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                INTRODUCTION

Biofilms are a cluster of bacterial cells enclosed with extra polymeric substances and irreversibly attached onto a surface and generally enclosed in a polysaccharide matrix. When the microbial organisms attached to surfaces, they produce a thick and sticky mucous like substances for anchorage. The mucus like secretions help microorganisms to permanently attach to the surface. If a person infected with biofilm producing bacteria, the thick mucus act as a protective layer on the outside of the bacterial cells and protects them from host immune responses and antibiotics (Sayal et al., 2014). Biofilms have a major impact on public health as biofilm-associated bacteria are able to survive and populate in indwelling medical devices, especially in urinary catheters, causing severe nosocomial and recurrent infections. Since the biofilm bacteria are highly resistant to antibiotics, there are considerable drawbacks in the treatments of patients with catheter infection (Alves et al., 2014; Bardoloi and Yogeesha Babu, 2017).  Therefore, objective of this preliminary investigation focuses on the identification of a few selected bacterial isolates which are capable of producing biofilm.

                METHODOLOGY

                Sample Collection

Ethical approval was obtained for the sample collection from the National Hospital of Sri Lanka. Thirteen indwelling urinary catheters were randomly collected from the National Hospital of Sri Lanka and New Delmon Hospital for the preliminary investigations. The urinary catheters were collected irrespective to the factors such as age, gender, disease condition of patients and treatments and grouped as follows;

1. Urinary Catheters collected as Short term   -
 ≤ 7Days
2. Urinary Catheters collected as Mid-term    -
7 to ≤ 28Days
3. Urinary Catheters collected as Long term   -
> 28 Days
                Isolation of Bacteria from Indwelling Urinary Catheters

Each urinary catheter was sectioned into small parts and each part was suspended into Ringer’s solution separately. Biofilm was removed from the catheter parts by continuous shaking and vortexing (Tiwari and Ghnawate, 2017). Finally, the extracted inoculums of each part of the catheter was mixed together to prepare a composite sample. The inoculum taken from the prepared composite sample was cultured in Nutrient agar medium using Serial Dilution technique using Ringer’s solution as the diluent. The cultured plates were incubated at 37 0C for 24 hours.

Detection of Biofilm Production of Bacterial Isolates

Four colonies were randomly selected based on the differences in the morphological appearance of bacterial colonies extracted from short term, mid-term and long term catheters. The isolated colonies were tested in triplicates for the biofilm production by using the Tube Method and the Congo Red Agar Method and further quantified by the Tissue Culture Plate Method. 

Tube Method (TM)

Isolated colonies were inoculated in trypticase soy broth in test tubes. After incubation, tubes were stained with crystal violet and dried in the inverted position for biofilm detection. Biofilm production was considered positive when a visible film lined the wall and the bottom of the tube. The amount of biofilm formed was scored as 1-weak/none, 2-moderate and 3 - high/strong (Hassan et al., 2011) comparing with the biofilm producing and non-biofilm bacterial reference strains.

Congo Red Agar (CRA) Method

CRA medium was prepared and the plates were inoculated with isolated colonies. After incubation, black colonies in the CRA plates were detected as positive for the biofilm production and colonies retained pink as non-biofilm producers (Hassan et al., 2011).

Tissue Culture Plate (TCP) Method

Isolated colonies were inoculated into Trypticase Soy broth and incubated at 370 C for 24 hrs. Individual wells of 96 well tissue culture plates were filled with overnight cultures. Wells with bacterial inoculum were incubated at 370 C for 24 hrs. Biofilm colonies adherent to the wells were stained by crystal violet. Optical Density (OD) of stained adherent biofilm was measured by using micro ELISA  auto reader at wavelength 490 nm. The OD values were considered as an index of bacteria adhering to surface and producing biofilm. The interpretation of the results of biofilm production was done according to the criteria given by Hassan et al., 2011. 

Optical Density Cut-off (ODc) value was calculated. The OD of the sample higher than the ODc value was considered as positive for biofilm production.

Optical Density cut-off value (ODc) = Average OD of negative control + 3x Standard Deviation (SD) of negative control (Hassan et al., 2011.)
	Reference Range
	Biofilm Production

	≤ ODc / ODc < ~ ≤ 2x ODc
	Non/weak

	2x ODc < ~ ≤ 4x ODc
	Moderate

	> 4x ODc
	Strong


                Identification of Biofilm Isolates

After screening for biofilm production, all the biofilm producing colonies selected randomly were investigated by using Gram’s staining and other biochemical tests such as Catalase test, Oxidase test, etc. Both Indole test and Eosin Methylene Blue agar test were performed to confirm E. coli (Bergey et al., 1994, Paramesh et al., 2018) and Staphylococcus aureus was confirmed by performing Coagulase test and Mannitol Salt agar (MSA) test (Bergey et al., 1994, Khattak et al., 2015).
RESULTS AND DISCUSSION

Table 1:    Biofilm Production and Identified Bacteria from Short and Mid-term Catheters 
	Category
	No.
	No. of

Days
	Biofilm Detection*
	Identified Bacteria

	
	
