n=11) 90.9 45.5

Obstetric (n=8)  87.5 37.5

Medicine (n=4) 75 75

MICU (n=3) 100 100

PICU (n=1) 100 100
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