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            Abstract

            
               
Background: Biofilms are defined as microbially derived sessile communities characterized by the cells that are irreversibly attached
                  to a substratum. These organisms have been associated with implant associated infections.

               Aims: The present study is therefore undertaken 1. To compare the three screening methods used for detection of biofilm formation
                  (Tissue culture plate method, Tube method and Congo red agar method) and 2. To correlate the antibiotic resistance pattern
                  of biofilm producers and non biofilm producers. 
               

               Materials and Methods: A prospective study was carried out in the department of microbiology, on all orthopedic implant associated infections from
                  September 2015 to July 2016 on aspirated pus samples. A total of 120 non repetitive clinical isolates were taken and subjected
                  to biofilm detection. All the bacterial isolates were identified by standard biochemical tests. Antibiotic susceptibility
                  test of bacterial isolates was performed by Kirby Bauer disk diffusion method according to Clinical Laboratory Standard Institute
                  (CLSI) guidelines on Muller Hinton Agar (MHA). A reference strain of Staphylococcus epidermidis ATCC 35984(positive biofilm
                  producer) and Staphylococcus epidermidis ATCC 12228(non biofilm producer) were used as controls. 
               

               Results: Tissue culture plate method was considered as gold standard as it detected 25% biofilm producers which included 12% weak biofilm
                  producers which was missed by congo red agar (CRA) and tube method (TM). Also, this correlated to methicillin resistant staphylococcus
                  aureus (MRSA), ESBL, amp-c and MDR pattern of antibiogram. 
               

               Conclusion: TCP is considered as most reliable screening method for biofilm detection and should be routinely employed to prevent treatment
                  failures as these organisms are intrinsically resistant to many antimicrobials leading to implant associated infections.
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               Introduction

            Biofilms are a group of microbes along with their exopolysaccharide matrix which adhere on biotic and abiotic surfaces conferring
               antibiotic resistance especially in indwelling medical devices.1 Infection is a major problem in orthopedic implant associated surgeries due to biofilm formation resulting in treatment failure.
               2 Surgical skin incision exposes otherwise harmless bacteria to a change in environment leading to an opportunistic change in
               behavior. The process is dependent on local factors such as hydrophobicity, acidity, oxygen concentration, presence of inert
               material and ability of bacterium to initiate contact via pili/ flagella. 3, 4, 5 High antimicrobial concentrations are required to inactivate the biofilm organisms as they are as high as 1000 times more
               resistant than planktonic bacteria. 6

         

         
               Materials and Methods

            A prospective study was carried out in the department of microbiology, on all orthopedic implant associated infections from
               September 2015 to July 2016 on all aspirated pus samples. A total of 120 non repetitive clinical isolates were taken and subjected
               to biofilm detection. All the bacterial isolates were identified by standard biochemical tests. Antibiotic susceptibility
               test of bacterial isolates was performed by Kirby Bauer disk diffusion method according to Clinical Laboratory Standard Institute
               (CLSI) guidelines on Muller Hinton Agar(MHA). A reference strain of Staphylococcus epidermidis ATCC 35984(positive biofilm
               producer) and Staphylococcus epidermidis ATCC 12228(non biofilm producer) were used as positive and negative controls respectively.
               Biofilm detection was done by following methods:
            

            Tube adherence method: Described by Christensen et al, 7 this is a qualitative method for biofilm detection. 10 ml of Trypticase soy broth with 1% glucose is inoculated with a loopful
               of test organisms, along with positive and negative controls. The broths are incubated at 370c for 24 – 48 hours. The culture supernatants are decanted and the tubes are washed with phosphate buffered saline. The tubes
               are dried and are stained with 0.1% crystal violet. The excess stain is washed away with deionised water. The tubes are dried
               in inverted position. The scoring for the tubes was done according to the control strains. Biofilm was considered positive
               when a visible film lined the wall and the bottom of the test tube. The amount of biofilm formed was scored as 1- weak/none,
               2-moderate and 3- high/strong.
            