	
	Tube Method


	 Congo Red Agar


	Tissue Culture

Plate
	

	Short Term Catheter
	1
	2
	                No bacteria identified

	
	2
	2
	

	
	3
	2
	Negative
	Negative
	Negative

(0.031)


	Escherichia coli

	
	4
	5
	Negative
	Negative
	Negative

(0.020)


	Escherichia coli

	
	5
	5
	Negative
	Negative
	Negative

(0.033)


	Escherichia coli

	
	6
	6
	Negative
	Negative
	Negative

(0.024)
	Escherichia coli

	
	7
	7
	Negative
	Negative
	 Negative

  (0.024)
	Escherichia coli

	
	8
	7
	  Positive

Weak (+)
	  Positive

  Weak (+)
	  Positive

  Weak

  (0.048)


	Escherichia coli

	Mid Term Catheter
	9
	8
	  Positive

  Weak (+)
	  Positive

  Weak (+)
	  Positive

  Weak

  (0.049)


	Escherichia coli


                 * Results of three replicates

Table 2:   Biofilm Production and Identified Bacteria from Long term Catheters
	Category


	No.
	No of Days
	Biofilm Detection*
	Identified Bacteria

	
	
	
	Tube Method
	Congo Red Agar
	Tissue Culture Plate
	

	 Long term  catheter
	10
	30


	Positive

Strong (+++)
	Positive

Strong (+++)
	Positive

Strong 

(0.17)
	Escherichia coli

	
	10
	30
	Negative
	Negative
	Negative

(0.020)


	Staphylococcus aureus

	
	11
	30


	Positive

Strong (+++)
	Positive

Strong (+++)
	Positive

Strong 

(0.16)
	Escherichia coli

	
	11
	30


	Negative
	Negative
	Negative

(0.024)
	Staphylococcus aureus

	
	12
	30


	Positive

Strong (+++)


	Positive

Strong (+++)


	Positive

Strong

(0.17)
	Escherichia coli

	
	13
	30


	Negative
	Negative
	Negative

(0.021)
	Escherichia coli


             * Results of * * Results of three replicates

In this preliminary screening, biofilm production was not detected in bacterial isolates from 8 catheters out of 13. Among those, 7 catheters were short term ones (Table 1). Especially, no significant bacterial growth was detected in 2 short term catheters which had been inserted only for 2 days. It indicates that catheter usage for a less number of days can minimize the bacterial growth in the catheters (Table 1). A weak biofilm production was detected in on short term (7 days) and the mid -term catheter (8 days) (Table 1) indicating the initial stage of biofilm production. However, biofilm production was detected in bacterial isolates from 5 out of 13 catheters. Among those, 3 of them were long term catheters which had been inserted for 30 days. The results revealed that if the urinary catheter inserted for a longer period, there was a possibility to produce biofilms by the microorganisms (Table 2). This is in accordance with Sayal et al., 2015 who stated that significant number of biofilm positive isolates was found with duration of catheterization more than 7 days. 
Based on the results of the morphological and biochemical tests, two bacterial isolates were identified as E. coli and Staphylococcus aureus. However, E. coli     (84.61%) was found to be the most frequently isolated pathogen in all catheters screened for the present study.  This was also in accordance with the work reported by Sayal et al., 2014 and Alves et al., 2014. The reason could be that E. coli is one of the major biofilm producers and it has been recorded as a causative organism in most serious nosocomial infections worldwide (Awoke et al., 2019; Alves et al., 2014).

A comparative analysis was done between the bacterial isolates from long term and short term catheters. Bacteria identified from short term catheters were non-biofilm producers except in the case of one catheter whereas, bacterial isolates identified from long term catheters were mostly biofilm producers. It indicates that biofilm producing ability of bacteria increases with duration of catheterization. Moreover, 75.00% of isolated E. coli was biofilm producers from long term catheters. Further, Staphylococcus aureus was also identified in long term catheters. While E. coli was identified in both short and long term catheters, Staphylococcus aureus was identified in long term catheters along with E. coli indicating the development of diverse bacterial population. Even though Staphylococcus aureus was identified in long term catheters, none of them were biofilm producers. The reason could be that, some microbial species have greater potential to produce biofilms such as E. coli, whereas others can be only passive members of the biofilm community like Staphylococcus aureus (Hola et al., 2010). 
Moreover, all three methods such as the Tube method, Tissue culture plate method and Congo red agar method used for the present study showed a good correlation with each other when detecting biofilm production. Therefore, same results from all three methods indicates the reliability of the results and reproducibility of the results is evidenced by using triplicates. However, tissue culture plate is a more quantitative and reliable method with less subjective errors for detection of biofilm producing microorganism compared to tube method and Congo red agar as biofilm adherence can be measured in numeric value using the tissue culture method.

                CONCLUSIONS

The present study concludes that the major biofilm producer identified in the present study is E. coli in both types of catheters. The Staphylococcus aureus identified in the long term catheters were non- biofilm producers. Further, biofilm forming bacteria were mostly present in long term catheters than in short term ones. 
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