            The Congo red agar (CRA) method – Freeman et al,8 have described it as a simple qualitative method to detect biofilm production. The Congo red stain is prepared as a concentrated
               aqueous solution and is autoclaved at 1210C for 15 minutes. This is added to autoclaved Brain heart infusion agar with sucrose at 550C. The plates are inoculated with the test organisms along with positive and negative controls and are incubated at 370C for 24 to 48 hours aerobically. Black colonies with a dry crystalline consistency indicate biofilm production.
            

            The tissue culture plate (TCP) method – This is a quantitative test described by Christensen et al.,7 is considered as gold standard method for biofilm detection.9 The organisms isolated from fresh agar plates were inoculated in 10 ml of tryptic soy broth with 1% glucose and incubated
               at 370C for 24hrs. The cultures are then diluted 1:100 with fresh medium. Individual wells of the tissue culture plates are inoculated
               with a bacterial suspension (200µl) of diluted cultures, along with positive and negative controls and these are incubated
               at 370C for 24 to 48 hours. After incubation, contents of each well were removed by gentle tapping. Planktonic cells are removed
               by washing with phosphate buffered saline, four times. Biofilms are fixed with 2% sodium acetate and are stained with 0.1%
               crystal violet for 15 min. The excess dye is washed away with deionised water. The plates are dried properly and the optical
               densities of the stained biofilms are obtained spectrophotometrically using micro ELISA autoreader at wavelength 570nm. The
               experiment was performed in triplicate and repeated three times. The interpretation of biofilm was done according to the criteria
               of Stepanovic et al. 9

            
                  Selection and description of participants

                Observational study with.

            

            
                  Inclusion criteria

               All orthopedic surgeries with implants, done in which are associated with implant failure.

            

            
                  Exclusion criteria

               Surgeries done outside 

            

         

         
               Results

            
                  
                  Table 1

                  Various organisms isolated in total positive cultures:

               

               
                     
                        
                           	
                              
                           
                           
                               Organisms Isolated
                              
                           

                           
                        
                        	
                              
                           
                           
                               Biofilm Producers
                              
                           

                           
                        
                        	
                              
                           
                            Non Biofilm Producers

                           
                        
                     

                     
                           	
                              
                           
                            Escherichia coli

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            01

                           
                        
                     

                     
                           	
                              
                           
                            Staphylococcus aureus 

                           
                        
                        	
                              
                           
                            40

                           
                        
                        	
                              
                           
                            16

                           
                        
                     

                     
                           	
                              
                           
                            CoNS

                           
                        
                        	
                              
                           
                            06

                           
                        
                        	
                              
                           
                            06

                           
                        
                     

                     
                           	
                              
                           
                            Klebsiella species

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            03

                           
                        
                     

                     
                           	
                              
                           
                            Pseudomonas species

                           
                        
                        	
                              
                           
                            05

                           
                        
                        	
                              
                           
                            00

                           
                        
                     

                     
                           	
                              
                           
                            NFGNB

                           
                        
                        	
                              
                           
                            03

                           
                        
                        	
                              
                           
                            02

                           
                        
                     

                     
                           	
                              
                           
                            Citrobacter species

                           
                        
                        	
                              
                           
                            04

                           
                        
                        	
                              
                           
                            01

                           
                        
                     

                     
                           	
                              
                           
                            Providencia species

                           
                        
                        	
                              
                           
                            01

                           
                        
                        	
                              
                           
                            01

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 2

                  Screening of the isolates for biofilm formation by Tissue culture plate, Tube method and Congo red agar method

               

               
                     
                        
                           	
                              
                           
                            Biofilm Formation

                           
                        
                        	
                              
                           
                            TCP

                           
                        
                        	
                              
                           
                            TM

                           
                        
                        	
                              
                           
                            CRA

                           
                        
                     

                     
                           	
                              
                           
                            High

                           
                        
                        	
                              
                           
                            05

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            10

                           
                        
                     

                     
                           	
                              
                           
                            Moderate

                           
                        
                        	
                              
                           
                            07

                           
                        
                        	
                              
                           
                            27

                           
                        
                        	
                              
                           
                            25

                           
                        
                     

                     
                           	
                              
                           
                            Weak

                           
                        
                        	
                              
                           
                            18

                           
                        
                        	
                              
                           
                            00

                           
                        
                        	
                              
                           
                            00

                           
                        
                     

                     
                           	
                              
                           
                            Total number of positive biofilm forming organisms

                           
                        
                        	
                              
                           
                            30

                           
                        
                        	
                              
                           
                            37

                           
                        
                        	
                              
                           
                            35

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 3

                  Resistance pattern (%) of biofilm producing Gram positive bacteria

               

               
                     
                        
                           	
                              
                           
                             Antimicrobial agent (mcg)

                           
                        
                        	
                              
                           
                            Biofilm producing Gram positive organisms(48)

                           
                        
                        	
                              
                           
                            Non biofilm producing Gram positive organisms(22)

                           
                        
                     

                     
                           	
                              
                           
                            Cefoxitin(30)

                           
                        
                        	
                              
                           
                            57%

                           
                        
                        	
                              
                           
                            45.45%

                           
                        
                     

                     
                           	
                              
                           
                            Ampicillin (10)

                           
                        
                        	
                              
                           
                            87%

                           
                        
                        	
                              
                           
                            77%

                           
                        
                     

                     
                           	
                              
                           
                            Clindamycin (2)

                           
                        
                        	
                              
                           
                            40.42%

                           
                        
                        	
                              
                           
                            36%

                           
                        
                     

                     
                           	
                              
                           
                            Erythromycin (15)

                           
                        
                        	
                              
                           
                            63.82%

                           
                        
                        	
                              
                           
                            54%

                           
                        
                     

                     
                           	
                              
                           
                            Teichoplanin(30)

                           
                        
                        	
                              
                           
                            19.14%

                           
                        
                        	
                              
                           
                            4.50%

                           
                        
                     

                     
                           	
                              
                           
                            Linezolid(30)

                           
                        
                        	
                              
                           
                            12.76%

                           
                        
                        	
                              
                           
                            8(36)%

                           
                        
                     

                     
                           	
                              
                           
                            Vancomycin(30)

                           
                        
                        	
                              
                           
                            6.38%

                           
                        
                        	
                              
                           
                            3%(9)

                           
                        
                     

                     
                           	
                              
                           
                            Gentamycin (10)

                           
                        
                        	
                              
                           
                            19.14%

                           
                        
                        	
                              
                           
                            9%

                           
                        
                     

                     
                           	
                              
                           
                            Amikacin(30)

                           
                        
                        	
                              
                           
                            10.63%

                           
                        
                        	
                              
                           
                            05%(31)

                           
                        
                     

                     
                           	
                              
                           
                            Amoxicillin clavulanic acid(30)

                           
                        
                        	
                              
                           
                            63.82%

                           
                        
                        	
                              
                           
                            42%

                           
                        
                     

                     
                           	
                              
                           
                            Ciprofloxacin(30)

                           
                        
                        	
                              
                           
                            32%

                           
                        
                        	
                              
                           
                            31%

                           
                        
                     

                     
                           	
                              
                           
                            Levofloxacin(5)

                           
                        
                        	
                              
                           
                            4.25%

                           
                        
                        	
                              
                           
                            0%

                           
                        
                     

                     
                           	
                              
                           
                            Cefepime (30)

                           
                        
                        	
                              
                           
                            34.04%

                           
                        
                        	
                              
                           
                            31%

                           
                        
                     

                  
               

               

            

            .

            
                  
                  Table 4

                  Resistance pattern (%) of biofilm producing Gram negative bacteria

               

               
                     
                        
                           	
                              
                           
                            Antimicrobial agent(mcg)

                           
                        
                        	
                              
                           
                            Biofilm producing Gram negative organisms(25)

                           
                        
                        	
                              
                           
                            Non biofilm producing Gram negative organisms(9)

                           
                        
                     

                     
                           	
                              
                           
                            Ampicillin(10)

                           
                        
                        	
                              
                           
                            90%

                           
                        
                        	
                              
                           
                            65%

                           
                        
                     

                     
                           	
                              
                           
                            Gentamycin(10)

                           
                        
                        	
                              
                           
                            64%

                           
                        
                        	
                              
                           
                            55%

                           
                        
                     

                     
                           	
                              
                           
                            Ciprofloxacin(30)

                           
                        
                        	
                              
                           
                            48%

                           
                        
                        	
                              
                           
                            22.22%

                           
                        
                     

                     
                           	
                              
                           
                            Levofloxacin(5)

                           
                        
                        	
                              
                           
                            8%

                           
                        
                        	
                              
                           
                            00%

                           
                        
                     

                     
                           	
                              
                           
                            Cefoxitin(30)

                           
                        
                        	
                              
                           
                            96%

                           
                        
                        	
                              
                           
                            00%

                           
                        
                     

                     
                           	
                              
                           
                            Amikacin(30)

                           
                        
                        	
                              
                           
                            32%

                           
                        
                        	
                              
                           
                            22%

                           
                        
                     

                     
                           	
                              
                           
                            Ceftriaxone(30)

                           
                        
                        	
                              
                           
                            92%

                           
                        
                        	
                              
                           
                            77%

                           
                        
                     

                     
                           	
                              
                           
                            Ceftazidime(30)

                           
                        
                        	
                              
                           
                            92%

                           
                        
                        	
                              
                           
                            55%

                           
                        
                     

                     
                           	
                              
                           
                            Cotrimoxazole (25)

                           
                        
                        	
                              
                           
                            96%

                           
                        
                        	
                              
                           
                            55%

                           
                        
                     

                     
                           	
                              
                           
                            Amoxicillin clavulanic acid(30)

                           
                        
                        	
                              
                           
                            92%

                           
                        
                        	
                              
                           
                            65%

                           
                        
                     

                     
                           	
                              
                           
                            Imepenem(10)

                           
                        
                        	
                              
                           
                            0%

                           
                        
                        	
                              
                           
                            0%

                           
                        
                     

                     
                           	
                              
                           
                            Piperacillin tazobactum(100/10)

                           
                        
                        	
                              
                           
                            30%

                           
                        
                        	
                              
                           
                            0%

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 5

                  Statistical evaluation of TM, CRA methods of biofilm detection in orthopedic implants with TCP as gold standard method

               

               
                     
                        
                           	
                              
                           
                            Method 

                           
                        
                        	
                              
                           
                           
                              Sensitivity 
                              
                           

                           
                        
                        	
                              
                           
                            specificity

                           
                        
                        	
                              
                           
                            Positive predictive vaue

                           
                        
                        	
                              
                           
                            Negative predictive vaue

                           
                        
                        	
                              
                           
                            Accuracy

                           
                        
                     

                     
                           	
                              
                           
                            Tube 

                           
                        
                        	
                              
                           
                            60%

                           
                        
                        	
                              
                           
                            45%

                           
                        
                        	
                              
                           
                            27%

                           
                        
                        	
                              
                           
                            62%

                           
                        
                        	
                              
                           
                            40%

                           
                        
                     

                     
                           	
                              
                           
                            Congo red agar 

                           
                        
                        	
                              
                           
                            40%

                           
                        
                        	
                              
                           
                            35%

                           
                        
                        	
                              
                           
                            21%

                           
                        
                        	
                              
                           
                            60%

                           
                        
                        	
                              
                           
                            36%

                           
                        
                     

                  
               

               

            

            

            
                  
                  Figure 1

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/253f6eee-b11b-485b-a477-3aa00caebd10/image/e4c885db-3519-47c4-b2a6-d75af7b7ebfe-uimage.png]

            

            
                  
                  Figure 2
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                  Figure 3
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                  Figure 4
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                  Figure 5
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               Discussion

            Implant related infections continue to pose a problem for the orthopaedicians. 1 Research has established the properties of an inert material which influences the formation of biofilm. 10

            The use of prosthetic implants in orthopedics provides an ideal environment for biofilm formation as they are highly susceptible
               to infection. This is due to preoperative and post operative infection, local host immune response or device rejection leading
               to device failure.11 The diagnosis and the treatment of these infections are complicated by the formation of a bacterial biofilm and an increase
               in the number of multidrug resistant bacteria. 12 This stresses the value of an adequate diagnosis, leading to aappropriate therapy of these patients.
            

            However, the organisms which have adhered to the implant are occasionally impossible to detect by the common bacterial cultures.
               In the present study, aerobic gram positive cocci accounted for 68 in number and aerobic gram negatives organisms accounted
               for 34 in number in accordance with Khosravi et al 13 and Anisha F et al 14 which also reported staphylococcus as most frequent isolate
            

            The antimicrobial susceptibility testing revealed high rate of antimicrobial resistance in Staphylococcus aureus isolates
               to most of the routinely used antibiotics with 60% Methicillin resistant staphylococcus aureus(MRSA). Most of these organisms
               showed sensitivity to Vancomycin.(biofilm producing organisms) in accordance with Afreenish Hassan et al 15 and Nixon M et al 16 were vancomycin was the most effective antibiotic In gram negative biofilm producing organisms high prevalence of ESBL (20%),
               06% AmpC producing Klebsiella species was found(14%) and 44% were AmpC co producers, probably the prolonged hospital stay
               along with other co morbid conditions in the patient contributes to such high drug resistance apart from biofilm production.17 Various methods have been described to detect the biofilm production which showed
            

            Tissue culture Plate method values of 30% positive, Tube method values of 37% positive, Congo red agar values of 35% positives.
               In this study TM, congo red agar method had almost similar detection rates but TCP method showed a relatively lower detection
               rates. Considering the accuracy of positive control and negative controls in this test we would suggest TCP method as a gold
               standard method in agreement to previous reports. Also conclude that the tube test due to observer variability cannot be considered
               as a diagnostic tool for biofilm detection and CRA methodis at par with TM method unlike Ruzicka et al 18 which showed TM is better than CRA.
            

            WE suggest antibiotics aminoglycosides, flouroquinolones, linezolide, vancomycin based on antibiotic susceptibility profile
               for Gram positive cocci and piperacillin tazobactam, quinolones, aminoglycosides and imipenem for Gram negative bacilli.
            

         

         
               Conclusion

            The TCP method is found to be more reliable in biofilm detection as it could detect even the weakly positive biofilm producers.
               The results of this study which shows 25% biofilm producing organisms in orthopedic implants, emphasizes the need to account
               for the local factors while assessing the risk for orthopedic implants infections. The appropriate pre and post operative
               wound care for dirty wounds, especially when external fixators are used. Also insist appropriate antibiotic policies to eradicate
               the infections.
            

            An improved understanding of biofilm within the orthopedic community will lead to a more streamlined approach to improve pre
               and post operative patient care.
            

            As orthopedic implants lay lot of strain on the health services and the economy of the society it necessitates further studies
               to determine the causative organisms and their susceptibility pattern to treat the patient and also to be cost effective.
               However, larger studies with bigger sample sizes are required to attain these goals.
            

            Finally to enhance the final results obtained in this study, it would be efficient to carry out other experiments, PCR for
               detection of icaADBC genes for confirming the pathogenicity.
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